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Millennium Ecosystem Assessment:
Objectives, Focus, and Approach

The Millennium Ecosystem Assessment was carried out between 2001 and
2005 to assess the consequences of ecosystem change for human well-being
and to establish the scientific basis for actions needed to enhance the conser-
vation and sustainable use of ecosystems and their contributions to human
well-being. The MA responds to government requests for information received
through four international conventions—the Convention on Biological Diversity,
the United Nations Convention to Combat Desertification, the Ramsar Conven-
tion on Wetlands, and the Convention on Migratory Species—and is designed
also to meet needs of other stakeholders, including the business community,
the health sector, nongovernmental organizations, and indigenous peoples.
The sub-global assessments also aimed to meet the needs of users in the
regions where they were undertaken.

The assessment focuses on the linkages between ecosystems and human
well-being and, in particular, on ‘‘ecosystem services.’’ An ecosystem is a
dynamic complex of plant, animal, and microorganism communities and the
nonliving environment interacting as a functional unit. The MA deals with the
full range of ecosystems—from those relatively undisturbed, such as natural
forests, to landscapes with mixed patterns of human use and to ecosystems
intensively managed and modified by humans, such as agricultural land and
urban areas. Ecosystem services are the benefits people obtain from ecosys-
tems. These include provisioning services such as food, water, timber, and
fiber; regulating services that affect climate, floods, disease, wastes, and water
quality; cultural services that provide recreational, aesthetic, and spiritual bene-
fits; and supporting services such as soil formation, photosynthesis, and nutri-
ent cycling. The human species, while buffered against environmental changes
by culture and technology, is fundamentally dependent on the flow of ecosys-
tem services.

The MA examines how changes in ecosystem services influence human well-
being. Human well-being is assumed to have multiple constituents, including
the basic material for a good life, such as secure and adequate livelihoods,
enough food at all times, shelter, clothing, and access to goods; health, includ-
ing feeling well and having a healthy physical environment, such as clean air
and access to clean water; good social relations, including social cohesion,
mutual respect, and the ability to help others and provide for children; security,
including secure access to natural and other resources, personal safety, and
security from natural and human-made disasters; and freedom of choice and
action, including the opportunity to achieve what an individual values doing
and being. Freedom of choice and action is influenced by other constituents of
well-being (as well as by other factors, notably education) and is also a precon-
dition for achieving other components of well-being, particularly with respect to
equity and fairness.

The conceptual framework for the MA posits that people are integral parts of
ecosystems and that a dynamic interaction exists between them and other
parts of ecosystems, with the changing human condition driving, both directly
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and indirectly, changes in ecosystems and thereby causing changes in human
well-being. At the same time, social, economic, and cultural factors unrelated
to ecosystems alter the human condition, and many natural forces influence
ecosystems. Although the MA emphasizes the linkages between ecosystems
and human well-being, it recognizes that the actions people take that influence
ecosystems result not just from concern about human well-being but also from
considerations of the intrinsic value of species and ecosystems. Intrinsic value
is the value of something in and for itself, irrespective of its utility for someone
else.

The Millennium Ecosystem Assessment synthesizes information from the sci-
entific literature and relevant peer-reviewed datasets and models. It incorpo-
rates knowledge held by the private sector, practitioners, local communities,
and indigenous peoples. The MA did not aim to generate new primary knowl-
edge but instead sought to add value to existing information by collating, evalu-
ating, summarizing, interpreting, and communicating it in a useful form.
Assessments like this one apply the judgment of experts to existing knowledge
to provide scientifically credible answers to policy-relevant questions. The
focus on policy-relevant questions and the explicit use of expert judgment
distinguish this type of assessment from a scientific review.

Five overarching questions, along with more detailed lists of user needs devel-
oped through discussions with stakeholders or provided by governments
through international conventions, guided the issues that were assessed:

• What are the current condition and trends of ecosystems, ecosystem ser-
vices, and human well-being?

• What are plausible future changes in ecosystems and their ecosystem
services and the consequent changes in human well-being?

• What can be done to enhance well-being and conserve ecosystems?
What are the strengths and weaknesses of response options that can be
considered to realize or avoid specific futures?

• What are the key uncertainties that hinder effective decision-making con-
cerning ecosystems?

• What tools and methodologies developed and used in the MA can
strengthen capacity to assess ecosystems, the services they provide, their
impacts on human well-being, and the strengths and weaknesses of re-
sponse options?

The MA was conducted as a multiscale assessment, with interlinked assess-
ments undertaken at local, watershed, national, regional, and global scales. A
global ecosystem assessment cannot easily meet all the needs of decision-
makers at national and sub-national scales because the management of any
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x Ecosystems and Human Well-being: Policy Responses

particular ecosystem must be tailored to the particular characteristics of that
ecosystem and to the demands placed on it. However, an assessment focused
only on a particular ecosystem or particular nation is insufficient because some
processes are global and because local goods, services, matter, and energy
are often transferred across regions. Each of the component assessments was
guided by the MA conceptual framework and benefited from the presence of
assessments undertaken at larger and smaller scales. The sub-global assess-
ments were not intended to serve as representative samples of all ecosystems;
rather, they were to meet the needs of decision-makers at the scales at which
they were undertaken. The sub-global assessments involved in the MA proc-
ess are shown in the Figure and the ecosystems and ecosystem services
examined in these assessments are shown in the Table.

The work of the MA was conducted through four working groups, each of
which prepared a report of its findings. At the global scale, the Condition and
Trends Working Group assessed the state of knowledge on ecosystems, driv-
ers of ecosystem change, ecosystem services, and associated human well-
being around the year 2000. The assessment aimed to be comprehensive with
regard to ecosystem services, but its coverage is not exhaustive. The Scenar-
ios Working Group considered the possible evolution of ecosystem services
during the twenty-first century by developing four global scenarios exploring
plausible future changes in drivers, ecosystems, ecosystem services, and
human well-being. The Responses Working Group examined the strengths
and weaknesses of various response options that have been used to manage
ecosystem services and identified promising opportunities for improving human
well-being while conserving ecosystems. The report of the Sub-global Assess-
ments Working Group contains lessons learned from the MA sub-global as-
sessments. The first product of the MA—Ecosystems and Human Well-being:
A Framework for Assessment, published in 2003—outlined the focus, concep-
tual basis, and methods used in the MA. The executive summary of this publi-
cation appears as Chapter 1 of this volume.

Approximately 1,360 experts from 95 countries were involved as authors of
the assessment reports, as participants in the sub-global assessments, or as
members of the Board of Review Editors. The latter group, which involved 80
experts, oversaw the scientific review of the MA reports by governments and
experts and ensured that all review comments were appropriately addressed
by the authors. All MA findings underwent two rounds of expert and govern-
mental review. Review comments were received from approximately 850 indi-
viduals (of which roughly 250 were submitted by authors of other chapters in
the MA), although in a number of cases (particularly in the case of govern-
ments and MA-affiliated scientific organizations), people submitted collated
comments that had been prepared by a number of reviewers in their govern-
ments or institutions.
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The MA was guided by a Board that included representatives of five interna-
tional conventions, five U.N. agencies, international scientific organizations,
governments, and leaders from the private sector, nongovernmental organiza-
tions, and indigenous groups. A 15-member Assessment Panel of leading so-
cial and natural scientists oversaw the technical work of the assessment,
supported by a secretariat with offices in Europe, North America, South
America, Asia, and Africa and coordinated by the United Nations Environment
Programme.

The MA is intended to be used:

• to identify priorities for action;

• as a benchmark for future assessments;

• as a framework and source of tools for assessment, planning, and man-
agement;

• to gain foresight concerning the consequences of decisions affecting eco-
systems;

• to identify response options to achieve human development and sustain-
ability goals;

• to help build individual and institutional capacity to undertake integrated
ecosystem assessments and act on the findings; and

• to guide future research.

Because of the broad scope of the MA and the complexity of the interactions
between social and natural systems, it proved to be difficult to provide definitive
information for some of the issues addressed in the MA. Relatively few ecosys-
tem services have been the focus of research and monitoring and, as a conse-
quence, research findings and data are often inadequate for a detailed global
assessment. Moreover, the data and information that are available are gener-
ally related to either the characteristics of the ecological system or the charac-
teristics of the social system, not to the all-important interactions between
these systems. Finally, the scientific and assessment tools and models avail-
able to undertake a cross-scale integrated assessment and to project future
changes in ecosystem services are only now being developed. Despite these
challenges, the MA was able to provide considerable information relevant to
most of the focal questions. And by identifying gaps in data and information
that prevent policy-relevant questions from being answered, the assessment
can help to guide research and monitoring that may allow those questions to
be answered in future assessments.
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Foreword

The Millennium Ecosystem Assessment was called for by United
Nations Secretary-General Kofi Annan in 2000 in his report to
the UN General Assembly, We the Peoples: The Role of the United
Nations in the 21st Century. Governments subsequently supported
the establishment of the assessment through decisions taken by
three international conventions, and the MA was initiated in
2001. The MA was conducted under the auspices of the United
Nations, with the secretariat coordinated by the United Nations
Environment Programme, and it was governed by a multistake-
holder board that included representatives of international institu-
tions, governments, business, NGOs, and indigenous peoples.
The objective of the MA was to assess the consequences of eco-
system change for human well-being and to establish the scientific
basis for actions needed to enhance the conservation and sustain-
able use of ecosystems and their contributions to human well-
being.

This volume has been produced by the MA Responses Work-
ing Group and examines the strengths and weaknesses of various
response options that have been used to manage ecosystem ser-
vices, as well as identifying promising opportunities for improving
human well-being while conserving ecosystems. The material in
this report has undergone two extensive rounds of peer review by
experts and governments, overseen by an independent Board of
Review Editors.

This is one of four volumes (Current State and Trends, Scenarios,
Policy Responses, and Multiscale Assessments) that present the tech-
nical findings of the Assessment. Six synthesis reports have also
been published: one for a general audience and others focused on
issues of biodiversity, wetlands and water, desertification, health,
and business and ecosystems. These synthesis reports were pre-
pared for decision-makers in these different sectors, and they syn-
thesize and integrate findings from across all of the working
groups for ease of use by those audiences.

This report and the other three technical volumes provide a
unique foundation of knowledge concerning human dependence
on ecosystems as we enter the twenty-first century. Never before
has such a holistic assessment been conducted that addresses mul-
tiple environmental changes, multiple drivers, and multiple link-
ages to human well-being. Collectively, these reports reveal both
the extraordinary success that humanity has achieved in shaping
ecosystems to meet the need of growing populations and econo-
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mies and the growing costs associated with many of these changes.
They show us that these costs could grow substantially in the
future, but also that there are actions within reach that could dra-
matically enhance both human well-being and the conservation
of ecosystems.

A more exhaustive set of acknowledgements appears later in
this volume but we want to express our gratitude to the members
of the MA Board, Board Alternates, Exploratory Steering Com-
mittee, Assessment Panel, Coordinating Lead Authors, Lead Au-
thors, Contributing Authors, Board of Review Editors, and
Expert Reviewers for their extraordinary contributions to this
process. (The list of reviewers is available at www.MAweb.org.)
We also would like to thank the MA Secretariat and in particular
the staff of the Responses Working Group Technical Support
Unit for their dedication in coordinating the production of this
volume, as well as the Institute of Economic Growth (India) and
the National Institute of Public Health and the Environment
(Netherlands), which housed this TSU.

We would particularly like to thank the Co-chairs of the Re-
sponses Working Group, Kanchan Chopra and Rik Leemans, and
the TSU Coordinators, Pushpam Kumar and Henk Simons, for
their skillful leadership of this working group and their contribu-
tions to the overall assessment.

Dr. Robert T. Watson
MA Board Co-chair
Chief Scientist, The World Bank

Dr. A.H. Zakri
MA Board Co-chair
Director, Institute for Advanced Studies,
United Nations University
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Preface

The focus of the MA is on ecosystem services (the benefits people
obtain from ecosystems), how changes in ecosystem services have
affected human well-being in the past, and what role these
changes could play in the present as well as in the future. The
MA is an assessment of responses that are available to improve
ecosystem management and can thereby contribute to the various
constituents of human well-being. The specific issues addressed
have been defined through consultation with the MA users.
Broadly, the MA applies an integrated systems’ approach to evalu-
ate trade-offs involved in following alternate strategies and courses
of action to use ecosystem services for enhancing human welfare.

The overall aims of the MA are to:
• identify priorities for action;
• provide tools for planning and management;
• provide foresight concerning the consequences of decisions

affecting ecosystems;
• identify response options to achieve human development and

sustainability goals; and
• help build individual and institutional capacity to undertake

integrated ecosystem assessments and to act on their findings.
The MA synthesizes information from scientific literature,

data sets, and scientific models, and utilizes knowledge held by the
private sector, practitioners, local communities, and indigenous
peoples. All of the MA findings have undergone two rounds of
expert and governmental review.

This report of the MA Responses Working Group evaluates
the current understanding of how human decisions and policies
influence ecosystems, ecosystem services, and consequently,
human well being. The assessment identifies and critically evalu-
ates past, current, and possible future policy and management op-
tions for maintaining ecosystems (including biodiversity) and
sustaining the flow of ecosystem services. The Responses Work-
ing Group is one of four MA working groups, each of which
has contributed an assessment report. The Condition and Trends
Working Group reviewed the state of knowledge on ecosystems,
ecosystem services, and associated human well-being in the pres-
ent, recent past, and near future. The Scenarios Working Group
considered the evolution of ecosystem services during the first
half of the twenty-first century under a range of plausible narra-
tives. The Sub-global Working Group carried out assessments at
different levels to directly meet needs of local and regional decision-
makers and strengthen the global findings with finer-scale detail.
Together, the working group reports provide local, national, re-
gional, and global perspectives and information.

In the MA, responses are defined as the whole range of human
actions, including policies, strategies, and interventions, to address
specific issues, needs, opportunities, or problems. A response typi-
cally involves a ‘‘reaction to a perceived problem.’’ It can be indi-
vidual or collective; it may be designed to answer one or many
needs; or it could be focused at different temporal, spatial, or or-
ganizational scales. In the context of managing ecosystems or eco-
system services, responses may be of legal, technical, institutional,
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economic, or behavioral nature and may operate at local/micro,
regional, national, or international level at the time scale of days
to hundred of years. The assessment focuses on responses that are
intended to ensure that ecosystems and biodiversity are preserved,
that desired ecosystem services accrue, and that human well-being
is augmented. This is one of the major objectives of all conven-
tions targeted by the MA, the Millennium Development Goals,
and others.

Focus of the Responses Assessment Report
The Responses assessment report is rooted in the MA conceptual
framework, which provides an understanding of the causes and
consequences of changes in ecosystems across scales (local, re-
gional, and global) and over time (MA 2003; see also Chapter 1
of this volume). Ecosystems, ecosystem services, human well-being, and
direct and indirect drivers initiating the links among them constitute the
main elements of the MA conceptual framework. (See Chapter 1 for
definitions of these concepts.) Human responses are outcomes of
human decisions and they influence and change the key connect-
ing links between these elements. They determine how individu-
als, communities, nations, and international agencies intervene or
strategize, ostensibly in their own interests, to use, manage, and
conserve ecosystems. There are many ways to categorize re-
sponses, which are often determined by the problem at hand, the
decision-maker/actor associated with, or the tradition of, the dis-
cipline.

The organizational scales of responses can be international (for
instance, the U.N. conventions), multilateral and bilateral (impor-
tant for transboundary problems), national, state/provincial, com-
munity (urban or rural), family, or individual. Decisions taken at
each of these levels can affect ecosystems and ecosystem services.
For example, national policies initiated to comply with interna-
tional trade treaties can impact local ecosystems. The assessment
methodology developed by the Responses Working Group is
comprehensive enough to be used to assess responses at all scales,
as and when they are relevant to the context of the particular
ecosystem service being studied. The Responses assessment con-
sists of a three-stage approach. The first stage focuses on factors
that may either rule out a particular response or may define the
critical preconditions for its success. Constraints that render a pol-
icy option infeasible are called the binding constraints, which are
context specific. In the second stage, responses are compared
across multiple dimensions, identifying compatibility or conflict
between different policy objectives. Here the acceptable costs as-
sociated with the implementation of a response (the acceptable
trade-offs) are identified. Finally, responses are evaluated from dif-
ferent perspectives in order to provide guidance that is the best
balanced from the point of view of decision-making as shown in
the illustration below:

As shown in the illustration, research, assessment, monitoring,
and policy-making are all components of a continuing interactive
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process to support development and implementation of responses.
Decision-making starts by identifying a problem, followed by col-
lating the research findings to help in defining and choosing pol-
icy options. (See Chapter 18 of this volume.) Policies are selected,
implemented, and then evaluated for their effectiveness. The
process is iterative and involves interaction with all kinds of infor-
mation providers. Ideally, the decision-making cycle entails ob-
taining feedback from all categories of stakeholders. Similar loops
exist for the research, monitoring, and assessment process, each
with its characteristic objectives, approaches, and dynamics.
Under the best circumstances, research insights should yield ade-
quate monitoring networks and indicators of change, to be taken
up for assessment toward an informed decision process. Under-
standably, the dynamics and timing of each of these cycles do
not always evolve in perfect coordination with each other. The
dynamic nature of information exchange and feedback to and
from these processes and their stakeholders are integral to devel-
oping responses.

This implies that decision-making processes are liable to
change over time to improve effectiveness. A number of mecha-
nisms can facilitate this. Ecosystem dynamics will never be com-
pletely understood, socioeconomic systems will continue to
change, and drivers can never be fully anticipated. It is important
therefore that decision-making processes incorporate, wherever
possible, procedures to evaluate outcomes of actions and assimi-
late lessons learned from experience. Debate on exactly how to
go about doing this continues in discussions on adaptive manage-
ment, social learning, safe minimum standards, and the precau-
tionary principle. But the core message of all approaches is the
same: acknowledge the limits of human understanding, give spe-
cial consideration to irreversible changes, and evaluate the multi-
ple impacts of decisions as they unfold.

Organization of this Volume
This assessment report has a large canvas to cover. Various re-
sponse options are selected on the basis of the impact they have
on a set of ecosystems and ecosystem services. The report exam-
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ines these different societal responses and evaluates them by using
diverse methodologies. The results are analyzed from diverse per-
spectives to draw key conclusions regarding their impact on
human well-being.

To facilitate the analysis, this report is divided into three parts.
Part I (that is, Chapters 1 through 4) introduces responses and
focuses mainly on conceptual and methodological issues. Chapter
1 summarizes the MA conceptual framework and defines some
important concepts. Chapter 2 discusses alternative typologies of
possible responses. It differentiates responses by, actors, disciplines,
drivers, and scales, and further characterizes them in terms of the
instruments for intervention—such as economic, institutional,
governance, and technological—thus highlighting the multi-
dimensional nature of responses.

Chapter 3 elaborates on alternate methods of assessing re-
sponses. It sets up a framework that can be used to evaluate
whether particular responses are effective and desirable from so-
cial, political, and economic perspectives. It indicates how social,
political, and economic factors and their actors can act as con-
straints to the ability of responses or strategies to meet intended
goals and avoid unintended consequences.

Chapter 4 highlights specific decision-making criteria in the
above context. It also focuses on the role of uncertainty in assess-
ing the effectiveness of responses. This uncertainty is partly a
function of the methodology and tools applied but also an inher-
ent characteristic of decision-making that is always a leap into the
future.

Part II consists of ten chapters (5 through 14), each focusing
on one or more ecosystem service. These chapters relate specific
case studies from the literature and the sub-global assessments to
the response typology and evaluation methodology outlined in
Part I. Chapter 5 focuses on responses concerning biodiversity,
which underlies all other ecosystem services. This chapter has a
strong spotlight on ecosystem management and conservation.

Chapters 6, 7, and 8 dwell on the provisioning ecosystem ser-
vices. Different responses at all major decision-making levels,
which alter ecosystems providing these services, are presented and
assessed. Special emphasis is laid upon the trade-offs and synergies
between specific responses and their consequences. Responses
that contribute to the sustainable use of these ecosystems are high-
lighted. In a similar vein, Chapters 9 through 13 focus on regulat-
ing services, and Chapter 14 assesses cultural ecosystem services.
These chapters correspond to chapters pertaining to ecosystem
services presented by the Condition and Trends Working Group.
Together, the ecosystem services chapters in this volume and in
MA Current State and Trends provide a complete overview of the
current understanding of where, how, and why ecosystem ser-
vices are changing; in what way the selected responses are having
an impact on drivers, ecosystems, ecosystem services; and the dif-
ferent constituent parts of human well-being.

Taking an ecosystem service approach proved difficult for
some of the chapters in Part II. For instance, few responses focus
directly on managing ecosystems services toward climate regula-
tion or waste management. Additionally, there has been no or
little experience in treating the topics in some chapters (for exam-
ple, waste management and climate regulations) as ecosystem ser-
vices. Adhering too strongly to an ecosystem services approach
could, in some cases, lead to too narrow a focus while the user
audiences expect a broader treatment. This became apparent after
the first review. We have therefore permitted a more user-
oriented treatment of certain ecosystem services to allow for more
comprehensive discussions of responses related to areas such as
climate regulation, waste management, and disease control.
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Chapter 15 deals with responses that address (provision of )
ecosystem services across a number of systems simultaneously, ex-
plicitly including objectives to enhance human well being. Such
integrated responses occurring across different scales could be
oriented at different actors, generally employing a range of instru-
ments for implementation. The assessment of sustainable manage-
ment strategies and trade-offs between different responses is
central here. The responses always integrate different aspects of
ecosystems. Examples include integrated water, forest, or coastal
management. Such responses may be at the international level in
the form of framework conventions or at local levels in the form
of concrete resource management projects. This chapter provides
a comprehensive evaluation of such integrated responses.

Part III (Chapters 15 through 19) synthesizes the lessons
learned from earlier chapters and provides an overarching evalua-
tion of the interlinkages among drivers, ecosystems, ecosystem
services, and ultimately, human well-being. Chapter 15 deals with
responses that address (provision of ) ecosystem services across a
number of systems simultaneously, explicitly including objectives
to enhance human well-being. Such integrated responses occur-
ring across different scales could be oriented at different actors,
generally employing a range of instruments for implementation.
The assessment of sustainable management strategies and trade-
offs between different responses is central here. The responses al-
ways integrate different aspects of ecosystems. Examples include
integrated water, forest, or coastal management. Such responses
may be at the international level in the form of framework con-
ventions or at local levels in the form of concrete resource
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management projects. This chapter provides a comprehensive
evaluation of such integrated responses.

The other chapters within Part III take on a specific aspect of
human welfare for analysis such as material and social security,
health, freedoms, and choice. Chapter 16 takes a strong human
health perspective, while Chapter 17 emphasizes poverty reduc-
tion. The central questions in these chapters are:
• How have responses that were aimed at protecting ecosystems

and their services, impacted the different constituents and de-
terminants of human well-being?

• Did policies initiated at national levels for promoting well-
being have negative impacts on ecosystems or on the accrual
of ecosystem services?

These two chapters thus strongly emphasize the trade-offs and
synergies between different responses.

Chapter 18 provides general ‘‘guidelines’’ for choosing re-
sponses, assessing the required information and decision-tools by
discussing the relative strengths and weaknesses of alternate
sources of information. Chapter 19 evaluates the Millennium De-
velopment Goals from a responses perspective. Sustainable use of
ecosystems and thereby accrual of ecosystem services for human
well-being is central to these chapters as in all others.

Kanchan Chopra Rik Leemans
IEG, India Wageningen University, Netherlands

Pushpam Kumar Henk Simons
IEG, India RIVM, Netherlands
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Reader’s Guide

The four technical reports present the findings of each of the MA
Working Groups: Condition and Trends, Scenarios, Responses,
and Sub-global Assessments. A separate volume, Our Human
Planet, presents the summaries of all four reports in order to offer
a concise account of the technical reports for decision-makers. In
addition, six synthesis reports were prepared for ease of use by
specific audiences: Synthesis (general audience), CBD (biodiver-
sity), UNCCD (desertification), Ramsar Convention (wetlands),
business and industry, and the health sector. Each MA sub-global
assessment will also produce additional reports to meet the needs
of its own audiences.

All printed materials of the assessment, along with core data and a
list of reviewers, are available at www.MAweb.org. In this volume,
Appendix A contains color maps and figures. Appendix B lists all
the authors who contributed to this volume. Appendix C lists the
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acronyms and abbreviations used in this report and Appendix D
is a glossary of terminology used in the technical reports.
Throughout this report, dollar signs indicate U.S. dollars and ton
means tonne (metric ton). Bracketed references within the Sum-
mary are to chapters within this volume.

In this report, the following words have been used where ap-
propriate to indicate judgmental estimates of certainty, based on
the collective judgment of the authors, using the observational
evidence, modeling results, and theory that they have examined:
very certain (98% or greater probability), high certainty (85–98%
probability), medium certainty (65%–58% probability), low cer-
tainty (52–65% probability), and very uncertain (50–52% proba-
bility). In other instances, a qualitative scale to gauge the level of
scientific understanding is used: well established, established but
incomplete, competing explanations, and speculative. Each time
these terms are used they appear in italics.

................. 11430$ READ 10-21-05 14:08:13 PS



PAGE xxii................. 11430$ READ 10-21-05 14:08:13 PS



Ecosystems and Human Well-being:
Policy Responses, Volume 3

PAGE xxiii................. 11430$ HFTL 10-21-05 14:08:17 PS



PAGE xxiv................. 11430$ HFTL 10-21-05 14:08:17 PS



Summary: Response Options and Strategies

Core Writing Team: Kate Brown, Bradnee Chambers, Kanchan Chopra, Angela Cropper, Anantha K.
Duraiappah, Dan Faith, Joyeeta Gupta, Pushpam Kumar, Rik Leemans, Jens Mackensen, Harold A.
Mooney, Walter V. Reid, Janet Riley, Henk Simons, Marja Spierenburg, and Robert T. Watson.

Extended Writing Team: Nimbe O. Adedipe, Heidi Albers, Bruce Aylward, Joseph Baker, Jayanta
Bandyopadhyay, Juan-Carlos Belausteguigotia, D.K. Bhattacharya, Eduardo S. Brondizio, Diarmid
Campbell-Lendrum, Flavio Comim, Carlos Corvalan, Dana R. Fisher, Tomas Hak, Simon Hales, Robert
Howarth, Laura Meadows, James Mayers, Jeffrey McNeely, Monirul Q. Mirza, Bedrich Moldan, Ian
Noble, Steve Percy, Karen Polson, Frederik Schutyser, Sylvia Tognetti, Ferenc Toth, Rudy Rabbinge,
Sergio Rosendo, M. K. C. Sridhar, Kilaparti Ramakrishna, Mahendra Shah, Nigel Sizer, Bhaskar Vira,
Diana Wall, Alistair Woodward, and Gary Yohe.

CONTENTS

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Characteristics of Successful Responses . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Coordination across Sectors and across Scales
Participation and Transparency
Trade-offs and Synergies
Mainstreaming

Choosing Responses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Promising Responses for Ecosystem Services and Human Well-being . . . . 6
Institutions and Governance
Economics and Incentives
Social and Behavioral Responses
Technological Responses
Knowledge and Cognitive Responses

Appendix R1. Effectiveness of Assessed Responses . . . . . . . . . . . . . . . . . 10

BOXES

R1 Enabling Conditions for Designing Effective Responses

TABLES

R1 Applicability of Decision Support Methods and Frameworks

PAGE 1

1

................. 11430$ $SUM 10-21-05 14:08:20 PS



2 Ecosystems and Human Well-being: Policy Responses

Introduction
The Millennium Ecosystem Assessment examines the conse-
quences of changes to ecosystem services for human well-being. It
assesses the conditions and trends in ecosystems and their services,
explores plausible scenarios for the future, and assesses alternative
response options. The assessment of the Condition and Trends
Working Group affirms that, in the aggregate, changes to ecosys-
tems have contributed to substantial gains in human well-being
over the past centuries: people are better nourished and live
longer and healthier lives than ever before, incomes have risen,
and political institutions have become more participatory. How-
ever, these gains have been achieved at growing costs, including
the degradation of many ecosystem services, increased risks of
nonlinear changes, and the exacerbation of poverty for some
groups of people. Persistent and significant local, national, and
regional disparities in income, well-being, and access to ecosys-
tem services continue to exist. The assessment of the Scenarios
Working Group shows that the degradation of ecosystem services
could grow significantly worse during the first half of this century
and represents a barrier to achieving the Millennium Develop-
ment Goals.

The question arises: What kind of action can we take? What
policies can be developed and implemented by societies to enable
them to move in chosen directions? In this report, we define
‘‘responses’’ to encompass the entire range of human actions, in-
cluding policies, strategies, and interventions, to address specific
issues, needs, opportunities, or problems related to ecosystems,
ecosystem services, and human well-being. Responses may be in-
stitutional, economic, social and behavioral, technological, or
cognitive in nature. Response strategies are designed and under-
taken at local, regional, or international scales within diverse insti-
tutional settings. This report assesses how successful various
response strategies have been and identifies the conditions that
have contributed to their success or failure. Additionally, it derives
lessons that can be applied to the design of future responses.

The MA conceptual framework (MA 2003) posits that people
are integral parts of ecosystems and that a dynamic interaction
exists between them and other parts of ecosystems, with the
changing human condition driving, both directly and indirectly,
changes in ecosystems and thereby causing changes in human
well-being. (See Chapter 1, Box 1.2.) Direct and indirect drivers
operate at different spatial, temporal, and organizational scales.
Responses affect the direct and indirect drivers of change in eco-
systems and thereby the services derived from ecosystems. In this
framework, human–ecosystem interactions are dynamic processes
and, as a result, drivers and responses co-evolve over time. Expan-
sion of cultivated systems, for instance, was initially a response
to the growing demand for food. Over time, this expansion of
cultivation became a driver of change altering other ecosystem
services, particularly as a result of habitat conversion, use of water
for irrigation, and the excessive use of nutrients. A full assessment
of the effectiveness of various responses must thus include the
examination of the historical and contemporary contexts within
which interactions between drivers and responses developed. The
choice of the most effective set of response options needs to be
informed not just by the impact of the response on a particular
driver, but also by the interactions among different drivers them-
selves.

The effectiveness and impact of any response strategy depends
furthermore on the interactions between the people who initiate
the response and others who have a stake in the outcomes at local,
regional, and global levels. Strategies initiated at the global level,
such as through international conventions, for example, may have
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consequences on ecosystem services and human well-being at the
local level.

The Responses Working Group assessed a wide range of
responses and interventions undertaken by different decision-
makers in many different economic, social, and institutional set-
tings. In the sections that follow, this summary describes several
key characteristics of successful responses, discusses methods for
choosing responses, and reviews some of the more promising or
effective responses. It also discusses some of the barriers to imple-
menting promising responses; one barrier that deserves particular
emphasis involves the limited number of trained people in many
countries who are able to analyze response options and to develop
and implement programs of action to address these problems. This
assessment demonstrates the tremendous scope for actions that can
help to enhance human well-being while conserving ecosystems;
but without investment in the necessary human and institutional
capacity, many countries will not be able to effectively pursue
these options.

Characteristics of Successful Responses
Responses to environmental problems tend to be more successful
when: a) there is effective coordination among the different levels
of decision-making; b) transparent participatory approaches are
used; c) the potential trade-offs and synergies among response
strategies and their outcomes are factored into their design; and
d) considerations of impacts on ecosystems and the potential con-
tributions of ecosystem services are mainstreamed in economic
policy and development planning.

Coordination across Sectors and across Scales

Effective action to address problems related to ecosystem services
requires improved coordination across sectors and scales. [See es-
pecially 5, 17, 19]

Almost any action affecting an ecosystem has consequences for
many different services provided by that ecosystem. For example,
a response designed to enhance the production of one ecosystem
service, such as crop production, could harm other services such
as water quality, fisheries production, or flood control. These
trade-offs cannot be adequately addressed through traditional sec-
toral management approaches. Moreover, they cannot be ade-
quately addressed through actions undertaken at a single scale,
whether international, national, or local. Effective ecosystem
management thus requires effective coordination, both among
governmental institutions directly responsible for the environ-
ment and between those institutions and other sectors. [17]

Coordination among International Institutions

The cooperation among multilateral environmental agreements
has improved in recent years, but considerable scope remains to
increase the coordination and consistency among their objectives
and actions. [17] To date, however, there has been relatively little
effective coordination between MEAs and the politically stronger
international economic and social institutions such as the World
Bank (except in its role as an implementing agency of the Global
Environment Facility), the International Monetary Fund, and the
World Trade Organization. Despite their profound influence on
the environment, economic and trade-related agreements have
shown minimal commitment to environmental issues; neither
have the poverty reduction strategies prepared by countries for
the World Bank. Given the central importance of ecosystem ser-
vices in achieving many Millennium Development Goals (in par-
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3Summary: Response Options and Strategies

ticular, the goals and targets related to poverty, hunger, disease,
children’s health, water, and environmental sustainability), the
MDG process could in principle provide a means to better incor-
porate the environment into these other sectors, but little progress
has yet been observed. [19]

Coordination across Decision-making Levels

International agreements are more likely to be translated into na-
tional policy if they include precise obligations, sanctions for vio-
lation, and monitoring provisions, and if they provide financial
assistance for national implementation. While most MEAs meet
some of these criteria, relatively few have sanctions for violation;
in almost all cases, there is considerable scope for the agreements
to be strengthened if the criteria were met more effectively. [17]
For example, financial mechanisms such as the Global Environ-
ment Facility enable assistance to be provided through some eco-
system-related MEAs, but across the board these agreements
would be more effective if greater assistance were available. Simi-
larly, the Convention on Biological Diversity, the Convention to
Combat Desertification, and the Ramsar Wetlands Convention
could be strengthened if countries assumed additional outcome-
focused obligations in addition to the more common planning
and reporting obligations. The CBD, for example, has now estab-
lished a specific outcome-focused target—the ‘‘2010 Target’’ to
significantly slow the rate of biodiversity loss—but this target is
not binding on individual countries.

Some steps have been taken by the ecosystem-focused MEAs
to promote greater national implementation. For example, the
national biodiversity strategies and action plans form a central im-
plementation mechanism of the CBD and have resulted in some
action at the national and local levels.[5] The CCD has encour-
aged the development of national action programs to combat de-
sertification; 50 of these programs are now receiving international
funding. While the CBD national biodiversity strategies and the
CCD national action programs have stimulated and guided some
actions and policy reforms, their primary impact has been within
the environmental sector; they have been less effective in influ-
encing action in other sectors. The overall effectiveness of the
implementation of these and other MEAs could be strengthened
if these planning processes were more effectively integrated into
other processes such as decentralization and land reform, which
generally have major effects on land use and desertification.

In general, international agreements dealing with ecological
resources tend to be less successful than those concerning defense
or trade because of the less obvious nature of reciprocal benefits to
contracting parties, the major driving force in other agreements.
Success of international legal instruments depends on the percep-
tion of the need for longer term cooperation. The design of the
agreement and the manner in which the agreement was negoti-
ated both play a role. Given the complexity of some negotiating
processes and the lack of resources to enable the full participation
of many developing countries in negotiations, some countries face
serious challenges in ensuring adequate representation of their in-
terests and perspectives in international agreements; this in turn
undermines the effectiveness of the agreements. [17] Clearly,
there exists an urgent need to augment developing-country ca-
pacity to participate in international negotiations.

Coordination at National and Sub-national Levels

At national and sub-national levels, effective responses to eco-
system degradation are constrained by the same weakness of
cross-sectoral coordination and even coordination within the en-
vironmental sector. The implementation of many environmental
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conventions at a national level, for example, could be strength-
ened through more effective coordination among the national of-
fices responsible for implementing different international
agreements. More generally, at the national and sub-national lev-
els successful response interventions often involve situation-
driven integration across decision-making agencies. This type of
integration tends to be found in situations where communities
and lower level governments are given management and deci-
sion-making flexibility within broad enabling frameworks.

Participation and Transparency

Insufficient participation and transparency in planning and decision-
making have been major barriers to the design and implementa-
tion of effective responses. [3, 4, 5, 7, 14, 15, 17]

The importance of stakeholder participation is now widely recog-
nized, although generally poorly implemented, at the interna-
tional scale, as well as at the national and local scales. Although
stakeholder participation can result in a slower and more costly
process, it creates ownership in the policy being developed, com-
mitment to successful implementation, and increased societal ac-
ceptance of the policy. Among international conventions, for
example, the CBD states ‘‘management should be decentralized
to the lowest appropriate level, and boundaries for management
shall be defined by indigenous and local peoples, among others.’’
The 1999 Ramsar Convention Conference of Parties adopted
guidelines for the inclusion of local and indigenous people in the
management of Ramsar wetlands. The problems associated with
inadequate stakeholder participation are most apparent in the area
of biodiversity conservation. Because local people are de facto the
primary resource managers in most regions, working with local
communities is essential to conserving biodiversity in the longer
term. The establishment of protected areas, for example, is more
effective when local communities have ‘‘bought in’’ to the pro-
tected area and have alternative livelihood opportunities or re-
ceive direct payments so that they are not harmed by creation of
the proteced area. [5] This often requires the establishment of
protected areas designed to support multiple uses of natural and
cultural resources. Bottom-up decision-making processes rooted
in a local and site-specific context have also enabled the negotia-
tion of water agreements to become a catalyst for peace and coop-
eration. Note, for instance, that nation states belonging to very
different political persuasions confirm water treaties such as the
Nile treaty and the Indus Waters treaty. [7]

Important as stakeholder participation is, the financial costs
and time needed for elaborate stakeholder processes can some-
times outweigh the benefits. Moreover, there is also the risk that
‘‘participation’’ can be co-opted into what are, at their core, cen-
trally determined plans. This kind of ‘‘centralized decentraliza-
tion’’ may well lead to the exclusion of disadvantaged groups even
though they have been ‘‘consulted’’ in the decision process. Often
this is the consequence of policies that do not take into account
differences among stakeholders in preexisting situations. Examples
are found in the watershed programs and the water user associa-
tions in India.

The introduction of participatory approaches in settings
where people are not accustomed to such approaches must be
accompanied by capacity-building among stakeholders if it is to
succeed. The capacity created in this way must also be sustained.
Key interventions include both public education and steps taken
to strengthen social networks in order to facilitate the inclusion
of all relevant forms of knowledge and information, including
local and indigenous knowledge, in decision-making.
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For participatory approaches to succeed, the stakeholders in-
volved need access to information on both the resources being
managed and the decision-making process. Effective monitoring,
assessment, and reporting is therefore a key to success in allocating
ecosystem services and implementing response options. Given the
heterogeneity, constant change, and site-specific characteristics of
ecosystem services and the human institutions through which
they are managed, a fundamental but often overlooked need is for
an independent and transparent process of assessment. Monitoring
and assessment are critical components of pro-active adaptive
management, as they can provide the feedback necessary to de-
velop and continually improve implementation strategies as new
information becomes available, constraints are identified, and en-
abling institutional structures put in place. Although considerable
debate continues about the most effective mechanisms for stake-
holder involvement in decision-making processes, all approaches
agree on the same core elements: acknowledge the limits of
human understanding, recognize knowledge gaps explicitly, give
special consideration to irreversible changes, and evaluate the im-
pacts of decisions as they unfold.

Trade-offs and Synergies

Trade-offs and synergies among human well-being, ecosystems,
and ecosystem services are the rule rather than the exception and
this implies that informed choices must be made to achieve the
best possible outcomes. [5, 6, 7, 8, 11, 13, 15, 16, 17]
The following categories of trade-offs are involved in managing
ecosystem services:
• Trade-offs between the present and future. For example, some

technologies developed to increase food production, such as
the replacement of traditional cultivars with high yielding va-
rieties or the excessive application of fertilizers and pesticides,
have reduced the capacity of land and water systems to pro-
vide food in the future. [6] Similarly, some resource manage-
ment practices yield economic benefits in the present, but
defer costs to the future. Forest harvest, for example, provides
immediate economic returns but may result in future costs in
the form of degraded water quality or increased frequency of
floods.

• Trade-offs among ecosystem services. The majority of response
strategies have given priority to increasing the allocation of
provisioning services, such as food production and water sup-
ply, often at the expense of regulating and cultural ecosystem
services. For example, water has been impounded to enable
increased irrigation and increased food production, but this
reduces downstream water supplies, harms freshwater bio-
diversity, and degrades some cultural and recreational benefits
provided by free-flowing rivers.

• Trade-offs among constituents of human well being. Responses are
often directed at improving the material well-being constit-
uent of human well-being to the neglect of other constituents
of human well-being such as health and security. For example,
increased use of pesticides can increase the production of food,
but harm the health of farmworkers and consumers.

• Trade-offs among stakeholders. Ecosystems and their services are
used differently by different groups of stakeholders: the needs
of vulnerable groups are often marginalized in this process.
For example, large scale commercial exploitation of forests for
timber harvest often comes at the expense of the use of forests
by local communities as a source of non-wood forest prod-
ucts. [8] Similarly, the conversion of mangrove forests to
shrimp aquaculture benefits the farmers who have resources
to invest in aquaculture operations, but harms the local fish-
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erfolk who depend on capture fisheries associated with the
mangroves.
Although negative trade-offs are common, positive synergies

are also possible, and responses can be identified that create syner-
gies and help in achieving multiple objectives. The long-term
success of conservation strategies in areas where local people are
dependent on the use of biological resources, for example, de-
pends on meeting the needs of these communities. The exact
nature of the synergy is more easily identified in specific ecologi-
cal and societal contexts through an appropriate understanding
of linkages between ecosystems and human well-being. Similarly,
among the growing number of people who face health problems
associated with obesity, reducing consumption of food would
benefit both human health and reduce demand for ecosystem ser-
vices.

Some potential and emerging synergies can only be realised if
enabling institutions are created. For example, afforestation, re-
forestation, improved forest, cropland and rangeland management
and agroforestry provide a range of opportunities to increase car-
bon sequestration. Similarly, slowing deforestation provides an
opportunity to reduce carbon emissions. Such activities have the
potential to sequester about 10 to 20% of projected fossil emis-
sions up to 2050. [13] However, only a small part of this potential
can be delivered with the institutions, technologies, and financial
arrangements now in place. A large number of these issues remain
undecided and prevent the use of forestry as a carbon manage-
ment option.

Mainstreaming

The quantity and quality of ecosystem services available are often
determined to a greater extent by macroeconomic, trade, and other
policies than by policies within the environmental sector itself. [5,
6, 8, 17, 19]

Some of the most significant drivers of change in ecosystem ser-
vices and their use originate outside the sectors that have responsi-
bility for the management of ecosystem services. For example, the
availability of fish in coastal waters can be strongly influenced
by government policies related to crop production or food price
supports, since this will influence the amount of fertilizer and
water used in crop production and hence the potential harmful
impacts associated with nutrient pollution or changes in river
flows. Similarly, trade policies can have significant impacts on for-
est product industries and thus on the management of forests. In-
deed, this assessment finds that policies outside the forest sector
are often more important than policies within the sector in deter-
mining the social and ecological sustainability of forest manage-
ment. While inappropriate policies in other sectors can harm
ecosystem services, changes in those policies can often also pro-
vide one of the most effective means for improving managment
of ecosystem services. For example, reforms to the Common Ag-
ricultural Policy in Europe to incorporate environmental dimen-
sions could significantly reduce pressures on some ecosystem
services. [6]

In general, potential threats to ecosystem services and the po-
tential contributions of ecosystem services to economic develop-
ment and poverty reduction are not taken into account in
development plans and trade policies. Very few macroeconomic
responses to poverty reduction have considered the importance
of sound management of ecosystem services as a mechanism to
meet the basic needs of the poorest. The poverty reduction strate-
gies that many developing countries are now preparing for the
World Bank and other donors can be most effective if they in-
clude an emphasis on the links between ecosystems and human
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well-being, but few of the strategies incorporate these issues. [17]
More generally, the failure to incorporate considerations of eco-
system management in the strategies being pursued to achieve
many of the eight Millennium Development Goals will under-
mine the sustainability of any progress that is made toward the
goals and targets associated with poverty, hunger, disease, child
mortality, and access to water, in particular. [19]

Choosing Responses

Decisions affecting ecosystems and their services
can be improved by changing the processes used to
reach those decisions. [18]

The context of decision-making about ecosystems is changing
rapidly. The new challenge to decision-making is to make effec-
tive use of information and tools in this changing context in order
to improve the decisions. At the same time, some old challenges
must still be addressed. The decision-making process and the
actors involved influence the intervention chosen. Decision-mak-
ing processes vary across jurisdictions, institutions, and cultures.
Even so, this assessment has identified the following elements of
decision-making processes related to ecosystems and their services
that tend to improve the decisions reached and their outcomes
for ecosystems and human well-being:
• use the best available information, including considerations of

the value of both marketed and nonmarketed ecosystem ser-
vices;

• ensure transparency and the effective and informed participa-
tion of important stakeholders;

• recognize that not all values at stake can be quantified, and
thus quantification can provide a false objectivity in decision-
making processes that have significant subjective elements;

• strive for efficiency, but not at the expense of effectiveness;
• consider equity and vulnerability in terms of the distribution

of costs and benefits;
• ensure accountability and provide for regular monitoring and

evaluation; and
• consider cumulative and cross-scale effects and, in particular,

assess trade-offs across different ecosystem services.
A wide range of tools can assist decision-making con-

cerning ecosystems and their services. [3, 4] The use of deci-
sion-making methods that adopt a pluralistic perspective is
particularly pertinent, since these techniques do not give undue
weight to any particular viewpoint. Examples of tools that can
assist decision-making at a variety of scales, including global, sub-
global, and local, include:
• Deliberative tools (which facilitate transparency and stakeholder par-

ticipation). These include neighborhood forums, citizens’ ju-
ries, community issues groups, consensus conferences,
electronic democracy, focus groups, issue forums, and ecosys-
tem service user forums.

• Information-gathering tools (which are primarily focused on collecting
data and opinions). Examples of information-gathering tools in-
clude citizens’ research panels, deliberative opinion polls, en-
vironmental impact assessments, participatory rural appraisal,
and rapid rural appraisal.

• Planning tools (which are typically used to evaluate potential policy
options). Some common planning tools are consensus partici-
pation, cost-benefit analysis, multicriteria analysis, participa-
tory learning and action, stakeholder decision analysis, trade-
off analysis, and visioning exercises.
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Some of these methods are particularly well-suited for
decision-making in the face of uncertainties in data, pre-
diction, context, and scale. [4] Such methods include cost-
benefit or multicriteria analyses, risk assessment, the precautionary
principle, and vulnerability analysis. (See Table R1.) All these
methods have been able to support optimization exercises, but
few of them have much to say about equity. Cost-benefit analysis
can, for example, be modified to weight the interests of some
people more than others. The discount rate can be viewed, in
long-term analyses, as a means of weighting the welfare of future
generations; and the precautionary principle can be expressed in
terms of reducing the exposure of certain populations or systems
whose preferential status may be the result of equity considera-
tions. Multicriteria analysis was designed primarily to accommo-
date optimization across multiple objectives with complex
interactions, but this can also be adapted to consider equity and
threshold issues at national and sub-national scales.

Scenario-building exercises provide one way to cope
with many aspects of uncertainty, but our limited under-
standing of ecological and human response processes
shrouds any individual scenario in its own characteristic
uncertainty. [4] The development of a set of scenarios provides
a useful means to highlight the implications of alternative assump-
tions about critical uncertainties related to the behavior of human
and ecological systems. In this way, they provide one means to
cope with many aspects of uncertainty in assessing responses. The
relevance, significance, and influence of scenarios ultimately de-
pend on the assumptions made in their development. At the same
time, though, there are a number of reasons to be cautious in the
use of scenarios. First, individual scenarios represent conditional
projections based on specific assumptions. Thus to the extent that
our understanding and representation of the ecological and
human systems represented in the scenarios is limited, specific
scenarios are characterized by their own uncertainty. Second,
there is uncertainty in translating the lessons derived from scenar-
ios developed at one scale—say, global—to the assessment of re-
sponses at other scales—say, sub-national. Third, scenarios often
have hidden and hard-to-articulate assumptions. Fourth, environ-
mental scenarios have tended to more effectively incorporate
state-of-the-art natural science modeling than social science mod-
eling.

Effective management of ecosystems requires coordi-
nated responses at multiple scales. [15, 17] Responses that
are successful at a small scale are often less successful at higher
levels due to constraints in legal frameworks and government in-
stitutions that prevent their success. In addition, there appear to
be limits to scaling up, not only because of these higher-level
constraints, but also because interventions at a local level often
address only direct drivers of change rather than indirect or un-
derlying ones. For example, a local project to improve livelihoods
of communities surrounding a protected area in order to reduce
pressure on it, if successful, may increase migration into buffer
zones, thereby adding to pressures. Cross-scale responses may be
more effective at addressing the higher-level constraints and leak-
age problems and simultaneously tackling regional and national as
well as local-level drivers of change. Examples of successful cross-
scale responses include some co-management approaches to natu-
ral resource management in fisheries and forestry and multistake-
holder policy processes.

Active adaptive management can be a particularly
valuable tool for reducing uncertainty about ecosystem
management decisions. [17] The term ‘‘active’’ adaptive man-
agement is used here to emphasize the key characteristic of the
original concept (which is frequently and inappropriately used to
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Table R1. Applicability of Decision Support Methods and Frameworks

Key: ++ � direct application of the method by design
+ � possible application with modification or (in the case of uncertainty) the method has already been modified to handle uncertainty
� � weak but not impossible applicability with significant effort

Scale of Application

Method Optimization Equity Thresholds Uncertainty M
ic

ro

Na
tio

na
l

Re
gi

on
al

an
d

G
lo

ba
l

Cost-benefit Analysis + + � � � �

Risk Assessment + + ++ ++ � � �

Multicriteria Analysis ++ + + + � �

Precautionary Principle* + + ++ ++ � � �

Vulnerability Analysis + + ++ + � �

*The precautionary principle is not strictly analogous to the other analytical and assessment methods but still can be considered a method for decision
support. The precautionary principle prescribes how to bring scientific uncertainty into the decision-making process by explicitly formalizing precaution and
bringing it to the forefront of the deliberations. It posits that significant actions (ranging from doing nothing to banning a potentially harmful substance or
activity, for instance) may be justified when the degree of possible harm is large and irreversible.

mean ‘‘learning by doing’’): the design of management programs
to test hypotheses about how components of an ecosystem func-
tion and interact, in order to reduce uncertainty about the system
more rapidly than would otherwise occur. Under an adaptive
management approach, for example, a fisheries manager might
intentionally set harvest levels either lower or higher than the
‘‘best estimate’’ in order to gain information more rapidly about
the shape of the yield curve for the fishery. Given the high levels
of uncertainty surrounding coupled socioecological systems, the
use of active adaptive management is often warranted.

Promising Responses for Ecosystem Services
and Human Well-being
Past actions to slow or reverse the degradation of ecosys-
tems have yielded significant benefits, but these improve-
ments have generally not kept pace with growing pressures
and demands. Although most ecosystem services assessed in the
MA are being degraded, the extent of that degradation would
have been much greater without responses implemented in past
decades. For example, more than 100,000 protected areas (includ-
ing strictly protected areas such as national parks as well as areas
managed for the sustainable use of natural ecosystems such as tim-
ber harvest or wildlife harvest) covering about 11.7% of the ter-
restrial surface have now been established. These protected areas
play an important role in the conservation of biodiversity and
ecosystem services, although important gaps remain in their distri-
bution and management, particularly in marine and freshwater
systems. Many protected areas lack adequate resources for man-
agement. Protected areas will not be completely effective until
they are fully integrated into an ecosystem or landscape approach
to management. [5]

An effective set of responses to ensure the sustainable
management of ecosystems would address the indirect and
direct drivers that lead to the degradation of ecosystem
services and overcome a range of barriers. The barriers to be
overcome include:
• inappropriate institutional and governance arrangements, in-

cluding the presence of corruption and weak systems of regu-
lation and accountability;
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• market failures and the misalignment of economic incentives;
• social and behavioral factors, including the lack of political and

economic power of some groups (such as poor people,
women, and indigenous groups) who are particularly depen-
dent on ecosystem services or harmed by their degradation;

• underinvestment in the development and diffusion of tech-
nologies that could increase the efficiency of use of ecosystem
services and reduce the harmful impacts of various drivers of
ecosystem change; and

• insufficient knowledge (as well as the poor use of existing
knowledge) concerning ecosystem services and management,
policy, technological, behavioral, and institutional responses
that could enhance benefits from these services while conserv-
ing resources.
All these barriers are compounded by weak human and insti-

tutional capacity related to the assessment and management of
ecosystem services, underinvestment in the regulation and man-
agement of their use, lack of public awareness, and lack of aware-
ness among decision-makers of the threats posed by the
degradation of ecosystem services and the opportunities that more
sustainable management of ecosystems could provide.

The MA assessed 78 response options for ecosystem
services, integrated ecosystem management, conservation
and sustainable use of biodiversity, waste management,
and climate change. Many of these options hold significant
promise for conserving or sustainably enhancing the supply of
ecosystem services; a selected number of promising responses that
address the barriers just described are discussed here. (The full list
of response options is presented in Appendix R1.) These re-
sponses in turn often require that the proper enabling conditions
are in place. (See Box R1.) The stakeholder groups that would
need to take decisions to implement each response are indicated
as follows: G for government, B for business and industry, and N
for nongovernmental organizations and other civil society organi-
zations (including community-based and indigenous peoples’ or-
ganizations and research institutions).

Institutions and Governance

Changes in institutional and environmental governance
frameworks are sometimes required in order to create the
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BOX R1

Enabling Conditions for Designing Effective Responses

Some examples of conditions that must be met in order to design and
implement some of the response options identified in this assessment
include:

• supportive insurance and financial markets are needed to ensure
that economic value of ecosystem services is taken into account;

• better information on who benefits and is harmed by changes in
specific ecosystem services is needed to enable the establish-
ment of effective systems of payments for ecosystem services;

• greater involvement of concerned stakeholders in decision-
making is required to ensure transparency and effective function-
ing of regulatory mechanisms;

• appropriate forms of property rights (mostly common property
arrangements) need to be established to encourage private-pub-
lic or community-state partnerships for resource conservation;

• innovative partnerships among different knowledge-based institu-
tions need to be established to foster the integration of local and
indigenous knowledge in decision-making processes; and

• human and institutional capacity for assessing and acting on as-
sessments needs to be enhanced for decision-makers to have
access to information they need concerning the management of
ecosystem services.

enabling conditions for effective management of ecosys-
tems; in other cases, existing institutions could meet these
needs but face significant barriers. [2, 7, 11, 12, 15, 17]
Many existing institutions at both the global and the national level
have the mandate to address the degradation of ecosystem services
but face a variety of challenges in doing so related to the need for
greater cooperation across sectors and the need for coordinated
responses at multiple scales (see the discussion above on Charac-
teristics of Successful Responses). However, since a number of the
issues identified in this assessment are recent concerns and were
not specifically taken into account in the design of today’s institu-
tions, changes in existing institutions and the development of new
ones may sometimes be needed, particularly at the national scale.

In particular, existing national and global institutions are not
well designed to deal with the management of open access re-
sources, a characteristic of many ecosystem services. Issues of
ownership and access to resources, rights to participation in deci-
sion-making, and regulation of particular types of resource use
or discharge of wastes can strongly influence the sustainability of
ecosystem management and are fundamental determinants of who
wins and who loses from changes in ecosystems. Corruption—a
major obstacle to effective management of ecosystems—also
stems from weak systems of regulation and accountability.

Promising interventions include:
• Development of institutions that devolve (or centralize) decision-mak-

ing to meet management needs while ensuring effective coordination
across scales (G, B, N). Problems of ecosystem management
have been exacerbated by both overly centralized and overly
decentralized decision-making. For example, highly central-
ized forest management has proved ineffective in many coun-
tries, and efforts are now being made to move responsibility
to lower levels of decision-making either within the natural
resources sector or as part of broader decentralization of gov-
ernmental responsibilities. At the same time, one of the most
intractable problems of ecosystem management has been the
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lack of alignment between political boundaries and units ap-
propriate for the management of ecosystem goods and ser-
vices. Downstream communities may not have access to the
institutions through which upstream actions can be influ-
enced; alternatively, downstream communities or countries
may be stronger politically than upstream regions and may
dominate control of upstream areas without addressing up-
stream needs.

• Development of institutions to regulate interactions between markets
and ecosystems (G). The potential of policy and market reforms
to improve ecosystem management is often constrained by
weak or absent institutions. For example, the potential of the
Clean Development Mechanism established under the Frame-
work Convention on Climate Change to provide financial
support to developing countries in return for greenhouse gas
reductions, which would realize climate and biodiversity ben-
efits through payments for carbon sequestration in forests, is
constrained by unclear property rights, concerns over the per-
manence of reductions, and lack of mechanisms for resolving
conflicts. Moreover, existing regulatory institutions often do
not have ecosystem protection as a clear mandate. For exam-
ple, independent regulators of privatized water systems and
power systems do not necessarily promote resource use effi-
ciency and renewable supply. [7] The role of the state in set-
ting and enforcing rules continues to be important even in the
context of privatization and market-led growth.

• Development of institutional frameworks that promote a shift from
highly sectoral resource management approaches to more integrated
approaches (G, B). In most countries, separate ministries are in
charge of various aspects of ecosystems (such as ministries of
environment, agriculture, water, and forests) and drivers of
change (such as ministries of energy, transportation, develop-
ment, and trade). Each of these ministries has control over
different aspects of ecosystem management. As a result, there
is seldom the political will to develop effective ecosystem
management strategies, and competition among the ministries
can often result in policy choices that are detrimental to eco-
systems. Integrated responses intentionally and actively address
ecosystem services and human well-being simultaneously,
such as integrated coastal zone management, integrated river
basin management, and national sustainable development
strategies. Although the potential for integrated responses is
high, numerous barriers have limited their effectiveness: they
are resource-intensive, but the potential benefits can exceed
the costs; they require multiple instruments for their imple-
mentation; and they require new institutional and governance
structures, skills, knowledge, and capacity. Integrated re-
sponses at local levels have been successful in using the links
between human well-being and ecosystems to design effective
interventions, particularly where supportive higher level
structures exist.

Economics and Incentives

Economic and financial interventions provide powerful in-
struments to regulate the use of ecosystem goods and ser-
vices. [2] Because many ecosystem services are not traded in
markets, markets fail to provide appropriate signals that might
otherwise contribute to the efficient allocation and sustainable use
of the services. Even if people are aware of the services provided
by an ecosystem, they are neither compensated for providing
these services nor penalized for reducing them. In addition, the
people harmed by the degradation of ecosystem services are often
not the ones who benefit from the actions leading to their degra-
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dation, and so those costs are not factored into management deci-
sions. A wide range of opportunities exists to influence human
behavior to address this challenge in the form of economic and
financial instruments. Some of them establish markets; others
work through the monetary and financial interests of the targeted
social actors; still others affect relative prices.

Market mechanisms can only work if supporting insti-
tutions are in place, and thus there is a need to build insti-
tutional capacity to enable more widespread use of these
mechanisms. [2, 6, 7, 8, 17] The adoption of economic instru-
ments usually requires a legal framework, and in many cases the
choice of a viable and effective economic intervention mecha-
nism is determined by the socioeconomic context. For example,
resource taxes can be a powerful instrument to guard against the
overexploitation of an ecosystem service, but an effective tax
scheme requires well-established and reliable monitoring and tax
collection systems. Similarly, subsidies can be effective to intro-
duce and implement certain technologies or management proce-
dures, but they are inappropriate in settings that lack the
transparency and accountability needed to prevent corruption.
The establishment of market mechanisms also often involves ex-
plicit decisions about wealth distribution and resource allocation,
when, for example, decisions are made to establish private prop-
erty rights for resources that were formerly considered common
pool resources. For that reason, the inappropriate use of market
mechanisms can further exacerbate problems of poverty.

Promising interventions include:
• Elimination of subsidies that promote excessive use of ecosystem ser-

vices (and, where possible, transfer of these subsidies to payments for
nonmarketed ecosystem services) (G). Many countries provide sig-
nificant agricultural production subsidies that lead to greater
food production in countries with subsidies than global mar-
ket conditions warrant; that promote the overuse of water,
fertilizers, and pesticides; and that reduce the profitability of
agriculture in developing countries. [7] Subsidies increase land
values, adding to landowners’ resistance to subsidy reductions.
Similar problems are created by fishery subsidies. Although
removal of production subsidies would produce net benefits,
it would not occur without costs. The farmers and fishers ben-
efiting directly from the subsidies would suffer the most im-
mediate losses, but there would also be indirect effects on
ecosystems both locally and globally. In some cases, it may be
possible to transfer production subsides to other activities that
promote ecosystem stewardship, such as payment for the pro-
vision or enhancement of regulatory or supporting services.
Compensatory mechanisms may be needed for the poor who
are adversely affected by the immediate removal of subsidies.
Reduced subsidies within the OECD may lessen pressures on
some ecosystems in those countries, but they could lead to
more rapid conversion and intensification of land for agricul-
ture in developing countries and would thus need to be ac-
companied by policies to minimize the adverse impacts on
ecosystems there.

• Greater use of economic instruments and market-based approaches in
the management of ecosystem services (G, B, N). Economic instru-
ments and market mechanisms with the potential to enhance
the management of ecosystem services include:
� Taxes or user fees for activities with ‘‘external’’ costs (trade-offs

not accounted for in the market). These instruments create
incentives that lessen the external costs and provide reve-
nues that can help protect the damaged ecosystem services.
Examples include taxes on excessive application of nutri-
ents or ecotourism user fees.
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� Creation of markets, including through cap-and-trade systems.
Ecosystem services that have been treated as ‘‘free’’ re-
sources, as is often the case for water, tend to be used
wastefully. The establishment of markets for the services
can both increase the incentives for their conservation and
increase the economic efficiency of their allocation if sup-
porting legal and economic institutions are in place. How-
ever, as noted earlier, while markets will increase the
efficiency of the use of the resource, they can have harmful
effects on particular groups of users who may be inequita-
bly affected by the change. The combination of regulated
emission caps, coupled with market mechanisms for trad-
ing pollution rights, often provides an efficient means of
reducing emissions harmful to ecosystems. For example,
one of the most rapidly growing markets related to ecosys-
tem services is the carbon market [13]; in another exam-
ple, nutrient trading systems may be a low-cost way to
reduce water pollution in the United States [9].

� Payment for ecosystem services. Mechanisms can be estab-
lished to enable individuals, firms, or the public sector to
pay resource owners to provide particular services. For ex-
ample, in New South Wales, Australia, associations of
farmers purchase salinity credits from the State Forests
Agency, which in turn contracts with upstream landhold-
ers to plant trees, which reduce water tables and store
carbon. Similarly, in 1996, Costa Rica established a na-
tionwide system of conservation payments to induce land-
owners to provide ecosystem services. Under this
program, the government brokers contracts between in-
ternational and domestic ‘‘buyers’’ and local ‘‘sellers’’ of
sequestered carbon, biodiversity, watershed services, and
scenic beauty. These interventions are found to succeed,
typically when a high degree of certainty exists with regard
to the accrual of ecosystem services over time.

� Mechanisms to enable consumer preferences to be expressed
through markets. Consumer pressure may provide an alter-
native way to influence producers to adopt more sustain-
able production practices in the absence of effective
government regulation. For example, certification schemes
that exist for sustainable fisheries and forest practices pro-
vide people with the opportunity to promote sustainability
through their consumer choices. Within the forest sector,
forest certification has become widespread in many coun-
tries and forest conditions; thus far, however, most certi-
fied forests are in temperate regions, managed by large
companies that export to northern retailers. [6] Certifica-
tion and labeling is also being used at smaller scales. For
example, the Salmon Safe initiative in Oregon, United
States, certifies and promotes wines and other agricultural
products from Oregon farms and vineyards that have ad-
hered to management practices designed to protect water
quality and salmon habitat. [7]

Social and Behavioral Responses

Social and behavioral responses—including population
policy, public education, civil society actions, and empow-
erment of communities, women, and youth—can be in-
strumental in responding to ecosystem degradation. [2, 5,
6] These are generally interventions that stakeholders initiate and
execute through exercising their procedural or democratic rights
in efforts to improve ecosystems and human well-being.

Promising interventions include:
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• Measures to reduce aggregate consumption of unsustainably managed
ecosystem services (G, B, N). The choices about what individuals
consume and how much they consume are influenced not just
by considerations of price but also by behavioral factors related
to culture, ethics, and values. Behavioral changes that could
reduce demand for degraded ecosystem services can be en-
couraged through actions by governments (such as education
and public awareness programs or the promotion of demand-
side management), industry (such as improved product label-
ing or commitments to use raw materials from sources certi-
fied as sustainable), and civil society (such as public awareness
campaigns). Efforts to reduce aggregate consumption, how-
ever, must sometimes incorporate measures to increase the ac-
cess to and consumption of those same ecosystem services by
specific groups such as poor people.

• Communication and education (G, B, N). Improved communi-
cation and education are essential to achieve the objectives
of the environmental conventions, the Johannesburg Plan of
Implementation, and the sustainable management of natural
resources more generally. Both the public and decision-
makers can benefit from education concerning ecosystems and
human well-being, but education more generally provides
tremendous social benefits that can help address many drivers
of ecosystem degradation. For example, the Haribon Founda-
tion in the Philippines has used communication, education,
and mobilization of networks to motivate fishers and their
communities to create marine sanctuaries to allow for fish
populations to revive and restore declining catches; over 1,000
reserves have now been established. [5] Barriers to the effec-
tive use of communication and education include a failure to
use research and apply modern theories of learning and
change. While the importance of communication and educa-
tion is well recognized, providing the human and financial
resources to undertake effective work is a continuing barrier.

• Empowerment of groups particularly dependent on ecosystem services
or affected by their degradation, including women, indigenous people,
and young people (G, B, N). Women, indigenous people, and
young people are all important ‘‘stakeholders’’ in the manage-
ment of ecosystem services but, historically, each group has
tended to be marginalized in decision-making processes. For
example, despite women’s knowledge about the environment
and the potential they possess to improve resource manage-
ment, their participation in decision-making has often been
restricted by social and cultural structures. Similarly, the case
for protecting young people’s ability to take part in decision-
making is strong as they will experience the longer-term
consequences of decisions made today concerning ecosystem
services. Greater involvement of indigenous peoples in deci-
sion-making can also enhance environmental management,
although the primary justification for it continues to be based
on human and cultural rights.

Technological Responses

Given the growing demands for ecosystem services and
other increased pressures on ecosystems, the development
and diffusion of technologies designed to increase the ef-
ficiency of resource use or reduce the impacts of drivers
such as climate change and nutrient loading are essential.
[2, 6, 7, 13, 17] Technological change has been essential for
meeting growing demands for some ecosystem services, and tech-
nology holds considerable promise to help meet future growth in
demand. Technologies already exist for reducing nutrient pollu-
tion at reasonable costs—including technologies to reduce point
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source emissions, changes in crop management practices, and pre-
cision farming techniques to help control the application of fertil-
izers to a field, for example—but new policies are needed for
these tools to be applied on a sufficient scale to slow and ulti-
mately reverse the increase in nutrient loading (recognizing that
this global goal must be achieved even while increasing nutrient
applications in relatively poor regions such as sub-Saharan Africa).
Many negative impacts on ecosystems and human well-being
have resulted from these technological changes, however. The
cost of ‘‘retrofitting’’ technologies once their negative conse-
quences become apparent can be extremely high, so careful assess-
ment is needed prior to the introduction of new technologies.

Promising interventions include:
• Promotion of technologies that increase crop yields without any harm-

ful impacts related to water, nutrient, and pesticide use (G, B, N).
Agricultural expansion will continue to be one of the major
drivers of biodiversity loss well into the twenty-first century.
Development, assessment, and diffusion of technologies that
could increase the production of food per unit area sustainably
without harmful trade-offs related to excessive use of water,
nutrients, or pesticides would significantly lessen pressure on
other ecosystem services.

• Restoration of ecosystem services (G, B, N). Ecosystem restoration
activities are now common in many countries and include
actions to restore almost all types of ecosystems, including
wetlands, forests, grasslands, estuaries, coral reefs, and man-
groves. Ecosystems with some features of the ones that were
present before conversion can often be established and can
provide some of the original ecosystem services (such as pollu-
tion filtration in wetlands or timber production from forests).
The restored systems seldom fully replace the original systems,
but they still help meet needs for particular services. Yet the
cost of restoration is generally extremely high in relation to
the cost of preventing the degradation of the ecosystem. Not
all services can be restored, and those that are heavily degraded
may require considerable time for restoration.

• Promotion of technologies to increase energy efficiency and reduce
greenhouse gas emissions (G, B). Significant reductions in net
greenhouse gas emissions are technically feasible due to an
extensive array of technologies in the energy supply, energy
demand, and waste management sectors. Reducing projected
emissions will require a portfolio of energy production tech-
nologies ranging from fuel switching (coal/oil to gas) and in-
creased power plant efficiency to increased use of renewable
energy technologies, complemented by more efficient use of
energy in the transportation, buildings, and industry sectors.
[13] It will also involve the development and implementation
of supporting institutions and policies to overcome barriers
to the diffusion of these technologies into the marketplace,
increased public and private-sector funding for research and
development, and effective technology transfer.

Knowledge and Cognitive Responses

Effective management of ecosystems is constrained both
by a lack of knowledge and information concerning differ-
ent aspects of ecosystems and by the failure to use ade-
quately the information that does exist in support of
management decisions. [2, 14] Although sufficient informa-
tion exists to take many actions that could help conserve ecosys-
tems and enhance human well-being, major information gaps
exist. In most regions, for example, relatively little is known about
the status and economic value of most ecosystem services, and
their depletion is rarely tracked in national economic accounts.
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10 Ecosystems and Human Well-being: Policy Responses

At the same time, decision-makers do not use all of the relevant
information that is available. This is due in part to institutional
failures that prevent existing policy-relevant scientific information
from being made available to decision-makers. But it is also due
to the failure to incorporate other forms of knowledge and infor-
mation, such as traditional knowledge and practitioners’ knowl-
edge, which are of considerable value for ecosystem management.

Promising interventions include:
• Incorporate both the market and nonmarket values of ecosystems in

resource management and investment decisions (G, B). Most re-
source management and investment decisions are strongly in-
fluenced by considerations of the monetary costs and benefits
of alternative policy choices. In the case of ecosystem manage-
ment, however, this often leads to outcomes that are not in
the interest of society, since the nonmarketed values of ecosys-
tems may exceed the marketed values. As a result, many exist-
ing resource management policies favor sectors such as
agriculture, forestry, and fisheries at the expense of the use of
these same ecosystems for water supply, recreation, and cul-
tural services that may be of greater economic value. Deci-
sions can be improved if they include the total economic value
of alternative management options and involve deliberative
mechanisms that bring to bear noneconomic considerations as
well.

• Use of all relevant forms of knowledge and information in assessments
and decision-making, including traditional and practitioners’ knowl-
edge (G, B, N). Effective management of ecosystems typically
requires ‘‘place-based’’ knowledge—information about the
specific characteristics and history of an ecosystem. Formal sci-
entific information is often one source of such information,
but traditional knowledge or practitioners’ knowledge held by
local resource managers can be of equal or greater value.
While that knowledge is used in the decisions taken by those
who have it, it is too rarely incorporated into other decision-
making processes and is often inappropriately dismissed.

• Enhance and sustain human and institutional capacity for assessing
the consequences of ecosystem change for human well-being and acting
on such assessments (G, B, N). Greater technical capacity is
needed for agriculture, forest, and fisheries management. But
the capacity that exists for these sectors, as limited as it is in
many countries, is still vastly greater than the capacity for ef-
fective management of other ecosystem services. Because
awareness of the importance of these other services has only
recently grown, there is limited experience with assessing eco-
system services fully. Serious limits exist in all countries, but
especially in developing countries, in terms of the expertise
needed in such areas as monitoring changes in ecosystem ser-
vices, economic valuation or health assessment of ecosystem
changes, and policy analysis related to ecosystem services.
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Even when such assessment information is available, however,
the traditional highly sectoral nature of decision-making and
resource management makes the implementation of recom-
mendations difficult. This constraint can also be overcome
through increased training of individuals in existing institu-
tions and through institutional reforms to build capacity for
more integrated responses.

Appendix R1. Effectiveness of Assessed
Responses
A response is considered to be effective when its assessment indi-
cates that it has enhanced the particular ecosystem service (or, in
the case of biodiversity, its conservation and sustainable use) and
contributed to human well-being without significant harm to
other ecosystem services or harmful impacts to other groups of
people. A response is considered promising either if it does not
have a long track record to assess but appears likely to succeed or
if there are known means of modifying the response so that it can
become effective. A response is considered problematic if its histori-
cal use indicates either that it has not met the goals related to
service enhancement (or conservation and sustainable use of bio-
diversity) or that it has caused significant harm to other ecosystem
services. Labeling a response as effective does not mean that the
historical assessment has not identified problems or harmful trade-
offs. Such trade-offs almost always exist, but they are not consid-
ered significant enough to negate the effectiveness of the re-
sponse. Similarly, labeling a response as problematic does not mean
that there are no promising opportunities to reform the response
in a way that can meet its policy goals without undue harm to
ecosystem services.

The typology of responses presented here is defined by the
nature of intervention, classified as follows: institutional and legal
(I), economic and incentives (E), social and behavioral (S), tech-
nological (T), and knowledge and cognitive (K). The actors who
make decisions to implement a response are governments at dif-
ferent levels, such as international (GI) (mainly through multilat-
eral agreements or international conventions), national (GN), and
local (GL); the business/industry sector (B); and civil society,
which includes nongovernmental organizations (NGO), commu-
nity-based and indigenous peoples’ organizations (C), and re-
search institutions (R). The actors are not necessarily equally
important.

The table includes responses assessed for a range of ecosystem
services—food, fresh water, wood, nutrient management, flood
and storm control, disease regulation, and cultural services. It also
assesses responses for biodiversity conservation, integrated re-
sponses, and responses addressing one specific driver: climate
change.
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Response Effectiveness Notes
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Biodiversity Conservation and Sustainable Use

Protected areas PAs are extremely important in biodiversity and ecosystem I GI
conservation programs, especially in sensitive GN
environments that contain valuable biodiversity GL
components. At global and regional scales, existing PAs NGO
are essential but not sufficient to conserve the full range of C
biodiversity. PAs need to be better located, designed, and R
managed to ensure representativeness and to deal with the
impacts of human settlement within PAs, illegal harvesting,
unsustainable tourism, invasive species, and climate
change. They also need a landscape approach that
includes protection outside of PAs. [5]

Helping local people capture Providing incentives for biodiversity conservation in the E GN
biodiversity benefits form of benefits for local people (e.g., through products GL

from single species or from ecotourism) has proved to be B
very difficult. Programs have been more successful when NGO
local communities have been in a position to make C
management decisions consistent with overall biodiversity
conservation. ‘‘Win-win’’ opportunities for biodiversity
conservation and benefits for local communities exist, but
local communities can often achieve greater benefits from
actions that lead to biodiversity loss. [5]

Promoting better management of More effective management of individual species should T GN
wild species as a conservation enhance biodiversity conservation and sustainable use. S C
tool, including ex situ ‘‘Habitat-based’’ approaches are critical, but they cannot NGO
conservation replace ‘‘species-based’’ approaches. Zoos, botanical R

gardens, and other ex situ programs build support for
conservation, support valuable research, and provide
cultural benefits of biodiversity. [5]

Integrating biodiversity into Integrated regional planning can provide a balance among I GN
regional planning land uses that promotes effective trade-offs among GL

biodiversity, ecosystem services, and other needs of NGO
society. Great uncertainty remains as to what components
of biodiversity persist under different management regimes,
limiting the current effectiveness of this approach. [5]

Encouraging private sector Many companies are preparing their own biodiversity action I GN
involvement in biodiversity plans, managing their landholdings in ways that are more B
conservation compatible with biodiversity conservation, supporting NGO

certification schemes that promote more sustainable use, R
and accepting their responsibility for addressing biodiversity
issues. The business case that has been made for larger
companies needs to be extended to other companies as
well. [5]

Including biodiversity issues in More diverse production systems can be as effective as T GN
agriculture, forestry, and low-diversity systems, or even more effective. Strategies B
fisheries based on more intensive production rather than on the

expansion of the area allow for better conservation. [5]
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Designing governance Decentralization of biodiversity management in many parts I GI
approaches to support of the world has had variable results. The key to success GN
biodiversity is strong institutions at all levels, with secure tenure and GL

authority at local levels essential to providing incentives for R
sustainable management. [5]

Promoting international MEAs should serve as an effective means for international I GI
cooperation through multilateral cooperation in the areas of biodiversity conservation and GN
environmental agreements sustainable use. They cover the most pressing drivers and

issues related to biodiversity loss. Better coordination
between conventions would increase their usefulness.
[5,15]

Environmental education and Environmental education and communication programs S GN
communication have both informed and changed preferences for GL

biodiversity conservation and have improved NGO
implementation of biodiversity responses. Providing the C
human and financial resources to undertake effective work
in this area is a continuing challenge. [5]

Food

Globalization, trade, and Government policies related to food production (price E GI
domestic and international supports and various types of payments, or taxes) can GN
policies on food have adverse economic, social, and environmental effects. B

[6]

Knowledge and education Further research can make food production socially, S GN
economically, and environmentally sustainable. Public K GL
education should enable consumers to make informed NGO
choices about nutritious, safe, and affordable food. [6] C

Technological responses, New agricultural sciences and effective natural resource T GN
including biotechnology, management could support a new agricultural revolution to B
precision agriculture, and meet worldwide food needs. This would help R
organic farming environmental, economic, and social sustainability. [6]

Water management Emerging water pricing schemes and water markets E GN
indicate that water pricing can be a means for efficient GL
allocation and responsible use. [6] B

NGO

Fisheries management Strict regulation of marine fisheries is needed, both I GN
regarding the establishment and implementation of quotas E GL
and steps to address unreported and unregulated harvest. B
Individual transferable quotas also show promise for cold NGO
water, single-species fisheries, but they are unlikely to be
useful in multispecies tropical fisheries. Given the potential
detrimental environmental impacts of aquaculture,
appropriate regulatory mechanisms need to supplement
existing policies. [6]
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Livestock management Livestock policies need to be reoriented in view of problems
concerning overgrazing and dryland degradation,
rangeland fragmentation and loss of wildlife habitat, dust
formation, bush encroachment, deforestation, nutrient
overload through disposal of manure, and greenhouse gas T GN
emissions. Policies also need to focus on human health B
issues related to diseases such as bird flu and BSE. [6]

Recognition of gender issues Response policies need to be gender-sensitive and S GN
designed to empower women and ensure access to and NGO
control of resources necessary for food security. This C
needs to be based on a systematic analysis of gender
dynamics and explicit consideration of relationships
between gender and food and water security. [6]

Fresh Water

Determining ecosystem water In order to balance competing demands, it is critical that I GN
requirements society explicitly agrees on ecosystem water requirements T GL

(environmental flows). [7] NGO
R

Rights to freshwater services Both public and private ownership systems of fresh water, I GN
and responsibilities for their and of the land resources associated with its provision, B
provision have largely failed to create incentives for provision of C

water services. As a result, upland communities have
generally been excluded from access to benefits,
particularly when they lack tenure security, and have
resisted regulations regarded as unfair. Effective property
rights systems with clear and transparent rules can
increase stakeholders’ confidence that they will have
access to the benefits of freshwater services and,
therefore, willingness to pay for them. [7]

Increasing the effectiveness of Degradation of freshwater and other ecosystem services I GN
public participation in decision- has a disproportionate impact on those excluded from GL
making participation in decision-making. Key steps for improving NGO

participatory processes are to increase the transparency of C
information, improve the representation of marginalized R
stakeholders, engage them in the establishment of policy
objectives and priorities for the allocation of freshwater
services, and create space for deliberation and learning
that accommodates multiple perspectives. [7]

River basin organizations RBOs can play an important role in facilitating cooperation I GI
and reducing transaction costs of large-scale responses. GN
RBOs are constrained or enabled primarily by the degree NGO
of stakeholder participation, their agreement on objectives
and management plans, and their cooperation on
implementation. [7]
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Regulatory responses Regulatory approaches based on market-based incentives I GN
(e.g., damages for exceeding pollution standards) are GL
suitable for point-source pollutants. Regulatory approaches
that simply outlaw particular types of behavior can be
unwieldy and burdensome, and may fail to provide
incentives for protecting freshwater services. [7]

Water markets Economic incentives can potentially unlock significant E GI
supply- and demand-side efficiencies while providing cost- GN
effective reallocation between old (largely irrigation) and B
new (largely municipal and instream) uses. [7]

Payments for watershed Payments for ecosystem services provided by watersheds E GN
services have narrowly focused on the role of forests in the B

hydrological regime. They should be based on the entire C
flow regime, including consideration of the relative values
of other land cover and land uses, such as wetlands,
riparian areas, steep slopes, roads, and management
practices. Key challenges for payment schemes are
capacity-building for place-based monitoring and
assessment, identifying services in the context of the entire
flow regime, considering trade-offs and conflicts among
multiple uses, and making uncertainty explicit. [7]

Partnerships and financing There is a clear mismatch between the high social value of I GI
freshwater services and the resources allocated to manage E GN
water. Insufficient funding for water infrastructure is one B
manifestation of this. Focusing only on large-scale NGO
privatization to improve efficiency and cost-recovery has C
proven a double-edged strategy—price hikes or control
over resources have created controversy and, in some
cases, failure and withdrawal. Development of water
infrastructure and technologies must observe best
practices to avoid problems and inequities. The re-
examination and retrofitting/refurbishment of existing
infrastructure is the best option in the short and medium
term. [7]

Large dams The impact of large dams on freshwater ecosystems is T GN
widely recognized as being more negative than positive. In
addition, the benefits of their construction have rarely been
shared equitably—the poor and vulnerable and future
generations often fail to receive the social and economic
benefits from dams. Pre-construction studies are typically
overly optimistic about the benefits of projects and
underestimate costs. [7]

Wetland restoration Although wetland restoration is a promising management T GN
approach, there are significant challenges in determining GL
what set of management interventions will produce a NGO
desired combination of wetland structure and function. It is B
unlikely that created wetlands can structurally and
functionally replace natural wetlands. [7]

PAGE 14................. 11430$ $SUM 10-21-05 14:08:31 PS



15Summary: Response Options and Strategies

Response Effectiveness Notes

Ef
fe

ct
iv

e

Pr
om

is
in

g

Pr
ob

le
m

at
ic

Ty
pe

of
Re

sp
on

se

Re
qu

ire
d

Ac
to

rs

Wood, Fuelwood, and Non-wood Forest Products

International forest policy International forest policy processes have made some I GI
processes and development gains within the forest sector. Attention should be paid to GN
assistance integration of agreed forest management practices in B

financial institutions, trade rules, global environment
programs, and global security decision-making. [8]

Trade liberalization Forest product trade tends to concentrate decision-making E GI
power on (and benefits from) forest management, rather GN
than spreading it to include poorer and less powerful
players. It ‘‘magnifies’’ the effect of governance, making
good governance better and bad governance worse. Trade
liberalization can stimulate a ‘‘virtuous cycle’’ if the
regulatory framework is robust and externalities are
addressed. [8]

National forest governance Forest governance initiatives and country-led national I GN
initiatives and national forest forest programs show promise for integrating ecosystem GL
programs health and human well-being where they are negotiated by

stakeholders and strategically focused. [8]

Direct management of forests by Indigenous control of traditional homelands is often I GL
indigenous peoples presented as having environmental benefits, although the C

main justification continues to be based on human and
cultural rights. Little systematic data exist, but preliminary
findings on vegetation cover and forest fragmentation from
the Brazilian Amazon suggest that an indigenous-control
area can be at least as effective as a strict-use protected
area. [8]

Collaborative forest Government–community collaborative forest management I GN
management and local can be highly beneficial but has had mixed results. GL
movements for access and use Programs have generated improved resource management B
of forest products and access of the rural poor to forest resources, but have NGO

fallen short in their potential to benefit the poor. Local C
responses to problems of access and use of forest
products have proliferated in recent years. They are
collectively more significant than efforts led by
governments or international processes but require their
support to spread. [8]

Small-scale private and public- Small-scale private ownership of forests can deliver more I GL
private ownership and local economic benefits and better forest management than B
management of forests ownership by larger corporate bodies where information, C

tenure, and capacity are strong. [8]

Company–community forestry Company–community partnerships can be better than I GL
partnerships solely corporate forestry, or solely community or small- B

scale farm forestry, in delivering benefits to the partners C
and the public at large. [8]
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Public and consumer action Public and consumer action has resulted in important forest S NGO
and trade policy initiatives and improved practices in large B
forest corporations. This has had an impact in ‘‘timber- C
consuming countries’’ and in international institutions. The
operating standards of some large corporations and
institutions, as well as of those whose non-forest activities
have an impact on forests, have been improved. [8]

Third-party voluntary forest Forest certification has become widespread; however, most
certification certified forests are in industrial countries, managed by

large companies and exporting to Northern retailers. The
early proponents of certification hoped it would be an I B
effective response to tropical deforestation. [8] E

Wood technology and Wood technology responses have focused on industrial T GN
biotechnology plantation species with properties suited for manufactured R

products. [8] B

Commercialization of non-wood Commercialization of NWFP has had modest impacts on E NGO
forest products local livelihoods and has not always created incentives for B

conservation. An increased value of NWFPs is not always R
an incentive for conservation and can have the opposite
effect. Incentives for sustainable management of NWFPs
should be reconsidered, including exploration of joint
production of timber and NWFP. [8]

Natural forest management in To be economic, sustainable natural forest management in T GI
the tropics the tropics must focus on a range of forest goods and GN

services, not just timber. The ‘‘best practices’’ of global GL
corporations should be assessed, exploring at the same B
time ‘‘what works’’ in traditional forest management and the NGO
work of local (small) enterprises. Considerable interest has C
developed in the application of reduced impact logging,
especially in tropical forests, which lowers environmental
impacts and can also be more efficient and cost effective.
[8]

Forest plantation management Farm woodlots and large-scale plantations are increasingly T GN
being established in response to growing wood demand GL
and declining natural forest areas. Without adequate B
planning and management, forest plantations can be NGO
established in the wrong sites, with the wrong species and R
provenances. In degraded lands, afforestation may deliver
economic, environmental, and social benefits to
communities and help in reducing poverty and enhancing
food security. [8]

Fuelwood management Fuelwood remains one of the main products of the forest T GL
sector in developing countries. If technology development B
continues, industrial-scale forest product fuels could C
become a major sustainable energy source. [8]
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Afforestation and reforestation Although many early initiatives were based on forest T GI
for carbon management conservation or management, afforestation activities now E GN

predominate, perhaps reflecting the international decisions B
in 2001 to allow only afforestation and reforestation
activities into the Clean Development Mechanism for the
first commitment period. [8]

Nutrient Cycling

Regulations Mandatory policies, including regulatory control and tax or I GI
fee systems, place the costs and burden of pollution control GN
on the polluter. Technology-based standards are easy to
implement but may discourage innovation and are
generally not seen as cost-effective. [9]

Market-based instruments Market-based instruments, such as financial incentives, E GN
subsidies, and taxes, hold potential for better nutrient B
management, but may not be relevant in all countries and R
circumstances. Relatively little is known empirically about
the impact of these instruments on technological change.
[9]

Hybrid approaches Combinations of regulatory, incentive, and market-based I GI
mechanisms are possible for both national and watershed- E GN
based approaches and may be the most cost-effective and GL
politically acceptable. [9] NGO

C
R

Flood and Storm Regulation

Physical structures Historically, emphasis was on physical structures/measures T GN
over natural environment and social institutions. This B
choice often creates a false sense of security, encouraging
people to accept high risks. Evidence indicates that more
emphasis needs to be given to the natural environment and
nonstructural measures. [11]

Use of natural environment Flood and storm impacts can be lessened through T GN
maintenance and management of vegetation and through GL
natural or human-made geomorphological features (natural NGO
river channels, dune systems, terrace farming). [11] C

Information, institutions, and These approaches, which emphasize disaster S GN
education preparedness, disaster management, flood and storm I GL

forecasting, early warning, and evacuation, are vital for B
reducing losses. [11] C

Financial services These responses emphasize insurance, disaster relief, and E GN
aid. Both social programs and private insurance are B
important coping mechanisms for flood disaster recovery.
They can, however, inadvertently contribute to community
vulnerability by encouraging development within floodplains
or by creating cultures of entitlement. [11]
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Land use planning Land use planning is a process of determining the most I GN
desirable type of land use. It can help to mitigate disasters
and reduce risks by avoiding development in hazard prone
areas. [11]

Disease Regulation

Integrated vector management Reducing the transmission of infectious diseases often has I GN
effects on other ecosystem services. IVM enables a NGO
coordinated response to health and the environment. It
uses targeted interventions to remove or control vector
breeding sites, disrupt vector lifecycles, and minimize
vector-human contact, while minimizing effects on other
ecosystem services. IVM is most effective when integrated
with socioeconomic development. [12]

Environmental management/ Environmental management interventions can be highly I GN
modification to reduce vector cost-effective and entail very low environmental impacts. B
and reservoir host abundance [12] C

R

Biological control/natural Biological interventions can be highly cost-effective and T GN
predators entail very low environmental impacts. Biological control B

may be effective if breeding sites are well known and R
limited in number, but less feasible where these are
numerous. [12]

Chemical control Insecticides remain an important tool and their selective T GN
use is likely to continue within IVM. However, there are B
concerns regarding the impacts of insecticides, especially R
persistent organic pollutants, on the environment and on
human populations, particularly insecticide sprayers. [12]

Human settlement patterns The most basic management of human-vector contact is T GN
through improvements in the placement and construction NGO
of housing. [12] C

Health awareness and behavior Social and behavioral responses can help control vector- S C
borne disease while also improving other ecosystem
services. [12]

Genetic modification of vector New ‘‘cutting-edge’’ interventions, such as transgenic T GN
species to limit disease techniques, could be available within the next 5–10 years. B
transmission However, consensus is lacking in the scientific community NGO

on the technical feasibility and public acceptability of such R
an approach. [12]

Cultural Services

Awareness of the global Awareness of the planet working as a system has led to an S GI
environment and linking local integrated approach to ecosystems. This process has I GN
and global institutions emphasized the ‘‘human environment’’ concept and the GL

discussion of environmental problems at a global scale.
Local organizations also take advantage of emerging global
institutions and conventions to bring their case to wider
political arenas. [14]
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From restoring landscapes to Landscapes are subject to and influenced by cultural S GL
valuing cultural landscapes perceptions and political and economic interests. This K NGO

influences decisions on landscape conservation. [14] C

Recognizing sacred areas While linking sacred areas and conservation is not new, S GL
there has been an increase in translating ‘‘the sacred’’ into NGO
legislation or legal institutions granting land rights. This C
requires extensive knowledge about the link among the
sacred, nature, and society in a specific locale. [14]

International agreements and Increased exploitation and awareness concerning the I GI
conservation of biological and disappearance of local resources and knowledge has GN
agropastoral diversity highlighted the need to protect local and indigenous

knowledge. Some countries have adopted specific laws,
policies, and administrative arrangements emphasizing the
concept of prior informed consent of knowledge-holders. [14]

Integrating local and indigenous Local and indigenous knowledge evolves in specific K GN
knowledge contexts and good care should be taken to not de- I B

contextualize it. Conventional ‘‘best-practices’’ methods NGO
focusing on content may not be appropriate to deal with
local/indigenous knowledge. [14]

Compensating for knowledge Compensation for the use of local and indigenous E GN
knowledge by third parties is an important, yet complicated K B
response. The popular idea that local and indigenous C
knowledge can be promoted by strengthening ‘‘traditional’’
authorities may not be valid in many cases. [14]

Property right changes Communities benefit from control over natural resources I GN
but traditional leadership may not always be the solution. GL
Local government institutions that are democratically C
elected and have real authority over resources in some
cases may be a better option. There is a tendency to shift
responsibilities back and forth between ‘‘traditional’’
authorities and local government bodies, without giving any
of them real decision-making powers. [14]

Certification programs Certification programs are a promising response, but many I GI
communities do not have access to these programs or are S GN
not aware of their existence. In addition, the financial costs B
involved reduce the chances for local communities to
participate independently. [14]

Fair trade Fair trade is a movement initiated to help disadvantaged or E GI
politically marginalized communities by paying better prices S GN
and providing better trading conditions, along with raising GL
consumers’ awareness of their potential role as buyers. NGO
Fair trade overlaps in some cases with initiatives focusing C
on the environmental performance of trade. [14]
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Ecotourism and cultural tourism Ecotourism can provide economic alternatives to E GL
converting ecosystems; however, it can generate conflicts B
in resource use and the aesthetics of certain ecosystems. C
Different ecosystems are subjected to different types and
scales of impact from tourism infrastructure. Furthermore,
some ecosystems are easier to market to tourists than
others. The market value of ecosystems may vary
according to public perceptions of nature. Freezing of
landscapes, conversion of landscapes, dispossession, and
removing of human influences may result, depending on
views of what ecotourism should represent. Yet when
conservation receives no budgetary subsidy, tourism can
provide revenues for conservation. [14]

Integrated Responses

International environmental Environmental policy integration at the international level is I GI
governance almost exclusively dependent on governments’ E GN

commitment to binding compromises on given issues. K
Major challenges include reform of the international T
environmental governance structure and coherence B
among international trade and environment mechanisms.
[15]

National action plans and Examples include national conservation strategies, national I GN
strategies aiming to integrate environmental action plans, and national strategies for E GL
environmental issues into sustainable development. Success depends on enabling K B
national policies conditions such as ownership by governments and civil T NGO

society, broad participation, both across sectors within the C
government and with the private sector, and at the sub-
national and local scales. National integrated responses
may be a good starting point for cross-departmental
linkages in governments. [15]

Sub-national and local integrated Many integrated responses are implemented at the sub- I GN
approaches national level; examples include sustainable forest E GL

management, integrated coastal zone management, K NGO
integrated conservation and development programs, and T C
integrated river basin management. Results so far have
been varied, and a major constraint experienced by sub-
national and multiscale responses is the lack of
implementation capacity. [15]

Waste Management

Technologies for waste These practices have enhanced ecosystem services, T GN
reduction, re-use, recovery, and improved aesthetic conditions, restored habitats for human GL
disposal use and for biodiversity, increased public health and well- B

being, created jobs, and reduced poverty. [10] C

Compliance with waste Communities and industries are willing to comply with laws L GN
management laws and and regulations if there is clear understanding of the GL
regulations benefits and if all stakeholders are involved in the

formulation of such laws. [10]
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Environmental awareness and Environmental awareness and education have succeeded in S GL
education allowing consumers and resource users to make informed C

choices for minimizing waste. Employers have introduced B
programs to encourage communities to reduce waste. [10]

Indicators and monitoring Industries and governments need to select indicators and S GN
standardize methods to monitor the sources, types, and B
amounts of all wastes produced. The practice of NGO
transparent, participatory, and accountable decision-
making for ecosystem sustainability and human well-being
is lacking in many countries. [10]

Climate Change

U.N. Framework Convention on The ultimate goal of the UNFCCC is stabilization of I GI
Climate Change and Kyoto greenhouse gas concentrations in the atmosphere at a GN
Protocol level that would prevent dangerous anthropogenic

interference with the climate system. The Kyoto Protocol
contains binding limits on greenhouse gas emissions on
industrialized countries that agreed to reduce their
emissions by an average of about 5% between 2008 and
2012 relative to the levels emitted in 1990. [13]

Reductions in net greenhouse Significant reductions in net greenhouse gas emissions are T GN
gas emissions technically feasible, in many cases at little or no cost to B

society. [13] C

Land use and land cover change Afforestation; reforestation; improved forest, cropland, and T GN
rangeland management; and agroforestry provide GL
opportunities to increase carbon uptake, and slowing B
deforestation reduces emissions. [13] NGO

C

Market mechanisms and The Kyoto Protocol mechanisms, in combination with E GI
incentives national and regional ones, can reduce the costs of GN

mitigation for developed countries. In addition, countries B
can reduce net costs of emissions abatement by taxing
emissions (or auctioning permits) and using the revenues
to cut distortion taxes on labor and capital. In the near
term, project-based trading can facilitate the transfer of
climate-friendly technologies to developing countries. [13]

Adaptation Some climate change is inevitable and ecosystems and I GN
human societies will need to adapt to new conditions. GL
Human populations will face the risk of damage from NGO
climate change, some of which may be countered with C
current coping systems; others may need radically new R
behaviors. Climate change needs to be factored into
current development plans. [13]
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Main Messages

Human well-being and progress toward sustainable development are vi-
tally dependent upon improving the management of Earth’s ecosystems
to ensure their conservation and sustainable use. But while demands for
ecosystem services such as food and clean water are growing, human actions
are at the same time diminishing the capability of many ecosystems to meet
these demands.

Sound policy and management interventions can often reverse ecosys-
tem degradation and enhance the contributions of ecosystems to human
well-being, but knowing when and how to intervene requires substantial un-
derstanding of both the ecological and the social systems involved. Better
information cannot guarantee improved decisions, but it is a prerequisite for
sound decision-making.

The Millennium Ecosystem Assessment was established to help provide
the knowledge base for improved decisions and to build capacity for
analyzing and supplying this information.

This chapter presents the conceptual and methodological approach that
the MA used to assess options that can enhance the contribution of
ecosystems to human well-being. This same approach should provide a
suitable basis for governments, the private sector, and civil society to factor
considerations of ecosystems and ecosystem services into their own planning
and actions.

1.1 Introduction
Humanity has always depended on the services provided by the
biosphere and its ecosystems. Further, the biosphere is itself the
product of life on Earth. The composition of the atmosphere and
soil, the cycling of elements through air and waterways, and many
other ecological assets are all the result of living processes—and all
are maintained and replenished by living ecosystems. The human
species, while buffered against environmental immediacies by cul-
ture and technology, is ultimately fully dependent on the flow of
ecosystem services.

In his April 2000 Millennium Report to the United Nations
General Assembly, in recognition of the growing burden that de-
graded ecosystems are placing on human well-being and eco-
nomic development and the opportunity that better managed
ecosystems provide for meeting the goals of poverty eradication
and sustainable development, United Nations Secretary-General
Kofi Annan stated that:

It is impossible to devise effective environmental policy unless it is
based on sound scientific information. While major advances in data
collection have been made in many areas, large gaps in our knowledge
remain. In particular, there has never been a comprehensive global
assessment of the world’s major ecosystems. The planned Millennium
Ecosystem Assessment, a major international collaborative effort to
map the health of our planet, is a response to this need.

The Millennium Ecosystem Assessment was established with
the involvement of governments, the private sector, nongovern-
mental organizations, and scientists to provide an integrated as-
sessment of the consequences of ecosystem change for human
well-being and to analyze options available to enhance the con-
servation of ecosystems and their contributions to meeting human
needs. The Convention on Biological Diversity, the Convention
to Combat Desertification, the Convention on Migratory Spe-
cies, and the Ramsar Convention on Wetlands plan to use the
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findings of the MA, which will also help meet the needs of others
in government, the private sector, and civil society. The MA
should help to achieve the United Nations Millennium Develop-
ment Goals and to carry out the Plan of Implementation of the
2002 World Summit on Sustainable Development. It has mobi-
lized hundreds of scientists from countries around the world to
provide information and clarify science concerning issues of
greatest relevance to decision-makers. The MA has identified
areas of broad scientific agreement and also pointed to areas of
continuing scientific debate.

The assessment framework developed for the MA offers deci-
sion-makers a mechanism to:
• Identify options that can better achieve core human develop-

ment and sustainability goals. All countries and communities
are grappling with the challenge of meeting growing demands
for food, clean water, health, and employment. And decision-
makers in the private and public sectors must also balance eco-
nomic growth and social development with the need for envi-
ronmental conservation. All of these concerns are linked
directly or indirectly to the world’s ecosystems. The MA
process, at all scales, was designed to bring the best science to
bear on the needs of decision-makers concerning these links
between ecosystems, human development, and sustainability.

• Better understand the trade-offs involved—across sectors and
stakeholders—in decisions concerning the environment. Eco-
system-related problems have historically been approached
issue by issue, but rarely by pursuing multisectoral objectives.
This approach has not withstood the test of time. Progress
toward one objective such as increasing food production has
often been at the cost of progress toward other objectives such
as conserving biological diversity or improving water quality.
The MA framework complements sectoral assessments with
information on the full impact of potential policy choices
across sectors and stakeholders.

• Align response options with the level of governance where they
can be most effective. Effective management of ecosystems will
require actions at all scales, from the local to the global.
Human actions now directly or inadvertently affect virtually
all of the world’s ecosystems; actions required for the manage-
ment of ecosystems refer to the steps that humans can take to
modify their direct or indirect influences on ecosystems. The
management and policy options available and the concerns of
stakeholders differ greatly across these scales. The priority
areas for biodiversity conservation in a country as defined
based on ‘‘global’’ value, for example, would be very different
from those as defined based on the value to local communi-
ties. The multiscale assessment framework developed for the
MA provides a new approach for analyzing policy options at
all scales—from local communities to international conven-
tions.

1.2 What Is the Problem?
Ecosystem services are the benefits people obtain from ecosys-
tems, which the MA describes as provisioning, regulating, sup-
porting, and cultural services. (See Box 1.1.) Ecosystem services
include products such as food, fuel, and fiber; regulating services
such as climate regulation and disease control; and nonmaterial
benefits such as spiritual or aesthetic benefits. Changes in these
services affect human well-being in many ways. (See Figure 1.1.)

The demand for ecosystem services is now so great that trade-
offs among services have become the rule. A country can increase
food supply by converting a forest to agriculture, for example, but
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BOX 1.1

Key Definitions

Ecosystem. An ecosystem is a dynamic complex of plant, animal, and
microorganism communities and the nonliving environment interacting
as a functional unit. Humans are an integral part of ecosystems. Eco-
systems vary enormously in size; a temporary pond in a tree hollow
and an ocean basin can both be ecosystems.
Ecosystem services. Ecosystem services are the benefits people ob-
tain from ecosystems. These include provisioning services such as
food and water; regulating services such as regulation of floods,
drought, land degradation, and disease; supporting services such as
soil formation and nutrient cycling; and cultural services such as recre-
ational, spiritual, religious and other nonmaterial benefits.
Well-being. Human well-being has multiple constituents, including basic
material for a good life, freedom of choice and action, health, good
social relations, and security. Well-being is at the opposite end of a
continuum from poverty, which has been defined as a ‘‘pronounced
deprivation in well-being.’’ The constituents of well-being, as experi-
enced and perceived by people, are situation-dependent, reflecting
local geography, culture, and ecological circumstances.

in so doing it decreases the supply of services that may be of equal
or greater importance, such as clean water, timber, ecotourism
destinations, or flood regulation and drought control. There are
many indications that human demands on ecosystems will grow
still greater in the coming decades. Current estimates of 3 billion
more people and a quadrupling of the world economy by 2050
imply a formidable increase in demand for and consumption of
biological and physical resources, as well as escalating impacts on
ecosystems and the services they provide.

The problem posed by the growing demand for ecosystem
services is compounded by increasingly serious degradation in the
capability of ecosystems to provide these services. World fisheries
are now declining due to overfishing, for instance, and a signifi-
cant amount of agricultural land has been degraded in the past
half-century by erosion, salinization, compaction, nutrient deple-
tion, pollution, and urbanization. Other human-induced impacts
on ecosystems include alteration of the nitrogen, phosphorous,
sulfur, and carbon cycles, causing acid rain, algal blooms, and fish
kills in rivers and coastal waters, along with contributions to cli-
mate change. In many parts of the world, this degradation of eco-
system services is exacerbated by the associated loss of the
knowledge and understanding held by local communities—
knowledge that sometimes could help to ensure the sustainable
use of the ecosystem.

This combination of ever-growing demands being placed on
increasingly degraded ecosystems seriously diminishes the pros-
pects for sustainable development. Human well-being is affected
not just by gaps between ecosystem service supply and demand
but also by the increased vulnerability of individuals, communi-
ties, and nations. Productive ecosystems, with their array of ser-
vices, provide people and communities with resources and
options they can use as insurance in the face of natural catastro-
phes or social upheaval. While well-managed ecosystems reduce
risks and vulnerability, poorly managed systems can exacerbate
them by increasing risks of flood, drought, crop failure, or disease.

Ecosystem degradation tends to harm rural populations more
directly than urban populations and has its most direct and severe
impact on poor people. The wealthy control access to a greater
share of ecosystem services, consume those services at a higher
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per capita rate, and are buffered from changes in their availability
(often at a substantial cost) through their ability to purchase scarce
ecosystem services or substitutes. For example, even though a
number of marine fisheries have been depleted in the past century,
the supply of fish to wealthy consumers has not been disrupted
since fishing fleets have been able to shift to previously underex-
ploited stocks. In contrast, poor people often lack access to alter-
nate services and are highly vulnerable to ecosystem changes that
result in famine, drought, or floods. They frequently live in loca-
tions particularly sensitive to environmental threats, and they lack
financial and institutional buffers against these dangers. Degrada-
tion of coastal fishery resources, for instance, results in a decline
in protein consumed by the local community since fishers may
not have access to alternate sources of fish and community mem-
bers may not have enough income to purchase fish. Degradation
affects their very survival.

Changes in ecosystems affect not just humans but countless
other species as well. The management objectives that people set
for ecosystems and the actions that they take are influenced not
just by the consequences of ecosystem changes for humans but
also by the importance people place on considerations of the in-
trinsic value of species and ecosystems. Intrinsic value is the value
of something in and for itself, irrespective of its utility for some-
one else. For example, villages in India protect ‘‘spirit sanctuaries’’
in relatively natural states, even though a strict cost-benefit calcu-
lation might favor their conversion to agriculture. Similarly, many
countries have passed laws protecting endangered species based
on the view that these species have a right to exist, even if their
protection results in net economic costs. Sound ecosystem man-
agement thus involves steps to address the utilitarian links of peo-
ple to ecosystems as well as processes that allow considerations
of the intrinsic value of ecosystems to be factored into decision-
making.

The degradation of ecosystem services has many causes, in-
cluding excessive demand for ecosystem services stemming from
economic growth, demographic changes, and individual choices.
Market mechanisms do not always ensure the conservation of
ecosystem services either because markets do not exist for services
such as cultural or regulatory services or, where they do exist,
because policies and institutions do not enable people living
within the ecosystem to benefit from services it may provide to
others who are far away. For example, institutions are now only
beginning to be developed to enable those benefiting from carbon
sequestration to provide local managers with an economic incen-
tive to leave a forest uncut, while strong economic incentives
often exist for managers to harvest the forest. Also, even if a mar-
ket exists for an ecosystem service, the results obtained through
the market may be socially or ecologically undesirable. Properly
managed, the creation of ecotourism opportunities in a country
can create strong economic incentives for the maintenance of the
cultural services provided by ecosystems, but poorly managed
ecotourism activities can degrade the very resource on which they
depend. Finally, markets are often unable to address important
intra- and intergenerational equity issues associated with manag-
ing ecosystems for this and future generations, given that some
changes in ecosystem services are irreversible.

The world has witnessed in recent decades not just dramatic
changes to ecosystems but equally profound changes to social sys-
tems that shape both the pressures on ecosystems and the oppor-
tunities to respond. The relative influence of individual nation-
states has diminished with the growth of power and influence
of a far more complex array of institutions, including regional
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Figure 1.1. Linkages between Ecosystem Services and Human Well-being. This Figure depicts the strength of linkages between catego-
ries of ecosystem services and components of human well-being that are commonly encountered and includes indications of the extent to
which it is possible for socioeconomic factors to mediate the linkage. (For example, if it is possible to purchase a substitute for a degraded
ecosystem service, then there is a high potential for mediation.) The strength of the linkages and the potential for mediation differ in different
ecosystems and regions. In addition to the influence of ecosystem services on human well-being depicted here, other factors—including other
environmental factors as well as economic, social, technological, and cultural factors—influence human well-being, and ecosystems are in
turn affected by changes in human well-being. (Millennium Ecosystem Assessment)

governments, multinational companies, the United Nations, and
civil society organizations. Stakeholders have become more in-
volved in decision-making. Given the multiple actors whose de-
cisions now strongly influence ecosystems, the challenge of
providing information to decision-makers has grown. At the same
time, the new institutional landscape may provide an unprece-
dented opportunity for information concerning ecosystems to
make a major difference. Improvements in ecosystem manage-
ment to enhance human well-being will require new institutional
and policy arrangements and changes in rights and access to re-
sources that may be more possible today under these conditions
of rapid social change than they have ever been before.

Like the benefits of increased education or improved gover-
nance, the protection, restoration, and enhancement of ecosystem
services tends to have multiple and synergistic benefits. Already,
many governments are beginning to recognize the need for more
effective management of these basic life-support systems. Exam-
ples of significant progress toward sustainable management of bio-
logical resources can also be found in civil society, in indigenous
and local communities, and in the private sector.
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1.3 Conceptual Framework
The conceptual framework for the MA places human well-being
as the central focus for assessment, while recognizing that biodiv-
ersity and ecosystems also have intrinsic value and that people take
decisions concerning ecosystems based on considerations of well-
being as well as intrinsic value. (See Box 1.2.) The MA concep-
tual framework assumes that a dynamic interaction exists between
people and other parts of ecosystems, with the changing human
condition serving to both directly and indirectly drive change in
ecosystems and with changes in ecosystems causing changes in
human well-being. At the same time, many other factors indepen-
dent of the environment change the human condition, and many
natural forces are influencing ecosystems.

The MA focuses particular attention on the linkages between
ecosystem services and human well-being. The assessment deals
with the full range of ecosystems—from those relatively undis-
turbed, such as natural forests, to landscapes with mixed patterns
of human use and ecosystems intensively managed and modified
by humans, such as agricultural land and urban areas.
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A full assessment of the interactions between people and eco-
systems requires a multiscale approach because it better reflects
the multiscale nature of decision-making, allows the examination
of driving forces that may be exogenous to particular regions, and
provides a means of examining the differential impact of ecosys-
tem changes and policy responses on different regions and groups
within regions.

This section explains in greater detail the characteristics of
each of the components of the MA conceptual framework, mov-
ing clockwise from the lower left corner of the Figure in Box 1.2.

1.3.1 Ecosystems and Their Services

An ecosystem is a dynamic complex of plant, animal, and micro-
organism communities and the nonliving environment interact-
ing as a functional unit. Humans are an integral part of
ecosystems. Ecosystems provide a variety of benefits to people,
including provisioning, regulating, cultural, and supporting ser-
vices. Provisioning services are the products people obtain from
ecosystems, such as food, fuel, fiber, fresh water, and genetic re-
sources. Regulating services are the benefits people obtain from
the regulation of ecosystem processes, including air quality main-
tenance, climate regulation, erosion control, regulation of human
diseases, and water purification. Cultural services are the nonma-
terial benefits people obtain from ecosystems through spiritual en-
richment, cognitive development, reflection, recreation, and
aesthetic experiences. Supporting services are those that are nec-
essary for the production of all other ecosystem services, such as
primary production, production of oxygen, and soil formation.

Biodiversity and ecosystems are closely related concepts. Bio-
diversity is the variability among living organisms from all sources,
including terrestrial, marine, and other aquatic ecosystems and the
ecological complexes of which they are part. It includes diversity
within and between species and diversity of ecosystems. Diversity
is a structural feature of ecosystems, and the variability among
ecosystems is an element of biodiversity. Products of biodiversity
include many of the services produced by ecosystems (such as
food and genetic resources), and changes in biodiversity can in-
fluence all the other services they provide. In addition to the im-
portant role of biodiversity in providing ecosystem services, the
diversity of living species has intrinsic value independent of any
human concern.

The concept of an ecosystem provides a valuable framework
for analyzing and acting on the linkages between people and the
environment. For that reason, the ‘‘ecosystem approach’’ has been
endorsed by the Convention on Biological Diversity, and the MA
conceptual framework is entirely consistent with this approach.
The CBD states that the ecosystem approach is a strategy for the
integrated management of land, water, and living resources that
promotes conservation and sustainable use in an equitable way.
This approach recognizes that humans, with their cultural diver-
sity, are an integral component of many ecosystems.

In order to implement the ecosystem approach, decision-
makers need to understand the multiple effects on an ecosystem of
any management or policy change. By way of analogy, decision-
makers would not make a decision about financial policy in a
country without examining the condition of the economic sys-
tem, since information on the economy of a single sector such as
manufacturing would be insufficient. The same need to examine
the consequences of changes for multiple sectors applies to eco-
systems. For instance, subsidies for fertilizer use may increase food
production, but sound decisions also require information on
whether the potential reduction in the harvests of downstream
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fisheries as a result of water quality degradation from the fertilizer
runoff might outweigh those benefits.

For the purpose of analysis and assessment, a pragmatic view
of ecosystem boundaries must be adopted, depending on the
questions being asked. A well-defined ecosystem has strong inter-
actions among its components and weak interactions across its
boundaries. A useful choice of ecosystem boundary is one where
a number of discontinuities coincide, such as in the distribution
of organisms, soil types, drainage basins, and depth in a water-
body. At a larger scale, regional and even globally distributed eco-
systems can be evaluated based on a commonality of basic
structural units. The global assessment being undertaken by the
MA reports on marine, coastal, inland water, forest, dryland, is-
land, mountain, polar, cultivated, and urban regions. These re-
gions are not ecosystems themselves, but each contains a number
of ecosystems. (See Box 1.3.)

People seek multiple services from ecosystems and thus per-
ceive the condition of given ecosystems in relation to their ability
to provide the services desired. Various methods can be used to
assess the ability of ecosystems to deliver particular services. With
those answers in hand, stakeholders have the information they
need to decide on a mix of services best meeting their needs. The
MA considers criteria and methods to provide an integrated view
of the condition of ecosystems. The condition of each category
of ecosystem services is evaluated in somewhat different ways,
although in general a full assessment of any service requires con-
siderations of stocks, flows, and resilience of the service.

1.3.2 Human Well-being and Poverty Reduction

Human well-being has multiple constituents, including the basic
material for a good life, freedom of choice and action, health,
good social relations, and security. Poverty is also multidimen-
sional and has been defined as the pronounced deprivation of
well-being. How well-being, ill-being, or poverty are experi-
enced and expressed depends on context and situation, reflecting
local physical, social, and personal factors such as geography, envi-
ronment, age, gender, and culture. In all contexts, however, eco-
systems are essential for human well-being through their
provisioning, regulating, cultural, and supporting services.

Human intervention in ecosystems can amplify the benefits to
human society. However, evidence in recent decades of escalating
human impacts on ecological systems worldwide raises concerns
about the spatial and temporal consequences of ecosystem changes
detrimental to human well-being. Ecosystem changes affect
human well-being in the following ways:
• Security is affected both by changes in provisioning services,

which affect supplies of food and other goods and the likeli-
hood of conflict over declining resources, and by changes in
regulating services, which could influence the frequency and
magnitude of floods, droughts, landslides, or other catastro-
phes. It can also be affected by changes in cultural services as,
for example, when the loss of important ceremonial or spiri-
tual attributes of ecosystems contributes to the weakening of
social relations in a community. These changes in turn affect
material well-being, health, freedom and choice, security, and
good social relations.

• Access to basic material for a good life is strongly linked to
both provisioning services such as food and fiber production
and regulating services, including water purification.

• Health is strongly linked to both provisioning services such as
food production and regulating services, including those that
influence the distribution of disease-transmitting insects and
of irritants and pathogens in water and air. Health can also be
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BOX 1.2

Millennium Ecosystem Assessment Conceptual Framework

Changes in factors that indirectly affect ecosystems, such as population, These interactions can take place at more than one scale and can cross
technology, and lifestyle (upper right corner of figure), can lead to changes scales. For example, a global market may lead to regional loss of forest
in factors directly affecting ecosystems, such as the catch of fisheries or cover, which increases flood magnitude along a local stretch of a river.
the application of fertilizers to increase food production (lower right cor- Similarly, the interactions can take place across different time scales. Ac-
ner). The resulting changes in the ecosystem (lower left corner) cause the tions can be taken either to respond to negative changes or to enhance
ecosystem services to change and thereby affect human well-being. positive changes at almost all points in this framework (black cross bars).

Source: Millennium Ecosystem Assessment

linked to cultural services through recreational and spiritual
benefits.

• Social relations are affected by changes to cultural services,
which affect the quality of human experience.

• Freedom of choice and action is largely predicated on the exis-
tence of the other components of well-being and are thus
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influenced by changes in provisioning, regulating, or cultural
services from ecosystems.
Human well-being can be enhanced through sustainable

human interactions with ecosystems supported by necessary in-
struments, institutions, organizations, and technology. Creation of
these through participation and transparency may contribute to
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BOX 1.3

Reporting Categories Used in the Millennium Ecosystem Assessment

The MA used 10 categories of systems to report its global findings. (See differ across categories. Because these reporting categories overlap, any
Table.) These categories are not ecosystems themselves; each contains place on Earth may fall into more than one category. Thus, for example,
a number of ecosystems. The MA reporting categories are not mutually a wetland ecosystem in a coastal region may be examined both in the MA
exclusive: their areas can and do overlap. Ecosystems within each cate- analysis of ‘‘coastal systems’’ as well as in its analysis of ‘‘inland water
gory share a suite of biological, climatic, and social factors that tend to systems.’’

Millennium Ecosystem Assessment Reporting Categories

Category Central Concept Boundary Limits for Mapping

Marine Ocean, with fishing typically a major Marine areas where the sea is deeper than 50 meters.
driver of change

Coastal Interface between ocean and land, Area between 50 meters below mean sea level and 50 meters above the high tide level or
extending seawards to about the extending landward to a distance 100 kilometers from shore. Includes coral reefs, intertidal
middle of the continental shelf and zones, estuaries, coastal aquaculture, and seagrass communities.
inland to include all areas strongly
influenced by the proximity to the
ocean

Inland water Permanent water bodies inland from Rivers, lakes, floodplains, reservoirs, and wetlands; includes inland saline systems. Note that
the coastal zone, and areas whose the Ramsar Convention considers ‘‘wetlands’’ to include both inland water and coastal catego-
ecology and use are dominated by ries.
the permanent, seasonal, or inter-
mittent occurrence of flooded condi-
tions

Forest Lands dominated by trees; often A canopy cover of at least 40% by woody plants taller than 5 meters. The existence of many
used for timber, fuelwood, and non- other definitions is acknowledged, and other limits (such as crown cover greater than 10%, as
timber forest products used by the Food and Agriculture Organization of the United Nations) are also reported. In-

cludes temporarily cut-over forests and plantations; excludes orchards and agroforests where
the main products are food crops.

Dryland Lands where plant production is lim- Drylands as defined by the Convention to Combat Desertification, namely lands where annual
ited by water availability; the domi- precipitation is less than two thirds of potential evaporation, from dry subhumid areas (ratio
nant uses are large mammal ranges 0.50–0.65), through semiarid, arid, and hyper-arid (ratio �0.05), but excluding polar
herbivory, including livestock graz- areas; drylands include cultivated lands, scrublands, shrublands, grasslands, semi-deserts, and
ing, and cultivation true deserts.

Island Lands isolated by surrounding Islands of at least 1.5 hectares included in the ESRI ArcWorld Country Boundary dataset.
water, with a high proportion of
coast to hinterland

Mountain Steep and high lands As defined by Mountain Watch using criteria based on elevation alone, and at lower elevation,
on a combination of elevation, slope, and local elevation range. Specifically, elevation �2,500
meters, elevation 1,500–2,500 meters and slope �2 degrees, elevation 1,000–1,500 meters
and slope �5 degrees or local elevation range (7 kilometers radius) �300 meters, elevation
300–1,000 meters and local elevation range (7 kilometers radius) �300 meters, isolated inner
basins and plateaus less than 25 square kilometers extent that are surrounded by mountains.

Polar High-latitude systems frozen for Includes ice caps, areas underlain by permafrost, tundra, polar deserts, and polar coastal
most of the year areas. Excludes high-altitude cold systems in low latitudes.

Cultivated Lands dominated by domesticated Areas in which at least 30% of the landscape comes under cultivation in any particular year.
plant species, used for and substan- Includes orchards, agroforestry, and integrated agriculture-aquaculture systems.
tially changed by crop, agroforestry,
or aquaculture production

Urban Built environments with a high Known human settlements with a population of 5,000 or more, with boundaries delineated by
human density observing persistent night-time lights or by inferring areal extent in the cases where such

observations are absent.
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freedoms and choice as well as to increased economic, social, and
ecological security. By ecological security, we mean the minimum
level of ecological stock needed to ensure a sustainable flow of
ecosystem services.

Yet the benefits conferred by institutions and technology are
neither automatic nor equally shared. In particular, such opportu-
nities are more readily grasped by richer than poorer countries
and people; some institutions and technologies mask or exacer-
bate environmental problems; responsible governance, while es-
sential, is not easily achieved; participation in decision-making, an
essential element of responsible governance, is expensive in time
and resources to maintain. Unequal access to ecosystem services
has often elevated the well-being of small segments of the popula-
tion at the expense of others.

Sometimes the consequences of the depletion and degradation
of ecosystem services can be mitigated by the substitution of
knowledge and of manufactured or human capital. For example,
the addition of fertilizer in agricultural systems has been able to
offset declining soil fertility in many regions of the world where
people have sufficient economic resources to purchase these in-
puts, and water treatment facilities can sometimes substitute for
the role of watersheds and wetlands in water purification. But
ecosystems are complex and dynamic systems and there are limits
to substitution possibilities, especially with regulating, cultural,
and supporting services. No substitution is possible for the extinc-
tion of culturally important species such as tigers or whales, for
instance, and substitutions may be economically impractical for
the loss of services such as erosion control or climate regulation.
Moreover, the scope for substitutions varies by social, economic,
and cultural conditions. For some people, especially the poorest,
substitutes and choices are very limited. For those who are better
off, substitution may be possible through trade, investment, and
technology.

Because of the inertia in both ecological and human systems,
the consequences of ecosystem changes made today may not be
felt for decades. Thus, sustaining ecosystem services, and thereby
human well-being, requires a full understanding and wise man-
agement of the relationships between human activities, ecosystem
change, and well-being over the short, medium, and long term.
Excessive current use of ecosystem services compromises their fu-
ture availability. This can be prevented by ensuring that the use is
sustainable.

Achieving sustainable use requires effective and efficient insti-
tutions that can provide the mechanisms through which concepts
of freedom, justice, fairness, basic capabilities, and equity govern
the access to and use of ecosystem services. Such institutions may
also need to mediate conflicts between individual and social inter-
ests that arise.

The best way to manage ecosystems to enhance human well-
being will differ if the focus is on meeting needs of the poor and
weak or the rich and powerful. For both groups, ensuring the
long-term supply of ecosystem services is essential. But for the
poor, an equally critical need is to provide more equitable and
secure access to ecosystem services.

1.3.3 Drivers of Change

Understanding the factors that cause changes in ecosystems and
ecosystem services is essential to designing interventions that cap-
ture positive impacts and minimize negative ones. In the MA, a
‘‘driver’’ is any factor that changes an aspect of an ecosystem. A
direct driver unequivocally influences ecosystem processes and
can therefore be identified and measured to differing degrees of
accuracy. An indirect driver operates more diffusely, often by al-
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tering one or more direct drivers, and its influence is established
by understanding its effect on a direct driver. Both indirect and
direct drivers often operate synergistically. Changes in land cover,
for example, can increase the likelihood of introduction of alien
invasive species. Similarly, technological advances can increase
rates of economic growth.

The MA explicitly recognizes the role of decision-makers
who affect ecosystems, ecosystem services, and human well-
being. Decisions are made at three organizational levels, although
the distinction between those levels is often diffuse and difficult
to define:
• by individuals and small groups at the local level (such as a

field or forest stand) who directly alter some part of the eco-
system;

• by public and private decision-makers at the municipal, pro-
vincial, and national levels; and

• by public and private decision-makers at the international
level, such as through international conventions and multilat-
eral agreements.
The decision-making process is complex and multidimen-

sional. We refer to a driver that can be influenced by a decision-
maker as an endogenous driver and one over which the decision-
maker does not have control as an exogenous driver. The amount
of fertilizer applied on a farm is an endogenous driver from the
standpoint of the farmer, for example, while the price of the fertil-
izer is an exogenous driver, since the farmer’s decisions have little
direct influence on price. The specific temporal, spatial, and orga-
nizational scale dependencies of endogenous and exogenous driv-
ers and the specific linkages and interactions among drivers are
assessed in the MA.

Whether a driver is exogenous or endogenous to a decision-
maker is dependent upon the spatial and temporal scale. For ex-
ample, a local decision-maker can directly influence the choice of
technology, changes in land use, and external inputs (such as fer-
tilizers or irrigation), but has little control over prices and markets,
property rights, technology development, or the local climate. In
contrast, a national or regional decision-maker has more control
over many factors, such as macroeconomic policy, technology de-
velopment, property rights, trade barriers, prices, and markets.
But on the short time scale, that individual has little control over
the climate or global population. On the longer time scale, drivers
that are exogenous to a decision-maker in the short run, such
as population, become endogenous since the decision-maker can
influence them through, for instance, education, the advance-
ment of women, and migration policies.

The indirect drivers of change are primarily:
• demographic (such as population size, age and gender struc-

ture, and spatial distribution);
• economic (such as national and per capita income, macroeco-

nomic policies, international trade, and capital flows);
• sociopolitical (such as democratization, the roles of women,

of civil society, and of the private sector, and international
dispute mechanisms);

• scientific and technological (such as rates of investments in
research and development and the rates of adoption of new
technologies, including biotechnologies and information
technologies); and

• cultural and religious (such as choices individuals make about
what and how much to consume and what they value).
The interaction of several of these drivers, in turn, affects lev-

els of resource consumption and differences in consumption both
within and between countries. Clearly these drivers are chang-
ing—population and the world economy are growing, for in-
stance, there are major advances in information technology and
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biotechnology, and the world is becoming more interconnected.
Changes in these drivers are projected to increase the demand for
and consumption of food, fiber, clean water, and energy, which
will in turn affect the direct drivers. The direct drivers are primar-
ily physical, chemical, and biological—such as land cover change,
climate change, air and water pollution, irrigation, use of fertiliz-
ers, harvesting, and the introduction of alien invasive species.
Change is apparent here too: the climate is changing, species
ranges are shifting, alien species are spreading, and land degrada-
tion continues.

An important point is that any decision can have conse-
quences external to the decision framework. These consequences
are called externalities because they are not part of the decision-
making calculus. Externalities can have positive or negative ef-
fects. For example, a decision to subsidize fertilizers to increase
crop production might result in substantial degradation of water
quality from the added nutrients and degradation of downstream
fisheries. But it is also possible to have positive externalities. A
beekeeper might be motivated by the profits to be made from
selling honey, for instance, but neighboring orchards could pro-
duce more apples because of enhanced pollination arising from
the presence of the bees.

Multiple interacting drivers cause changes in ecosystem ser-
vices. There are functional interdependencies between and
among the indirect and direct drivers of change, and, in turn,
changes in ecological services lead to feedbacks on the drivers of
changes in ecological services. Synergetic driver combinations are
common. The many processes of globalization lead to new forms
of interactions between drivers of changes in ecosystem services.

1.3.4 Cross-scale Interactions and Assessment

An effective assessment of ecosystems and human well-being can-
not be conducted at a single temporal or spatial scale. Thus the
MA conceptual framework includes both of these dimensions.
Ecosystem changes that may have little impact on human well-
being over days or weeks (soil erosion, for instance) may have
pronounced impacts over years or decades (declining agricultural
productivity). Similarly, changes at a local scale may have little
impact on some services at that scale (as in the local impact of
forest loss on water availability) but major impacts at large scales
(forest loss in a river basin changing the timing and magnitude of
downstream flooding).

Ecosystem processes and services are typically most strongly
expressed, are most easily observed, or have their dominant con-
trols or consequences at particular spatial and temporal scales.
They often exhibit a characteristic scale—the typical extent or
duration over which processes have their impact. Spatial and tem-
poral scales are often closely related. For instance, food produc-
tion is a localized service of an ecosystem and changes on a weekly
basis, water regulation is regional and changes on a monthly or
seasonal basis, and climate regulation may take place at a global
scale over decades.

Assessments need to be conducted at spatial and temporal
scales appropriate to the process or phenomenon being examined.
Those done over large areas generally use data at coarse resolu-
tions, which may not detect fine-resolution processes. Even if
data are collected at a fine level of detail, the process of averaging
in order to present findings at the larger scale causes local patterns
or anomalies to disappear. This is particularly problematic for
processes exhibiting thresholds and nonlinearities. For example,
even though a number of fish stocks exploited in a particular area
might have collapsed due to overfishing, average catches across all
stocks (including healthier stocks) would not reveal the extent of
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the problem. Assessors, if they are aware of such thresholds and
have access to high-resolution data, can incorporate such infor-
mation even in a large-scale assessment. Yet an assessment done at
smaller spatial scales can help identify important dynamics of the
system that might otherwise be overlooked. Likewise, phenom-
ena and processes that occur at much larger scales, although ex-
pressed locally, may go unnoticed in purely local-scale
assessments. Increased carbon dioxide concentrations or decreased
stratospheric ozone concentrations have local effects, for instance,
but it would be difficult to trace the causality of the effects with-
out an examination of the overall global process.

Time scale is also very important in conducting assessments.
Humans tend not to think beyond one or two generations. If
an assessment covers a shorter time period than the characteristic
temporal scale, it may not adequately capture variability associated
with long-term cycles, such as glaciation. Slow changes are often
harder to measure, as is the case with the impact of climate change
on the geographic distribution of species or populations. More-
over, both ecological and human systems have substantial inertia,
and the impact of changes occurring today may not be seen for
years or decades. For example, some fisheries’ catches may in-
crease for several years even after they have reached unsustainable
levels because of the large number of juvenile fish produced be-
fore that level was reached.

Social, political, and economic processes also have characteris-
tic scales, which may vary widely in duration and extent. Those of
ecological and sociopolitical processes often do not match. Many
environmental problems originate from this mismatch between
the scale at which the ecological process occurs, the scale at which
decisions are made, and the scale of institutions for decision-mak-
ing. A purely local-scale assessment, for instance, may discover
that the most effective societal response requires action that can
occur only at a national scale (such as the removal of a subsidy
or the establishment of a regulation). Moreover, it may lack the
relevance and credibility necessary to stimulate and inform na-
tional or regional changes. On the other hand, a purely global
assessment may lack both the relevance and the credibility neces-
sary to lead to changes in ecosystem management at the local scale
where action is needed. Outcomes at a given scale are often heav-
ily influenced by interactions of ecological, socioeconomic, and
political factors emanating from other scales. Thus focusing solely
on a single scale is likely to miss interactions with other scales that
are critically important in understanding ecosystem determinants
and their implications for human well-being.

The choice of the spatial or temporal scale for an assessment
is politically laden, since it may intentionally or unintentionally
privilege certain groups. The selection of assessment scale with
its associated level of detail implicitly favors particular systems of
knowledge, types of information, and modes of expression over
others. For example, non-codified information or knowledge sys-
tems of minority populations are often missed when assessments
are undertaken at larger spatial scales or higher levels of aggrega-
tion. Reflecting on the political consequences of scale and bound-
ary choices is an important prerequisite to exploring what multi-
and cross-scale analysis in the MA might contribute to decision-
making and public policy processes at various scales.

1.4 Values Associated with Ecosystems
Current decision-making processes often ignore or underestimate
the value of ecosystem services. Decision-making concerning
ecosystems and their services can be particularly challenging be-
cause different disciplines, philosophical views, and schools of
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thought assess the value of ecosystems differently. One paradigm
of value, known as the utilitarian (anthropocentric) concept, is
based on the principle of humans’ preference satisfaction (wel-
fare). In this case, ecosystems and the services they provide have
value to human societies because people derive utility from their
use, either directly or indirectly (use values). Within this utilitar-
ian concept of value, people also give value to ecosystem services
that they are not currently using (non-use values). Non-use val-
ues, usually known as existence values, involve the case where
humans ascribe value to knowing that a resource exists even if
they never use that resource directly. These often involve the
deeply held historical, national, ethical, religious, and spiritual val-
ues people ascribe to ecosystems—the values that the MA recog-
nizes as cultural services of ecosystems.

A different, non-utilitarian value paradigm holds that some-
thing can have intrinsic value—that is, it can be of value in and
for itself—irrespective of its utility for someone else. From the
perspective of many ethical, religious, and cultural points of view,
ecosystems may have intrinsic value, independent of their contri-
bution to human well-being.

The utilitarian and non-utilitarian value paradigms overlap
and interact in many ways, but they use different metrics, with no
common denominator, and cannot usually be aggregated, al-
though both paradigms of value are used in decision-making
processes.

Under the utilitarian approach, a wide range of methodologies
has been developed to attempt to quantify the benefits of different
ecosystem services. These methods are particularly well devel-
oped for provisioning services, but recent work has also improved
the ability to value regulating and other services. The choice of
valuation technique in any given instance is dictated by the char-
acteristics of the case and by data availability. (See Box 1.4.)

Non-utilitarian value proceeds from a variety of ethical, cul-
tural, religious, and philosophical bases. These differ in the spe-
cific entities that are deemed to have intrinsic value and in the
interpretation of what having intrinsic value means. Intrinsic
value may complement or counterbalance considerations of utili-
tarian value. For example, if the aggregate utility of the services
provided by an ecosystem (as measured by its utilitarian value)
outweighs the value of converting it to another use, its intrinsic
value may then be complementary and provide an additional im-
petus for conserving the ecosystem. If, however, economic valua-
tion indicates that the value of converting the ecosystem
outweighs the aggregate value of its services, its ascribed intrinsic
value may be deemed great enough to warrant a social decision
to conserve it anyway. Such decisions are essentially political, not
economic. In contemporary democracies these decisions are made
by parliaments or legislatures or by regulatory agencies mandated
to do so by law. The sanctions for violating laws recognizing an
entity’s intrinsic value may be regarded as a measure of the degree
of intrinsic value ascribed to them. The decisions taken by busi-
nesses, local communities, and individuals also can involve con-
siderations of both utilitarian and non-utilitarian values.

The mere act of quantifying the value of ecosystem services
cannot by itself change the incentives affecting their use or mis-
use. Several changes in current practice may be required to take
better account of these values. The MA assesses the use of infor-
mation on ecosystem service values in decision-making. The goal
is to improve decision-making processes and tools and to provide
feedback regarding the kinds of information that can have the
most influence.

1.5 Assessment Tools
The information base exists in any country to undertake an assess-
ment within the framework of the MA. That said, although new
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BOX 1.4

Valuation of Ecosystem Services

Valuation can be used in many ways: to assess the total contribution
that ecosystems make to human well-being, to understand the incen-
tives that individual decision-makers face in managing ecosystems in
different ways, and to evaluate the consequences of alternative
courses of action. The MA uses valuation primarily in the latter sense:
as a tool that enhances the ability of decision-makers to evaluate trade-
offs between alternative ecosystem management regimes and courses
of social actions that alter the use of ecosystems and the multiple
services they provide. This usually requires assessing the change in
the mix (the value) of services provided by an ecosystem resulting
from a given change in its management.

Most of the work involved in estimating the change in the value of
the flow of benefits provided by an ecosystem involves estimating the
change in the physical flow of benefits (quantifying biophysical rela-
tions) and tracing through and quantifying a chain of causality between
changes in ecosystem condition and human welfare. A common prob-
lem in valuation is that information is only available on some of the
links in the chain and often in incompatible units. The MA can make a
major contribution by making various disciplines better aware of what
is needed to ensure that their work can be combined with that of others
to allow a full assessment of the consequences of altering ecosystem
state and function.

The ecosystem values in this sense are only one of the bases on
which decisions on ecosystem management are and should be made.
Many other factors, including notions of intrinsic value and other objec-
tives that society might have (such as equity among different groups
or generations), will also feed into the decision framework. Even when
decisions are made on other bases, however, estimates of changes in
utilitarian value provide invaluable information.

data sets (for example, from remote sensing) providing globally
consistent information make a global assessment like the MA
more rigorous, there are still many challenges that must be dealt
with in using these data at global or local scales. Among these
challenges are biases in the geographic and temporal coverage of
the data and in the types of data collected. Data availability for
industrial countries is greater than that for developing ones, and
data for certain resources such as crop production are more readily
available than data for fisheries, fuelwood, or biodiversity. The
MA makes extensive use of both biophysical and socioeconomic
indicators, which combine data into policy-relevant measures that
provide the basis for assessment and decision-making.

Models can be used to illuminate interactions among systems
and drivers, as well as to make up for data deficiencies—for in-
stance, by providing estimates where observations are lacking.
The MA makes use of environmental system models that can be
used, for example, to measure the consequences of land cover
change for river flow or the consequences of climate change for
the distribution of species. It also uses human system models that
can examine, for instance, the impact of changes in ecosystems on
production, consumption, and investment decisions by house-
holds or that allow the economy-wide impacts of a change in
production in a particular sector like agriculture to be evaluated.
Finally, integrated models, combining both the environmental
and human systems linkages, can increasingly be used at both
global and sub-global scales.

The MA incorporates both formal scientific information and
traditional or local knowledge. Traditional societies have nurtured
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and refined systems of knowledge of direct value to those societies
but also of considerable value to assessments undertaken at re-
gional and global scales. This information often is unknown to
science and can be an expression of other relationships between
society and nature in general and of sustainable ways of managing
natural resources in particular. To be credible and useful to deci-
sion-makers, all sources of information, whether scientific, tradi-
tional, or practitioner knowledge, must be critically assessed and
validated as part of the assessment process through procedures rel-
evant to the form of knowledge.

Since policies for dealing with the deterioration of ecosystem
services are concerned with the future consequences of current
actions, the development of scenarios of medium- to long-term
changes in ecosystems, services, and drivers can be particularly
helpful for decision-makers. Scenarios are typically developed
through the joint involvement of decision-makers and scientific
experts, and they represent a promising mechanism for linking
scientific information to decision-making processes. They do not
attempt to predict the future but instead are designed to indicate
what science can and cannot say about the future consequences
of alternative plausible choices that might be taken in the coming
years.

The MA uses scenarios to summarize and communicate the
diverse trajectories that the world’s ecosystems may take in future
decades. Scenarios are plausible alternative futures, each an exam-
ple of what might happen under particular assumptions. They can
be used as a systematic method for thinking creatively about com-
plex, uncertain futures. In this way, they help us understand the
upcoming choices that need to be made and highlight develop-
ments in the present. The MA developed scenarios that connect
possible changes in drivers (which may be unpredictable or un-
controllable) with human demands for ecosystem services. The
scenarios link these demands, in turn, to the futures of the services
themselves and the aspects of human welfare that depend on
them. The scenario building exercise breaks new ground in sev-
eral areas:
• development of scenarios for global futures linked explicitly to

ecosystem services and the human consequences of ecosystem
change,

• consideration of trade-offs among individual ecosystem ser-
vices within the ‘‘bundle’’ of benefits that any particular eco-
system potentially provides to society,

• assessment of modeling capabilities for linking socioeconomic
drivers and ecosystem services, and

• consideration of ambiguous futures as well as quantifiable un-
certainties.
The credibility of assessments is closely linked to how they

address what is not known in addition to what is known. The
consistent treatment of uncertainty is therefore essential for the
clarity and utility of assessment reports. As part of any assessment
process, it is crucial to estimate the uncertainty of findings even if
a detailed quantitative appraisal of uncertainty is unavailable.

1.6 Strategies and Interventions
The MA assesses the use and effectiveness of a wide range of
options for responding to the need to sustainably use, conserve,
and restore ecosystems and the services they provide. These op-
tions include incorporating the value of ecosystems in decisions,
channeling diffuse ecosystem benefits to decision-makers with
focused local interests, creating markets and property rights, edu-
cating and dispersing knowledge, and investing to improve eco-
systems and the services they provide. As seen in Box 1.2
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on the MA conceptual framework, different types of response
options can affect the relationships of indirect to direct drivers,
the influence of direct drivers on ecosystems, the human demand
for ecosystem services, or the impact of changes in human well-
being on indirect drivers. An effective strategy for managing eco-
systems will involve a mix of interventions at all points in this
conceptual framework.

Mechanisms for accomplishing these interventions include
laws, regulations, and enforcement schemes; partnerships and col-
laborations; the sharing of information and knowledge; and public
and private action. The choice of options to be considered will
be greatly influenced by both the temporal and the physical scale
influenced by decisions, the uncertainty of outcomes, cultural
context, and the implications for equity and trade-offs. Institu-
tions at different levels have different response options available
to them, and special care is required to ensure policy coherence.

Decision-making processes are value-based and combine po-
litical and technical elements to varying degrees. Where technical
input can play a role, a range of tools is available to help decision-
makers choose among strategies and interventions, including cost-
benefit analysis, game theory, and policy exercises. The selection
of analytical tools should be determined by the context of the
decision, key characteristics of the decision problem, and the cri-
teria considered to be important by the decision-makers. Infor-
mation from these analytical frameworks is always combined with
the intuition, experience, and interests of the decision-maker in
shaping the final decisions.

Risk assessment, including ecological risk assessment, is an es-
tablished discipline and has a significant potential for informing
the decision process. Finding thresholds and identifying the po-
tential for irreversible change are important for the decision-
making process. Similarly, environmental impact assessments de-
signed to evaluate the impact of particular projects and strategic
environmental assessments designed to evaluate the impact of pol-
icies both represent important mechanisms for incorporating the
findings of an ecosystem assessment into decision-making proc-
esses.

Changes also may be required in decision-making processes
themselves. Experience to date suggests that a number of mecha-
nisms can improve the process of making decisions about ecosys-
tem services. Broadly accepted norms for decision-making process
include the following characteristics. Did the process:
• bring the best available information to bear?
• function transparently, use locally grounded knowledge, and

involve all those with an interest in a decision?
• pay special attention to equity and to the most vulnerable

populations?
• use decision analytical frameworks that take account of the

strengths and limits of individual, group, and organizational
information processing and action?

• consider whether an intervention or its outcome is irreversible
and incorporate procedures to evaluate the outcomes of ac-
tions and learn from them?

• ensure that those making the decisions are accountable?
• strive for efficiency in choosing among interventions?
• take account of thresholds, irreversibility, and cumulative,

cross-scale, and marginal effects and of local, regional, and
global costs, risk, and benefits?
The policy or management changes made to address problems

and opportunities related to ecosystems and their services,
whether at local scales or national or international scales, need to
be adaptive and flexible in order to benefit from past experience,
to hedge against risk, and to consider uncertainty. The under-
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standing of ecosystem dynamics will always be limited, socioeco-
nomic systems will continue to change, and outside determinants
can never be fully anticipated. Decision-makers should consider
whether a course of action is reversible and should incorporate,
whenever possible, procedures to evaluate the outcomes of ac-
tions and learn from them. Debate about exactly how to do this

PAGE 36

continues in discussions of adaptive management, social learning,
safe minimum standards, and the precautionary principle. But the
core message of all approaches is the same: acknowledge the limits
of human understanding, give special consideration to irreversible
changes, and evaluate the impacts of decisions as they unfold.
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Main Messages

Responses are human actions to address specific issues, needs, oppor-
tunities, or problems in ecosystem governance and management. They
encompass all policies, strategies, measures, and interventions that are estab-
lished to change ecosystem status and processes directly, and those that mod-
ify direct or indirect drivers that shape ecosystem status and processes.
Societies have been developing a wide range of responses to manage their
interactions with ecosystems. They include legal, economic, social and behav-
ioral, technological, and cognitive responses. An essential precondition for any
response to work effectively is stable order based on social norms generally
accepted by those at whom the response is targeted.

The main typology of responses is organized according to the dominant
mechanism through which specific responses are intended to change
human behavior or ecosystems characteristics. Most responses in practice
involve an interaction of legal, social, economic, and technological elements to
work effectively. Other dimensions along which responses can be classified
are their effects on different direct and indirect drivers of ecosystem change,
the actors typically using them, and the geographical scales and jurisdictional
levels at which they are normally adopted.

The starting place for understanding responses is institutions. Institu-
tions are not responses in their own right but create the framework and
the medium by which responses can converge on direct and indirect
drivers. Institutions, formal or informal, are found at multiples scales and are
formed by various actors. In this sense, institutions are an important means for
setting the rules of the game.

Legal responses have an overall function of providing the formal rules
by which all other responses are framed and operationalized. Legal re-
sponses occur at a variety of levels internationally, nationally, and sub-nationally
and are divided by well-recognized jurisdictional orders. International legal re-
sponses range across a variety of soft, customary, and codified rules, which in
the last 30 years have materialized in a multitude of international agreements
on environment and sustainable development. International responses rarely
have direct effect at the national and sub-national levels without ratification or
implementation through domestic legal responses. Domestic responses are
also those made by decision-makers independent of international law making.
Overall, nationally and sub-nationally, legal responses are typified by three
broad categories of regulatory, administrative, and constitutional rules that ei-
ther may be aimed directly at ecosystems change or could be rules outside
the ecosystem sector but having direct bearing on ecosystems and human
well-being (such as, economic sector responses). All of these rules remain
static without implementation, compliance, and enforcement in their respective
jurisdictions.

Economic responses work through the self-interest of people and their
effort to improve their economic welfare, an important component of
overall well-being. They either could be based on existing property rights or
could create new ones. Economic responses interfere with the ways in which
ecosystems services are traded in often-imperfect markets that also provide
explicit valuation of traded items. Command-and-control instruments are
straightforward and blunt when properly implemented. They are rarely cost-
efficient, but in many cases they are the only feasible response option so cost-
efficiency is irrelevant. Incentive-based instruments rely on the wisdom of the
targeted individuals or groups (including private companies) to follow their self-
interest and thereby find the cost-efficient way to reach the ecological target.
Voluntarism-based instruments are based on self-control and they are often
used either to prevent a stricter form of regulation or as a precursor to stricter
regulation. Financial and monetary measures include diverse forms of transfer
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payments in exchange for implementing ecologically benign practices. Interna-
tional trade policies influence ecosystems management by regulating the flows
of ecosystems goods and services across national borders.

Social, behavioral, and cognitive responses drive change by affecting the
norms, values, attitudes, and knowledge of individuals and society. The
provision of political rights and liberties empowers people, increasing transpar-
ency and awareness over matters of eco-system degradation. Education and
public programs influence attitudes and norms that invariably drive change in
relationships between society and nature; they also increase participation in
public fora and debate. The empowerment of youth, women, and minority
groups in society adds to knowledge through participation and inclusion. Par-
ticipation leads to learning. The inclusion and legitimization of traditional knowl-
edge has been widely recognized as valuable for addressing ecosystem
protection issues.

Technological responses work through the products, devices, processes,
and practices adopted in ecosystems management directly and in other
human activities affecting ecosystems indirectly. They are applied in man-
aging ecosystems, preventing degradation, as well as rehabilitating degrada-
tion that has already taken place. Providing incentives for innovation and
technological research and development is a powerful response option that
can sometimes have unexpected negative side effects.

Specific response options and their combinations can be used in differ-
ent phases of ecosystem change for five main types of action: develop-
ment, prevention, mitigation, adaptation, and rehabilitation. Ecosystem
development is aimed at increasing the provision of selected ecosystems ser-
vices, often at the expense of others and/or by transforming important features
of the ecosystem. Prevention is an attempt to foreclose unwanted changes in
the ecosystem before their commencement. Mitigation aims at slowing down
and halting an already on-going transformation process. Adaptation recognizes
that some kind and degree of change is inevitable and attempt to cope with
the changing ecosystem conditions. Rehabilitative responses strive to improve
degraded ecosystems in general or to restore them to a specific earlier status.

2.1 Introduction
The management of ecosystems, including the use of their ser-
vices, and the regulation of human activities that impact ecosys-
tems has been a major challenge for humanity through its long
history. As long as human influences were limited to relatively
small intrusions into ecosystems processes (below the maximum
sustainable yield or the natural pollutant absorbing capacity of
ecosystems), no intervention was required. However, as the scale
of utilization of ecosystems services for human use and the magni-
tude of emissions of ecologically harmful materials have increased,
the need for intervention and regulation of related activities has
increased as well.

This chapter presents an overview of the wide range of re-
sponses societies have invented and use to regulate their interac-
tions with ecosystems. The chapter introduces tools that can be
used to respond to ecosystem-related problems and examines
their links to human well-being and poverty reduction. It does
not provide a formal assessment of the ‘‘state of knowledge’’ re-
garding the effectiveness of these various instruments (that is done
in the chapters of Part II); rather, it defines and characterizes their
enabling environment and interplay.

It is not possible to establish a typology of response options
that can classify all interventions into strictly separated boxes.
Most response options adopted in practice in contemporary socie-
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ties combine elements from several clusters irrespective of
whether the clusters are defined along disciplinary boundaries
(law, economics, engineering, sociology); jurisdictional domains
(financial, environmental, or public health regulation); or some
other ordering principles. Accordingly, there are some overlaps in
our typology as well. The basic principle underlying the classifi-
cation system presented in this chapter is the primary intention
and mechanism of the response. Is the intervention by public
policy-makers and private stakeholders designed to change the
behavior of the targeted community based on economic incen-
tives, cognitive enlightenment and approval, or legal threat? In
most cases, both the social execution mechanisms and the imple-
mentation processes entail components of several domains. For
instance, most economic incentives need a legal framework to
become effective, and many legal responses use monetary penal-
ties as enforcement mechanisms even if their main effects work
through legal threats.

The typology of response options draws on widely accepted
typologies used in the disciplines we draw upon: law, economics,
sociology, political science, engineering, psychology, social psy-
chology, anthropology, and environmental ethics. Additional
sources include interdisciplinary environmental studies that sug-
gest typologies of responses in managing ecosystems, natural re-
sources, and environmental problems, such as Kaufman-Hayoz et
al. (2001) and Dietz and Stern (2002). All these typologies have
their own merits and shortcomings. Since none of the typologies
are sufficiently comprehensive to encompass the full range of re-
sponse options relevant to the MA, we have combined and ex-
tended them, preserving adequate flexibility; chapters in Part II
sort and appraise the response options in various sectors.

Depending on their main objectives, the response options can
be adopted individually or combined in various ways to address
problems in the five main types of ecosystem management: devel-
opment, prevention, mitigation, adaptation, and rehabilitation.
Ecosystem development aims to increase the provision of selected
ecosystems services, often at the expense of others and/or by
transforming important features of the ecosystem. Prevention at-
tempts to foreclose unwanted changes in the ecosystem before
they begin. Mitigation aims at slowing down and halting an already
on-going transformation process. Adaptation recognizes that some
kind and degree of change is inevitable and attempts to cope with
the changing ecosystem conditions. Rehabilitation strives to im-
prove degraded ecosystems in general or attempts to restore them
to an earlier status. Any of these five types of actions may use
different kinds of intervention (legal, economic, technological,
etc.) at different scales (for example, international, national, local)
by different actors (such as government, private sector, or com-
munity) to influence direct or indirect drivers of ecosystems
change. Consequently, our typology and discussion of responses
in selected contexts cuts across these five domains and contains
relevant information for each.

In presenting a typology of responses, Chapter 2 first provides
an overview of the range of intervention mechanisms. Subsequent
sections look at the various response options by their impact on
the various direct and indirect drivers of ecosystems change; by
their availability to various actors to influence the ecosystems
management activities of other actors; and by the scale of opera-
tion and jurisdictional context of the decision maker. Based on
the relationships identified among response options on the one
hand, and the drivers, actors, and scales on the other, the chapter’s
final section provides a synthesis of clusters of intervention oppor-
tunities by actors to influence specific drivers by using specific
response options.

PAGE 40

In each section, a matrix indicates the linkages between the
response options and the components of disciplines, drivers,
actors, and scales. These matrices demonstrate the multidimen-
sional characteristics of most response options (for example,
having roots in economics, law, and sociology or affecting institu-
tions, individuals, and technologies simultaneously).

2.2 Typology of Reponses by Nature of the
Intervention
This section describes response options by the nature of the inter-
vention, including legal, economic, social, technological, and
cognitive instruments and measures. In each subsection, reference
is made to relevant scales, actors, and drivers. The temporal di-
mension of the response options is also discussed. Subsequent sec-
tions will examine response options in greater detail, with special
reference to their interactions and the integrative approaches.

2.2.1 Institutional Framework as the Basis for
Intervention

Our discussion of available responses and their effectiveness is
framed within the larger context of institutions and their effects
on human interaction shaping ecosystems change. Institutions
moderate human behavior and thereby powerfully shape the na-
ture of human interaction with nature. Institutions operate at var-
ious levels and scales, such as global, national, and sub-national
levels and on the basis of both formal and informal rules. Ethics,
values, and attitudes usually ascribed to larger cultural contexts
also operate to moderate institutional behavior. Institutions are
either absent or work badly when human impact on ecosystems
are not being regulated in a desirable manner. The responses dis-
cussed below operate to build and strengthen larger institutional
settings governing human interaction with nature.

According to the most widely used definition, institutions de-
fine the ‘‘rules of the game,’’ which are humanly devised con-
straints for shaping human action (Hanna et al. 1996; Ostrom et
al. 1994; Young 2002). Recent interest in institutions stems
largely from transaction-cost economics that takes into account
the costs associated with the multitude of transactions among in-
dividuals, and the ways in which economic actors seek to mitigate
those costs (North 1990; Williamson 1985). Since the effects of
environmental harm carry costs for humans, people have incen-
tives to change the rules of the game in ways that reduce costs. In
this vein, Garrett Hardin (1968) highlighted the ‘‘tragedy of the
commons’’ and suggested changes in the rules of the game from
‘‘free access’’ to a system of specified private rights as solution to
stem the degradation of the commons.

Problems associated with ecosystems and the implications for
well-being make ecosystem health a truly global concern requir-
ing a high degree of international cooperation. States have to co-
operate in order to forge governance systems to address common
problems, but many states may find it convenient to shirk obliga-
tions because, unlike in domestic society, there is no established
body compelling states to act in a certain way. Many global envi-
ronmental problems, such as the loss of biodiversity, depletion of
fish stocks, or climate change are problems that require coopera-
tion. When institutions function well, shirking and opportunism
are minimized and the powerful are unable to appropriate rules
for selfish ends that harm the collective interest and reduce overall
well-being. Given that state sovereignty is a governing principle
within the international system, states are reluctant to have others
dictate the rules that govern the use of resources claimed as one’s
own, making cooperation difficult but not impossible. ‘‘Gover-
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nance without government’’ is possible, and selective regimes
have proliferated in the international arena as a result of trying to
do something about regional and global environmental problems
(Levy et al. 1995; Young 2002).

International institutions moderate an anarchical state system
and allow a high degree of cooperation by replacing power with
legally binding rules (Slaughter et al. 1998). As many argue, inter-
national regimes remain an effective way of solving global envi-
ronmental problems and the strengthening of these rules has many
positive effects toward the evolution of a rule-based international
system. In the past three decades since UNEP was created, the
problems of ecosystems (natural as well as social) have generated
a number of international institutions overseen by international
organizations. The United Nations Environmental Program, for
example, tackles global warming and the problem of biodiversity
loss. Nongovernmental organizations lobbying for international
regimes have contributed to the creation of a number of the new
institutional arrangements.. The concept of ‘‘sustainable develop-
ment’’ first put forth by the Brundtland Commission report ‘‘Our
Common Future’’ (Brundtland 1987) led to agreements on bio-
diversity and climate change and are enshrined in the United Na-
tions Conference on Environment and Development process,
which has produced two international regimes: The Framework
Convention on Biological Diversity and the Framework Con-
vention on Climate Change

Subsequent international discussions have highlighted the
need to integrate socioeconomic concerns with purely environ-
mental ones. For example the Millennium Development Goal
process is an effort to bring the socioeconomic dimension and
notions of human well-being into questions of addressing envi-
ronmental change. Moreover, institutions around environmental
concerns, such as UNFCCC, have also influenced the actions and
behavior of other agencies, such as the International Monetary
Fund and World Bank, which are striving to bring their programs
of action in line with these new rules. The Global Environmental
Facility, which spawns collaboration among international actors at
various levels, is a good example of broader institutions’ influence
on shaping the behavior of development actors in various arenas.
Despite this rapid progress in global cooperative agreements,
some demand an overarching institution, such as the World Trade
Organization, to govern global ecosystem-problems.

Local institutions have the most direct bearing on many forms
of ecosystem change. The degree to which national institutions
affecting environmental problems exist and function effectively
varies greatly from country to country. Much research on com-
mon pool resources addresses the question of rule-making among
very small local communities that manage to ‘‘govern without
government’’ (Ostrom et al. 1994; Powell 2000). There are hun-
dreds of agreements on environmental issues that national govern-
ments implement effectively at the national level and many
governments around the world now have ministries and other
agencies devoted to safeguarding the environment.

Judging by the number of signatories to such conventions as
well as participation in the GEF, there seems to be broad desire
locally to accept the international rules of the game governing
environmental issues. Global consensus and value change reflect-
ing post-modern concerns seem to exert considerable pressure on
governments to address environmental concerns and actively par-
ticipate in regional and international environmental agreements.
Local Agenda 21 is also a good example of how international
agreements might be transformed into action at the sub-national
level. National governments accede to international agreements
like the Framework Conventions on Climate Change or Biologi-
cal Diversity because of international and domestic pressure
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brought on by the proliferation of actors, fora, and regimes con-
cerned about the health of the planet and local ecosystems.

The global change in the acceptance of the values of demo-
cratic government seems to be exerting pressure on national gov-
ernments. Civil society awareness is one of the driving forces on
the re-assessment of ecosystem protection, use, and utilization.
NGOs in developing and industrial countries are in the forefront
of the discussion of urban ecosystems, conservation, and social
well-being. In this sense, since the 1970s, the movement on envi-
ronmental justice in the United States and in Europe has created
the necessity to address problems such as the interrelationship be-
tween people and their rural or urban ecosystems.

There is widespread belief that democracy as an organizing
principle is a good safeguard for protecting ecosystems health and
ensuring ecological justice. Many questions remain as to what
types of national-level institutional arrangements matter in envi-
ronmental questions, although there is much literature addressing
the question of democratic design and policy outcomes in the
field of political science (Lijphart 1999; Powell 2000). Much anal-
ysis also depends greatly on how questions of national institutions
are addressed. For example, utilitarian models tend to see institu-
tions as valuable tools by which one moderates established behav-
ioral patters of individual (rational) actors. In such models, market
mechanisms working through prices could be made to effect
change and obtain the desired outcome. Thus, if a resource is
being depleted, rising prices are expected to drive down demand
and the market principle could be an effective tool.

However, an analysis considering social practice models might
produce very different answers. Established tastes, cultural rites,
and practices might be sticky and hard to change through price
mechanisms, but perhaps more easily affected by education.
Questions of effective transfer of information and education may
in turn depend on questions of legitimacy. Are state schools or
the temples and churches more effective purveyors of change? In
such analyses, questions of social capital, networks, and informal
economies tend to be more salient objects of analyses than simple
market mechanisms around relative price change (DiMaggio
1994). For example, is the problem of addressing the destruction
of rhinoceros horns in Africa one of price alone or one of broader
institutional change involving education and cultural change?
Clearly, interventions through institutional change apply at vari-
ous levels, for various degrees of scale.

2.2.2 Legal Responses

Law plays an important role in environmental protection at both
the international and the national levels. International law pro-
vides mechanisms, such as treaties, rules of customary law, judg-
ments of international courts or tribunals, and general principles
of international law, to protect the environment (Brownlie 1990).
International legal agreements range from ‘‘gentleman’s agree-
ments’’ that go back to the nineteenth century (Klabbers 1996) to
legally binding agreements. In general, there are two approaches:
‘‘hard law’’ and ‘‘soft law.’’ Commonly, treaties and custom create
binding international law (that is, hard law), although custom has
not been consolidated as a tradition to protect the environment
(Birnie and Boyle 2002). Domestic environmental laws, likewise,
use a set of regulatory techniques to achieve environmental objec-
tives; these are also reviewed.

2.2.2.1 International Treaties

‘‘Hard law’’ refers to legally binding regulations that impose man-
datory obligations on states, such as bilateral or multilateral trea-
ties. In this case, participating states must implement and enforce
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such law within their national legal systems (Birnie 1992). A
treaty is ‘‘a written or oral agreement between states, or between
states and international organizations, governed by international
law’’ (Brownlie 1990). A treaty sets out a general policy frame-
work or basic principles. Examples include the 1992 United Na-
tions Framework on Convention on Climate Change and the
1992 Convention on Biological Diversity. Once a treaty is signed
and ratified, it becomes binding on its parties (Birnie and Boyle
2002) and changing its substantive provisions is difficult. Some
scholars consider this a shortcoming, but many environmental
treaties are framework conventions where general obligations are
established and they are in fact flexible. New information may be
amended to the original treaty as appendices or annexes, as was
done with the Ramsar Convention on Wetlands of International
Importance (Birnie 1992; Susskind and Ozawa 1992; Kiss and
Shelton 2004). The signatories to the convention develop further
protocols to implement the objectives of the convention (Suss-
kind and Ozawa 1992) and detail obligations (Chayes and Chayes
1991). Examples include the Kyoto Protocol (UNFCCC 1997)
to the UNFCCC and the Cartagena Protocol (Cartagena 2000)
to the CBD.

2.2.2.2 International Soft Law

‘‘Soft law’’ refers to non-legally binding instruments, such as
guidelines, standards, criteria, codes of practice, resolutions, deci-
sions, and principles or declarations, that states establish to imple-
ment their national laws (Birnie and Boyle 2002). Although not
legally binding, soft law deserves attention because it can later be
transformed into treaties (Sand 1991). It has some advantages,
such as allowing states a considerable degree of latitude in inter-
pretation. Thus soft law enables states to take on obligations they
otherwise would not and is important in implementing their
treaty obligations (Birnie and Boyle 2002). But since soft laws are
not legally binding, noncompliance does not have any conse-
quence. An example of a soft law is the Statement of Principles
for a Global Consensus on the Management, Conservation, and
Sustainable Development of All Types of Forests (UN 1992b).
Although it is not legally binding, many countries have taken ac-
tions to promote sustainable management, reforestation, and af-
forestation (Hughes 1996).

2.2.2.3 International Customary Law

International customary law is ‘‘a general practice accepted as
law,’’ according to Article 38 (1) of the Statute of the Interna-
tional Court of Justice. The essential component is evidence of a
general practice ‘‘opinio juris et necessitatis,’’ that is, it creates a legal
obligation among states (Brownlie 1990). Customary rules are
generally binding upon all states, although the rules do not need
to be consented to by all states; in contrast, treaties only bind
those states that ratify them (Cassese 2001; Jurgielewicz 1996).

Customary law has contributed to the protection of the envi-
ronment. Transboundary pollution-related issues provide illustra-
tions of how international courts have established the existence of
customary rule; examples include the Trail Smelter arbitration, in
which a Canadian smelter had caused air pollution damage to the
United States; the Corfu Channel case, in which the ICJ held Alba-
nia responsible for damage caused to British warships in its territo-
rial waters; and the Lake Lanoux case, in which the tribunal held
as unlawful the diversion of water by the upstream state, France,
which was opposed by the lower state, Spain (Birnie and Boyle
2002; Brownlie 1990).

In each of these cases, Principle 21 of the 1972 Stockholm
Declaration on the Human Environment was taken into consid-
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eration; it refers to the general obligation of states ‘‘to ensure that
activities within their jurisdiction or control do not cause damage
to the environment of other states or of areas beyond the limits of
national jurisdiction’’ (UN 1972b). This principle was restated in
Principle 2 of the Rio Declaration (UN 1992a), and has been
stated in the preambles of various multilateral environmental
agreements, such as the 1982 United Nations Convention on the
Law of the Sea (UN 1982), the United Nations Convention to
Combat Desertification (UNCDD 1992), the UNFCCC, and the
Vienna Convention for the Protection of the Ozone Layer (UN
1987b).

2.2.2.4 International Agreements outside the Environmental
Sector

Generally, environmental policies encompass other areas such as
trade policy, creating an enabling environment for investment,
human rights, and anti-corruption, which are intrinsically linked
and vital to protecting the environment and to achieving sustain-
able development (United Nations 2003). Legislation and agree-
ments in these areas are outside the environmental sector per se,
but indirectly help to protect the environment.

International trade policies, when unregulated, can have ad-
verse impacts on the environment. A number of the World Trade
Organization agreements include provisions dealing with envi-
ronmental concerns. The General Agreement on Tariffs and
Trade establishes export restrictions for the preservation of natural
resources; Article XX sections 18 (b) and (g) provide, subject to
certain restrictions, for exceptions to trade rules where these are
necessary to protect human, animal, or plant life or health, or
where they relate to the conservation of natural resources. The
General Agreement on Trade and Services provides that policy
measures affecting trade and services necessary to protect human,
animal, or plant life or health are exempt from normal GATS
disciplines under certain conditions (Article 14 (b)). The Agree-
ment on Technical Barriers to Trade recognizes countries’ rights
to adopt technical regulations and standards to ‘‘ensure the quality
of its export, or for the protection of human, animal or plant life
or health, of the environment’’ (Preamble, Article 2, 2.2). The
Sanitary and Phytosanitary Measures Agreement also sets out
measures to protect human or animal life or health within the
territory of the Member (Annex A). Moreover, the Agreement
on Trade-Related Aspects of Intellectual Property Rights refers
to the environment regarding intellectual property protection.
According to Article 27, ‘‘Members may exclude from patentabil-
ity inventions to protect human, animal or plant life or health or
to avoid serious prejudice to the environment. . . .’’

Multilateral environmental agreements relate to the WTO
when they incorporate trade measures. Examples are the export
of domestically prohibited goods, charges and taxes for environ-
mental purposes, ecolabeling, and the effects of environmental
measures on trade. MEAs that use trade restrictions to ensure
compliance include the 1973 Convention on International Trade
in Endangered Species of Wild Fauna and Flora (UN 1973),
which controls trade in endangered species under the interna-
tional permit system; the Basel Convention (UN 1989), which
controls transportation and trade in hazardous wastes; and the
Montreal Protocol (UN 1987a), which protects the ozone layer.

Various types of investment agreements exist to establish an
environment for investment in other countries, namely bilateral
and multilateral investment agreements such as the North Ameri-
can Free Trade Agreement, the ASEAN Free Trade Area, and the
Southern Cone Common Market. Trade and investment agree-
ments also play a vital role in protecting the environment and
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ensuring sustainable development. Many investment agreements
have recognized the need for parties to consider environmental
issues, as is reflected in the preambles of various bilateral invest-
ment agreements. Thus they have incorporated the goal of
‘‘maintenance of health, safety, and environmental measures’’ in
their provisions (TCC 2003). NAFTA also expressly states that
the activities should be undertaken ‘‘in a manner consistent with
environmental protection and conservation’’ and should ‘‘strengthen
the development and enforcement of environmental laws and
regulations’’ (NAFTA 1992, Preamble). Increasingly, investment
agreements have incorporated environmental measures as part of
their performance requirements, such as the need to protect
human, animal, or plant life or health, and to conserve natural
resources (NAFTA 1992, Article 1106).

The relationship between human rights and the environment
has been recognized in various instruments in one way or another
(UN 1945; UN 1948; UN 1966a; UN 1966b; OAS 1969; Coun-
cil of Europe 1950). One of the basic links is that human rights
are directly connected to the right to a healthy environment. Re-
cently, the U.N. Committee on Economic, Social and Cultural
Rights recognized that the ‘‘human right to drinking water is
fundamental for life and health’’ (UN 2002). The right to a stan-
dard of living adequate for health and well-being (UN 1948, Arti-
cle 25) is intrinsically linked with poverty. Poverty is at the core
of human rights violations in a broad sense. Poverty reduction
policies have a direct influence on environmental conservation
policy because people depend on those resources for their liveli-
hoods.

Agenda 21, Chapter 3, provides the policy framework for the
United Nations’ efforts to implement poverty reduction policies
(United Nations 1992). Those policies and actions include a range
of sectoral interventions, such as the empowerment of communi-
ties (rights of women, role of youth, indigenous and local com-
munities, as discussed below), the empowerment of civil society
(democratic participation process) as discussed infra, improved
governance at all levels to create policy for addressing the poverty-
environment concerns in developing countries, and international
support such as aid for development or debt relief (UN 2003).
For instance, East and South Asia have adopted measures of em-
ployment generation programs and of providing rural support
credits (UNEP 1999).

In addition, there are agreements outside the environmental
sector per se, which influence the protection of the environment
and conservation of biological diversity. These include forestry,
international watercourses, agriculture, fisheries, and invasive
alien species. As an example in forestry, the International Tropical
Timber Agreement (1994) regulates timber trade, but it also en-
courages the sustainable use of tropical forests. Regarding interna-
tional watercourses, the Helsinki Rules on the Uses of the Waters
of International Rivers state that a watershed is an indivisible hy-
drologic unit that must be considered to utilize or develop any
portion of its water (Caubet 1991). More recently, the 1997 Con-
vention on the Law of the Nonnavigational Uses of International
Watercourses (UN 1997, Articles 20 and 21) regulates the pre-
vention, reduction, and control of pollution, and emphasizes the
protection and preservation of ecosystems of international water-
courses.

In agriculture, the International Treaty on Plant Genetic Re-
sources for Food and Agriculture states its objectives to be the
conservation and sustainable use of plant genetic resources for
food and agriculture, and the fair and equitable sharing of the
benefits arising from their use, in harmony with the CBD, for
sustainable agriculture and food security (FAO 2001). UNCLOS
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(1982) aims to promote better international fishery conservation
and management.

The Agreement on the Conservation and Management of
Straddling Fish Stocks and Highly Migratory Fish Stocks (UN
1995) implements some provisions of UNCLOS by providing a
framework for negotiating specific regional agreements to guide
the exploitation of minimally regulated fishery resources in inter-
national waters.

In yet another example, actions to regulate invasive alien spe-
cies have been important to halt the loss of biodiversity and dete-
rioration of the environment. Many global, regional and bilateral
actions have been taken to prevent the introduction, establish-
ment and unregulated spread of invasive alien species, which
otherwise would be likely to cause significant harm. For instance,
the Convention on the Conservation of European Wildlife and
Natural Habitats (Council of Europe 1979) imposes strict control
on the introduction of non-native species. The International
Convention for the Control and Management of Ships’ Ballast
Water and Sediments was adopted in London (IMO 2000–04) to
minimize the transfer of harmful aquatic organisms and patho-
gens. In each of these cases, the objectives of the conventions are
directly or indirectly connected to the preservation or conserva-
tion of ecosystems.

2.2.2.5 International Enforcement System

Dispute settlement is a traditional way to enforce international obli-
gations since international law lacks sanctions. In most conven-
tions, dispute settlement is arranged through voluntary arbitration
or referral to the International Court of Justice (Chayes and
Chayes 1991). Note, however, that the ICJ, the U.N. organ of
judicial settlement, has no compulsory jurisdiction, although a
few agreements, such as the UNCLOS and the Antarctic Envi-
ronmental Protocol, provide compulsory and binding settlement
mechanisms (UN 1982; Birnie 1992).

Other peaceful dispute mechanisms such as negotiation, arbi-
tration, mediation, inquiry, and conciliation are widely used (UN
1945). A new mechanism of dispute avoidance is the noncompli-
ance procedure that was adopted in accordance with Article 8 of
the Montreal Protocol (UN 1987a) and later formulized by the
Fourth Meeting of the Parties in Decision IV/5, allows any state
to address the performance of another state’s implementation.
This noncompliance procedure has been a vital tool in influenc-
ing countries with economies in transition to comply with their
obligations. States rely on financial or technical assistance to both
induce and facilitate compliance. Under this system, assistance is
contingent upon improved compliance and the resolution of
problems reported to the Implementation Committee (UNEP
1995).

Traditional forms of dispute resolution for material breach of
international agreements have often not been fully utilized (Redg-
well 2001). However, review of the noncompliance procedure
has shown that it has generally functioned well, but still needs
streamlining (UNEP 1998). Due to the new procedure, there
have been improvements in reporting of data (UNEP 2003). The
noncompliance procedure has also been included in the Persistent
Organic Pollutants Protocol to the United Nations Economic
Commission for Europe’s Convention on Long-range Trans-
boundary Air Pollution, the Kyoto Protocol, and the Cartagena
Protocol, to prevent the breach of obligations. It is becoming an
important instrument for improving compliance with MEAs.

Another nonlegal mechanism is the dispute settlement proce-
dure adopted by the World Trade Organization. WTO panel de-
cisions are automatically adopted by member countries unless

................. 11430$ $CH2 10-21-05 14:36:44 PS



44 Ecosystems and Human Well-being: Policy Responses

there is consensus against doing so. These mechanisms are not
broad enough to address environmental issues directly, but they
have handled disputes that involve trade and environment (Martin
2001). An amendment to GATT Article XX, or a quasi-judicial
statement of understanding, is required to exempt any MEAs
from trade rules (Jordan 2001).

Another promising regime for an amicable resolution is the
new Permanent Court of Arbitration Optional Rules for Arbitra-
tion of Disputes Relating to Natural Resources and/or the Envi-
ronment adopted in 2001. It will be of great value to conserving
biodiversity (PCA 2004).

The CBD sets out a framework on liability and redress, in-
cluding restoration and compensation, for damage to biodiversity
(Article 14, 2.). The Cartagena Protocol on Biosafety to the CBD
provides for a liability regime for damage resulting from the trans-
boundary movements of living modified organisms (Article 27);
In 2004, the Conference of the Parties decided to establish an
open-ended ad hoc working group of legal and technical experts
on liability and redress (UNEP 2004). Other international legal
frameworks addressing redress issues in dangerous activities such
as nuclear energy (the 1960 Convention on Third Party Liability
in the Field of Nuclear Energy and the 1963 Vienna Convention
on Civil Liability for Nuclear Damage); pollution (the 1977 Con-
vention on Civil Liability for Oil Pollution Damage Resulting
from Exploration for and Exploitation of Seabed Mineral Re-
sources); and the transport of dangerous goods and substances (the
1989 Convention on Civil Liability for Damage caused during
Carriage of Dangerous Goods by Road, Rail, and Inland Naviga-
tion Vessels and the 1999 Basel Protocol on Liability and Com-
pensation for Damage resulting from Transboundary Movements
of Hazardous Wastes and their Disposal).

These conventions each establish a strict liability regime, re-
quiring demonstration of a causal link between the activity and
damage. Few conventions on liability address the loss of biodiver-
sity specifically, but the 1993 Convention on Civil Liability for
Damage Resulting from Activities Dangerous to the Environment
is a comprehensive convention dealing with liability and redress
for environmental harm. The term ‘‘environment’’ encompasses
natural resources both abiotic and biotic—air, water, soil, fauna,
and flora—and the interaction between them (Article 2). Not yet
in force, it is a promising convention to ensure adequate compen-
sation for environmental damage (UNEP/CBD/ICCP/2/3).

A monitoring system is also valuable to implement treaties. This
is vital to the regulatory control of emissions (United Nations
2003). Reporting under the Basel Convention (UN 1989) and
the 1971 Ramsar Convention (UN 1972a) has been effective in
Western and Central Europe. However, at the domestic level,
the lack of monitoring has resulted in poor enforcement in Latin
American, Caribbean, and Central Asian (UNEP 1999).

For better implementation of MEAs, an environmental impact
assessment system has also been widely used at the international
level. In addition to the general objective of the EIA, which is to
ensure that development will not damage human health and the
natural environment (Spellerberg 1991), the Convention on Bio-
logical Diversity calls for EIAs when activities are likely to have
significant adverse impact on biodiversity (Article 14, 1). Several
international agreements have EIA provisions, including the 1982
UNCLOS and the 1985 ASEAN Agreement on the Conservation
of Nature and Natural Resources. The 1991 ECE Convention on
Environmental Impact Assessment in a Transboundary Context
ensures that an EIA is undertaken for activities likely to have a
significant adverse transboundary environmental impact (Article
2(7)), and the 1991 Madrid Protocol on Environmental Protec-
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tion to the Antarctic Treaty requires prior assessment of the envi-
ronmental impacts for all activities listed in Annex I (Article 8).

Enforcement is the major concern of effective regulation.
Most environmental conventions leave enforcement to the par-
ties, which must enact the necessary national laws and enforce
them in their territory. The obligation to enact such measures is a
crucial part of the enforcement system. Along with formal regula-
tory enforcement is self-enforcement. In this case, individual
states take the required measures to serve their own interests (Bir-
nie 1992).

2.2.2.6 Domestic Environmental Regulations

Domestic legislation is critical since the implementation of treaties
only occurs through the actions of the government agencies of
each country. These agencies use a variety of tools to put the
regulations into practice, both formally and informally. Formal
methods emphasize coercive measures such as sanctions. Informal
methods include certification systems or various voluntary mea-
sures (May et al. 1996). These measures rely on consumer prefer-
ences and corporate managers’ aversion to shame (Campbell-
Mohn et al. 1993).

‘‘Command and control’’ is the most common regulatory
means to achieve environmental objectives. Government simply
imposes requirements on the conduct of individual actors; for in-
stance, a government may set standards for the maximum level of
a pollutant allowed at a facility. Command-and-control standards
are clear and easy to enforce for those engaged in potentially pol-
luting activities. Command-and-control regulations typically en-
tail licenses and permits, and usually specify the pollutant, such as
industrial pollution, discharges to sewers, and land contamination
(Campbell-Mohn et al. 1993; Wolf et al. 2002). In addition, eco-
nomic instruments and market mechanisms are commonly used
for environmental protection. (Such economic instruments and
detailed command-and-control interventions are discussed below
in the section on economic responses.) The command-and-control
approach remains the primary means of enforcement in the ma-
jority of countries in Africa, Asia, and the Pacific. However, in
North America the trend is towards a policy mix with an emphasis
on market-oriented mechanisms, public-private partnerships, and
voluntary mechanisms (UNEP 1999).

National laws related to the protection of nature, including
terrestrial and marine living resources, go back to 1597 (Birnie
and Boyle 2002). Many laws were established in the late nine-
teenth to the early twentieth century. For instance, the law for
protection of nature in national forests was established in 1915 in
Japan (User Survey b, n.d.); the Reich Conservation Law was
established in Germany in 1935 (SDUD n.d.). However, many
countries developed their laws and regulations regarding protec-
tion of the environment and management of natural resources in
the early 1970s. Legislation at that time was largely concerned
with pollution control (water, air, and soil); later, it was expanded
to other areas, such as nature conservation, the protection of pub-
lic health, and the control of toxic substances and hazardous
wastes. The development of domestic environmental legislation
is partially a response to the obligations under MEAs (UNEP
1999). The bases of environmental law at the domestic level are
often found in federal constitutions. The nature of the environ-
mental issue at stake defines which tools will be used at the do-
mestic level for implementing the laws.

2.2.2.7 Domestic Constitutional Law

In many countries, the constitution lays the basic principles for
environmental regulation. Generally, the constitution prescribes
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the form of government, sets up political institutions, defines gov-
ernmental functions, and establishes the rights and duties of citi-
zens. Most legal interventions at the domestic level have some
common features, that is, the constitution apportions power be-
tween the legislative, executive, and judicial branches of the gov-
ernment. The legislative branch enacts laws to regulate major
environmental issues, such as air and water pollution, hazardous
wastes, wetlands, endangered species, toxics and pesticides, en-
ergy reserves, and natural resources conservation (Jasper 1997).
The executive branch converts the legal requirements and gov-
ernment policy into guidelines, memoranda, directives, and ad-
ministrative orders and applies them. The judicial branch enforces
the provisions of the environmental legislation (Bates 1995).

The constitutions of more than 100 countries guarantee a
right to a clean and healthy environment (Kiss and Shelton 2004).
They define adequate protection of the environment as essential
to human well-being and to basic human rights. For instance,
Article 225 of Brazil’s constitution guarantees all citizens a healthy
and stable environment (Brazil 1988). Peru also has environmen-
tal protection provisions in its constitution (Capı́tulo III, Peru
1993). Argentina’s constitution states that ‘‘All inhabitants are
entitled to the right to a healthy and balanced environment fit for
human development’’ (Section 41, Argentina 1994). India’s states
that ‘‘the State shall endeavor to protect and improve the envi-
ronment and to safeguard the forests and wild life of the country’’
(India 1949, Article 48A); in addition, Article 21 provides that
no person shall be deprived of his life or personal liberty. The
constitution of Bangladesh (1996) protects the right to life and
personal liberty (Article 32), which implies the right to a safe and
healthy environment (User Survey a n.d.).

Many constitutions establish procedures to assure the right to
participation, right to information, transparency of process, and
access to justice. Principle 10 of the Rio Declaration (1992) ex-
plicitly states the right of all concerned citizens to participate. It
assures every individual access to information concerning the en-
vironment and the opportunity to participate in the decision-
making process.

Public participation in the environmental decision-making
process has been increasing in most countries. Nevertheless, levels
of participation and procedures for involvement differ between
industrial and developing countries. The participatory process has
been stronger in industrial countries, but many countries still lack
a minimal legislative framework for public participation. Indus-
trial countries have adopted formal mechanisms for public partici-
pation, as with procedures for EIAs. These processes allow
participation in the formulation, review, and evaluation of poli-
cies. Central and Eastern European countries with economies in
transition in, and developing countries in Latin America, Asia,
and the Pacific have improved in their public participation. But
generally most regions need to improve their overall quality and
breadth of participation in areas such as EIA and environmental
decision-making.

In eastern and southern Africa, public participation comes
through co-management of natural resources, as with the Com-
munal Areas Management Programme for Indigenous Resources.
Another practical example is that local people take part in report-
ing on the state of the environment in Lesotho, Malawi, South
Africa, and Zimbabwe. Regarding the availability and access to
environmental information, African countries are implementing
information systems and networks at the national and regional
levels. In Africa, however, the participation of women and youth
in decision-making is still seriously lagging (Eckerberg 1997;
Pantzare and Vredin 1993; UNEP 1999).
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Furthermore, the participation of NGOs has been vital to en-
vironmental protection. Their roles have ranged from raising
public awareness to shaping policies through extensive participa-
tion in the negotiation of treaties, particularly in the area of cli-
mate change. Despite their observer status, they have influenced
the content of the text (Sands 1994). Some NGOs provide legal
assistance to citizens and indigenous communities. They also pro-
mote compliance with MEAs. They have raised awareness na-
tionally and internationally in several ways; for instance, in Sri
Lanka, NGOs have prevented logging and stopped the construc-
tion of a thermal plant; in India, a social movement protested the
construction of the Narmada dam; in the Philippines, a consor-
tium of 17 environmental NGOs has implemented a seven-year
Conservation of Priority Protected Areas Project (UNEP 1999).

2.2.2.8 Environmental Impact Assessment as Measure for
Regulation

The implementation of environmental law is carried out through
a variety of regulatory techniques, the most widely used of which
is the environmental impact assessment. An EIA is often required
for activities that are likely to have a significant adverse impact on
the environment and are subject to the purview of a competent
national authority (UN 1992c).

Basic EIA requirements include the alternatives to be consid-
ered, the dissemination of information on projects, and public
participation in the decision-making process. As discussed earlier,
there is a trend to incorporate biodiversity considerations into
EIA procedures. (See Chapter 4 for more detailed discussion.)
Although most countries have legal provisions on EIA for major
projects, biodiversity considerations are often insufficient in the
EIA process because they are given low priority compared with
economic and development considerations (UNEP 2001). At the
domestic level, for instance, the Brazilian constitution requires
that states and counties carry out EIA as a tool of environmental
monitoring (Brazil 1988). In short, many countries have relied on
command-and-control instruments rather than economic incen-
tives, which are becoming more widely used (UNEP 1999). The
major challenge is to determine which instruments need to be
combined for the optimal effect in each country. Countries need
to find the right mix of social control, regulation, and economic
instruments for their situations (Hirakuri 2003; UNEP 1999).
There is no substitute for sound public policy, however.

2.2.2.9 Domestic Legislation outside the Environmental Sector

Laws and public policies outside the environmental sector should
be considered that are critical to the protection of the environ-
ment and sustainable development. These laws are usually linked
to the public policies of the countries that promote economic
development. Many of them are associated with infrastructure-
related areas, such as agriculture, forestry, settlement and mining.
In many cases, the main causes of deforestation in Latin America
have been policy choices by governments and subsequent laws to
implement those policies. For example, governments have often
favored the conversion of the forests into agriculture or shift culti-
vation, cattle ranching, and other land uses through subsidies (Re-
petto 1990; WRI 1985). The agricultural expansion now causing
deforestation in Africa and Asia is related to population growth
(FAO 1997).

Other proximate causes of forest loss relate to industrial devel-
opment, such as palm tree plantations or shrimp farming, shift
cultivation, particularly in Asia (Inoue and Isozaki 2003). In Asia
and the Pacific, land use law allowing conversion of forest to agri-
culture and commercial logging has caused environmental de-
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struction. Further causes of environmental destruction include
laws related to mining, construction of roads, irrigation, construc-
tion of hydroelectric dams, and urban expansion (FAO 1997).
The settlement and exploitation of the Amazon rain forest, for
instance, has been facilitated by the construction of highways cut-
ting through the forest. Mining activities can seriously affect the
environment. The extraction of minerals creates imbalances in
nature. If the mining occurs in forested areas, the environmental
impacts are major, leading to a change in the water balance and
pattern of rainfall, sedimentation, river pollution, disruption in
wildlife and fishery habitats, variation in the microclimate, and
general disruption of the ecosystem. Thus to guarantee sustainable
development, it is necessary to develop legislation that considers
the protection of the environment (FOE 1989).

The mentioned subsidies can be characterized as ‘‘perverse’’
in that they cause damage to the environment and the economy
rather than help society achieve desired goals (Myers and Kent
1998). As Myers and Kent (1998) point out, perverse subsidies are
mostly seen in five main sectors—agriculture, fossil fuels, road
transportation, water, and fisheries. Ultimately, these subsidies de-
stroy biodiversity. Aware of this, the Fourth Conference of the
Parties to the CBD stressed taking appropriate action against those
incentive measures that threaten biodiversity. The COP encour-
aged Parties and international organizations, to identify perverse
incentives and to consider removal or mitigation of their negative
effects on biodiversity (Decision IV/10).

The next step in removing perverse subsidies, or mitigating
their negative effects, was a call for the Fifth COP to the CBD to
set up a Programme of Work to engage on this issue (Decision
V/15). This led the Sixth COP to request that the Executive
Secretary specify how to remove or mitigate perverse incentives
in collaboration with relevant international organizations (Deci-
sion VI/15). The Seventh COP accepted the proposals as provid-
ing a useful general framework to address the perverse incentives
in various economic sectors and ecosystems. The COP also en-
couraged parties and governments to use, on a voluntary basis,
these proposals in implementing the incentive measures of Princi-
ples 2 and 3 of the Addis Ababa Principles and Guidelines for the
Sustainable Use of Biodiversity (Decision VII/18 and its annex).

2.2.2.10 Domestic Enforcement System

Judicial review is a commonly used tool at the domestic level to
ensure accountability of the regulators under command-and-
control measures. Judicial review is used by persons with direct
interest in the subject of the complaint. The courts merely have
supervisory jurisdiction over the decision-making activities of the
regulators; the final decision on the merits is made by the regula-
tory agency (Wolf et al. 2002).

Liability is a tool to compensate entities for economic harm
and natural resources damage and, in some cases, to restore them.
Violations of environmental regulations may result in civil or
criminal liability (Campbell-Mohn et al. 1993; Handler 1994;
Wolf et al. 2002). The violation of an international obligation
generally gives rise to a victim’s right to compensation for dam-
age. However, it is difficult to ensure state responsibility in the
field of environmental law. Few treaties provide the specificity
needed, as in defining the exact nature of the violation that would
give rise to liability. In pollution-related cases, it is easier to estab-
lish state responsibility because the violation can be measured eas-
ily. The loss of biodiversity, however, is difficult to quantify, as is
the exact degree to which it will adversely affect the ecosystem
(Birnie 1992).
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In addition to traditional legal enforcement, public environmen-
tal awareness raising, information dissemination through education
courses or publication of reports (for instance, TRAFFIC Report
on illegal trade in endangered species), and the participation of stake-
holders are other enforcement measures widely taken at the do-
mestic level. Participation of environmental NGOs at regime
meetings would improve effective implementation, which would
ultimately relate to enforcement. Some NGOs have exercised the
right to petition for court judgment before national courts to stop
or prevent environmental harms. Such judicial procedures can
help victims and facilitate the development of more effective
domestic environmental policies and laws. Furthermore, experts,
academicians, and mass media also play important roles in en-
forcement and in increasing public awareness of environmental
needs (Rosendal 2000; Wuori 1997; Somsen 1998; Wolf 2002).

The ombudsman system is another tool to enhance enforcement
and aid dispute resolution (Bertran 2002). Many countries have
established ombudsman laws, which include the protection of the
environment, including Greece, the Netherlands, and New
Zealand. Although many countries have not enshrined the om-
budsman in laws, their governments have established ombudsman
offices (Yannis 2001). At the supranational level, the European
Union set up an ombudsman in 1995 to deal with complaints
about mal-administration by European community institutions
and bodies (Seneviratne 2000). This is a voluntary, nonbinding
and non-adjudicatory set of dispute settlement procedures that
can be implemented by the United Nations. The ombudsman can
deal with disputes among states or between states and citizens,
including multinationals, indigenous groups, and NGOs (Koh
2004).

2.2.2.11 Summary: Legal Responses

The international law tradition recognizes that legal responses
take place at many different levels, such as international treaties,
soft law, and international customary law. These various levels of
legal instruments are interlinked. Indeed, in order to implement
environmental policies, we must pursue the different levels con-
currently, and parallel hard law (international treaty with concom-
itant protocol) with soft law (Resolutions or Guidelines). The key
elements to be considered at all these different levels of legal re-
sponse are implementation, compliance, and enforcement. Imple-
mentation refers to the actions that states adopt to comply with
international treaties through domestic regulations. Compliance
means the extent to which countries abide by the obligations,
both procedural and substantive, set out in international treaties;
an example of procedural obligation is the requirement to report;
whereas, the obligation to cease or control an activity is a substan-
tive obligation (Jacobson and Weiss 1997). Enforcement means the
actions taken by competent authorities to ensure compliance with
the laws. The basic question is how to put the regulations into
practice. To this end, domestic legislation plays a vital role in the
implementation of/and compliance with environmental laws.

As already noted, enforcement varies in intensity and quality
among countries, according to the degree of strictness of enforce-
ment policies. The foremost obstacle has been the ineffective im-
plementation of legislation. The major reasons identified in many
countries are the lack of trained staff, political will, monitoring,
and enforcement; in some countries, appropriate and applicable
standards are lacking as well. Also, the lack of coordination among
government institutions and inadequate funding have been stum-
bling blocks (UNEP 1999).

On the other hand, the cooperation of environmental author-
ities with the public is now being required in several instruments.
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In particular, access to information and justice, and public partici-
pation in decision-making processes, contribute to effective mon-
itoring, compliance, and enforcement. International obligations
need to be reflected in domestic policy, which will ensure the
effectiveness of the regime. The compliance and enforcement ap-
proach will be successful only if it takes into account the interde-
pendence of the economic, environmental, social, political, and
cultural factors that bear on the management of natural resources.

2.2.3 Economic Responses

A wide range of opportunities exists to influence human behavior
with detrimental effects for ecosystems and their services in the
form of economic and financial instruments. Some of them estab-
lish markets; others work through the monetary and financial in-
terests of the targeted social actors; and yet others affect relative
prices. The feasibility, effectiveness, and efficiency of such interven-
tions depend on the biophysical characteristics of the problem and the
socioeconomic circumstances in which they are adopted. This section
summarizes economic and financial response options ranging
from hard regulatory forms mainly applied at small geographical
scales to softer mechanisms used in the larger geographical and/or
jurisdictional context. The classification of economic responses
draws on standard categories in the environmental economics lit-
erature (Pearce and Turner 1990; Tietenberg 1992; Perman et al.
1996; Wills 1997; Common 1996; Hanley et al. 1997; Stavins
2000; OECD 2001), but it also includes novel groups to draw
attention to new tools and approaches in ecosystems management
that have a decisive economic component (Dietz and Stern 2002).

Many ecosystems problems are caused by what economists call
‘‘perverse subsidies’’; they entail various forms of direct or indirect
monetary transfers that are economically inefficient and environ-
mentally harmful. Subsequent chapters in this volume list numer-
ous examples ranging from deforestation to the depletion of
fisheries. The precursor of any new intervention to protect eco-
systems services should be to check existing regulations and elimi-
nate or at least mitigate perverse subsidies. The environmental
effectiveness and the economic efficiency of new response poli-
cies and measures depend crucially on the extent to which per-
verse subsidies are still part of the regulatory regime.

If one considers the diversity of the uses of ecosystem services,
the pollutants affecting them, their impacts, social and political
situations, economic and institutional conditions, and other fac-
tors, it becomes clear that no single instrument is the best for all
types of ecosystems problems and socioeconomic situations. The
criteria for assessing and choosing the intervention options in-
clude the following (partly based on Perman et al. 1996):
• Cost-efficiency: the extent to which the response option can

achieve the desired environmental objective at the lowest pos-
sible cost;

• Dependability: the extent to which the intervener can rely
upon the instrument to achieve the specified target (in this
context, the relative slopes of the functions depicting the costs
and benefits of interventions are an important consideration
in choosing between quantity- or price-based instruments);

• Information requirement: the extent and nature of information
required for formulating the intervention and the cost of gath-
ering this information;

• Enforceability: the kind and level of monitoring needed to keep
track of the implementation of the response chosen; type of
measures available to enforce the intervention;

• Long-term effects: the long-range impacts of the chosen re-
sponse, that is, whether its influence is constant, increasing, or
decreasing over time;
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• Dynamic efficiency: whether the response option is providing a
continued incentive to improve performance with respect to
the original ecosystem management objective;

• Flexibility: whether the chosen response option can be adapted
quickly and cheaply when new information becomes avail-
able, the underlying conditions change, or targets need to be
modified; and

• Distributive impacts: how the response option affects the welfare
of different social groups and what the prospects are that win-
ners can compensate losers.
The relative weights of these criteria depend on the ecosystem

problem and its management context. These weights will influ-
ence considerably the choice of the response option. (See Chapter
18.)

2.2.3.1 Command-and-Control Interventions

These response options prescribe specific forms and/or quantities
in restricting access to and regulating use of ecosystems services
or emitting environmentally harmful substances. While legal
command-and-control interventions are primarily enforced by
threatening noncompliance with anti-criminal measures (impris-
onment of individuals, temporary suspension, or complete dis-
banding of the legal entity), their economic counterparts are
promoted by (often increasingly severe) monetary penalties. The
classification of command-and-control interventions into the
legal or economic categories is difficult because there is consider-
able overlap between the two. Most command-and-control inter-
ventions imply financial penalties in cases of initial or minor
noncompliance and most apply increasing penalties for persistent
noncompliance. Some regulations might even extend the penalty
to criminal instruments but this does not justify their classification
as legal instruments.

Prohibition is the strictest form of command-and-control re-
sponse. This instrument bans all or certain clearly defined forms
of ecosystem use. In acute cases, harsh forms of prohibition bar
physical access or entry to the protected ecosystem.

Explicit controls are usually introduced to protect landscapes,
terrestrial or water-based ecosystems in an ecologically valuable
region. Typical forms of explicit controls prescribe certain types
of land use.

Zoning and designation can also imply some form of prohibi-
tion, but their main concern is to direct various types of ecosys-
tem uses to clearly demarcated geographical areas.

Direct provision of ecosystem services implies that the intervener
takes full control of the resource, determines the amount to be
appropriated, and distributes the resource to the entitled commu-
nity. This option is often used by communities to maintain the
productivity of their resource base or by government agencies
under the circumstances of severe shortages when rationing of
an ecosystem service becomes necessary. Since the use of most
ecosystem services is difficult to control and supervise directly, the
success of these arrangements requires either a high level of moral
cohesion among community members or a strong policing and
penalty threat operated by the regulator.

Fixed quota systems can be used both for controlling the use of
ecosystems services by individuals, households, or other users, and
for regulating the amount of harmful emission from individual
sources of pollution. The former entails establishing the total
amount of ecosystem service that can be taken and setting up a
quota or license for each resource user. The latter involves appor-
tioning the emitted quantity to the various sources in order to
derive a quota or license for each source as a fixed quantity al-
lowed to be emitted. The success of this type of response requires
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effective monitoring and harsh penalties for noncompliance. If
monitoring and penalties fail, the effectiveness and therefore the
dependability of the quota-based instrument will be reduced. The
attainment of an economically efficient regulation with a fixed
quota system is possible in principle, but rather unlikely in prac-
tice. In controlling pollutant emissions, economic efficiency
would require the regulator to know the marginal abatement cost
function for each polluter (that is, the cost of abating an incre-
mental unit of pollutant). The costs of collecting such information
are in most cases prohibitive. In practice, fixed quota systems
often lead to arbitrary distribution of the emission quotas, result-
ing in inefficient allocation. Moreover, this response option pro-
vides very weak incentives to foster dynamic efficiency because
once a polluter meets the allocated emission quota, there remains
no incentive whatsoever to reduce pollution any further.

Technology regulation is another possibility to protect ecosystems
from overexploitation or excessive amounts of harmful pollutants.
To reach these ambient standard values, the regulator targets the
production process or the equipment emitting the pollutants. This
takes the form of specifying minimum technology requirements.
Prescriptions for dust removal from flue gas, specifications of min-
imum stack-heights, requirements that cars have catalytic con-
verters, and cooling or treatment technologies for wastewater are
examples of technology regulations via command-and-control
systems. This response option is easy to implement and cheap to
administer because monitoring and administration costs are low
relative to the enforcement costs of other options. It can be effec-
tive when ‘‘end of pipe’’ solutions are easily available but not used
by the polluter. The instrument is also dependable. However, in
most cases it is not cost efficient because it is not focusing on
the least-cost abatement opportunities (although this may be less
important in special cases when the exact location of the point of
discharge matters for the impacts). Moreover, this intervention is
inflexible because once the prescribed technology or equipment
is in place, it is in most cases difficult to undertake additional
modifications. Technology regulation also does not promote dy-
namic efficiency, because the changes required by the regulation
are completed with the installation of the prescribed technology
or equipment.

The need for interventions in the use of ecosystems services
and for responses to changes in ecosystems emerges in extremely
diverse social, economic, political, and biophysical contexts. Dif-
ferent ecosystems issues require different policy instruments. The
relative merits and shortcomings of the command-and-control in-
struments compared to those of other economic response options
become extraneous when they are the only feasible or environ-
mentally effective interventions. The name ‘‘command and con-
trol’’ does not imply any negative connotation. It simply specifies
that with these instruments the regulator prescribes or prohibits
some actions and controls compliance.

2.2.3.2 Incentive-based Interventions

The second range of economic response options uses economic
incentives to entice users of ecosystem services to limit their re-
source use to the socially optimal level. Defined here in a simple
social cost–benefit context, the socially optimal level of control is
where the marginal cost of abatement equals the resulting mar-
ginal benefit. In the presence of market failures, the market price
does not reflect those social marginal benefits and the polluter has
no incentive to invest to reach the optimal level of control. The
regulator can impose an emission charge to provide the incentive
for the producer to increase the level of control to the social opti-
mum. Such optimal taxes are called Pigovian taxes. Using eco-
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nomic incentives in this way may involve increasing the delivery
of selected ecosystems services (for example, community wood-
lots) or combining the solution of economic problems with mea-
sures to address environmental concerns (for example, ideas to
reform the European Union’s Common Agricultural Policy to
reduce the pressure of excess production and to foster biodiver-
sity).

Tax and subsidy schemes can be uniform or differential. They
have been widely used to close the gap between the socially opti-
mal level of using ecosystem services and the level of use based on
more narrow private benefits. Taxes are charged for each unit of
appropriated ecosystem service (per cubic meter timber cut or per
cubic meter water diverted) or for each unit of pollutant dis-
charged (kilogram of sulfur dioxide emitted, milligram of water
pollutant released), whereas discharge taxes are sometimes based
on an input that can be easier and more precisely measured (car-
bon content of the fuel instead of carbon dioxide emission). In a
subsidy scheme, the regulator pays subsidies to the polluter for the
abatement effort. The introduction of taxes and subsidies pro-
duces the same effects: they both modify the relative prices of the
products with which the appropriation or the use of ecosystem
services or the emission of pollutants are associated. Due to distri-
butional implications, however, the long-term effects of taxes and
subsidies differ. Taxes close the gap between the social and the
private marginal benefits of using an ecosystem or emitting pol-
lutants. The efficient level of the tax is equal to the difference
between the marginal private benefit and marginal social benefit
so that users of ecosystem services will consider what they have
been ignoring before the tax and thereby internalize the formally
external costs of their activities. Accordingly, profit-maximizing
actors will adjust their use of ecosystem services so that the mar-
ginal social benefit will be equal to the marginal social damage,
because their post-tax marginal private benefits of the resource
use will be equal to the marginal social benefit.

The principles and the operational mechanisms of instruments
under many other names are similar to those of taxes and subsid-
ies. On the levy side, the list includes incentive, distributive, user,
product, and administrative charges, as well as deposit-return sys-
tems. Explicit user charges include license fees (harvesting, hunt-
ing, fishing), entrance fees, severance, and resources taxes. The
arrangements on the grant side incorporate compensations, tax
incentives (reducing tax burden), relief, exemptions, and tax de-
ductions.

Tradable resource use and tradable emission permits have become
increasingly popular in recent decades. This response option has
four elements. The first involves a decision about the total
amount of resource use or pollutant emission to be allowed. In a
socially efficient regulation, the total amount of resource use or
pollutant emission permits should be equal to the efficient level
of resource use or pollution. If the efficient level is not known,
some other basis should be used to define the total amount of
permits. The second element of a tradable permit scheme is regu-
lation. Any resource user or polluter is allowed to appropriate the
resource or emit the pollutant only up to the quantity covered by
the permits available to him; above that level, a serious threat of
an expensive fine or penalty must be installed and implemented.
The third element is a decision about the initial allocation of the
total amount of permits among the resource users or polluters.

The final element is the need to guarantee free trading of the
resource use or emission permits. An efficient control of ecosys-
tem service use or pollutant emission can be achieved either via a
tax rate or by issuing a certain quantity of tradable permits. Taxes
set the price of emission or ecosystem service use while the trada-
ble emission permits set the quantity of the allowed resource use
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or the quantity of pollutants to be emitted. The profound differ-
ence compared to quotas, licenses, or standards is the transferabil-
ity and marketability of the use or emission rights. If a permit
market is free, then both the price and the quantity of the ecosys-
tem service use or the pollution will be efficient. Moreover, if the
amount of permits corresponds to the economically efficient level
of resource use or pollution, then the equilibrium price of the
permit will indicate the shadow price of the ecological service or
pollution at the socially optimal level. In terms of cost-effectiveness,
the effects of permits will be the same as the effects of the optimal
tax for subsidy scheme. The main difference is in the distribu-
tional effects.

The establishment of a tradable permit system is essentially
equivalent to creating a market for ecosystems services that were
used more intensely than the socially optimal level. Tradable per-
mits can take the form of ambient permits, emission permits, pol-
lution offset systems, tradable harvest, or catch quotas.

A comparison between command-and-control versus market
instruments indicates that command-and-control responses di-
rectly regulate the quantity of ecosystem service use or quantity
of pollution emission or regulate the technology that is leading to
pollution emissions. In contrast, market-based instruments alter
the relative prices or generate price incentives to achieve socially
desirable levels of ecosystem service use or pollution emission. A
closer look at the market instruments reveals that a resource use
tax or an emission tax scheme can achieve the efficient target at
the lowest social cost; in fact, it can achieve any target at the least
social cost. Moreover, a tax set at any level can achieve some
reduction in ecosystem service use or some level of pollution
abatement. In addition, market instruments generate dynamically
efficient incentives for behavior. Since all users or polluters face
the same tax, these outcomes emerge from the profit-maximizing
behavior of the affected actors.

In contrast, command-and-control instruments are blind to
cost-efficiency. They would achieve a cost-efficient solution only
by coincidence. Commenting on environmental standards, one
of the most widely used command-and-control instruments,
Pearce and Turner (1990, p. 103) point out that ‘‘[T]he problem
with standard-setting is that it is virtually only by accident that it
will produce an economically efficient solution.’’ The basic rea-
son is that the regulator does not know the marginal abatement
cost function of each polluter. Tietenberg (1992:403) reviews
eight empirical studies; Perman et al. (1996, pp. 238–9) add two
more analyses in which the costs of pollution abatement using
alternative instruments are compared. The ratios of the actual
command-and-control costs to those of theoretically expected
least-cost market-based instruments found by these studies vary
between 1.07 and 22, with a median ratio of 4.18. Even if one
considers that the cited dozen-or-so case studies compare actual
command-and-control costs to theory-based calculations of the
costs of market-based instruments and it is unrealistic to expect
the latter to operate at the theoretical minimum costs, these stud-
ies provide obvious evidence that market-based instruments are
overwhelmingly superior to command-and-control instruments
in terms of cost-efficiency.

An important consideration in comparing the response op-
tions is concerned with the transactions costs. The expenses asso-
ciated with establishing and operating the necessary monitoring
schemes, administrating the behaviour of the targeted actors, and
enforcing the implementation of the chosen instrument can be
substantial. These transaction costs often influence the choice of
the least-cost instrument. Since transaction costs may be substan-
tially lower for technology standards, regulators often prefer this
response option irrespective of their actual social costs in the
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broader sense. Yet command-and-control instruments might be
required in special cases where the pollutants involved are not
uniformly mixing and their exact places of emissions matter.
Moreover, in many areas of ecosystems management, these instru-
ments are the only feasible environmentally effective response op-
tion, making the question of cost-efficiency irrelevant.

Another crucial consideration in the choice of instruments is
dependability. Comparing the main market-based instruments
shows that if the aggregated abatement cost function is known
with certainty, then the tax rate can be determined to reach the
desired level of abatement and the instrument will be completely
dependable. Similarly, under these circumstances the amount of
permits can be determined, the permit price will be predictable,
and the tradable permit scheme will also be completely depend-
able. The situation is different if the marginal abatement cost
function is not known with certainty. In this case, the tax rate can
be set but the amount of ecosystem service reduction or pollution
abatement will be uncertain; under these circumstances, the tax
scheme has uncertain effectiveness and is not dependable. In the
same situation, a permit scheme will be dependable for the quan-
tity of ecosystem service use or pollution emission, but the associ-
ated costs will be uncertain. In this case the permit price cannot
be predicted.

Different response options have different distributional conse-
quences. In the case of tradable permits, the distributional effects
depend on the initial permit allocation method. If the permits are
sold by auctioning them out, then the equilibrium permit price
will be equal to the aggregated marginal abatement cost associated
with the total number of permits. In this case, the net transfer of
funds flows from the resource users or polluters to the tax author-
ity. In contrast, if the permits are distributed freely based on some
arbitrary rules (grandfathering based on historical records or equal
per capita allocation), then some resource users or polluters will
sell part of their permits and gain from the transaction, while oth-
ers will need to buy permits and thus lose compared to the unreg-
ulated situation. Free distribution of permits also results in no net
transfer from resource users or polluters to the tax authority. In
comparison, resource or pollution taxes represent clear transfers
from the users/polluters to the tax authority; therefore, their dis-
tributional effect is the same as that of auctioning out the permits.
Under a subsidy scheme, on the other hand, funds are transferred
from the government to the polluters or ecosystem service users
to change their respective behaviors.

There are serious competitiveness concerns associated with
ecosystem or environmentally oriented interventions. A unilateral
tax is perceived to harm international competitive positions irre-
spective of whether it targets ecosystem service use or pollutant
emissions. This fear often leads to perverse regulation when activ-
ities associated with internationally traded commodities are either
not regulated or regulated only lightly, whereas goods and services
not traded internationally are subject to fierce regulation.

2.2.3.3 Voluntarism-based Instruments

Recent years have seen an upsurge in new approaches to respond-
ing to problems associated with uses of ecosystem services and
pollution emissions. They all rely on implicit sources of behav-
ioral change and thus tend to be specified as voluntarism-based
options (OECD 2003; Dietz and Stern 2002).

Information provision and education intends to influence the be-
havior of targeted individuals or communities by providing solid
and scientifically based information about the ecosystem implica-
tions of certain behavior, with the expectation that this will trig-
ger behavioral change when resonating with broadly established
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and accepted ethical norms and principles. Many educational and
information-based responses go beyond this and attempt explicitly
to trigger a change in values and preferences that, in turn, will
lead to behavioral change toward a more benign use of ecosystem
services.

Ecolabels represent a specific and prominent form of informa-
tion provision. By drawing the consumer’s attention to the envi-
ronmental implications of using or consuming a specific product,
ecolabels have become an effective form to promote green con-
sumer behavior among environmentally conscious people (Dietz
and Stern 2002).

Voluntary measures take the form of explicit and formal agree-
ments between the regulator and the targeted agent. They can
also take the form of agreements among actors otherwise compet-
ing in the provision of the same range of goods and services, con-
cerning their own management of ecosystems or pollution
emissions or setting the same rules and regulations for their suppli-
ers. Among the range of voluntary measures, government-promoted
voluntary programs and industry-wide codes of practice represent
the two main clusters.

The crucial feature of voluntarism-based instruments is that
they are not put in place as formal or compulsory intervention.
Yet it is often the case that users of ecosystem services negotiate
voluntary agreements among each other or with their regulator
to prevent a more stringent or more costly regulation being im-
posed upon them. These kinds of response options are particularly
useful in previously unregulated areas of ecosystem management.
Stakeholders can experiment with different technologies and
management procedures to comply with the voluntary agreement
without running the risk of having to pay high penalties if they
fail. At the same time, regulators can monitor the process and
collect information about the technological options and eco-
nomic costs of reducing the pressure on ecosystems. These posi-
tive features also imply important limitations. If consumers find
the price differences too large and do not choose ecolabeled prod-
ucts, or if the companies fail to achieve their voluntary targets
because they find it too expensive, more effective instruments
will be needed.

2.2.3.4 Financial and Monetary Measures

Financial and monetary response options include a broad array of
measures ranging from small-scale, locally oriented actions to
grand international schemes. In some cases, the small locally ori-
ented instruments are needed to implement the large-scale ar-
rangements.

Microcredits can support arrangements to directly reduce the
pressure on ecosystem services or to start-up alternative forms of
livelihood that will reduce the pressure on ecosystem services in-
directly. Microcredits are particularly attractive instruments in
those cases when they simultaneously contribute to ecosystem
protection and poverty alleviation.

Loans are usually provided at a somewhat larger scale. They
can help local ecosystem users or resource operators make the,
often modest, investments required to change their technologies
from a harmful to a more benign one.

Funds set up with private endowments and public resources,
can be sources of microcredits and loans, but they often also pro-
vide the resource for changing management practices of a targeted
ecosystem. Depending on the nature and internal regulation of
the fund scheme, the requirements for commercial viability of the
sponsored activities and the conditions for repayment are usually
less stringent than those of bank loans or other commercial credit
forms.
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Public financing can take the form of direct and indirect inter-
vention. Direct public financing is explicitly oriented toward the
protection, replacement, or provision of an ecosystem service. In-
direct public financing can take the form of state guarantees or
government indemnity. This arrangement reduces the risk pre-
mium charged by the credit provider to resource operators and
makes the acquisition of the required financial resource more af-
fordable to them.

Debt swaps are a relatively new international financial response
option. Many developing countries reached high level of indebted-
ness in the 1980s and 1990s. In order to service their debts, they
were forced to overexploit and sell their environmental resources.
Debt swap is an arrangement to help these countries out of the
debt trap. Foreign debts are cancelled in exchange for commit-
ments to set aside and preserve valuable ecosystems.

2.2.3.5 International Trade Policy

The economic incentives to overexploit local ecosystems often
stem from the effective demand for their goods and services in
remote geographical regions. Harvesting, processing, and export-
ing such ecosystem services in developing countries is an impor-
tant way to alleviate poverty, improve quality of life, and start the
accumulation of local capital resources to foster economic devel-
opment. Yet it remains a challenge both for providers and recipi-
ents of such ecosystem services to avoid exploitive use and
degradation of the resource base and to manage the use of ecosys-
tem services to satisfy distant demand in a sustainable way.

International trade agreements are the legal form of controlling
the economic incentives for exploitive use of ecosystem services.
They involve both source and recipient countries. Such agree-
ments can include qualitative characteristics (for example, species,
size, or age of the natural resource that can enter international
trade), quantitative limitations (for example, the amount of the
ecosystem service that can be removed and allowed to enter inter-
national trade flows), or technological characteristics (for exam-
ple, the equipment or process adopted, the management practices
followed—ranging from the size and grid density of fishing nets
to selective versus clear-cut harvesting of timber) of the ecosystem
goods and services that are allowed to enter international trade.

Import restrictions imposed by recipient countries, typically industrial
countries, either restrict or ban altogether the amount of ecosystem
goods and services permitted to enter their domestic markets.
These policies can target specific ecosystem goods in general (like
products associated with endangered species from any country)
or exports from certain countries for clearly defined ecological/
environmental management reasons.

Export restrictions are put in place by source countries in the
form of outright ban, export tariffs, or quotas in order to protect
their own ecosystem.

2.2.3.6 Summary: Economic Responses

Economic and financial interventions provide powerful instru-
ments to regulate the use and avoid the overuse of ecosystem
goods and services. The adoption of economic instruments usu-
ally requires a legal framework and, in many cases, a social or
institutional intervention as well. The various types of economic
interventions are combined in many cases to achieve an effective
regulatory regime. For example, import restrictions (as part of
international trade policies) are typically complemented by infor-
mation provision such as ecolabeling (a voluntarism-based instru-
ment), debt swaps, and/or loans from the recipient country to
the exporting country to entice sustainable management of the
underlying ecosystem (financial and monetary measures).
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The choice of a viable and effective economic intervention
mechanism is determined by the socioeconomic context. Re-
source taxes can be a powerful instrument to guard against the
overexploitation of an ecosystem service but an effective tax
scheme requires well-established and reliable monitoring and tax-
collection systems. Similarly, subsidies can be effective to intro-
duce and implement certain technologies or management proce-
dures but they are totally inappropriate if the prevailing pattern of
using public funds is ‘‘take the money and run.’’

2.2.4 Social and Behavioral Responses

Social and behavioral responses including population policy, pub-
lic education and awareness, empowerment of communities, em-
powerment of women, empowerment of youth, and civil society
disobedience have been instrumental to a certain extent in shap-
ing ecosystems and human well-being. These are interventions
stakeholders initiate and execute through exercising their proced-
dural or democratic rights (Douglas-Scott 1996; also see discussion
above) in efforts to improve ecosystems and human well-being.
Such measures are for by major global environmental policies
such as Agenda 21 (United Nations 1992) and the Plan of Imple-
mentation of the World Summit on Sustainable Development
(United Nations 2003).

These kinds of responses demonstrate the commitment and
participation of a wide range of actors. Support structures have
been used also to facilitate positive outcomes, as seen in the Ama-
gasaki and Kawasaki pollution lawsuits in Japan, where through
courts, good lawyers, medical experts, and scientists were mobi-
lized to assist in successfully fighting for victims and preventing
pollution. Furthermore, the lawyers’ association and the pollution
victims raised money for the legal battles. In these cases, commit-
ment and support structures made victory possible, but there may
be situations where resources are lacking and failure is possible.
Moreover, social and behavioral interventions can be instrumental
in conservation efforts when facilitated with the appropriate re-
sources.

2.2.4.1 Population Policies, including Family Planning

Population growth can be a contributing factor to many social
problems including environmental issues. For example, popula-
tion pressure on arable land in the Asia Pacific region is partly
responsible for land degradation (UNEP 1997). The same could
be said for deforestation and the ever-decreasing biodiversity.
Population growth since 1950 has been on a steady rise meaning
that there will be more mouths to feed and resources will con-
tinue to deplete. The world’s population in 2001 was 6.2 billion
(Worldwatch Institute 2002) and it is predicted to stabilize at 7.8
billion in 2025, but only when appropriate policies and family
planning measures exist (Worldwatch Institute 2001).

A range of stringent (fines and punishment) and lax or incentive-
based measures (contraceptives, family planning, and educational
programs) are already available to countries. China’s one-child
policy is one illustration of the stricter measures that has proven
successful by reducing the number of children per woman from 6
to 2.5. Despite its success, there are criticisms on the restriction
of individual rights and freedoms. India pursues softer measures,
including birth control and education programs to curb popula-
tion growth, and has been also successful (User Survey a, n.d.).
Furthermore, it must be noted that while population policies can
be beneficial in achieving their primary objective(s), they can also
affect adversely social and economic aspects of countries, such as
the human rights violations seen in China or the fear of less man-
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power to support the older generations in the future as is pre-
dicted for Japan.

2.2.4.2 Public Education and Awareness

Public education and awareness can play important roles in im-
proving conservation efforts (Goodale 1995). A learned and in-
formed society can make sound decisions about conservation
(UNEP 1999). Both textbook learning and the media can facili-
tate this need. However, there are many who are denied formal
education, access to the media, access to schools, teachers, and
effective learning methods. In response, Chapter 36 of Agenda 21
(United Nations 1992) and paragraph 109 of the Plan of Imple-
mentation of WSSD, among others, stress the need to improve
inadequacies in public education and awareness. Poverty of re-
sources, ineffectiveness of the general education system (UNEP
1999; UNESCO and the International Association of Universities
1986), and the deficient utilization of full parameters of both for-
mal and informal education (Goodale 1995) tend to be setbacks.
Given the practical sociocultural, environmental, and economic
difficulties in many societies, an emphasis in moving learning
from classrooms and educational centers to more accessible set-
tings can be more effective. Approaches and methods used tend
to be impractical. Some educationists stress that effective learning
involves proactive and participatory approaches (OECD 1993).

Despite challenges, countries and organizations alike have
begun addressing environmental education and awareness (UNEP
1999). India’s Lower House for instance, passed a bill in 2001 to
make education a fundamental right. Other programs in India
promote informal education and awareness about the environ-
ment including eco-clubs or enviro-clubs for first-hand experi-
ences (TERI 2003). OECD reports that countries in Europe
including Austria, Italy, Netherlands, Norway, and the United
Kingdom have integrated environmental education into their sys-
tems. It also reports cases of both formal and informal environ-
mental education and public awareness in developing countries,
including Kenya, Senegal, Malaysia, the Philippines, Brazil, and
Ecuador. IUCN, the World Wildlife Fund, and UNESCO’s Man
and the Biosphere Program all run environmental education and
awareness programs (OECD 1993). Furthermore, the Ubuntu
Declaration, which calls for greening school curriculums, is also a
progressive step (UNU 2003).

Efforts are made but deficiencies still prevail, especially pov-
erty of resources including infrastructure, teaching staff, and fi-
nances. Learning can be encouraged more at all levels across
different age groups using all methods in a variety of settings.
More importantly, constancy in some of the initiatives in public
education and awareness is lacking. The need now is for stake-
holders to address these issues in efforts to institutionalize envi-
ronmental education and awareness to a greater extent wherever
it is seen to be lacking (UNEP 1999).

2.2.4.3 Changing Values and Attitudes: Empowerment of
Communities, Women, and Youth

As new concerns about environmental problems emerge, values
and attitudes of people may transform simultaneously to meet the
demands. Changes can be induced internally or imposed exter-
nally by factors including technological advancement, crime, gen-
der issues, war, religion, education and awareness (UNEP 1999),
and regulation. Also, changes depend on perceptions, experi-
ences, and opportunities. For instance, environmental pollution
and loss of biodiversity have caused many to change their values
and attitudes toward the environment. The series of global and
environmental policy initiatives that evolved during the 1970s,
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including the Stockholm Declaration on Human Environment,
the minimum environmental regulation at the domestic levels,
and stakeholders ranging from governments to industry designing
and implementing solutions to environmental problems, signify
the change in values and attitudes of society toward environmen-
tal concerns (Worldwatch Institute 2003).

A specific example is the ‘‘polluter pays’’ principle where cer-
tain environmental goods and services that were once considered
as free are no longer free to use; polluting industries now are
required to internalize costs for using environmental goods and
services. A second example is the case of mechanisms for recycling
of wastes in countries including Japan (Clean Japan Center 1999)
Germany, and the United States (Council on Environmental
Quality 1997) where some are required by law to recycle wastes.
Some geographic regions, including the Arabian Peninsula have
mechanisms to recycle wastewater, solid waste, and waste paper
(UNEP 1999). But where values and attitudes are critically im-
portant to the improvement of environmental protection and sus-
tainable development, their progress is by no means ever assured.

2.2.4.3.1 Empowerment of indigenous and local communities

Anthropologists and ethno-botanists claim that indigenous and
local communities are experts in their environment and know
well how it functions (Hugh-Jones 1999). Their practices may
not be the best, but they have some beneficial attributes for bio-
diversity conservation. In fact, some practices of indigenous and
local peoples are partly responsible for the remaining biodiversity.
Despite these facts, indigenous and local communities have been
struggling with oppression. Their participation in decision-making
processes is limited. Their practices, beliefs, and ideologies have
been disregarded. Their rights to land and property have been
confiscated, disconnecting them from their land and environ-
ment.

Recently, however, indigenous and local communities—with
their practices, knowledge, and innovations that contribute to
conservation—have been given some recognition at the global
level. Article 8 (j) of the CBD, for example, laid foundations for
the use of practices of indigenous and local communities in bio-
diversity conservation (CBD 2003). Principle 22 of the Rio Dec-
laration, Chapter 26 of Agenda 21, Principle 5 of the Forest
Principles, Articles 16 and 17 of the CCD, and the World Heri-
tage Convention (IUCN 1997) have all taken some measures to
enhance the participation of such communities. Participation goes
beyond the mere presence in processes and meetings to include
the use and incorporation of some of practices, ideologies, values,
and laws into the mainstream processes and systems. Possessing
stronger land and property rights is one factor that can contribute
to indigenous and local communities’ participation in conserva-
tion efforts. These communities are among the least likely to re-
ceive some form of education. Occasionally, some of their may
be unsustainable (Forrest 1999), but through education and
awareness raising, unsustainable practices could be corrected. Fi-
nally, funding is needed to encourage conservation, but indige-
nous and local communities are one of the underprivileged groups
that do not possess the funds to carry out activities. (See Box 2.1
for an example of sustainable resource management in Papua New
Guinea.)

2.2.4.3.2 Empowerment of women

Women are most knowledgeable about their environments
through tasks such as food gathering, gardening, washing, clothes
making, and preservation. They are also the first educators of their
children; what they learn through their interaction with their en-
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BOX 2.1

Case Study: Land and Environmental Ethics in Melanesia

The Melanesians and their ancestors were never ecologists, but their
land and environmental ethics are based on reciprocity and balance.
This has contributed to conservation and sustainable use of biodiver-
sity and their well-being to a certain extent. Consequently, Papua New
Guinea now maintains approximately 7% of the world’s biodiversity.
The contributing factors for biodiversity conservation in Papua New
Guinea are social norms, rules, values, and animistic beliefs. In Papua
New Guinea, certain tribes believe that they have descended from
certain animals or plants, which compels them to preserve the plants
or animals. Furthermore, when cutting banana leaves, one is encour-
aged to use the mature leaves rather than the younger ones. Some of
these practices contribute to conservation and sustainable use. As
more than 70% of people in Melanesia live in villages and practice
these lifestyles, encouraging the use of management practices people
are familiar with might be an effective way forward rather than imposing
externally designed management practices.

vironment they pass on to their children. Women are also tradi-
tional healers who are knowledgeable of medicinal plants. They
not only know about using medicinal plants, but are also in a
better position to manage medicinal plants and the general envi-
ronment in a sustainable way. (See Box 2.2.) Despite their knowl-
edge about the environment and the potential they possess, they
have been among the most suppressed groups. Participation of
women in decision-making has been restricted by social and cul-
tural structures. For example, in most societies, women are ex-
cluded from land tenure. However, recently there is a growing
recognition of the role of women in conservation of biodiversity.
They are beginning to organize themselves in numerous ways to
contribute to development. Their empowerment and participa-
tion in shaping ecosystems and human well-being is crucial.

2.2.4.3.3 Empowerment of youth

Today’s youth are tomorrow’s leaders. For them to determine and
lead society, they must be physically, spiritually, and mentally fit.
Although there is the obvious need for empowering youth, a se-

BOX 2.2

Case Study: WAINIMATE and Traditional Medicine

The WAINIMATE is an association of female traditional healers with
the purpose of recognizing and valuing women’s knowledge of conser-
vation of medicinal plants. Studies conducted in Fiji and other parts
of the world showed that women knew more plants than men. The
WAINIMATE is one such group whose members are knowledgeable on
medicinal plants and their uses. Using plants shows that one pos-
sesses the traditional knowledge associated with the plants and also
the know-how to conserve and use them sustainably. One of the tasks
of the WAINIMATE is ensuring that women know that traditional medi-
cines are safe and effective for treating diseases. This initiative is also
found to benefit local people in Fiji who cannot afford chemical drugs.
Women could contribute tremendously to society if they had the oppor-
tunity. WAINIMATE is said to put out their first traditional medicine
handbook.

(Communication with Wana Domokamica, Traditional Healer and Member of WAINIMATE,
June 2001.)
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ries of problems act counter to their empowerment. The youth
of today face problems including unemployment, lack of support
(Neumann 2000), lack of proper education, disease, and crime.
In 2000, the International Labor Organization estimated that 70
million young people, mostly in industrial countries, are unem-
ployed and the number is increasing. A number of sexually trans-
mitted diseases, including HIV/AIDS, are common among
youth. The Henry J. Kaiser Family Foundation reported in May
2000 that teens and young adults comprise one third of the 40
million people living with HIV/AIDS throughout the world.
The Foundation predicts that this is only a tip of the iceberg and
the figure will rise in the future (Henry J. Kaiser Family Founda-
tion 2003; UNFPA 2002).

In many developing countries, deteriorating economic condi-
tions have made education an expensive proposition, and youth
do not attend school because parents cannot afford fees. A ‘‘user
pays’’ policy in some countries (for example, Papua New Guinea)
further exacerbates the problem. When youth are not in school
or employed, they generally do not get much attention; when
their energies are not adequately channeled, they may end up
engaging in criminal activities. In the United States, for example,
crime among youth is high; a report in 2000 by the Federal Bu-
reau of Investigation indicated that 55.1% of the crimes commit-
ted throughout the country were by people below the age of
25 (FBI n.d.). Many issues threatening the youth today in both
developing and industrial societies work counter to their empow-
erment and need special attention.

2.2.4.4 Civil Society, Disobedience, and Protest

Paragraph 150 of the WSSD Plan of Implementation calls for
partnerships and the participation of all actors. History has wit-
nessed major civil disobedience and protests associated with nu-
merous issues ranging from the French Revolution to the Civil
Rights Movement in the United States. Martin Luther King, Jr.,
Mahatma Gandhi, Nelson Mandela, Chico Mendes, and Rosa
Parks have all participated in various forms of civil disobedience
that have left milestone changes in human history.

While boycotts and bans initiated by NGOs may not always
be effective, the role of civil disobedience and protests in guiding
the world back to the right track when it is heading in a risky
direction has historically been a significant one. Thus civil society
disobedience is not about breaking the rule of law, but about
alerting governments to the consequences of their inaction and
bringing to light some of the hidden issues. There have been vari-
ous successful as well as unsuccessful movements, both violent
and nonviolent in nature, throughout the world. A few examples
of such movements are The Ogoni people of Nigeria agitating
against the oil company polluting their environment (Beauche-
min 2001), the Bougainville people of Papua New Guinea oppos-
ing the government and an Australian mining company to stop
environmental degradation and claim compensation for use of
customary land (William 1998), Chico Mendes and his people in
Brazil fighting to protect the rain forest of Brazil (see Box 2.3),
and the Chipko Movement in India. Another recent example is
Greenpeace protests on behalf of the environment that led to the
bombing of its ship, the Rainbow Warrior, by the French Intelli-
gence Agency. Although civil society disobedience and protests
have been instrumental in driving change and maintaining bal-
ance, violent acts are not encouraged.

2.2.4.5 Summary: Social and Behavioral Responses

No one social and behavioral intervention alone can influence
conservation of ecosystems effectively and enhance human well-
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BOX 2.3

Case Study: The Chico Mendes Extractive Reserve
(My Hero 2003; Environmental Defense 2003)

A rubber tapper, environmentalist, and union leader, Chico Mendes
lived with his people in the Brazilian Amazon tapping rubber and col-
lecting Brazil nuts for the last 100 years. Around the same time and
area, rich cattle farmers and industrialists began expanding their activi-
ties into the rain forest, causing major threats to the forests. In re-
sponse, Chico Mendes and his people started a group to prevent the
destruction of rain forest caused by the cattle ranchers and miners. His
group fought for an extractive reserve. During peaceful protests they
often encountered opposition and threats from their opponents and
the government. The confrontation eventually led to Chico Mendes’
assassination in 1988. After his death, pressure from both within and
outside prompted Brazil to consider the work and concerns of Chico
Mendes and his people leading to the establishment of the Chico Men-
des Extractive Reserve, which now covers 97,057,000 hectares.

being positively. A combination of interventions is necessary. To
induce social and behavioral change, a step-by-step process is re-
quired. For instance, for women, civil society, local communities,
and youth to be able to change their attitudes and mentality
toward conservation and well-being, incentive-based initiatives
can be useful. One such incentive that is lacking is balancing
rights and responsibilities of stakeholders. Clear rights and respon-
sibilities create an intimacy that can be the driving force for
change. Education and awareness campaigns are also crucial and
have been used to stress the positive and negative consequences
of why one has to behave in a certain manner. Thus in education
and awareness campaigns, up-to-date and accurate information
can facilitate the tasks effectively. Furthermore, without support
structures, social and behavioral interventions cannot succeed.

2.2.5 Technological Responses

Technological responses are intended to influence the tools (hard-
ware) and procedures (software) people use in their direct inter-
ventions with ecosystems goods and services (for example, fishing
and logging) and in all other activities that affect ecosystems indi-
rectly (for example, emissions of pollutants). Technology can play
a critical role in responding to ecosystem-related problems by
providing a link between human activities and the natural re-
source base. When harnessed to its full potential and developed
with ecosystem objectives in mind, technology can provide sus-
tainable alternatives to polluting industrial processes and harmful
commercial practices. With applications ranging from cleaner and
more efficient production processes; to oil and chemical pollution
control, containment, and recovery; to the potential for sustain-
able agricultural, forestry, and fisheries practices, technology can
provide many environmental and economic benefits.

For the purposes of this chapter, technology is defined as the
products, devices, processes, and practices associated with the
management of ecosystems with special emphasis on harvesting
and using their goods and services, or human activities emitting
harmful substances into the ecosystems. In this sense, technology-
related command-and-control responses comprise a subset of the
more general class of technological responses discussed below.

Technology-related aspects are often included in other re-
sponse options, for example, prescribing technological specifica-
tions as part of command-and-control interventions or under
international trade policies. Nevertheless, most technological re-
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sponse options are concerned with local interventions in bio-
chemical processes of the ecosystems or in harvesting their
services. This section reviews technological response options
along two ordering principles: the target and the timing of inter-
ventions. We draw on a diverse range of technology and techno-
logical development literature, including Rosenberg et al. (1992),
Stoneman (1995), Rosenberg (1994), Grubler (1998), Grubler et
al. (2002).

2.2.5.1 The Target of Responses

Products are targeted by technological responses in the form of
restrictions concerning the quantities and/or quality of the eco-
system product allowed to be removed. They range from specifi-
cations of the age and size of living organisms that can be
harvested to the complete ban on harvesting endangered species.

Devices can be an effective target of technological responses.
Banning the use of harmful devices or prescribing the use of envi-
ronmentally benign devices are convenient ways both to protect
the targeted species of the ecosystem service (leaving the young
generation of the targeted species behind for regeneration) and
to prevent the removal of other species that comprise important
components of the ecosystem.

Processes are another domain where technological responses
can be effective. The sequence of certain operations in the field
or the timing of harvest can make the difference between sustain-
ability and collapse while removing the same amount of ecosys-
tem goods and services for human use. ISO 14000, which is a
series of voluntary standards in the environmental field, is a good
example of such a response option.

Practices as technological responses represent a broader range
of interventions often involving a combination of devices, proc-
esses, and practices. Purposeful or unintended introduction of
new or alien species in an ecosystem or biological control of eco-
system processes as well as the clear cutting versus selective cutting
of forests are examples of practice-related technological responses.

2.2.5.2 Timing of Responses

Different types of technological responses are appropriate, effec-
tive, and promising in different phases of ecosystem status.

Preventive technological interventions can be effective when
the first signs of unfavorable ecosystem changes or deterioration
of ecosystem quality are detected. Whether direct interventions in
the biophysical processes or indirect regulation of the harvesting
technologies and practices, preventive measures can help guide
toward stewardship and sustainable management that satisfies
human needs and at the same time preserves the integrity and
productivity of the ecosystem.

Operative technological interventions incorporate a wide range
of responses that have been or could be used as part of a meaning-
ful adaptive ecosystem management strategy. They involve: mon-
itoring the response of the ecosystem to human interventions;
monitoring changes in the underlying biochemical processes; as-
sessing the unfavorable or undesirable trends; and introducing ap-
propriate technological measures to correct them.

Rehabilitative technological responses intend to correct the
consequences of earlier mismanagement or misuse of ecosystem
services. An explosion of technological measures has taken place
over the past two decades to renew, restore, or rehabilitate de-
graded ecosystems. Literally hundreds of technological measures
have been devised to redevelop soils, surface and subsurface water
bodies, forests and other terrestrial ecosystems, mangroves, wet-
lands, fisheries, and animal populations.
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2.2.5.3 Summary: Technological Responses

The targets of technological responses include products, devices,
processes, and practices. Any or several of these are required in
different stages of ecosystem management including preventive,
operative, and rehabilitative phases. In order for technology to
serve as an effective option for resolving ecosystem-related prob-
lems, an enabling environment needs to be nurtured that allows
environmental technologies to be pursued, developed, dissemin-
ated, and integrated into society. The creation of such an enabling
environment involves social, legal, and economic aspects and
their interactions.

Technological responses represent powerful intervention
mechanisms in ecosystems management. Yet in the past, they have
often turned out to be a double-edged sword. Most technological
interventions provided solutions to the targeted problem, but
some have created undesirable side effects that may have been
more severe than the original problem. As experience accumu-
lates and technological assessment practices improve, such risks
are expected to decline. Nevertheless, the ecosystems themselves
are changing and it will never be possible to eliminate all uncer-
tainties associated with technological interventions; therefore a
reasonable degree of precaution is warranted when considering
and adopting them.

2.2.6 Cognitive Responses

Arguably, the principal cognitive responses to ecosystem-related
problems are either traditional in nature or scientific knowledge.
While other cognitive responses, such as society’s reaction to en-
vironmental change, and different actors’ experiences and skills in
addressing ecosystem-related problem must be noted, this section
focuses on traditional wisdom and scientific knowledge. The sec-
tion reviews the legitimization of traditional and scientific knowl-
edge, as well as the acquisition of scientific knowledge, and
considers how both types of knowledge can be used to respond
to ecosystem-related problems.

Traditional knowledge refers to knowledge held by members of
a distinct culture and to which numerous members of the culture
contribute over time. It is acquired through past experiences and
observations, and through means of inquiry specific to the cul-
ture, and generally concerns the culture itself or its local environ-
ment. Scientific knowledge stems from experimental and theoretical
studies about the natural and social sciences. Legitimization is offi-
cial acceptance and/or recognition that can lead, in the case of
traditional and scientific knowledge, to the development of poli-
cies and measures based on the knowledge legitimized.

2.2.6.1 Legitimization of Traditional Knowledge

Traditional knowledge is relevant to responding to ecosystem-
related problems as it encompasses extensive understanding of
local flora, fauna, and ecological processes; the practice of selec-
tive breeding; utilization of plant and animal species for medicinal,
agricultural, and other purposes, and consequently provides tradi-
tional peoples with the ability to contribute to the implementa-
tion of conservation policies (Mugabe 1999, p. 4; Roht-Arriaza
1996, p. 928). Extensive knowledge of local ecosystems has led to
many instances in which traditional knowledge and practices have
formed the basis for developing agricultural and other products,
and in which traditional remedies have given rise to the pharma-
copoeia of modern medicines. An example from agriculture is an
insecticide based on active ingredients of the neem plant, whose
particular characteristics were discovered thousands of years pre-
viously by indigenous Indian farmers. In the area of traditional
medical knowledge, quinine, now commonly contained in medi-
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cation to prevent malaria, has long been used by Andean indige-
nous peoples to cure fever (Roht-Arriaza 1996, pp. 921–22).

Traditional practices are also an important source of knowl-
edge for sustainable development. Having gone through processes
of trial and error, traditional practices have adapted to local needs
and local ecosystems. Numerous examples of traditional practices
contributing to sustainable development have been recorded in
agriculture (Brookfield et al 2003), water management, and other
areas. Growing recognition of the value of traditional knowledge
and the interest in it in the biotechnology, pharmaceutical, and
human health care industries over the last two decades has resulted
in a correspondingly greater acknowledgment of traditional
knowledge in international environmental law and policy,
thereby contributing to its legitimization.

Traditional knowledge was first addressed at the international
level at the 1992 United Nations Conference on Environment
and Development, which stated that traditional peoples are cen-
tral to environmental management and development due to their
knowledge and practices, and further stipulated that they be em-
powered (Rio Declaration, Principle 22; Agenda 21, Chapter 26,
Para. 3(a)(iii)). Since then, a number of legally binding instru-
ments concerning or including provisions on traditional knowl-
edge have been adopted, and programs of work developed. The
International Labor Organization’s 1991 Convention 169 on In-
digenous and Tribal Peoples in Independent Countries, for in-
stance, highlights the contribution made by indigenous and tribal
peoples to the ‘‘ecological harmony of humankind,’’ and notes
that traditional knowledge shall be incorporated into educational
programs and services for the peoples concerned (ILO Conven-
tion 169, Preamble and Article 27(1)). The Convention on Bio-
logical Diversity provides that contracting parties shall, as far as
possible and appropriate, and subject to their national legislation,
respect, preserve, and maintain traditional knowledge relevant to
the conservation and sustainable use of biodiversity, as well as to
promote its wider application (CBD, Article 8(j)). The Conven-
tion to Combat Desertification stipulates that contracting parties
shall, subject to their national legislation, exchange information
on traditional knowledge and ensure its adequate protection
(CCD Article 16(g), UNCCD 1992). Further, parties are to sup-
port research activities that protect, enhance, and validate tradi-
tional knowledge (CCD, Article 17(1)(c)). Other instruments
contributing to the legitimization of traditional knowledge at the
international level include the Declaration on Science and the
Use of Scientific Knowledge adopted by the 1999 World Confer-
ence on Science (Declaration on Science, Preambular Paragraph
26) and the Draft United Nations Declaration on the Rights of
Indigenous Peoples (Draft UN Declaration, Preambular Para-
graph 9).

In addition to acknowledging traditional knowledge in inter-
national environmental treaties and declarations, some multilateral
development banks have adopted policies that address the impor-
tance of traditional knowledge. This has been done largely as a
consequence of criticism of the detrimental impact of MDB-
funded projects on traditional peoples. For example, the Bayano
hydroelectric dam in Panama led to the forced relocation of 2,000
Kuna and 500 Embera indigenous people from their traditional
territories (World Commission on Dams 1999, p. 15). The World
Bank adopted Operational Directive 4.20 in 1991, which pro-
vides policy guidance to ensure that development projects benefit
indigenous peoples and avoid or minimize adverse effects. The
Directive emphasizes participation of indigenous peoples in de-
velopment projects, stating that traditional knowledge be incor-
porated into the project approach of any project affecting
indigenous peoples (World Bank 1991, Paragraph 8). The Inter-
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American Development Bank and the Asian Development Bank
also refer to traditional knowledge (Inter-American Development
Bank 1990, Guiding Principle C1(b); Asian Development Bank
1998, Paragraph 2(iii) Appendix).

An aspect central to legitimizing traditional knowledge is the
recognition of its origins to traditional peoples as well as the rec-
ognition of its utility and relevance in an array of applications at
broad levels. Possibly the main controversy surrounding the de-
bate on granting intellectual property rights to traditional knowl-
edge holders is the question whether the current international
framework on intellectual property is an adequate forum for ad-
dressing the protection of traditional knowledge (Barsh 2001,
p. 153). This question and the multitude of concerns arising out
of it must be given close consideration in the future.

2.2.6.2 Knowledge Acquisition (Scientific Research) and
Acceptance (Legitimization)
Scientific knowledge is pertinent to responding to ecosystem-
related problems as it generates relevant information on the func-
tioning of ecosystems, and identifies modes of application of this
information, which can contribute to the protection of ecosys-
tems and their components.

Scientific knowledge is commonly acquired through recorded
observations of present events, through the analysis of information
on past and future events, as well as through experimental studies.
In order to respond to ecosystem-related problems based on sci-
entific information, decision-makers both at the national and at
the international level consult and are advised by a variety of bod-
ies. A central role is played by scientific advisors working within
governments, and by bodies specifically set up by governments to
provide them with requested information and advice, such as the
Center for Global Environmental Research, which conducts en-
vironmental research for the Japanese government, or TERI,
which plays a similar role in India. National-level advisory bodies
are complemented at the international level, advisory bodies es-
tablished by intergovernmental processes, such as the Intergov-
ernmental Panel on Climate Change, established in 1988 by
UNEP and the World Meteorological Organization. Outside in-
stitutions providing scientific information include nongovern-
mental, inter-governmental, and industry organizations, research
institutes, and universities.

Acquisition of scientific knowledge through government sci-
entific advisors and advisory bodies is done by submitting infor-
mation requests to the advisors and considering the information
received. In addition to such mechanisms, outside bodies provide
information during stakeholder meetings, through the dissemina-
tion of papers and by lobbying government representatives at
conferences (Yamin 2001, p. 151; French 1996, p. 255–56). A
key aspect in policy-makers’ acquisition of scientific knowledge
is the identification of the most relevant organizations and institu-
tions. This is of particular importance in dealing with ecosystem
degradation and protection due to the large variety of topics this
encompasses, and consequently of organizations working on asso-
ciated issues. Once identified, cooperation with the organizations
and institutions must be ensured by, among other instruments,
establishing effective and continuous communication. Communi-
cation between the IPCC and the decision-making body of the
UNFCCC, for example, takes the form of both organizations at-
tending and addressing each other’s sessions, with the IPCC pre-
senting its reports within a given time frame at meetings of the
decision-making body. These reports are also sent to national
governments, and meetings are held among senior officials, thus
providing representatives of the decision-making body with an
opportunity to submit requests for scientific information.
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With the legitimization of scientific knowledge being
achieved through its acceptance by policy-makers, it is of interest
to consider those aspects that contribute to this acceptance. The
two principal features are the credibility and policy relevance of
the knowledge presented, which are advanced through a series of
characteristics pertaining to the mandate, procedure, and mem-
bership of the body in question. Policy relevance is achieved, for
example, through effective communication. Information is pre-
sented in nontechnical language in a manner understandable and
relevant to policy-makers. Information requests submitted by
policy-makers early in the scientific assessment process are re-
sponded to adequately (Levy 1993, p. 406; Meffe 1998, p. 742).

The credibility of the information presented is determined by
its quality, the transparency of the scientific bodies’ procedures,
and policy-makers’ buy-in into the information. The most widely
used quality-assurance is to submit working papers to peer review
prior to being published; the expertise of advisory body members
is also key in contributing to the quality of the knowledge pro-
duced (Kimball 1996, pp. 100–01, 140, 144; Peterson 1998, pp.
429–30). Policy-makers’ buy-in is in turn attained by including
a government component in the body producing the scientific
knowledge and, in the case of knowledge produced for interna-
tional bodies, by ensuring geographic representation of the advi-
sory body members (Agrawala 1998, p. 628). The Animal and
Plants Committees established under CITES, for example, are
each composed of ten regional representatives.

Finally, it must be noted that the legitimization of scientific
knowledge is not a guarantee for being employed to address
ecosystem-related problems, as governments may be unwilling to
act on the basis of this knowledge if it stands in conflict with other
concerns such as economic or political ones.

2.2.6.3 Summary: Cognitive Responses

This section described the role that the legitimization of tradi-
tional and scientific knowledge, as well as the acquisition of scien-
tific knowledge, plays as a response on ecosystem-related problems.
Traditional knowledge is relevant as it encompasses extensive un-
derstanding of local ecosystems and how they can be effectively
managed and conserved. This knowledge is not always applied as
widely as it might be as policy-makers are often unaware of its
value. Scientific knowledge is also important as it responds to
ecosystem-related problems by generating relevant information
on the functioning of ecosystems, and it identifies modes of appli-
cation of this information, which can contribute to decision-
making and to the protection of ecosystems and its components.

2.2.7 Typology of Responses: Summary

Policy-makers have available an array of responses for sustainable
management of ecosystems for ensuring human well-being. These
responses are classified according to a typology of legal, economic,
social and behavioral, technological and cognitive interventions.
The chapter presents the typologies as one-dimensional and does
not account for potentially complex interplay among many of the
responses. Since the direct and indirect drivers of ecosystem
change also interact in complex ways, choosing the most effective
responses may depend on identifying interplay among the drivers.
This is not the focus of this section. Instead, it offers a snapshot of
the basic functional relationships between responses and how they
work systemically together.

The responses are guided by an institutional framework that
sets the rules of the game. The rules may be formal or informal.
Legal responses serve a ‘‘command and control’’ function. Formal
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laws govern much of the operationalization of many of the other
responses. At the international level, law tends to be weaker but
is an area increasing in scope and function. Even when strong
international legal responses do exist and are applied, effectiveness
is highly dependent upon enforcement systems and the nature and
degree of national-level acceptance. Conversely, domestic laws
are usually backed up by strong enforcement systems. In general,
ecosystem-related legislation, whether domestic or international,
has tended to be weaker than economic and social legislation.
With growing recognition of the dangers of environmental deg-
radation and the need to protect ecosystems for intra- and inter-
generational well-being, legal responses would gain strength. All
legal responses, no matter what the scale, usually remain static
without implementation, compliance, and enforcement in re-
spective jurisdictions.

Economic and financial interventions are an effective policy
tool to regulate the use and overuse of ecosystem goods and ser-
vices. These response options are based on the premise that
human beings are driven to maximize their economic welfare.
Thus market mechanisms framed within the context of legal rules
provide powerful incentives for people to moderate their behav-
ior. Manipulating economic and financial factors can powerfully
alter how ecosystems goods and services are valued and traded.
The various types of economic interventions are combined in
many cases to achieve an effective regulatory regime. The effec-
tiveness of the economic intervention mechanism, however, is
moderated by the fact that socioeconomic conditions vary from
society to society.

Fundamentally the objective of legal and economic responses
is to change human behavior by changing incentives. But human
behavior can also change according to changing norms and values
driven by cognitive factors. For example, by empowering people
in the political realm, harm to ecosystems because of the corrup-
tion of a few can be mitigated. Women, civil society, local com-
munities, and youth tend to demonstrate a strong aptitude for
ecosystem stewardship because they are more directly dependent
on ecosystem services for sustenance. Through the conferral of
rights, liberties, and responsibilities, and through education and
information dissemination, disempowered people gain advantages
so as to protect their ecological patrimony. Participation and in-
clusiveness are important for instilling attitudes of stewardship.

Technological responses allow humans to mitigate their effects
on ecosystems by allowing less dependence on them, by lowering
anthropogenic impact, or by helping to restore degraded ecosys-
tems. Technology, however, carries with it risks that cannot be
fully accounted for in practice. Moreover, the right technology is
often times unavailable in an equitable manner. The risk of side
effects and unintended consequences of technological fixes make
it imperative that proper evaluation and risk assessment be carried
out before resorting to this response.

Knowledge underlies all types of responses. Institutional
change is sometimes necessary in order to adapt to changes in the
social and physical world. Such change is often instructed by new
knowledge. Legal instruments must reflect new knowledge so
that law is not illegitimate, leading to non-conformity and revolt.
Knowledge and learning are also important factors in determining
how market conditions change and thereby altering existing rela-
tionships of humans with nature. Knowledge is fundamental to
belief systems, attitudes, values, and norms. Given the role that
knowledge plays in forging cognitive processes, creating knowl-
edge, applying it to concrete problems, and disseminating it are
also important options for policy response.
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2.3 Responses by Impact on Drivers
The MA conceptual framework (MA 2003) identifies the numer-
ous and diverse events and processes affecting ecosystems as driv-
ers. A driver is defined as any natural or human-induced factor
that directly or indirectly causes a change in an ecosystem. These
factors are structured into two broad categories: direct drivers and
indirect drivers. Direct drivers are factors that unequivocally influ-
ence ecosystem processes and therefore can be identified and
measured to differing degrees of accuracy. Direct drivers can be of
anthropogenic or natural origin. In contrast, indirect drivers operate
more diffusely, from a distance, and often by altering one or more
direct drivers. Accordingly, an indirect driver can seldom be iden-
tified through direct observation of the ecosystem; its influence is
established by understanding its effect on a direct driver.

This section assesses the main categories of responses defined
above with respect to their impacts on the direct and indirect
drivers of ecosystems change. The assessment is organized around
two matrices in which response options and drivers represent the
two axes. Each cell contains a pair of entries. The first entry indi-
cates the effectiveness of the response in influencing the driver: to
what extent can the given response be expected to modify the
driver. On a scale of 1 to 5, higher marks indicate the higher
expected effectiveness of the response. It is important to note that
effectiveness in the following discussion is an assessment of the
expectation that the given intervention is capable of bringing
about the desired change in individual and/or social behavior. It
is not to be confused with economic efficiency (cost-effectiveness)
that measures the costs of an intervention. The second part of each
entry shows the proximity of the response option to the targeted
driver: how long is the chain of the cause-effect mechanisms from
the response to the driver. The smaller the number of transmission
steps in the response process is, the higher the mark assigned to
the response option. The entries denote general assessments that
represent the average performance of interventions across a diver-
sity of ecosystems and social conditions. Ecosystem-specific assess-
ments in chapters in Part II of this volume fluctuate around these
values accordingly; the broad appraisal below provides a useful
background to the more detailed discussions in Part II.

It is important to point out that entries in these tables, espe-
cially those concerning the effectiveness marks, represent esti-
mated average values under ‘‘normal’’ socioeconomic conditions:
rule of law and order, void of war and chronic corruption. Even
under such conditions, the actual effectiveness may well vary
somewhat depending on the prevailing sociocultural circum-
stances. Nevertheless, the tables broadly reflect current thinking
about the possibilities of having an impact on different kinds of
direct and indirect drivers of ecosystems change.

2.3.1 Direct Drivers

The list of direct drivers defined by the MA includes land use and
land cover, species introduction and removal, technology adop-
tion and use, external inputs, harvest and consumption, climate
change, and natural physical and biological drivers. Table 2.1 pre-
sents the estimated effectiveness and the length of the causal chain
of the various legal, economic, social, technological, and cogni-
tive responses in influencing these direct drivers. Natural drivers
are not included in this table because they by definition cannot
be affected by response options.

Land use and land cover as direct drivers of ecosystems change
can be most effectively controlled by domestic regulatory law and
command-and-control interventions. These measures typically
take the form of land zoning and of establishing natural parks or
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nature reserve areas. Empowering communities so that they can
take the responsibility for their own lands can also be an effective
option, especially if this is coupled with arrangements to legiti-
mize traditional knowledge. In some cases, international treaties
(like the CCD and the Ramsar Convention) provide the broader
framework and additional motivation for domestic regulation but
their effectiveness remains relatively low compared to domestic,
national, and local interventions.

International agreements are also part of the response strategies
in preventing species introduction and removal as well as external in-
puts, but domestic arrangements are more powerful in these cases
as well. Domestic regulation and command-and-control type in-
terventions at the national and local levels are most effective legal
and economic responses. Empowerment of communities and the
legitimization of traditional knowledge appear to be especially
promising responses to control species introduction/removal and
external inputs at the local level.

Similar to the cases of the previous two direct drivers, the
adoption and use of specific technologies are most effectively controlled
through domestic legal, economic, and social responses. Outright
ban of ecologically harmful technologies and promotion of envi-
ronmentally benign technologies by financial and monetary mea-
sures usually work. When empowered to manage their own
resources, communities are also expected to make their techno-
logical choices by considering protection requirements. Interna-
tional trade policies, nevertheless, are likely to have increasing
effects on technology adoption and use in appropriating ecosys-
tems goods and services for international markets.

Harvest and consumption represent a mixed driver category.
While harvest decisions are mostly made locally, part of the
demand for ecosystems products can be triggered by remote con-
sumption preferences. Domestic regulatory law and command-
and-control interventions are conceived to be effective instru-
ments to control harvesting technologies and the amount allowed
to be harvested. Empowered communities are often capable of
harmonizing harvest and protection concerns.

Climate change as a driver of ecosystems change represents a
distinct case. An international legal framework is required to put
the corresponding domestic regulatory mechanisms in place.
Command-and-control as well as incentive-based instruments can
be helpful in the implementation. International trade policies can
usefully complement both international legal and domestic eco-
nomic responses. Incentives for innovation and technological R&D
are considered to be very effective response options, especially over
the long term. In contrast, social responses, especially community-
oriented measures, seem to be less important here.

2.3.2 Indirect Drivers

The MA identifies a broad set of indirect drivers that play a role in
ecosystems changes. The list comprises demographic, economic,
sociopolitical factors, science and technology, as well as values,
culture, and religion. Table 2.2 shows the effectiveness of the re-
sponse options in influencing these drivers and their proximity to
the drivers.

Demographic drivers can mainly be influenced by domestic in-
terventions, primarily by constitutional and regulatory law and
explicit population policies and public education; economic
command-and-control regimes, incentive-based, and financial
measures can also play some role. The influence of international
law on demographic drivers is limited to their implications for
international migration flows (magnitude, direction).

Several response options in each main response category can
effectively influence economic drivers of ecosystems change. Inter-
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Table 2.1. The Relationship between Response Options and Direct Drivers of Ecosystem Change. The first number indicates the potential
effectiveness of the response options to influence the driver. The second number shows the proximity of the response option to the driver.

Direct Drivers

Land Use, Species Introduction Technology Adoption Harvest and
Responses Land Cover and Removal and Use External Inputs Consumption Climate Change

Legal

International treaties 2/1 3/1 2/1 1/1 1/1 5/4

International soft law 1/1 1/1 1/1 1/1 1/1 3/4

International customary law 1/1 1/1 1/1 1/1 1/1 3/4

International agreements 2/1 2/1 2/1 2/1 2/1 2/3
outside the environmental
sector

Domestic environmental 5/5 5/5 5/5 5/5 5/5 5/5
regulations

Domestic administrative law 4/4 3/3 3/3 3/3 3/3 3/3

Domestic constitutional law 5/2 1/2 1/2 1/2 1/2 2/1

Domestic legislation outside the 3/4 3/4 3/4 3/4 3/4 3/4
environmental sector

Economic

Command-and-control 5/5 5/5 5/5 5/5 5/5 5/5
interventions

Incentive-based 4/5 3/4 5/5 5/5 5/5 4/3

Voluntarism-based 3/5 2/3 2/4 3/3 4/3 2/3

Financial/monetary measures 4/5 3/4 5/5 2/3 3/3 3/3

International trade policies 4/4 4/4 3/2 1/2 4/3 4/4

Social and Behavioral

Population policies 3/3 3/3 2/2 3/2 3/3 3/3

Public education and 3/5 3/5 3/5 3/5 3/5 3/5
awareness

Empowering communities 4/5 4/5 4/5 4/5 4/5 3/4

Empowering women 4/5 4/5 4/5 4/5 4/5 3/4

Empowering youth 3/4 3/4 3/4 3/4 3/4 3/4

Civil society protest and 2/5 1/5 1/5 1/5 1/5 1/3
disobedience

Technological

Incentives for innovation and 3/3 2/2 3/5 2/2 4/5 5/3
R&D

Cognitive

Legitimization of traditional 3/5 3/5 1/5 1/5 3/5 1/5
knowledge

Knowledge acquisition and 3/5 3/5 3/5 3/5 3/5 3/5
acceptances

national environmental treaties, customary law, and non-environ-
mental agreements influence the ways in which ecosystems goods
and services are harvested, used, and traded beyond national bor-
ders. Domestic environmental regulation and non-environmental
legislation are the key domestic legal instruments to alter eco-
nomic drivers. Obviously, the full arsenal of incentive-based, fi-
nancial and monetary, and command-and-control interventions
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can be used rather effectively to induce changes in the economic
drivers of ecosystem change. Some social responses are also avail-
able in the form of public education and awareness, and commu-
nity empowerment.

The sociopolitical drivers are more closely tied to the local and
national social and political conditions, but an increasing number
of international arrangements, especially international customary
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Table 2.2. The Relationship between Response Options and Indirect Drivers of Ecosystem Change. The first number indicates the
potential effectiveness of the response options to influence the driver. The second number shows the proximity of the response option to the
driver. Blank cells mean the response is not applicable to the driver.

Indirect Drivers

Scientific and Cultural and
Response Demographic Economic Sociopolitical Technological Religious

Legal

International treaties 4/4 3/4 2/4

International soft law 1/3 1/4 2/4 3/4 2/4

International customary law 1/1 5/5 5/5 2/4

International agreements outside the 2/1 3/4 3/3 2/3 2/2
environmental sector

Domestic environmental regulations 5/5 5/5 5/5 4/4 5/5

Domestic administrative law 2/3 2/3 2/3 2/3 2/3

Domestic constitutional law 4/5 3/4 5/5 5/5

Domestic legislation outside the environmental 5/5 5/5 5/5 4/4 5/5
sector

Economic

Command-and-control interventions 5/5 5/5 4/5 4/5 5/5

Incentive-based 3/5 5/5 4/4 4/4 3/4

Voluntarism-based 2/4 2/4 2/3 4/4 4/5

Financial/monetary measures 3/5 5/5 3/4 4/5 3/4

International trade policies 4/5 4/5 4/5 3/4

Social and Behavioral

Population policies 5/5 1/3

Public education and awareness 4/5 4/5 4/5 4/5 4/5

Empowering communities 3/4 4/4 5/5 3/4 4/5

Empowering women 3/4 4/4 5/5 3/4 4/5

Empowering youth 2/3 3/3 4/4 2/3 3/4

Civil society protest and disobedience 1/5 1/5 1/5 1/5 1/5

Technological

Incentives for innovation and R&D 4/4 3/3 5/5

Cognitive

Legitimization of traditional knowledge 2/5 2/5 2/5 3/5

Knowledge acquisition and acceptances 2/5 2/5 2/5 2/5 2/5

law, might affect them. Nonetheless, domestic environmental and
non-environmental regulations remain the main instruments to
sway sociopolitical drivers in the legal realm. Not surprisingly, the
social response options are likely to play the key role when such
drivers of ecosystems change need to be addressed with education
and empowerment of communities as the most promising ones.

Scientific and technological drivers appear to be more difficult to
influence. The various economic responses and domestic legal
regulation are the most promising avenues but public education
and awareness raising about the ecological impacts of the technol-
ogies may also be effective responses in some cases.

Possibly the most controversial drivers and also the most dif-
ficult to control are the cultural and religious drivers. Two possible
strategies are apparent from Table 2.2. The first one is blunt pro-
hibition or prescription in the form of domestic constitutional or
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regulatory laws or by economic command-and-control interven-
tions. The second avenue is to influence cultural and religious
drivers through public education and awareness raising.

2.3.3 Responses and Drivers: Summary

It is important to recall that the effectiveness marks in Tables 2.1
and 2.2 indicate the prospects for success to achieve a given eco-
logical, technological, or biophysical target. These values say
nothing about the social costs of implementing the given re-
sponse, let alone the economic efficiency (cost effectiveness) of
the response option. These issues are discussed in Chapter 3. The
economic efficiency of any response option crucially depends on
the socioeconomic and institutional context in which, and on the
resource/ecosystem problem to which, it is applied and thus it is
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impossible to assess at the general level of discussion in this chap-
ter. Chapters in Part II of this volume provide more detailed dis-
cussion of the relative merits of applying different response
options to different ecosystems goods and services.

Two clusters of response options emerge as potentially effec-
tive in altering direct drivers. Considering the effect of indirect
drivers of ecosystems change on direct drivers, it seems to be dif-
ficult to override those effects and use responses other than pre-
scriptive regulatory measures like domestic legal regulation or
command-and-control instruments, although in some cases
incentive-based economic responses may work as well. Land zon-
ing, the prohibition of introducing or removing species, or the
ban of certain technologies or inputs are hard and blunt tools
to achieve clearly defined ecological objectives. The economic
efficiency of such responses can nonetheless be improved by using
incentive-based instruments (like tradable permits) in the imple-
mentation phase.

The second cluster of promising responses to affect direct
drivers can be found in the social domain. Empowering commu-
nities and social groups close to and crucially depending on the
ecosystem or resource base can be effective in mitigating ecosys-
tems problems when communities establish generally accepted
rules of access to, and harvest or use of, ecosystems goods and
services.

Indirect drivers are the ultimate causes of ecosystems problems
but they involve a broad range of demographic, economic, social,
and technological factors. In a globalizing world, there is an in-
creasing influence on indirect drivers from international legal and
economic agreements. Nevertheless, the domestic regulatory re-
sponses and the domestic legislation outside the environment sec-
tor including them stand out as the most effective options. They
are usefully complemented by economic responses, especially
those based on incentives or involving command-and-control
measures.

In the domestic realm, the pattern is rather obvious: economic
responses, especially command-and-control, incentive-based, and
financial and monetary responses dominate the options to affect
economic driving forces. Social responses, primarily empowering
communities, are most effective in influencing sociopolitical as
well as cultural and religious drivers. Incentives for innovation
and research and development are the most direct and most effec-
tive ways to sway scientific and technological drivers but eco-
nomic responses, especially incentive-based ones, are also valuable.

2.4 Responses by Actors

2.4.1 Key Responses Available to the Government
Sector

Governments at all levels, through laws, regulations, and other
policy decisions, are key actors in the protection of ecosystems.
Their actions can be direct or indirect.

Direct actions by governments to protect ecosystems by limit-
ing or prohibiting commercial exploitation are the most easily
understood and analyzed. Protection of land as parks, wilderness
areas, etc., is the most obvious and visible of such actions. Such
protection is often accompanied by efforts to counteract previous
ecosystem degradation. There are also many other approaches,
which, while stopping short of full protection, promote sustain-
able development and use of ecosystems, for example, community-
based natural resource management (Viet et al. 2001).
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At both the national and international levels, governments also
act to protect species, habitats, and specific land types with poli-
cies that do not fully protect land. These policies either limit the
types of activities that can occur on the land or promote activities
that will limit or reverse ecological damage. CITES (www.cites
.org) is an example of an international policy to protect species;
the U.S. Endangered Species Act (www.endanagered.fws.gov)
and India’s National Policy and Action Plan on Biodiversity, 2000
(Indian Government 2001) are examples of policies at the national
level. The Convention to Combat Desertification (www.unccd
.int), with its requirement for national, sub-regional, and regional
action plans to limit and reverse the spread of desertification, is an
example of a policy at both the national and international levels,
that is aimed at protecting both habitats and land types. U.S. regu-
lations on the protection of wetlands (Clean Water Act, Section
404; www.epa.gov/owow/wetlands/regs/sec404.html) and the
Central American Forest Convention (Aguilar and Gonzalez
1999) are examples of such policies at national and regional levels.

Many government policies implemented for other reasons af-
fect ecosystems. Some of these policies have negative impacts on
ecosystems, and their removal can be a response option. Examples
of policies that can have a negative impact on ecosystems include:
• building of roads, dams, and other civic infrastructure that di-

rectly destroy habitats or open areas to more intensive settle-
ment;

• agricultural policies, including subsides and unsustainable irri-
gation, that promote the cultivation of marginal land or over-
use of existing farmland; and

• economic development policies that promote urbanization
and strain water supply and other resources.
While these negative outcomes are often considered ‘‘unin-

tended consequences,’’ analyzing policies from a sustainable de-
velopment perspective will often warn of potential negative
outcomes. Environmental impact assessments are a useful tool in
conducting the environmental portion of such an analysis.

2.4.2 Key Responses Available to the Private Sector

The private sector, that is, business and industry, is often portrayed
simply as an exploiter of ecosystem goods and services. However,
as a major user of ecosystem goods and services, the private sector
can play an important role in the protection of ecosystems. The
private sector acts at three levels: in partnership with govern-
ments, in partnership with other stakeholders, and on its own.

Partnerships between the private sector and government
occur both formally and informally. An example of a formal ar-
rangement was the partnership between TotalFinaElf and the Bo-
livian National Oil Company, YPFB, to minimize the ecological
impacts of oil exploration in Bolivia’s Madidi National Park
(www.ipieca.org/downloads/biodiversity/sens_envir_case_studies/
TotalFina Elf_bolivia.pdf ).

Informal partnerships can develop in a number of ways. In
1970, S.C. Johnson began purchasing pyrethrum, a natural insec-
ticide, for use in its products from the Pyrethrum Board of Kenya,
the agency that controls and operates the pyrethrum business in
Kenya. Over the years this relationship grew from a simple supplier–
purchaser interaction into a collaborative effort with a strong
degree of knowledge and technology exchange. Promotion of
pyrethrum cultivation is beneficial to ecosystems in two ways:
pyrethrum requires little fertilizer or pesticide input and it pro-
duces a natural product that can be used to reduce insecticide
usage for other applications (www.wbcsd.org/web/publications/
technology-cooperation2.pdf, pp. 39–46).
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Partnerships between the private sector and other stakeholders
can be very effective in encouraging more sustainable use of eco-
systems. This was the case when Bayer CropScience conducted a
pilot program of its integrated crop management program in Bra-
zil. The goals of this program were to use the full range of weed
and pest control techniques to reduce dependence on chemical
agents and lessen potential impacts on ecosystems. Other stakehold-
ers included local government authorities and farmers’ associations
(see www.wbcsd.org/web/publications/technology-cooperation
2.pdf, pp. 9–17). The pilot was successful and was used as a basis
for a larger program in Guatemala.

Finally, private sector companies often act on their own in
undertaking efforts to preserve and enhance the ecosystems in
which they are working. Since environmental law and regulation
is now comprehensive in most parts of the world, these efforts
usually entail going beyond specific legal requirements. Rio Tinto
has done this in Madagascar where it has put in place a team of
Malagasy environmental professionals to carry out research and to
monitor the progress on restoration of a biodiverse area in which
the company is mining ilmenite. The goal is restoration of the
forests and wetlands that are important not only as habitats but for
the economic well-being of the local community (www.wbcsd
.org, see case studies).

2.4.3 Key Responses Available to the Local
Community

The importance of traditional and local managers in stewarding
ecological resources is obvious. They are the actors who have to
implement many government policies and their commitment, or
lack thereof, to these policies can determine their success or fail-
ure. For example, many anti-desertification policies tried in the
Sahel in 1970s and 1980s failed because they did not take local
socioeconomic factors into account (OCEE 1996). Conversely,
the Kikori Integrated Conservation and Development Project, a
partnership between ChevronTexaco and the World Wildlife
Fund in Papua New Guinea, which protected some of the world’s
rarest wildlife and promoted the sustainable development of local
communities, was a success because it involved local communities
in project planning and execution. The World Bank called this
project ‘‘a model for other resource developers operating in eco-
logically sensitive areas’’ (www.ipieca.org/downloads/biodiversity/
sens_envir_case_studies/ChevTex_PNG.pdf ).

The knowledge that traditional and local managers bring as
part of an informed public participation process can be invaluable
in defining the ecological risks and ways of avoiding them.

2.4.4 Key Responses Available to NGOs

Advocacy groups, traditional environmental groups as well as
social justice groups, play an important role in education and
awareness-raising. They are often the first to call attention to the
potential ecological impacts of proposed developments, and often
play an important role in developing detailed information about
the magnitude and extent of potential impacts.

Advocacy groups can play an important role in empowering
local communities and other stakeholders. The benefits of public
participation can be achieved only when the public has sufficient
information about an issue to make an informed decision. For
example, the economic benefits of development are usually well
advertised, but their ecological costs may be hidden. Advocacy
groups can provide information on those ecological costs, allow-
ing local communities and other stakeholders to make informed
choices.
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Advocacy groups also play a critical role in mobilizing stake-
holders at the national and international level. Again, education
and public awareness are the key factors. Successful campaigns to
save baby harp seals and raise the level of concern about endan-
gered species could not have occurred without the international
education and public awareness campaigns undertaken by envi-
ronmental advocacy groups. Advocacy groups also develop and
promote innovative approaches to ecosystem protection, for ex-
ample debt-for-nature swaps which have been promoted by
WWF and Conservation International (www.fao.org/docrep/
w3247e/w3247e06.htm).

While advocacy groups often assume an adversarial posture,
they also work in partnership with governments and the private
sector to achieve mutual goals. An example is the partnership be-
tween the government of Bolivia, Fundacion Amigos de la Natu-
raleza, the Nature Conservancy, and three U.S. energy companies
to protect over 60,000 hectares of the Noel Kempff Mercado Na-
tional Park, one of the most biological diverse areas in the world
(http://nature.org/initiatives/climatechange/work/art4253.html).

Finally, advocacy groups can act on their own to protect eco-
systems. For example, the Nature Conservancy (www.nature.org)
has bought or otherwise protected over 40 million hectares of
threatened ecosystem.

2.4.5 Responses and Actors: Summary

Table 2.3 shows the relationship between responses and actors.
Across the top of the table are the actors that range from govern-
ments to civil society groups. Down the rows are the various
responses, from legal to cognitive responses. There are two num-
bers in each cell; the first number is the availability of the response
to the actor. The numerical range is from one to five; a higher
number indicates that the response is readily available to the actor
while a lower number actor indicates that the response is either
not available or seldom used. The second number in the cell
shows the effectiveness that the actor has in using the correspond-
ing response. A high number shows that the actor could effec-
tively use the response and a lower number shows that the actor
would have little effective result from using the response.

The tallies indicate some clear patterns of availability and ef-
fectiveness. Governments predominately have the widest range of
responses available to them compared to other actors. Legal re-
sponses are only available to governments though other actors
may be able to challenge legal responses through dispute settle-
ment and judicial action or through influencing law-making ne-
gotiations through education and lobbying. The predominance
that the government has over legal response options results from
its control of the authority to make laws and the economic power
to implement decisions. The effectiveness of these responses may
vary and, though the response may indeed have the potential to
change behavior, the implementation may be subject to socioeco-
nomic factors that result in outcomes that are less than effective.

Social, economic, technological, and cognitive responses are
generally only available to nonstate actors. The private sector
tends to exercise control over financially based responses where it
can create incentives for technological change, such as research
and development, or where it has the financial power to imple-
ment the response. Incentive-based research and development is
an important response for the private sector and one, in which it
exercises considerable control; if used for the development of new
products to protect and conserve ecosystems, it can be an effective
response. Volunteer-based responses also tend to be an effective
response, as business and industry prefer self-regulation and the
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Table 2.3. The Relationship between the Responses and the Actors. The first number in a cell is the availability of the response to the
actor. The second number shows the effectiveness the actor has in using the response. Blank cells mean the response is not applicable to
the actor.

Actors

Response Government Private Sector Local Communities NGOs

Legal

Treaties 5/5

International soft law 2/5

International customary law 3/5

International agreement; legislation outside environment sector 3/5

Domestic environmental regulations 5/5

Domestic administrative law 3/5

Domestic constitutional law 4/5

Domestic legislation outside the environmental sector 4/5

Economic

Command-and-control interventions 5/5

Incentive-based 5/5 5/5 2/3 2/4

Voluntarism-based 3/5 4/5 4/5 4/4

Financial/monetary measures 5/5 5/4 3/3 3/3

International trade policies 4/5

Social and Behavioral

Population policies 5/4 3/4 4/3 3/4

Public education and awareness 5/3 4/5 4/5 4/5

Empowering youth 3/5 4/5 4/5 4/5

Empowering communities 3/5 4/3 5/5 5/5

Empowering women 3/5 4/3 5/5 5/5

Civil society protest and disobedience 1/5 1/5

Technological

Incentives for innovation R&D 5/4 5/5 5/4 5/4

Cognitive

Legitimization of traditional knowledge 5/2 5/5 5/5

Knowledge acquisition and acceptances 5/3 4/3 3/2 4/4

flexibility to choose their own response instead of having these
responses imposed by government. Education and awareness rais-
ing can also be effectively used by the private sector, though often
these types of responses are not employed for the betterment of
ecosystems but for marketing and sales.

Local communities and NGOs tend to have at their disposal
social polices that educate, empower, or provide information and
knowledge to change values, perceptions, and attitudes. Civil dis-
obedience and protest may also be readily available to these actors,
but the effectiveness of these responses is normally very low com-
pared to other responses. Local communities and NGOs also play
an important role in the legitimization and use of traditional
knowledge, which is critical for understanding the complex sys-
tematic relationships between humankind and nature—a relation-
ship that is not always understood by modern or scientific
knowledge.

Innovation incentives for research and development are avail-
able to all actors, but in very different aspects. Whereas govern-
ment and the private sector play important roles in providing the
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means for innovations, NGOs and local communities can set
agendas either by defining the necessity for new technology and
the need for practical applications of technology or by promoting
greener ecosystem technologies through education, dissemina-
tion, and lobbying.

In discussing the various actors and the key responses available
to them, this section has shown the limitations of responses avail-
able to nonstate actors compared with those available to govern-
mental actors. Nevertheless each actor plays an important role in
implementation and propagation of behavioral and ecosystem
change.

2.5 Response Options by Scale of Operation of
Decision-maker
Ecosystem related problems require policy responses that correlate
to the scale of the problem. In the natural sciences, scale has tradi-
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tionally been a prominent issue; but only recently has this issue
come to the fore in discussion of policy responses to environmen-
tal problems. This section examines the different response options
according to their scale and discusses appropriate pairing of the
scale of the environmental problems and responses. Response
options are determined by their jurisdictional reach, or by the
decision-makers’ authority to craft such a response. Thus the sec-
tion examines the scale of various state-sanctioned response op-
tions, as well as the physical and political considerations that affect
them.

2.5.1 Global/Universal Responses

Global responses to ecosystem problems are warranted when
those problems are universal in nature—potentially affecting all
people and ecosystems of the planet. Although there are numer-
ous problems of this nature, there are few truly universal response
options. Customary international law, defined above as, ‘‘a gen-
eral practice accepted as law,’’ is the main response option that is
universal, for customary law is binding on all states, irrespective
of their accession status to a particular treaty. The majority of
global environmental problems, however, are addressed through
multilateral solutions.

2.5.2 Multilateral Agreements

In contrast to customary international law, multilateral treaties are
binding only on those parties that sign and ratify them. Much of
the body of international environmental law has arisen through
multilateral treaty-making. Examples range from the Basel Con-
vention on the Control of Transboundary Movements of Hazard-
ous Wastes and their Disposal to the Convention on International
Trade and Endangered Species of Wild Fauna and Flora.

Climate change, often cited as one of the most complex envi-
ronmental challenges facing society, demonstrates the need for
multilateral response options. The Intergovernmental Panel on
Climate Change noted in its Third Assessment Report that
changes to atmospheric composition will have consequences for
future levels of mean temperature, precipitation, sea level, and
the occurrence of extreme events (IPCC 2001). Because climate
change has the potential to affect all human beings, the policy
response has been to draft multilateral legal instruments. The
UNFCCC and the Kyoto Protocol rely on Hardin’s model of
‘‘mutual coercion, mutually agreed upon,’’ whereby parties mu-
tually agree to limit their emissions of carbon dioxide. Other mul-
tilateral responses that ascribe to mutual coercion and preserve
open access to resources include the Montreal Protocol, the CBD,
and the Antarctic Treaty.

Most often, multilateral response options are appropriate for
common pool resource problems, when the resource in question
is both rival (one person’s consumption will diminish another
person’s) and non-excludable (under current policy arrangements,
no one can be barred from consuming said resource). Multilateral
responses can include Hardin’s model of mutual coercion, though
the effectiveness may diminish with complex ecosystems or nu-
merous actors. Restricting the transboundary movement of haz-
ardous waste, for example, provides an incentive to reduce the
production of this waste and to ensure its safe disposal, either
within a party’s borders or with the explicit prior informed con-
sent of the recipient party.

However, this model of cooperation under anarchy presents a
number of problems (Oye 1986). The greater the number of
actors involved, the more difficult cooperation becomes. In addi-
tion, lengthy time horizons, as with the issue of climate change,
often provide a disincentive for cooperation. However, actors
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who are forced to negotiate with each other over time, and across
a number of issues, are more likely to cooperate, and less likely to
free-ride.

2.5.3 Plurilateral Agreements

Plurilateral agreements address regional problems, often trans-
boundary in nature. These issues require the participation of those
parties affected by the problem, but need not involve states be-
yond the area of that ecosystem. For example, the United Nations
Conference on Straddling Fish Stocks and Highly Migratory Fish
Stocks, creates a framework and specific guidelines for regional
and sub-regional management of migratory fish stocks. It builds
upon an existing multilateral treaty, the U.N. Convention on the
Law of the Sea, but adds much stronger incentives for compli-
ance. Vessels found to be in violation may be banned from fishing
the area covered by the regional agreement.

The Regional Seas Programme, run by UNEP, is another ex-
ample of a set of plurilateral agreements. Of the seventeen separate
bodies of water covered by the various programs, twelve have
corresponding conventions and, in most cases, one or more pro-
tocols. These have been enacted to tailor policy responses to the
environmental characteristics of and threats to each specific body
of water. Each program includes the participation of all nations
surrounding a given sea and takes measures to protect it against
threats, including pollution, overexploitation, invasive species,
and global change.

2.5.4 Bilateral Agreements

Bilateral agreements, like plurilateral agreements, are often estab-
lished to respond to transboundary problems. One of the older
examples is the International Joint Commission, established in
1909 by the United States and Canada to manage shared water
bodies. Years later, in 1972, the two countries created the Great
Lakes Water Quality Agreement, to manage the transboundary
freshwater Great Lakes. This formal bilateral agreement, amended
in 1978 and 1987 to set more stringent goals for ecosystem man-
agement, lay the foundation for an extensive network of actors to
cooperate in joint management efforts (Karkkainen 2004). Similar
bilateral agreements have been established in southern Africa to
create joint water commissions for the management of shared
watercourses; on the whole, these demonstrate a clear political
commitment by the states involved, to create frameworks to facil-
itate joint management of watercourses water projects (Giordano
and Wolf 2003).

2.5.5 National Policies

Though multilateral agreements involve the consensus of a group
of nations, such instruments often fall to the national level for
implementation. For example, the frequent amendments of the
Montreal Protocol kept pressure on parties to phase out chloro-
fluorocarbons and other ozone-depleting substances, which in
turn increased the effectiveness of the agreement. However, na-
tional policies need not always be in response to an international
mandate. They are more often the product of public opinion or
policy priorities of law-makers of that nation. For example,
though the Kyoto Protocol has yet to enter into force, a number
of nations have taken extensive measures to attempt to meet the
negotiated reductions within the timetable of the first commit-
ment period.

2.5.6 State/Province-Level Responses

Similarly, states or provinces can take actions on the basis of a
national mandate or simply implement policies autonomously. In
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the United States, the state of California, for example, has adopted
a number of its own policies to curb greenhouse gas emissions,
despite the fact that the United States has stated that it will not
accede to the Kyoto Protocol. Thus California is not legally re-
quired to take these measures, but rather chooses to do so of its
own accord. Nonetheless, in the past two years, California has
established a greenhouse gas registry, and will require car manu-
facturers to meet certain fleet standards from 2009 onward.

2.5.7 Local Responses

Like state and national response options, local responses to envi-
ronmental problems can be in response to a mandate from a larger
jurisdiction, or can be autonomous, taken to resolve issues specific
to that area. An effort between communities and localities to
jointly manage forest tracts in India is such an example (Sarin
1995); localities responded to a very specific need of residents in
surrounding communities to reap greater benefits from their nat-
ural resource bases. On the local scale, voluntarism-based re-
sponses have emerged to address climate change. Many cities, for
example, have conducted assessments of their greenhouse-gas
emissions and implemented steps to try to reduce them—even in
the absence of federally mandated regulation. To provide suffi-
cient incentive, responsibility to manage these resources was par-
tially devolved to residents themselves.

2.5.8 Challenges and Issues

Response options to ecosystem management problems have a
considerable range—from the largest most complex ecosystems
involving many actors to local or municipal ecosystems involving
relatively few actors. The scale of the intervention varies with the
ecosystem and with drivers of change, both direct and indirect.
The challenge is not only to match the response option to the
scale of the problem and drivers, but also to ensure that those
problems with multiple responses do not conflict with each other.

Table 2.4 presents some of the challenges and issues discussed
in this section; it differs slightly from the preceding tables. Since
the objective of this table is to identify the scales at which re-
sponse options are available, it does not assess proximity of the
response option to its target. The absence of a number indicates
that the response is not available at that scale.

The first section of the table indicates the appropriateness of
specific types of legal responses at different scales. A ‘‘5’’ denotes
an available response. The table shows that applicable responses
cluster in two areas. Unsurprisingly, international legal responses
are appropriate at the supra-national level—including multilateral,
plurilateral, and bilateral responses. Domestic legal responses, in-
cluding regulatory, administrative, and constitutional responses,
are available at the national and sub-national level.

The section on legal responses, while indicating the available
responses at different scales, does not distinguish among them in
terms of effectiveness; for this reason, they are all assigned the
same effectiveness value of 5. Without specifying the driver of
change, it is difficult to identify the appropriate scale of response.
For example, though a multilateral treaty may be most effective
for a global commons problem such as protection of the world’s
oceans, it would not be an effective response to manage a river
basin shared by two nations. Thus there are nuances to the effec-
tiveness of legal response options not captured by the table.

The second section of the table indicates that economic re-
sponses are available at all scales; the numbers indicate the per-
ceived effectiveness relative to the other economic responses. At
the supra-national level, command-and-control interventions are
likely to be used by the private sector, to standardize practices
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throughout large multinational corporations, and possibly, by in-
ternational organizations such as the International Organization
for Standardization.

On the national and sub-national levels, command and con-
trol will likely be a response option most used by governments.
Incentive and voluntarism-based interventions are flexible re-
sponse options available at all levels to a variety of actors. Financial
and monetary measures are likely to be the purview of govern-
ments and the private sector, available to them at all levels of scale.
Finally, international trade policies are available to governments,
only at the supra-national scale.

The third portion of the table illustrates that social policies are
likely to increase in effectiveness as the response approaches the
local level. Since social response options are directed at individu-
als’ beliefs and behaviors, targeted interventions are more likely
to be effective; thus effectiveness of almost all social responses
increases as the scale moves toward the local. Population policies
are one exception to this pattern. Because population policies are
politically sensitive, and often controversial, it follows that such
decisions would be taken at the national level; political compro-
mise in the context of a supra-national response is not likely. Thus
there are no response options available at the supra-national level.

Both technological and cognitive response options are avail-
able at all scales, and may be equally effective at the supra-
national, national, and sub-national levels.

In general, the scale of the response option is determined in
part by the interaction between domestic and international inter-
ests. This two-level game, satisfying the political requirements on
both the national and international levels, can become quite com-
plex with many actors and competing national interests. The re-
sult is a smaller number of acceptable outcomes that satisfy all
players involved (Putnam 1988). Thus the range of response op-
tions acceptable to all parties involved is smaller than it would be
with fewer actors, or fewer pressures from the domestic level.

Another important consideration in scaling response options
is the need for similar or complementary policies elsewhere in the
hierarchy of response options. For example, multilateral agree-
ments must be implemented by national, and sometimes sub-
national policies. If the bureaucratic, political, legal, or economic
infrastructures are insufficiently developed, that nation may not
be capable of carrying out its obligations under the multilateral
agreement. Sub-national responses, such as those on the local or
municipal level, also need support from further up the hierarchy.
For example, many failures of sustainable forestry management by
communities have been attributed to the lack of property rights
in the region or nation (Church 1996; Ruitenbeek 1998). It is
also important to consider the use of multiple types of actors at
different scales, as appropriate, to help surmount these difficulties.
Conversely, sub-national responses may need to be harmonized
with responses at national and supra-national levels. Thus there is
an added challenge of ‘‘scaling up’’ these responses, so that they
do not conflict with (and, at best, are in harmony with) larger-
scale interventions (Ostrom et al. 1999).

2.5.9 Response Options by Scale: Summary

This section has discussed the different scales at which response
options can be implemented, and the appropriateness of these
scales for different types of responses. It has also outlined some of
the challenges involved in determining and implementing re-
sponse options at the appropriate scale. First, in some cases—such
as when responding with legal instruments—knowledge of the
drivers of change may be a necessary prerequisite for evaluating
the relative effectiveness of different response options. Second,
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Table 2.4. Challenges and Issues. Since scale is the focus, this table does not assess proximity of the response option to its target. Blank
cells indicate that the response option is not available at that scale.

Scale

Response Multilateral Plurilateral Bilateral National State/Province Local

Legal

International treaties 5 5 5

International soft law 5 5 5

International customary law 5 5 5

International agreements; legislation outside 5 5 5
environment sector

Domestic environmental regulations 5 5 5

Domestic administrative law 5 5 5

Domestic constitutional law 5 5 5

Domestic legislation outside environmental sector 5 5 5

Economic
Command-and-control interventions 5 5 5 5 5 5

Incentive-based 4 4 4 4 4 4

Voluntarism-based 3 3 3 3 3 3

Financial/monetary measures 4 4 4 4 4 4

International trade policies 4 4 5

Social and Behavioral

Population policies 4 4 4

Public education and awareness 2 2 3 3 3 4

Empowering communities 2 2 3 3 3 4

Empowering women 2 2 3 3 3 4

Empowering youth 1 1 2 2 2 3

Civil society protest and disobedience 2 1 1 3 3 3

Technological

Incentives for innovation and R&D 4 4 4 4 4 4

Cognitive

Legitimization of traditional knowledge 2 2 2 2 2 2

Knowledge acquisition and acceptances 2 2 2 2 2 2

the interaction between political interests at the domestic and in-
ternational levels may help determine the array of responses avail-
able. Third, response options on different scales at a minimum
must not conflict with each other and ideally should be comple-
mentary.

2.6 Synthesis
Considering the immense variety of ecosystems, the problems and
challenges emerging in using their goods and services to improve
human well-being, and the vast diversity of socioeconomic con-
ditions under which they must be managed, it is an almost hope-
less attempt to derive generally valid observations concerning the
most promising responses. Running the double risk of being far
too general yet still being wrong because under special circum-
stances counterexamples could be cited, this section presents some
general patterns concerning the most promising responses avail-
able to the four main actor groups (government, private sector,
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NGOs, local communities) to induce changes in the direct and
indirect drivers in response to feared, emerging, or prevailing
problems with ecosystems.

Table 2.5 provides a synthesis of earlier tables in this chapter
by compiling those responses that appear to be most effective in
the hands of given actors to achieve desired changes in a driver of
ecosystem change.

National governments play a central role in devising and im-
plementing responses for several reasons. First, they control the
domestic legal instruments ranging from constitutional to regula-
tory and administrative legislation. Second, they provide the con-
text for other domestic responses. Third, they must utilize
domestic legal instruments to implement most responses. Fourth,
they provide the bridge from the international environmental and
other agreements affecting the use of ecosystems goods and ser-
vices to the national actors targeted by those agreements. National
governments also control most economic responses, of which
incentive-based and command-and-control measures are the most
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Table 2.5. The Most Effective Response Options Available to Four Main Actor Groups to Influence Direct and Indirect Driving Forces

Actors Government Private Sector NGOs Local Community

Direct Drivers

Land use, land cover command-and-control voluntarism-based education empowerment

regulatory knowledge acquisition and education
acceptanceincentive-based legitimization of traditional

knowledge

Species introduction command-and-control voluntarism-base deducation education
and removal regulatory knowledge acquisition and empowerment

acceptanceinternational treaty legitimization of traditional
knowledge

Technology adoption command-and-control financial/monetary voluntarism-based empowerment
and use regulatory incentive-based technology education education

R&Dincentive-based knowledge acquisition and legitimization of traditional
acceptance knowledgefinancial/monetary

international trade

External inputs command-and-control incentive-based education education

regulatory voluntarism-based knowledge acquisition and empowerment
acceptance

Harvest command-and-control incentive-based technology education legitimization of traditional
R&D knowledgeregulatory

empowerment

Climate change international treaty voluntarism-based education voluntary-based

command-and-control empowerment

regulatory

Indirect Drivers

Demographic domestic regulations education empowerment

domestic constitutional law empowerment education

Economic international trade policies financial/monetary voluntarism-based voluntarism-based

incentive-based

command-and-control

financial/monetary

Sociopolitical international customary law voluntarism-based voluntarism-based empowerment

domestic constitutional law education education

domestic environmental
regulations

Scientific and international soft law incentives for innovation and education traditional knowledge
technological R&Ddomestic environmental empowerment

regulations education
incentives for innovation and
R&D

public education

Cultural and religious domestic constitutional law education traditional knowledge empowerment

domestic regulatory law empowerment education traditional knowledge

public education education

command-and-control
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effective ones. Governments initiate national research and tech-
nological development programs and operate the basic education
systems.

Therefore, national-level decision-making has a special role in
several respects. First, even the best-designed local or regional
actions are likely to be ineffective in the absence of proper coordi-
nation (for example, a stringent and enforced protective measure
in one region may simply shift the harmful activity to another
region). Second, the key legislative power is anchored at the na-
tional level (although the distribution between the federal and
state levels varies in federal states). Finally, nation states are the
recognized parties in the increasing number of international ne-
gotiations and agreements (from bilateral to global) concerned
with ecosystem and biodiversity management.

At the other end of the spectrum, local communities are in-
creasingly seen as the most appropriate guardians of their own
ecosystems and resources. The empowerment of communities at
large or special groups like women or youth emerges as a poten-
tially effective response option from our assessment in the preced-
ing sections. Their effectiveness can be further strengthened by
education and information provision on the one hand and by the
legitimization of traditional knowledge on the other.

NGOs can do a lot to help communities both at the production/
harvest end and at the consumption end of ecosystems use.
NGOs’ contribution depends on an open and participatory proc-
ess, the level of democratization in a country; and political comfort
in engaging in an open dialogue and receptiveness to criticism.
Their most effective response options are education, knowledge
acquisition and acceptance, and encouraging voluntarism-based
actions in the local communities and among consumers. On the
production/harvest side, these activities help resource operators
in making informed choices about land use, the introduction or
removal of species, and the application of technologies. On the
consumer side, it is mostly awareness raising about the implica-
tions of certain consumption patterns. NGOs can also target the
private sector with these instruments.

When the national government gives the proper and clear sig-
nals and provides an operational framework, the private sector can
rely on powerful response options to influence both direct and
indirect drivers. Incentive-based instruments and voluntary mea-
sures can be used to have an effect on land use and land cover
change or the application of external inputs. Financial and mone-
tary instruments as well as incentives for innovation, research, and
development can be used to shape harvesting practices and the
adoption and use of technologies.

Another general pattern emerging from Table 2.5 is that the
greatest potential for responses by NGOs and communities are
related to the direct drivers. Except for climate change, these are
decisions about local and regional resources and they are made
locally. In contrast, the larger-scale responses concerning demo-
graphic, economic, political, and science/technology drivers are
shaped by governments and, to some extent, by the private sector.
The instruments available to NGOs to influence indirect drivers
are fewer and relatively weaker.

Any typology involves some degree of (over)simplification.
The typologies presented in this chapter are no exceptions. But it
is important to point out that none of the response options pre-
sented and discussed here comes in a sterile or stand-alone form.
The tools available to different actors complement each other and
constitute a set of measures the final outcome of which will even-
tually guide the choices and decisions of consumers, the resource
operators, and the intermediaries between them. The internal
consistency of such packages is crucial. Therefore it is necessary to
understand the effect mechanisms and the outcomes the various
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response measures may trigger, especially their potential unin-
tended consequences, whether technological or social nature.
Chapters in Part II explore the responses in detail but it is impor-
tant to keep in mind their interactions.
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sues, M. Rolén, H. Sjöberg, and U. Svedin (eds.), Kluwer Academic Publish-
ers, Dordrecht, The Netherlands, pp. 78–110.

Jasper, M.C., 1997: Environmental Law, Oceana Publications, Inc., Dobbs Ferry,
NY.

Jordan, B., 2001: Building a WTO that can contribute effectively to economic
and social development worldwide. In: The Role of the World Trade Organiza-
tion in Global Governance, G. Sampson G.P. (ed.), United Nations University
Press, Tokyo, Japan.

Jurgielewicz, L.M., 1996: Global Environmental Change and International Law,
University Press of America, Landam, MD.

Karkkainen, Bradley, 2004: Post-sovereign environmental governance, Global
Environmental Politics, 4(1), pp. 72–96.

Kaufman-Hayoz, R., C. Batting, S. Bruppacher, R. Difila, A. GiGuilio, et al.,
2001: A typology of tools for building sustainable strategies. In: Changing
Things—Moving People: Strategies for Promoting Sustainable Development at the
Local Level, R. Kaufman-Hayoz and H. Gutscher (eds.), Birkhauser, Basel,
Switzerland, pp. 33–107.

Kimball, L.A., 1996: Treaty Implementation: Scientific and Technical Advice Enters
a New Stage, American Society of International Law, Washington, DC.

Kiss, A. and D. Shelton, 2004: International Environmental Law, 3rd ed., Trans-
national Publishers, Inc., Ardsley, NY.

Klabbers, J., 1996: The Concept of Treaty in International Law. Kluwer Law Inter-
national, Dordrecht, The Netherlands.

Koh, Kheng-Lian, 2004: Personal communication, September 2004.
Levy, M.A., 1993: Improving the effectiveness of international environmental

Institutions. In: Institutions for the Earth: Sources of Effective International Environ-
mental Protection, R.O. Keohane, P.M. Haas, and M.A. Levy (eds.), MIT
Press, Cambridge, MA, pp. 397–426.

Levy, M., O.R. Young, and M. Zürn, 1995: The study of international regimes,
European Journal of International Relations, 1, pp. 267–330.

Lijphart, A., 1999: Patterns of Democracy, Yale University Press, New Haven,
CT.

MA (Millennium Ecosystem Assessment), 2003: Ecosystems and Human Well-
being: A Framework for Assessment, Island Press, Washington, DC, 245 pp.

Martin, C., 2001: The relationship between trade and environment regimes:
What needs to change? In: The Role of the World Trade Organization in Global
Governance, G. Sampson G.P. (ed.), United Nations University Press, Tokyo,
Japan.

May, P.J., R.J. Burby, N.J. Ericksen, J.W. Handmaer, J.E. Dixon, S. Michaels,
and D.I. Smith, 1996: Environmental Management and Governance, Intergovern-
mental Approaches to Hazards and Sustainability, Routledge, London, UK.

Meffe, G.K., 1998: Conservation scientists and the policy process, Conservation
Biology, 12(4), pp. 741–742.

Mugabe, J., 1999: Intellectual Property Protection and Traditional Knowledge, ACTS
Press, Nairobi, Kenya.

Myers, N. and J. Kent, 1998: Perverse Subsidies: Taxes Undercutting Our Economies
and Environments Alike, International Institute for Sustainable Development,
Winipeg, MB, Canada.

My Hero, 2003: Earth keeper hero: Chico Mendes. My Hero, California. Cited
18 March 2003. Available at http://myhero.com/hero.asp?hero�c_mendes.

................. 11430$ $CH2 10-21-05 14:37:00 PS



69Typology of Responses

NAFTA (North American Free Trade Agreement), 1992: North American Free
Trade Agreement, NAFTA Parts 1–3, 32 ILM 289 (1993); Parts 4–8, 32 ILM
605 (1993), Winnipeg, MB, Canada.

Neumann, K., 2000: Young People and the Environment in Europe: A Guide, Ca-
nopus Foundation, Berlin, Germany.

North, D.C., 1990: Institutions, Institutional Change, and Economic Performance,
Cambridge University Press, Cambridge, UK.

OAS (Organization of American States), 1969: The American convention on
human rights, OAS Doc.36 Off.Rec.OEA/ser.L./V II.23 Doc. Rev.2, Wash-
ington, DC.

OCEE (Overseas Environmental Cooperation Centre), 1996: Handbook on De-
sertification Control, Tokyo, Japan, pp. 8.

OECD (Organisation for Economic Co-operation and Development), 1993:
Environmental Education: An Approach to Sustainable Development, OECD,
Paris, France.

OECD, 2001: Sustainable Development: Critical Issues, OECD, Paris, France.
OECD, 2003: Voluntary Approaches for Environmental Policy Effectiveness, Efficiency

and Usage in Policy Mixes, OECD, Paris, France.
Ostrom, E., R. Gardner, and J. Walker, 1994: Rules, Games, and Common-Pool

Resources, University of Michigan Press, Ann Arbor, MI.
Ostrom, E., J. Burger, C.B. Field, R.B. Norgaard, D. Policansky, 1999: Revis-

iting the commons: Local lessons, global challenges, Science, 284, pp. 278–
282.

Oye, K., 1986: Cooperation under Anarchy, Princeton University Press, Princeton,
NJ.

Pantzare, M. and M. Vredin, 1993: The CAMPFIRE Programme in Nyaminy-
ami, B.Sc. Thesis and MFS-report, September, UMEÅ Business School, De-
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Main Messages

Assessment of responses should distinguish between constraints that
render a policy option infeasible and the acceptable consequences or
side effects of a chosen strategy. We are proposing a multistage assess-
ment process, which focuses first on those factors that may either rule out a
particular response or be critical preconditions for its success (binding con-
straints). Responses are then compared across multiple dimensions in order
to identify unintended impacts, focusing on identifying compatibility or conflict
between different policy objectives. The pursuit of a specific objective may
sometimes involve compromising another policy goal. Such considerations,
while important, may be seen by decision-makers as acceptable costs associ-
ated with the implementation of an option (acceptable trade-offs).

Evaluating the relative success of responses requires an assessment of
enabling conditions, binding constraints, and acceptable trade-offs
across a number of domains. These include the political, which encom-
passes the legitimacy of and the political context for the response; institutional,
which refers to the capacity for governance and implementation; economic,
which looks at the availability of resources as well as the aggregate and distri-
butional impacts of policy options; social, which refers to the broad social
environment and preconditions for a response; and ecological, which defines
systemic preconditions and constraints for a response. As many other chapters
of the MA consider the ecological domain in detail, we will, while recognizing
the central importance of ecological considerations, focus on the other four
domains in this chapter.

The assessment of responses needs to recognize trade-offs between ob-
jectives. It is unlikely that all strategies will be able to satisfy diverse and often
competing policy objectives. Resolving the trade-offs between these different
objectives presents a significant challenge to determining appropriate re-
sponses. In some instances, it may be possible to make a ‘‘binary’’ decision:
so long as some standard is satisfied, the choice among approaches can be
made on other grounds. In other situations, a gain toward achieving one objec-
tive may need to be weighed against a negative outcome in some other do-
main.

Some responses may constitute ‘‘win-win’’ opportunities. While trade-offs
between objectives are likely to occur, synergies are certainly possible. Some
responses may constitute ‘‘win-win’’ opportunities. Policy-makers ought to re-
main alert for such opportunities and move aggressively to act upon them, but
also remain guarded concerning the prospects of options that may ‘‘sound too
good to be true.’’

Aggregating response impacts across different dimensions is a subjec-
tive process. Quantitative assessment techniques are not necessarily prefera-
ble to qualitative methods. Aggregating impacts across different dimensions
(political, institutional, economic, social, and ecological) is difficult. Quantifica-
tion may provide a ‘‘false’’ objectivity to what is essentially a subjective proc-
ess. Decision-makers must, in the final analysis, make some assessment of
the ‘‘weights’’ to be assigned to each factor and compare impacts along dimen-
sions that are typically incommensurable.

Assessment methods must be sensitive to a plurality of perspectives.
The assessment of responses needs to be multidimensional, involve inputs
from multiple disciplines, and must attempt to integrate the perspectives of
multiple decision-makers. Techniques that adopt a pluralistic disciplinary per-
spective are particularly pertinent, as they do not privilege any particular view-
point.
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A number of pluralistic decision-making tools and techniques are avail-
able. These tools can be employed at a variety of scales—global, sub-global,
and local. This chapter presents a simple listing of tools that are available, as
well as a preliminary analysis of their most appropriate scale(s) of application.
In particular, a distinction can be made between deliberative tools, which facili-
tate the process of dialogue over responses; information gathering tools, which
are primarily focused on collecting data and opinions; and planning tools, which
are typically employed for the evaluation of potential policy options.

Assessment is a dynamic and adaptive process, which needs to be con-
stantly updated in light of new information, as well as feedback from
the social and ecological systems in which a response is implemented.
Techniques such as adaptive management and adaptive co-management have
been deployed usefully to create flexible and resilient systems of resource
management. The advantage of such approaches is that they are able to deal
with new empirical circumstances while ensuring that responses reflect the
perspectives and interests of a wide variety of stakeholders.

The assessment process is only as good as the overall decision-making
environment within which it is embedded. Trade-offs, choices, and syner-
gies are often hidden or neglected in policy dialogue. Solutions to many intrac-
table problems are likely to be context-specific, and it may not be easy to
achieve consensus among stakeholders about the suitability of specific re-
sponses. A process in which choices and trade-offs are transparent is desir-
able, as it is most likely to allow decision-makers to choose locally appropriate
responses that are congruent with their desired goals.

Because stakeholders will be affected differently, and may have differ-
ences of opinion about the relative desirability of different response strat-
egies, consensus will be difficult. The potential for conflict is particularly
high where there is disagreement among stakeholders over the objectives of
intervention as well as the means to achieve these ends. For instance, while
environmental ministries may prioritize ecosystem integrity, economic minis-
tries may privilege economic growth. Bureaucracies may prefer centralized
authority structures, while grassroots organizations may be more comfortable
with inclusive and participatory approaches. Some of these differences may
be reconcilable, but in other cases it may not be possible to achieve consensus
among stakeholders.

3.1 Introduction
In the MA conceptual framework (MA 2003), responses are de-
fined generically as human actions, including policies, strategies, and
interventions, designed to respond to specific issues, needs, opportunities,
or problems. Responses are seen in the context of perceived needs
or problems. In the specific context of the MA, these needs or
problems relate to the preservation of ecosystems and biodiversity,
the accrual of desired ecosystem services, and the improvement
of human well-being.

This chapter evaluates the human influences on responses that
must be considered by decision-makers in response assessment. In
this instance, we employ the term decision-makers broadly, to
include all individuals who are in a position to promote an eco-
logical response option, at the local, regional, national, or interna-
tional level. There are at least two distinct, but interrelated,
reasons why decision-makers need to evaluate responses. The first
is to improve policy-making by learning from experience. Here,
the decision-maker seeks to understand the reasons for perceived
success and failure, and considers how such conditions can be
replicated for future policy-making that is targeted at enhancing
human well-being and ecosystems.
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The second reason is to understand the impact of any particu-
lar response or set of responses. The need is to identify the link-
ages between the chosen responses and their effects on a wide
range of proximate social, political, economic, and ecological
variables, and ultimately on human well-being and ecosystems.
We include a discussion of methods that may be employed to
assess these variables, in order to maximize the potential success
of responses and minimize the potential unintended effects that
may arise in relation to response implementation. Evaluating re-
sponses can be a complex and costly endeavor, because of the
need to understand the multidimensional impact of any chosen
strategy, and the multiple actors and interests that may be involved
in the process.

In the past, responses have fallen short of their intended goals
due to, for example, an inadequate estimation of the skills and
resources required for implementation, or a lack of understanding
of the sources of cultural resistance to the behavioral changes re-
quired. Other responses, whether or not they meet intended eco-
logical goals, can have extremely disruptive social consequences,
such as when land tenure allocations are abruptly altered, causing
conflict among pre-existing user groups. This chapter stresses the
importance of trying to understand how social factors can hinder
responses and how responses can lead to unintended social conse-
quences. It proposes the use of evaluation methodologies that
stress the employment of multiple criteria and a plurality of inputs
into the decision-making process. Such methodologies are rele-
vant to the assessment of a variety of responses, but are intended
to be applied in the present context to responses that are targeted
at the flows of services from ecosystems, as well as those that
are implemented in other social sectors that may have indirect
implications for ecosystem services and human well-being.

Understanding the relative success of responses requires an as-
sessment of the enabling conditions and binding constraints that de-
termine which specific objectives can be pursued, because they
either may rule out a particular response or may represent critical
preconditions for its success. Binding constraints are factors that
render a policy option infeasible. These are distinguished from
what we call acceptable trade-offs: unintended impacts associated
with the implementation of a response that may be deemed ac-
ceptable because they are outweighed by benefits of the response.
What is considered a binding constraint, and what is considered
an acceptable trade-off, is in all instances context-specific; the
proposed assessment method is not intended to elicit generaliza-
tions, but intended for use on a case-by-case basis. As a result, we
purposefully avoid establishing a list of specific indicators, as these
are expected to vary according to the specific contexts under con-
sideration. More importantly, what is considered a binding con-
straint, and what is considered an acceptable trade-off, may also
be seen differently by different stakeholders within cases. While
transparent processes that utilize a deliberative democratic format
have been shown to be tremendously successful in eliciting stake-
holder support for a common course of action, deliberation is the
key to decision-makers’ understanding of different perspectives
on any particular response. We recognize that, in some cases, the
differences among perspectives may be so great that a resolution
is not possible.

This chapter proposes a three-stage assessment process that fo-
cuses first on identifying the multiple human impacts associated
with responses, along five domains described further below. In
the first stage of assessment, those impacts that pose binding con-
straints are identified. These factors may explain the failure of a
previous response, or may rule out its adoption in proposed plan-
ning processes, and will require either the selection of an alterna-
tive response or significant investments in creating more favorable

PAGE 74

conditions. If the impacts identified do not impose binding con-
straints on a particular response, they may be considered accept-
able trade-offs, which may include both positive synergies and
negative consequences within these domains. In the second stage
of the assessment process, these potential trade-offs, and their ac-
ceptability in relation to the response, are identified. In this step,
responses are compared across multiple dimensions, focusing on
identifying compatibility or conflict between different policy ob-
jectives. Once these two steps are completed, decision-makers are
ready for the third and final stage in the evaluation process, which
entails the selection of preferred responses.

The assessment procedure is designed for use by diverse
decision-makers at multiple spatial and temporal scales: from the
local to the global, for the analysis of previous or current re-
sponses, as well as for the evaluation of the feasibility of proposed
policies or responses to be implemented in the future. Further,
the assessment procedure is intended to be a dynamic process,
whereby new information and systemic feedback creates policy
learning and the evolution of responses in an adaptive manner.

The assessment method is outlined in Figure 3.1. It is impor-
tant to note that although this is a new process for assessment, the
tools and methods that it draws on are based on the existing litera-
ture. Because it is an assessment of what exists, no new techniques/
tools are being developed. In both stages of assessment, binding
constraints and acceptable trade-offs should be evaluated in rela-
tion to five domains:
• the political, encompassing the legitimacy of the response and

the political context in which the response would be imple-
mented;

• the institutional, referring to the capacity for governance and
implementation;

• the economic, referring to the aggregate and distributional con-
sequences of the response for income and wealth, and eco-
nomic conditions, including stability of property rights and
the efficient use of available resources;

• the social, including the broad equity issues associated with a
response; and

• the ecological, including the ecosystemic preconditions and
context within which a response is being considered.

Figure 3.1. The Assessment Method
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First and foremost, political context matters. Responses,
whether they are limited to a local region, or are national or inter-
national in scope, have the potential to generate heated political
debate and, in some cases, sufficient opposition to prevent further
progress. On the other hand, the institutional sponsor of a given
response may depend upon relations with other political stake-
holders for resources and support. The following section of this
chapter provides a social-scientific understanding of the political
environment, paying particular attention to the political feasibility
of responses and the potential sources of political opposition.
Even those responses that are politically viable may not be effec-
tive because they may be beyond the capacity of the organizations
that are assigned responsibility for their implementation. Subse-
quent sections discuss: the need to assess the institutional capacity
for implementation at all potential levels of governance, including
the local, provincial, national, and international; the need for eco-
nomic analysis and how different options may perform relative to
a range of economic criteria; and the social implications of re-
sponses, especially the ‘‘unintended consequences,’’ or social ex-
ternalities, that emerge as a result adopting particular policy
choices.

Although these domains are treated as independent for the
purposes of analysis, it is important to recognize their interrela-
tionship in practice. The social context describes a set of broad
parameters within which economic, political, and institutional ac-
tivities function. We know that economic shifts, for example, in-
evitably influence the social, institutional, and political domains,
just as each of these domains exerts influence on all others. More-
over, all human activities take place within an ecological context.
Activities in any of the domains discussed here have direct impli-
cations for ecosystems, which in turn set ultimate boundaries on
the range of human activities that can be sustained. A discussion
of assessment of the ecological domain clearly warrants extensive
treatment unto itself, and is considered in other chapters. Conse-
quently, although we refer to this domain in several tables as a
necessary feature of any response assessment, specific details are
not considered further in this chapter.

The final section of Chapter 3 outlines in greater detail our
evaluative method, which emphasizes that, in any particular policy
environment, an effective assessment of responses should be mul-
tidimensional, involve inputs from multiple disciplines, and at-
tempt to integrate the perspectives of multiple decision-makers.
In such a pluralistic environment, it is possible that difficult trade-
offs and choices between alternatives will dominate decision-
making, although there may be opportunities for synergy. The
suggested methods are intended to make these trade-offs, choices,
and synergies explicit, since they are often hidden or neglected in
policy dialogue. Difficult choices are often involved in decision-
making, and it is usually not possible for strategies to achieve all
desirable policy objectives. Solutions to these often-intractable
problems are likely to be context-specific, and it may not be easy
to achieve consensus among stakeholders about the suitability of
specific responses. However, it is desirable to follow a process in which
these choices and trade-offs are made transparent, to enable decision-
makers to choose responses that are appropriate to the context and congru-
ent with their desired goals.

3.2 Political Factors
Since responses are understood here as conscious efforts to change
existing social structures or behavior, it is important to consider
the political environment in which such changes are to be imple-
mented. Responses may be difficult to introduce if the political
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conditions are unfavorable. Decision-makers need to assess the
feasibility of responses based on the political environment in
which these options are to be implemented. The political envi-
ronment is defined by the actors and interests who have a stake in
the response and by the political structures within which their
strategies are pursued, including the process by which issues com-
mand attention and become part of a policy agenda. If the exter-
nal political environment is assessed to be favorable, it may be
possible to introduce a desired response; alternatively, it may be
necessary to invest resources in political activities that would cre-
ate a more conducive climate for implementation, or to alter the
response so that it is more appropriate for a given political climate.
Assessment of the political domain thus involves the identification
of stakeholders, an evaluation of the relative power of each to
influence ecological responses, and a characterization of the polit-
ical structures involved.

3.2.1 Stakeholders

The first step in assessing the political feasibility of a given re-
sponse involves the identification of those individuals and groups
who are likely to be actively involved in, or may be affected by,
either the formulation or implementation of a given response.
These stakeholders include, but are not limited to, political actors,
interest groups, social movements, implementing groups, political
activists, power-brokers, and consumers. It is necessary to look at
the specific roles that different stakeholders play in the political
processes surrounding ecological response strategies. It is also im-
portant to recognize that the implementation of some responses
involves multiple scales of decision-making. Building a dam to
protect a flood plain in a rural area in a developing country, for
example, might involve stakeholders at the local level of the vil-
lage that is located in the flood plain, as well as the international
financial organization that will fund the project.

Understanding the stakeholder community requires going be-
yond simply identifying potential stakeholders and their interests,
to include an assessment of the relative power of each. When
considering responses, it is necessary to identify the key stake-
holders who are relevant to the strategies under consideration,
and their potential for political mobilization. In general, stake-
holders include those who already have the political influence to
affect the ecological response and are motivated to employ it;
those who wish to affect the ecological response and are actively
seeking to acquire the political influence to do so; and those who
are affected by the ecological response but are not actively seek-
ing, or cannot reasonably be expected to acquire, policy influ-
ence.

Measuring power can be a complex task, due to the elusive
nature of its exercise. In the past, many political scientists simply
evaluated the relative ability of organizations to have their inter-
ests addressed in the political arena; clearly those whose agenda
received the greatest level of support from policy-makers and
other elected officials have the most power. Reliance on observa-
tions of such visible expressions of power, however, leaves many
groups at the lower end of the power spectrum unidentified.
Many individuals, despite the existence of grievances, simply do
not participate, because they do not believe their efforts will pay
off. Other groups have become so disempowered that they inter-
nalize the existing power structure and come to accept their lack
of power as justified. This ‘‘third dimension of power’’ (Lukes
1974) often expresses the condition of oppressed groups. In many
instances, the lack of power of these groups can itself pose a hin-
drance to ecological responses, as their participation may be nec-
essary for implementation.
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The most effective means to assess the relative power of stake-
holders is through identification of their concerns and interests,
and an evaluation of the respective success of each stakeholder in
their efforts to pursue their concerns in the political arena, while
paying particular attention to groups outside the political arena
whose interests are clearly not being addressed. Further, it needs
to be kept in mind that ‘‘stakes’’ are continually being renegoti-
ated and redefined, so that this process is inherently dynamic.

In addition to stakeholders in civil society, the state is central
to an understanding of the political environment within which
responses are considered. Not only is the state itself a stakeholder,
the structure of the nation-state (discussed further) defines rela-
tions between state and society by, for example, defining the level
of tolerance and legal parameters of organized protest, and the
specific steps involved in policy formulation. As such, the specific
structure of a given nation-state has tremendous influence over
which stakeholders are accorded influence, as well as the extent
of, and the nature of, their influence. Nation-states are far from
uniform. They not only vary in structure and function across the
globe, but a given nation-state should also not be treated as a
singular social actor. A state is a combination of actors and institu-
tions, encompassing manifold activities that include everything
from political fundraisers, legislative committee hearings, and
consultative meetings, to policy implementation on the ground
(Laumann and Knoke 1987, p. 381; Chubb 1983). Ecological re-
sponses include state involvement with civil society at multiple
scales—local, sub-global, and global—which makes the relation-
ship among organized interests and the state in its multiple forms
all the more complex.

In other words, responses—which in many cases take the form
of political decisions—are the product of the interrelations of
multiple stakeholders and state institutions (Fisher 2004). These
stakeholders, however, are not only working to affect the state,
they are also influenced by the state themselves (Chubb 1983; see
also Austen-Smith and Wright 1994).

3.2.2 Political Structures

Just as the list of stakeholders may vary in different geographical
contexts, at different scales, and according to the specific political
issues in question, the political structures that define stakeholder
relations with the state, and establish the process within which
policy-making occurs, will also vary. In some countries, it may be
acceptable practice for citizens to hold rallies and demonstrations,
or to litigate against the government, while in other countries it
is not. Other forms of political activity used by stakeholders may
include support of legislative candidates, distribution (and receipt)
of informational material designed to sway public opinion, lobby-
ing, testifying at public hearings, signing petitions, writing letters
to legislators, or serving on citizen advisory panels. In short, these
opportunity structures determine the distribution of power in a
social system, and are defined by: cultural/traditional institutions;
behavioral norms; legal/constitutional mandates; formal political
structures that determine the ‘‘rules of political engagement’’; and
the influence of international regimes.

Political scientists and sociologists often distinguish among
several stages in the policy-making process, but emphasize the
importance of the first two (which can overlap in practice)—
agenda setting and policy formulation. Of all the possible issues of
concern among members of a social system, only a small number
ever make it to the political agenda and become the focus of
policy-making—a process heavily influenced by organizations ca-
pable of dominating the discourse and the selection and portrayals
of political issues in the media. One of the more notable trends in
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environmental and ecological governance in recent years has been
the tremendous growth in complexity, both of environmental
concerns and of the political environment within which agenda-
setting takes place. Many ecological concerns fail to receive ade-
quate attention, simply because the immediate costs and latent
benefits of many response options render them unattractive to
elected officials in representative democratic systems, whose pri-
mary concern may be re-election within a short time horizon.

In past decades, governmental policy-makers have worked
within a closed network of legislators, regulators, and, in some
cases, relevant industry representatives, described as the ‘‘iron tri-
angle’’ of regulation (Wilson 1980). Today, this iron triangle re-
mains in place in regard to certain policy issues and in some
regions. While industry organizations still tend to dominate in
many contexts, agenda-setting in environmental and natural re-
source domains is coming under increasing scrutiny as groups in
civil society, including environmental organizations, community-
level justice organizations, the media, and scientific institutions,
vie for influence. Not only have more social actors entered into
political discussions, even the scale of environmental policy-
making has expanded. Many environmental policies play out on
the international stage at the same time that they are being negoti-
ated internally within countries (Putnam 1988; Evans et al. 1993;
De Sombre 2000).

Although each country is unique in its response, when poli-
cies are going through an international process, each country’s
response involves interaction with decision-makers within the in-
ternational arena (for a full discussion, see Fisher 2004). At least in
those democratic countries in which civil society is sufficiently
strong, and the nation-state is sufficiently concerned about its
own legitimacy, growing environmental awareness and activism
can sometimes impinge upon this closed network of regulators
and regulated, often eliciting defensive responses from both. (See
Box 3.1.) In fact, there is increasing evidence that international
environmental pressures can lead nation-states to build environ-
mental capacity, regardless of the level of development in those
countries (for example, Frank et al. 2000).

Interest groups in civil society that advocate for ecological re-
sponses include a variety of local, national, and international
groups. The nature of many ecological concerns, however, often
renders political support elusive. Such cases are frequently charac-
terized by a small set of organized, concentrated economic inter-
ests opposed to particular ecological protective measures pitted
against a very large, disorganized group of supporters (Olson
1965). This situation is especially true of ecological concerns that

BOX 3.1

Political Bargaining over Ecological Responses:
‘‘Job Blackmail’’

One defensive response that has been employed by many resource-
based companies has been termed ‘‘job blackmail’’ (Kazis and Gross-
man 1991): as resource-based industries face criticism from environ-
mental groups, companies often emphasize the extent to which
environmental protection measures have resulted in the loss of jobs.
Although such tactics serve to forge an alliance between industry and
the local communities from which their labor pool is drawn, others
have claimed that job losses are more likely due to the rapid capital
intensification of many resource-based industrial processes, and these
tactics have only served to place blame on environmentalists, thereby
shielding companies from criticism and labor unrest.
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are cognitively ambiguous, are not perceived by politically salient
actors as directly associated with livelihood, and are not captured
readily by the more dominant conduits of such information.

Biodiversity and related ‘‘ecosystem services’’ are often very
broad, and in some instances global, public goods. Seppanen and
Valiverronen (2000) found that the destruction of biodiversity is
an issue that has been difficult to popularize in industrial countries
because it lacks a distinctive visual symbol that could encompass
the concept. However, where destruction of biodiversity is linked
with more immediate livelihood concerns (especially in develop-
ing countries), these issues enter the public agenda very rapidly,
depending upon the political power of vulnerable communities
and their supporters. A case in point is dam building in the Nar-
mada valley in India, where the issues of displacement and ecolog-
ical destruction came together to create a powerful movement
against the dam (Roy 1999).

Perhaps the most important issue that determines the potential
for ecological concerns to be placed on the political agenda and
the subsequent formulation of policy is the power of the advocacy
groups relative to other groups within government, industry, and
civil society. As the highest national authority, the state ultimately
must take action in the majority of ecological responses. Civil
society organizations attempting to promote a response must in
most circumstances convince the relevant state actors of the need
for such a response. Ecological responses may also be introduced
by the state itself. In both instances, given that ecological re-
sponses inevitably represent costs to other sectors of industry and/
or civil society, the tendency for a state institution to promote this
set of interests can be indexed by its autonomy. Autonomy is de-
fined as the ability to determine a policy agenda despite external
influence. The state may be completely autonomous if opponents
of a proposed policy do not have sufficient strength (either in
terms of numbers or political clout) to influence the regime. On
the other hand, when groups opposed to a proposed response
strategy have the power to threaten the regime, the state has no
autonomy at all. In most instances, however, the autonomy of
the state lies somewhere between these two extremes (Nordlinger
1981; Domhoff 1996). Where a nation-state is placed between
such extremes is contingent upon its historical and cultural condi-
tions, as well as the circumstances of a particular response. In the
face of very strong opposition, a state institution may need to
consider suitable compensation to ‘‘buy off ’’ the opposition, or it
may need to compromise on the proposed policy.

3.3 Institutional Factors: Capacity for Governance
While a large portion of research on policy effectiveness is focused
on the relative power of stakeholders, capacity defines another es-
sential element of governance that should not be taken for
granted. History is replete with instances of powerful organiza-
tions falling short of their objectives due to a lack of capacity,
most notably in the international arena. Governance is the sum of
the many ways in which individuals and institutions, public and
private, manage issues (Commission on Global Governance
1995). Implicit to this definition is the recognition that effective
governance depends not on how any one institution performs or
how any one set of actors interacts, but on how they perform and
interact as a whole. With regard to ecological concerns, gover-
nance comprises a whole network of actors, involves a whole
range of functions, and is underpinned by certain implicit or ex-
plicit principles, norms, rules, and decision-making procedures
(Krasner 1983). It is important to note that local communities are
important ‘‘institutions’’ to be included in any assessment, since
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they are implicated in the local implementation of ecological re-
sponses in most cases.

Capacity to govern can be defined as the ability of these insti-
tutions to execute responses effectively. If there is a high capacity
for governance, a response has a better chance of being effective.
The degree of effectiveness also depends on factors external to
the institution. However, for an institution that lacks the skills,
information, and resources necessary for the implementation of a
response, outcomes are likely to be disappointing, regardless of
the degree of support and enthusiasm expressed. Capacity for
governance cannot be viewed as an artifact frozen in time and
space, but as a process that changes over time. Institutional actors
can learn, make compromises and change, and forge new rela-
tionships that can open the doors to additional skills and resources.
For responses to be effective, they must be robust enough to adapt
to these shifts. (See Box 3.2.)

In short, an assessment of the institutional domain entails an
evaluation of the skills and resources possessed by the institutions
that will bear responsibility for the implementation of a proposed
response, relative to the skills and resources that would be re-
quired to implement that response. A gap between what is avail-
able and what is required may become a binding constraint and
necessitate adjusting the proposed response in light of capacity
limitations. Alternatively, the constraint may be overcome
through a sustained effort in institutional capacity-building. As
responses vary across manifold scales, the capacity to execute re-
sponses will depend on the institutions that operate at these scales:
international (including regional and sub-regional); national (in-
cluding provincial or state levels); and local (encompassing both
urban and rural contexts) levels.

3.3.1 International Level

The spatial scale of several ecological concerns demands a re-
sponse at the international level. Although efforts at international
governance have multiplied exponentially in the past sixty years,
international responses are enormously difficult to achieve, largely
because the current international system of governance lacks the
degree of stability and order that characterizes systems of gover-
nance at national and sub-national levels. The international sys-
tem is characterized by the struggle for power between states,
with a small number of states dominating this struggle (Strange
1983). The influence of certain non-state actors, such as financial

BOX 3.2

Institutional Resilience: The Ability to Adapt

Early international treaties, as well as many domestic policies, were
not designed to take on new commitments, nor were they easily
amended. As a result, many became stagnant and irrelevant to govern-
ments, and/or lost their effectiveness. Modern treaty-making, however,
has incorporated a more adaptive approach, recognizing, for instance,
that commitments by governments may strengthen when issues be-
come better understood or when shifts in public opinion encourage
governments to take action. Modern treaties contain various mecha-
nisms that allow their parties to adapt or learn, or shift with societal
norms and values. These include mechanisms such as framework and
protocol approaches, learning systems such as education clauses, sci-
ence and technology mechanisms that review progress in knowledge
and advancement on the issue area (Chambers 2003a). Several recent
domestic policy efforts have attempted to incorporate such an adaptive
approach.

................. 11430$ $CH3 10-21-05 14:36:49 PS



78 Ecosystems and Human Well-being: Policy Responses

institutions and some nongovernmental organizations, has been
increasing dramatically in recent years as well. Various institutions,
both formal and informal, are designed to mitigate the influence
of these dominant actors, including the formally recognized prin-
ciple of sovereignty, numerous customary rules, and international
treaties, as well as international governmental organizations such
as the United Nations. These systems of international governance
are often referred to as regimes, which serve as the frameworks
through which international actors mediate their behaviors and
play out their roles. These actors include states, sub-state actors,
epistemic communities, business/industry, and civil society (for a
full discussion of the limitations many actors face when trying to
participate in international regimes, see Fisher and Green 2004).

While regimes can mediate actors’ behaviors, the nature of
the inter-state system renders these regimes only partially effective
in determining outcomes and regulating the behavior of states and
other actors. Several other factors come into play when determin-
ing the capacity of governance systems, including compliance; in-
stitutional legitimacy; implementation mechanisms; horizontal
and vertical interlinkages between institutions; access to financial
resources; and institutional adaptability.

Compliance describes the degree to which states follow formal
rules and obligations dictated by international law. Though some
international law is self-executing, requiring no ratifying legisla-
tion, most rules require implementation at the domestic level and
thus national policy measures to ensure compliance. Such mea-
sures may include financial incentives, legislation, directives, pro-
cedures, or sanctions (Brown-Weiss and Jacobson 1998). In
straightforward legal obligations, such as submitting progress re-
ports, assessing compliance can be relatively easy. In other cases,
however, evidence of compliance can be elusive, and the ability
to apply sanctions at the international level can be problematic.
Assessing the potential for and/or evidence of compliance is an essential
first step in evaluating effectiveness of responses at the international level.
(See Box 3.3.)

Another important aspect of governance is legitimacy. A num-
ber of attributes contribute to the perceived legitimacy of interna-
tional governance regimes. These include the clarity of the rules,
their ‘‘symbolic validation’’ (the states or entities responsible for
creating the rules), their coherence (the interpretation of a rule
according to some form of consistency) (Brown-Weiss and Jacob-
son 1998, p. 136), and their adherence to the existing hierarchy
of rules. At the top of the hierarchy is the rule of recognition,
which grants each country its sovereignty (Brown-Weiss and
Jacobson 1998), and beneath these are ‘‘secondary rules’’ that
guide making of constitutions, bills of rights, etc. Accordingly, if
an international law is in adherence with these secondary rules

BOX 3.3

Determinants of Compliance

Compliance may depend on an array of factors that vary from case to
case, such as the intrusiveness of the activity; the characteristics of
the accord; the negotiating environment; the actors involved; and the
depth of the accord, which includes its obligations (binding or hortatory)
as well as its precision (Brown-Weiss and Jacobson 1998). Consider-
ation must also be given to the mechanisms for implementation, treat-
ment of non-parties, the existence of free-riders, other countries’
approaches to compliance, and the role of international organizations
and the media. The ‘‘social, cultural, political and economic’’ conditions
and how they influence compliance with the accord are also important
considerations (Brown-Weiss and Jacobson 1998, p.7).

PAGE 78

then there is additional incentive for state compliance (Brown-
Weiss and Jacobson 1998, p. 187). Actors are more likely to com-
ply with international laws when they perceive those laws, and/
or the institutions sponsoring them, to be legitimate (Franck
1990); hence legitimacy is an important component of any re-
sponse assessment.

Although compliance is necessary, it is not sufficient to ensure
response effectiveness. A particular international response strategy
may fail regardless of the extent to which states are in compliance
with international obligations. For example, experts agree that the
5.2% reduction of greenhouse gases called for in the Kyoto Proto-
col will not be enough to stave off climate change, and should
only be viewed as a first step. It is also possible that a treaty may
unintentionally create incentives to switch to other technologies
that also have the potential to damage to the environment, such
as increasing the use of nuclear power to reduce air pollutants
associated with the burning of hydrocarbon fuels. The extent to
which the proposed implementation mechanism is appropriate to the
stated goals of the response is a key variable that must be assessed
to determine whether adequate changes will occur in the behav-
ior of the target group (Raustiala 2000). (See Box 3.4.)

Effective international governance also depends upon the na-
ture of the interlinkages between international institutions, as several
institutions must inevitably become involved in response formu-
lation and implementation to ensure effectiveness. Unfortunately,
international governance regimes are not conducive to the devel-
opment of coordinated or synergistic approaches to collective en-
vironmental problem solving. The complexities of the issues
involved, as well as the political nature of policy-making, mean
that international responses are often negotiated in relative isola-
tion. Negotiations are often carried out by specialized ministries
or functional organizations in forums that are completely de-
tached from the negotiating arena of other international agree-
ments (Chambers 2003b). Even in this isolated context, the
consensus building process that is necessary for effective multilat-
eralism is difficult, but with the added burden of accounting for
the multiple interrelations across policy domains—such as bio-
diversity protection and agriculture, for example—effective in-

BOX 3.4

Assessing Implementation

To measure the effectiveness of implementation, most studies have
looked at the implementation process both from the international and
domestic levels and from the perspective of the state and civil society.
These studies generally examine the use of international institutions to
review implementation and the ways in which problems are resolved.
The focus here is the ‘‘systems of implementation review’’ (Victor et al.
1998). This approach looks not only at the legal requirements set out
in the agreements, but also at the participation of actors and the
system-wide operating environment of the commitment—even in cases
where formal procedures do not exist. Some scholars have, however,
found that a focus on the establishment or diffusion of institutional
forms of environmental protection may actually have little to say about
the extent to which such measures or forms ‘‘have, or are likely to
have, any definite connections with actual environmental protection
outcomes’’ (Buttel 2000; see also Fisher and Freudenburg 2005). Sev-
eral factors influence the effectiveness of implementation of interna-
tional commitments at the national level; these may include the nature
of the problem, configurations of power, institutions, nature of the com-
mitment, linkages with other issues and objectives, exogenous factors,
and public concern.
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ternational governance is more often than not an elusive goal.
Regardless of the difficulties associated with accounting for these
interrelations, ignoring them has created global environmental in-
stitutions that are ineffective because they attempt to deal with
extremely complex, interrelated systems—ecosystems—in piece-
meal ways (Chambers 2003b). Therefore, instilling stronger
mechanisms that facilitate interlinkages as well as intra-linkages
between and across regimes, at the vertical level (ranging from
global to local) and at the horizontal level (between regimes at the
same level), is one means of improving response effectiveness (for
example, Young 1999).

Adequate financing is, without question, one of the key factors
for improving the capacity for governance. Financial resources are
important for supporting an adequate implementation infrastruc-
ture, and for addressing the environmental problem itself. Financ-
ing is also important to ensure ratification and compliance on the
part of developing countries, as in many instances these countries
do not have the resources to meet the obligations. Not only the
level of financing, but the institutional skills that are necessary to
secure financing, as well as the efficiency of distribution of fi-
nances, are all important factors in determining the effectiveness
of international responses.

3.3.2 Domestic (National) Level

At the national level, good governance is defined as the manner
in which power is exercised in the management of a country’s
economic and social resources for development (World Bank
1992). Many determinants of the capacity for governance dis-
cussed above are equally relevant at the national level, including
institutional legitimacy, implementation mechanisms, inter- and
intra-linkages throughout the federal and state-provincial gover-
nance apparatus, and financial resources. Several additional issues
have been highlighted as determinants of the domestic capacity
for governance, including the largely administrative elements nec-
essary to implement structural change, as well as political commit-
ment (Leftwich 1994). In particular, effective ecological responses
demand the following administrative features: a pluralist polity, in
which multiple interests and ideologies can be represented (usu-
ally, but not always, through multi-party democratic systems); a
clear separation between executive, legislative, and judicial func-
tions that ensures the accountability and transparency of the deci-
sion process; and adherence to the rule of law. Furthermore, a
committed and efficient public sector is needed that has the ca-
pacity to manage reform processes (World Bank 1992; see also
Cardoso 2003). Countries lacking one or more of these features
generally either are more resistant to the adoption of certain eco-
logical policies and/or exhibit difficulties in their implementation.

In addition to administrative structure, a state’s ability to de-
liver good governance is a function either of its political commit-
ment or of the extent to which it has rationalized environmental
concerns into its set of primary goals (Frickel and Davidson 2004).
Although administrative structure can be assessed by focusing on
the institutions of the state themselves, most decisions regarding
ecological response options involve the interrelations among mul-
tiple social actors. Therefore, understanding political commitment
is more complex, entailing an assessment of the state’s relationship
with society (for example, Habermas 1975). Particularly when ad-
dressing contemporary environmental concerns, a state institution
may be dependent upon the expertise and resources available
among groups in civil society for effective policy development, a
condition known as ‘‘Embedded Autonomy’’ (Evans 1995).
When addressing the reauthorization of the Clean Air Act in the
United States, for example, the national government recognized
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that a cap-and-trade system that allowed companies to determine
their own emissions policies would be most effective.

Organized nonstate actors that function at the peripheries of
bureaucratic state systems can be particularly important sources of
capacity (or hindrance) to the pursuit of ecological policies (for
example, Adger et al. 2003). These may include, for example,
the relationships among local economic interests and local tenure
holders and regional regulatory offices (Davidson 2001). Assess-
ment of nation-state capacity to implement ecological responses
must include an evaluation of the ability of state institutions to
forge facilitative relations with organizations in society that can
bring additional resources to bear, while avoiding those relations
that pose a hindrance (such as with interests opposed to ecological
reform).

3.3.3 Local Level

While there has been extensive work that illustrates the success of
community-based efforts in managing and implementing ecologi-
cal responses, many scholars acknowledge that communities are
not simply homogenous groups that work harmoniously to pro-
mote group objectives. Communities are more accurately seen as
complex and dynamic institutions that are often characterized by
internal differences and processes (Leach et al. 1999; Agrawal and
Gibson 1999). In short, the debate over the effectiveness of com-
munity management has come full circle: from early pessimism
about community action as exemplified in the work of Hardin
(1968), to a relatively uncritical, and arguably idealistic, view of
community-based conservation initiatives through the 1990s
(Western and Wright 1994), to a contemporary recognition that
community-based management regimes may be appropriate in
some circumstances, but not in others (Agrawal 2001).

Scholars have highlighted several conditions upon which the
ability of decentralized, locally embedded organizations to man-
age ecological responses is contingent, based on both field experi-
ences and theoretical development (for example, Wade 1988;
Ostrom 1990; Baland and Platteau 1996; Agrawal 2001). The
conditions most frequently identified include: (1) perceived local
benefits from cooperating; (2) clearly defined rights and bound-
aries for any natural resources implicated in the response; (3)
knowledge about the state of those resources, including for exam-
ple their extent, accessibility, and potential for regeneration; (4)
small size of user groups; (5) low degree of heterogeneity of inter-
ests and values within user groups; (6) long-term, multilayered
interaction across the communities and other governing institu-
tions involved; (7) simple, unambiguous rules and adaptable man-
agement regimes; (8) graduated sanctions as punishment; (9) ease
of monitoring and accountability; (10) conflict resolution mecha-
nisms; (11) strong, effective local leadership; and (12) congruence
with the wider political economy within which those communi-
ties function. These factors refer to characteristics of the resource
itself (2 and 3), of the user group (4, 5, and 6) , and of the institu-
tional arrangements for resource management (1, 7, 8, 9, 10, 11,
12). Interestingly, the literature has tended to neglect the role of
technological factors while identifying conditions for successful
local resource management; in part, this is a reflection of the insti-
tutional focus adopted by most authors in this tradition.

Assessments of community-level social capacity can be fairly
intensive endeavors, and there are numerous variations within the
social sciences regarding which community features should be
used as indicators. For the purposes of evaluating the potential for
local-level support for, and participation in, ecological responses,
the conditions listed above can serve as a general guide, recogniz-
ing that some conditions will be more relevant than others in any
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given context. The characteristics of the natural resources them-
selves, and to a certain extent those of the user groups, are resis-
tant to change, so it is particularly important to assess the
appropriateness of a given response relative to these conditions as
they might pose binding constraints. On the other hand, since
institutional arrangements at the local level are conducive to
change through the use of specific policy measures, intervention
to enhance local capacity for governance is usually targeted at
these institutional features.

3.4 Economic Factors
The economic effectiveness of responses needs to be considered
for both pragmatic and philosophical reasons. From a pragmatic
perspective, those who are promoting and financing ecological
responses need to be concerned about the costs of the programs
and the economic impact of those programs on affected groups.
Money is the unit of account in which most governments and
donors deal, and a limiting factor in what planners can achieve.

It is telling that one of the seminal treatises in formal econom-
ics is titled The Theory of Value (Debreu 1954). Unlike some other
social scientists, economists are often not hesitant to offer value
judgments concerning whether one outcome is ‘‘better’’ or
‘‘worse’’ than another

For these reasons, economic arguments and principles are
often used to motivate responses to ecological degradation and to
assess the effectiveness of responses. Individuals conducting assess-
ments should, however, be aware of the strengths and weaknesses
of economic tools. Among the strengths is a large body of formal
theory demonstrating that social welfare—the ‘‘values’’ arising
from production, consumption, and preservation—may, under
certain conditions, be related to readily observable measures of
economic performance: asset prices, incomes, and consumption.
Even when these conditions are not met, economic tools may
provide a useful, if perhaps not necessarily the only, metric for
evaluating responses. Moreover, even if the economic paradigm
does not always offer an overall objective with which all observers
agree, it may still provide a useful means to an end by suggesting
principles to reach any given goal in the most cost-effective
manner.

Individuals engaged in assessments should also be aware of the
weaknesses of received economic theory. The economist’s stan-
dard measure of performance is rather narrow. One outcome is
better than another, by this standard, if at least one person is made
better off without making anyone else worse off. An outcome is
Pareto efficient or Pareto optimal (after the Italian economist and
sociologist Wilfredo Pareto [1848–1923]) if there is no better al-
ternative under the no-one-is-made-worse-off criterion. Pareto
optimal outcomes are, in general, not unique. Alternative out-
comes with very different implications for different individuals
may each be Pareto optimal. In short, Pareto optimality is about
efficiency, not equity.

Attempts have been made to generalize from Pareto efficiency
to a ‘‘Potential Pareto Improvement’’ criterion in which every-
one could in theory be made better off, even if they may not neces-
sarily be compensated in fact. Such approaches underlie benefit-
cost analysis. Under a PPI criterion, the policy that maximizes the
sum of monetary benefits net of costs across all individuals would
be the ‘‘best,’’ in as much as a redistribution of gains among indi-
viduals could assure that everyone would prefer it. While this
prescription is implemented in many analyses, it remains contro-
versial in some quarters, not least because the possibility of hypo-
thetical improvements for everyone in society offers no assurance
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that everyone in society will actually realize an increase in his/her
welfare.

Moreover, technical problems arise in applying the PPI crite-
rion. Kaldor (1939) and Hicks (1939) proposed criteria by which
policy changes would be socially preferred if ‘‘winners’’ could
afford to compensate ‘‘losers’’ without the winners sacrificing all
their gains (Kaldor) or if ‘‘losers’’ could not afford to bribe ‘‘win-
ners’’ to forego their gains and still be better off without the pol-
icy change (Hicks). Following Scitovsky’s (1941) observation that
the criteria do not always favor the same policy, the suggestions
have often been combined as the ‘‘Kaldor-Hicks criterion’’ that
winners can compensate losers and losers cannot compensate win-
ners. The PPI criterion has remained problematic, however, as
other commentators uncovered other paradoxes and limitations
(for example, Gorman 1955; Boadway 1974; Mishan 1981).
Problems arise in considering the amount of money that would
have to change hands in order for all parties to be indemnified
fully against a policy that also changes prices. This calculation de-
pends on whether it is made under the status quo or after a policy
change, and may make PPI criteria difficult to apply in the con-
sideration of major structural changes in economic organization.
Of course, many environmental advocates believe that major
structural changes will be required to achieve a sustainable future.

While the concept is problematic, justifications may still be
offered to continue to base policy advice on PPI criteria. First, at
least compared to alternatives that necessarily rely on subjective
assessments of the moral worth of different individuals, BCA is
relatively easy to apply and, because it respects the actual distribu-
tion of income rather than some subjective system of social
weights, it is ‘‘objective.’’ Second, it might be argued that since
most societies have chosen relatively limited reallocations of
wealth among their constituents as part of their general taxation
and transfer policies, there is limited evidence that such societies
really care enough about equity to make it an ancillary goal of
their environmental policies. Third, some policy-makers may
argue that that the ‘‘winners’’ and ‘‘losers’’ of policy action are
sufficiently similar in either their economic circumstances or
moral worth as to justify the working assumption that monetary
gains and losses are equally socially valuable for each. Finally, with
respect to the more technical problems of making logically consis-
tent comparisons in a shifting landscape of relative prices, many
analysts proceed under the often-implicit assumption that they are
considering changes of small enough magnitude to obviate such
concerns.

None of these arguments is wholly convincing and, indeed,
some authors call for the abandonment of the benefit-cost para-
digm (for example, Gowdy 2004). Perhaps a more balanced view
is to regard BCA as one useful approach among others and to
augment its prescriptions with additional criteria to address equity
(Little 1950) and, perhaps, sustainability in the face of potentially
irreversible ecological losses. Pezzey (1997), for example, argues
that society should opt for the ‘‘optimal sustainable’’ path should
a conflict arise between the objectives of maximizing net benefits
and providing for future generations.

While the conceptual foundations underlying BCA remain
somewhat unsettled, there are also practical impediments to con-
ducting thorough and reliable BCAs. Economists have developed
an elegant conceptual apparatus with which to interpret the prices
of goods and services traded in existing markets. They have been
less successful in the more difficult task of assigning prices to
goods that are not yet transacted in markets.

We might digress to note that conducting a thorough BCA is
not always required. In order to preserve an imperiled ecological
system or resource, it ought to be sufficient to demonstrate that
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the benefits of its preservation exceed the costs. In some instances,
this might be accomplished by establishing only one or a few of its
many ecological values. More generally, however, rational policy
requires that ecological assets be preserved when the sum of their
values exceeds the costs of their preservation. Restricting analysis
to only a subset of values is unlikely to motivate the preservation
of all ecological assets that merit it. It should be noted that, to an
economist, the ‘‘value’’ of something is not a measure of what it
is worth to society to save it in total, but rather a measure of what
society might be willing to give up to save a little more of it—the
‘‘marginal unit.’’ Economists care about marginal, rather than total,
values. Nevertheless, many environmental and resource econo-
mists have taken to the useful abbreviation of discussing the ‘‘total
economic value’’ of ecological assets (Pearce and Turner 1990).
In TEV, the totaling is done across attributes, rather than across
quantities. These attributes may include the simultaneous and
mutually compatible uses of, say a forest, for carbon sequestration,
for recreation, and in appreciation of the biological diversity it
harbors. The value of each attribute is calculated on the margin,
but then these marginal values are summed across categories.

A result so fundamental as to be labeled the ‘‘First Welfare
Theorem’’ in economics holds that a perfectly competitive econ-
omy is Pareto optimal (for example, Varian 1992). A perfectly
competitive economy is one in which no actor can influence the
prices at which he/she completes transactions, all agents are well-
informed, and all commodities are privately owned. Under such
circumstances, all goods and services trade at prices that reflect
their worth to all members of society. Such circumstances essen-
tially rule out inefficiency by construction: if one person valued
something more than another, the two could enter into a mutu-
ally beneficial transaction to exchange it (although the formal
demonstration of this result in a general setting involves the per-
formance of a great deal of sophisticated mathematics; see, for
example, Arrow and Hahn 1971).

The limitation inherent in this result is that public policy is
enacted precisely because not all firms are competitive, not every-
one is well informed, and not all commodities of interest are pri-
vately owned. In the context of ecological systems and services,
economists are typically concerned with the second and third ele-
ments, particularly the third. The services provided by ecosystems
are often ‘‘public goods,’’ that is, they support people who bear
little if any cost for their preservation yet share in their benefits.
Public goods can lead to free riders—individuals who benefit
without paying. The problem, in formal terms, is that those who
provide ecosystem services by foregoing the destruction of natural
ecosystems cannot assert ownership over the services such systems
provide. A market economy allocates goods and services effi-
ciently because it facilitates transactions by which one person can
pay another to provide a desired good or service. Public goods
give rise to a ‘‘market failure’’: there is typically no mechanism by
which someone in North America can pay someone in Africa, for
example, for the ecosystem services the latter provides the former.

Economists offer a prescription for such market failures by
creating or simulating the ‘‘missing market’’ (for example, Kolstad
2000). If there were a market in which such transactions might
occur, the efficiency properties of an ideal economy would be
restored. Another problem arises, however. Just as the hypotheti-
cal North American might free-ride on the ecological contribu-
tions of the African, one North American might free-ride on the
contributions made by another to compensate the African. Public
goods are not adequately provided by private markets and must
instead be allocated via political decisions and financed from pub-
lic revenues. The classical argument is presented by Samuelson
(1954), although others have argued that ‘‘the private provision
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of public goods’’ may not always be so inefficient due to altruism
or other considerations (for example, Andreoni 1989; Bagnoli and
Lipman 1992; and the numerous empirical accounts reported by
Ostrom 1990).

Public goods lead to a problem of efficient allocation that does
not arise in private transactions. The vaunted ‘‘invisible hand’’ of
the market is said to result in the efficient allocation of private
goods because each purchaser chooses to buy precisely the
amount he wants at the market price, and each provider chooses
to sell precisely the amount she wants at that price. There is no
comparable mechanism for public goods. There is, however,
some dissent on this point. The philosopher Sagoff (1994) sug-
gests that a ‘‘missing market’’ is an economic oxymoron: transac-
tions occur when the benefits of their consummation exceed the
costs of their arrangement. But few economists are willing to take
so extreme a view of the efficiency of economic arrangements,
although some suggest a careful calculation of the administrative
costs of allocating public goods and a corresponding constitutional
reluctance to appropriate such functions (for example, Stroup
2003). Their point might best be summarized by noting that effort
devoted to overseeing the allocation of public goods is itself a
public good.

3.4.1 Valuing Benefits

If one accepts the benefit-cost approach to public decision-
making—perhaps with some amendments or additions to ensure
equity or sustainability—the next order of business is to determine
the monetary consequences to be assigned to particular outcomes.
Those falling under the rubric of ‘‘costs’’ are often relatively easy
to infer. The costs of providing the services afforded by natural
ecosystems are represented by the opportunity foregone to pre-
serve them. These can often be inferred from, for example, the
price of similar land that has been cleared and used for agriculture
or other purposes. The benefits are much more difficult to mea-
sure. Some conservation organizations have adopted economic
valuation as a response in itself, the idea being that demonstrating
high economic values will motivate conservation (for example,
Barbier et al. 1997). Yet the methods available for such studies
remain imprecise, and, in many instances, spark fierce contro-
versy.

While many economists would acknowledge the possibility
that members of society can and do place large values on the
preservation of biological diversity and natural habitats, they also
despair of being able to measure such values accurately, at least in
the near future. To quote a major study conducted by the U.S.
National Academy of Sciences, ‘‘True public goods, such as bio-
diversity, species preservation, and national parks, present major
conceptual difficulties’’ (Kokkelenberg and Nordhaus 1999, p. 8).
Even when and if techniques can be established for conducting
such valuations accurately, the same report states, ‘‘The overriding
problem with all [valuation approaches] is that they require volu-
minous data and statistical analysis and can hardly be used rou-
tinely’’ (Kokkelenberg and Nordhaus 1999, p. 125). Perhaps the
best hope, if such analyses cannot be ‘‘used routinely’’ is that rep-
resentative studies can be identified and general results proposed.

Some approaches to ecological valuation have been widely
reported. The most frequently cited, a study of global ecosystem
service values by Costanza and numerous coauthors (1997) has
been widely derided by economists (for example, Smith 1997;
Pearce 1998; Toman 1998; Bockstael et al. 2000). Criticisms of
the report by Costanza et al. have largely focused on its interpreta-
tions of economic concepts. Critics allege that the work confuses
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average and marginal values and reports an economic impossibil-
ity: a willingness to pay in excess of the ability to pay.

Other authors have pursued analyses on more modest geo-
graphical scales. Kremen et al. (2000) suggest that the public
goods values arising from ecosystem preservation are larger at a
global than a local scale, while Balmford et al. (2002) find that
some local ecosystems are more valuable for the natural services
they provide than they would be if converted to agricultural or
residential use. While neither finding is implausible, it remains
unclear how broadly representative each may prove to be.

Alternative valuation paradigms have also been suggested.
Roughly a generation before the Costanza et al. work, ecologist
Odum (1981) proposed that ecosystem services be valued at the
cost of the energy embodied in their functions. More recently
other researchers have suggested that the ecological costs of inten-
sive urban development be proxied by the size of their ‘‘foot-
print’’ on the landscape, as determined by the area of land
required to grow their food, provide their energy, dispose of their
wastes, etc. (Rees and Wackernagel 1994). Whatever their other
merits might be, such single-metric approaches are typically not
accepted by mainstream economists. A celebrated result known as
the ‘‘non-substitution theorem’’ (Samuelson 1951) establishes that
economic values cannot in general be reduced to the contribution
of a single primary commodity or input (see Dasgupta 2002 for
an argument specifically in the context of environmental valua-
tion). The nonsubstitution theorem is often presented as, and
arose as, a refutation of Marx’s labor theory of value.

There is a wide range of methods for BCA. Surveys of non-
market valuation approaches can be found in a number of articles
and books; among the most complete and authoritative are Free-
man (2002) and the essays assembled by Mäler and Vincent
(2004). Economists generally prefer to work with data arising
from ‘‘revealed preferences’’; that is, evidence arising from the
decisions people have actually made when they have to pay for,
and live with, their choices. A number of studies have been con-
ducted in which the benefits of environmental improvement have
been inferred from, inter alia, the increased harvests of timber,
food, or fish afforded by environmental improvement (for exam-
ple, Bell 1998; Barbier and Strand 1998); provision of goods, ser-
vices, and amenities such as water (for example, Acharya 2000;
Pattanayak and Kramer 2001); demand for recreational opportu-
nities and services (for example, Hausman et al. 1995); the costs
averted by the provision of ecosystem services (for example, Sho-
gren and Crocker 1999); and the price premia commanded by
land parcels situated in favorable positions vis a vis natural ecosys-
tem services (for example, Irwin 2002; Thorsnes 2002). Sophisti-
cated and difficult analyses are often required to tease out the
value of ecosystem services from ‘‘revealed preference’’ data.
Multiple imputations, each introducing its own statistical uncer-
tainty, may be required to infer the values of goods and services
that are not traded in markets from the prices of commodities
that are. For an illustration of some of the data requirements and
conceptual issues involved in such studies, see Irwin (2002).

While the data requirements and statistical sophistication re-
quired to conduct valuation through revealed preference are
daunting, the alternative of attempting valuation more directly
raises even more contentious issues. In recent decades, many en-
vironmental economists have turned to ‘‘stated preference’’
methods. This involves asking people what value they place on
public goods such as biodiversity and ecosystem services. Current
techniques involve variants such as asking how people would vote
in a referendum to secure more biodiversity as well as pay higher
taxes, or asking people to rank different tax-and-public-goods
outcomes. Such an approach may be unavoidable in the calcula-
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tion of existence values (values wholly independent of any present
or future use or bequest). Yet stated preference approaches are
anathema to many economists, as they do not require respondents
to ‘‘put their money where their mouth is’’ by actually paying for
what they profess to value. Regarding the general reliability of
statements uttered without economic consequences, see Glaeser
(2003). The evidence concerning whether people actually con-
tribute what they claim they will is mixed; compare the contrast-
ing findings of Strand and Seip (1992) with those of Vossler and
Kerkvliet (2003). A fierce debate has also raged between those
who allege that stated preferences reflect the ‘‘purchase of moral
satisfaction’’ more than they do any carefully considered estimate
of willingness to pay for the specific good in question (Kahneman
and Knetsch 1992) and their opponents (for example, Smith
1993). For a perspective from outside economics on the elicita-
tion of preferences, see Fischoff (2004).

Commenting on the use of stated preference methods in eco-
nomics, V. Kerry Smith (1998) wrote:

Indeed, there is a curious dichotomy in the research using
[stated preference methods] for non-market valuation. Envi-
ronmental economists actively engaged in non-market valua-
tion continue to pursue very technical implementation or
estimation issues, while the economics profession as a whole
seems to regard the method as seriously flawed when com-
pared with indirect methods. They would no doubt regard
this further technical research as foolish in light of what they
judge to be serious problems with the method.

Smith, who has contributed importantly to the literature on stated
preference methods, probably overstates the case in characterizing
the attitude of the ‘‘economics profession as a whole.’’ A panel
on which two Nobel Prize winners served provided a cautious
but positive endorsement of stated preference methods (Arrow et
al. 1993), and one of the journals published by the North Ameri-
can branch of the ‘‘profession as a whole’’ has devoted consider-
able space to a symposium on the subject (Journal of Economic
Perspectives 1994). Still, stated preference methods, and, indeed,
albeit to a lesser degree, nonmarket valuation methods in general,
continue to spark controversy. An example of this tension is seen
in a comment by Jerry Hausman, the 1985 winner of the Ameri-
can Economic Association’s John Bates Clark Medal—awarded
every two years to the individual regarded as the most ac-
complished American economist under 40 and often seen as a
predictor of a future Nobel Prize; Hausman remarked that ‘‘Envi-
ronmental economics is to economics what military music is to
music’’ (Business Week, June 30, 1997). A benefit-cost assessment
that relies on nonmarket valuation to establish a case for conserva-
tion is unlikely to be regarded as clearly dispositive by all com-
mentators. Nor, it should also be noted, would a finding that
conservation is not warranted, be based on the same methods.

Another very contentious issue in the calculation of benefits
concerns the weighting of benefits received at different times.
How should we weigh the interests of unborn generations in
making current economic decisions? General practice has been
simply to assume that future benefits should be discounted back
to the present at a constant exponential rate. This gives rise to
compound discounting and, with it, many often-cited anomalies;
for example, discounted for 500 years at a rate of 5% per annum,
the world’s current total economic product would be worth con-
siderably less than most used automobiles (the discounted present
value computes to a little less than 500 dollars).

It is interesting to note the comments of some leading early
economists on discounting. Ramsey, whose model of economic
growth has dominated the analysis of that subject for almost a
century, wrote that discounting ‘‘is ethically indefensible and
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arises merely from the weakness of the imagination’’ (1928).
Koopmans (1960) provides a simple counter-argument. Not dis-
counting, he wrote, might lead to the ‘‘tyranny of the future’’:
current generations would be obliged to save for the unborn, ac-
cumulating capital to be enjoyed by presumably wealthier later
generations. In addition to Koopmans’ argument, exponential
discounting has the desirable property of time consistency. One
would not be tempted this year to revise savings or investment
plans made last year simply because time has passed.

Whether or not later generations will, in fact, be wealthier is
both pivotal and unknowable. One view of discounting is simply
that a discount rate is a price like any other. Price ratios reflect
ratios of marginal satisfactions achieved from consumption. If we
choose to discount future relative to present consumption, that
choice ought to reflect, at least in part, an expectation that we
will not find ourselves in desperate straits in the future. Of course,
if we did expect our future prospects to be worse, we would
discount less. Moreover, recent research (Weitzman 1998; Gollier
2002; Newell and Pizer 2003) suggests that uncertainty about fu-
ture production and consumption prospects ought also to moti-
vate lower discounting.

While there are good reasons for discounting, there are also
some problems. First, if we are interpreting discount rates as
prices, the analysis of the previous paragraph applies only when a
single decision-maker is deciding his/her own consumption plan
over time. In as much as human lifetimes are limited, long-term
decisions based on discounting necessarily involve one generation
making a choice that affects others. While the literature is replete
with references to the role of bequests from benevolent ancestors
to their heirs (for example, Blanchard and Fischer 1989), it is an
open question how best to protect the interests of one’s progeny.
Some researchers favor treating the present generation as agents
empowered to save and invest for the future. Others feel the pres-
ent generation should be required instead to preserve essentially
the same configuration of natural assets as we now enjoy for fu-
ture generations’ use and enjoyment. These two views of the cur-
rent generation’s savings obligations represent in broad terms the
schools of ‘‘weak’’ and ‘‘strong’’ sustainability, respectively (for
example, Pezzey and Toman 2002). The issue of how best to
preserve natural assets for future needs is also closely related to
matters of option value, the precautionary principle, and the safe
minimum standard (see below).

Some scholars would replace the discounted-present-value of
utility formulation that has motivated most models of economic
growth with a different criterion for social decision-making. Al-
ternatives include a ‘‘Green Golden Rule’’ approach in which the
objective would be to maximize sustainable long-term well-being
and, implicitly, reduce the importance attached to the welfare of
current generations (Beltratti et al. 1995). Graciela Chichilnisky
(1996) proposed an objective that would combine traditional dis-
counting with concern for the long term.

While such alternative approaches have merit, it seems rea-
sonable to advise researchers and practitioners assessing response
options to adopt a discounting approach, albeit one with conser-
vatively low and, in the limit of the far-distant future, perhaps
vanishingly small rates. This will be analytically more straightfor-
ward in making calculations. In as much as there are now compel-
ling arguments in the literature for discounting distant-future
gains at extremely low rates (Weitzman 1998; Gollier 2002; New-
ell and Pizer 2003), it seems reasonable to suppose that the appara-
tus of discounting can now be accepted in very broad terms
without necessarily trivializing well-being in the distant future.
The suggestion is sometimes made that analysts should—and peo-
ple do—apply ‘‘hyperbolic’’ discount rates (see Heal 2000). With
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hyperbolic discounting, the net present value of a sum to be re-
ceived in the future declines as a function of the relative time lag
involved: the ratio of values assigned to events one and ten years
in the future would be the same as that applied to events 10 and
100 years in the future. While survey and psychological evidence
may support the approach, it may not matter much in practice if
we adopt hyperbolic discounting or simply recognize the effects
of manifest uncertainty on calculations concerning the far-distant
future.

Finally, with respect to the estimation of benefits, it should be
noted that uncertainty regarding the magnitude of benefits should
not translate into a disregard for them. In fact, the opposite might
be true for two reasons. First, just as the prudent household may
purchase insurance against unavoidable risks, prudent resource
managers may choose to indemnify themselves against the un-
known ecological consequences of radical change by foregoing
the associated short-term benefits. Second, even absent aversion
to risk, it is generally wise to defer decisions with irreversible
consequences until their expected benefits more than exceed their
expected costs. The theory of option value, first developed in
finance (for example, Dixit and Pindyck 1994), argues that there
is a premium, or ‘‘option value,’’ associated with retaining the
option to wait for better information. This idea has been applied
to environmental economics in general (Arrow and Fisher 1974)
and the analysis of ecological assets in particular (Perrings and
Walker 1997, Albers and Goldbach 2000). Some commentators
put forward a stronger argument. The future is not simply un-
known; it is unknowable. Hence, rather than assign option values
to reflect known uncertainties, society should adopt a safe mini-
mum standard or invoke a precautionary principle (for example,
Ready and Bishop 1991). While the safe minimum standard and
option value approaches are conceptually distinct, they may yield
operationally equivalent policy prescriptions. (See Chapter 4 for a
more detailed discussion of decision-making under uncertainty.)

3.4.2 Cost-effectiveness

If it is not possible to infer reasonable estimates of all values, it is
not possible to perform a full BCA. In some instances, a partial
analysis may suffice. There are circumstances in which measuring
some of the benefits of ecosystem services and human well-being
establishes that a response should be undertaken. The existence of
other, as yet unquantified, values simply makes the case even
stronger. Or society may simply have made the decision to allo-
cate a certain sum to conservation or environmental improve-
ment. The challenge then is to determine how to spend this sum
most wisely.

In performing such cost-effectiveness analyses, the question is
simply ‘‘how much do the relevant alternatives cost?’’ Economi-
cally relevant costs are opportunity costs, rather than financial, his-
torical, or replacement costs. That is, the true measure of the cost
of, for example, preserving a parcel of land as habitat for endan-
gered species is the earnings (or more, generally, satisfaction) fore-
gone in not exploiting it for other purposes. It does not matter if
these are earnings that a landowner would ‘‘pay to herself ’’ rather
than to someone else if she were to convert the habitat to another
use, nor would opportunity costs be obviated if a government
were to condemn the land for public use rather than compensate
the landowner for her lost earnings.

The economist’s prescription for implementing environmen-
tal or conservation policy at least cost to society is typically to
use ‘‘market based incentives’’ such as taxes on environmentally
harmful products, subsidies to environmentally friendly ones, or a
system of tradable permits or obligations in such products. The

................. 11430$ $CH3 10-21-05 14:36:54 PS



84 Ecosystems and Human Well-being: Policy Responses

approach was first proposed by the British economist Pigou
(1932)—hence the designation ‘‘Pigovian taxes’’ or ‘‘Pigovian
subsidies’’—and has been a staple of textbooks since, although the
first significant policy applications did not materialize for many
years. Subsequent research has noted the need for refinements
to, for example, fine-tune taxes or permit prices to reflect spatial
variation (Tietenberg 1978) or compensate for interaction with
existing taxes on other commodities (Parry et al. 1997). However,
the principal practical impediments to implementing cost-effective
market-based incentives would appear to be largely political
(Pearce 2004) and technological (Henriquez 2004). The latter
barriers may be removed as capacity is enhanced to track environ-
mental damage in real time and trace specific harms to their origi-
nators.

The question of cost-effectiveness has proved particularly
contentious in international biodiversity conservation policy. Sev-
eral authors have suggested that ‘‘direct payments’’ will prove
more effective than ‘‘indirect approaches’’ such as those embod-
ied in Integrated Conservation and Development Programs
(Simpson and Sedjo 1996; Ferraro 2001; Ferraro and Kiss 2002).
Direct payments are, in essence, Pigovian subsidies (Ferraro and
Simpson 2002). Such approaches are being increasingly adopted
by organizations such as Conservation International (CI 2000),
and various nations and organizations are experimenting with
payments for ecosystem services (Pagiola et al. 2002). These steps
are being taken in large part in response to perceptions that ‘‘indi-
rect approaches’’ have not proved cost-effective (Wells and Bran-
don 1992; World Bank 1997; Brandon 1998; Reid and Rice
1997; Southgate 1998; Oates 1999; Terborgh 1999; Terborgh et
al. 2002). Others have pilloried such criticisms as attempts to ‘‘re-
invent a square wheel’’ (Brechin et al. 2002) and might well re-
gard economic injunctions to adopt direct incentives as similarly
insensitive to cultural context.

In assessing the cost-effectiveness of conservation policies it
seems reasonable to suggest that researchers be able to trace a
clear and unambiguous trail from the response proposed to the
conservation (and, as appropriate, development) outcome desired.
Some arguments for direct incentives are stripped to their bare
conceptual basics and, consequently, may ignore social and cul-
tural factors. Yet conservation practitioners and project evaluators
should be skeptical of broad interventions intended to solve mul-
tiple problems with single programs. Brandon (1998) comments
trenchantly on the limitations of conservation interventions in ad-
dressing broader social ills.

3.4.3 Secure Property Rights

An important assumption underlying the claim that a competitive
market economy is Pareto optimal is that property rights are well-
defined. That is, someone owns each of the goods and services
that people might trade with one another. The owner cannot be
deprived of what he/she owns without agreeing to be compen-
sated with something else. When it is impossible or infeasible to
exclude other users, there is little incentive for one person to
conserve resources for her future use, as it is likely that another
will capture them in the interim. Hence, many commentators
note that strengthening tenure—in essence, designating ‘‘owners’’
and empowering them to exclude others—will induce more con-
servation (for example, Scher et al. 2002; Terborgh et al. 2002).

There is, perhaps, more agreement among conservation prac-
titioners and advisors on the importance of property rights than
there is on the matter of how best to compensate owners for
conservation. This could be troubling, as property rights alone

PAGE 84

may not suffice to motivate conservation. There are both costs
and benefits to property rights. The benefits arise from security in
investment: maintenance or improvement of property is repaid
with future earnings. The costs arise from enforcement: property
must be defended against those who would infringe upon it. The
economic theory of property rights (Barzel 1997) suggests that
property rights come to be defined when the benefits of their
definition justify the costs of their enforcement.

Some commentators suggest that biodiversity might be pro-
tected better if property rights were more clearly established in its
products. Establishing and strengthening property rights is, then,
a potential response. This observation raises a question of cause
and effect. If property rights come into being when the benefits
of their establishment justify them, are the potential owners of
biodiversity deprived of benefits because they cannot claim prop-
erty rights, or do they not claim property rights because the po-
tential benefits of doing so have not yet proved sufficient to
compensate them? To give one example, some have argued that
local people did not have sufficient incentives to conserve biodiv-
ersity because, at least absent participation in and protection from
the Convention on Biological Diversity, they could not claim
ownership of pharmaceutical preparations derived from natural
products (for example, Vogel 1994). Others argue that property
rights in such preparations have generally remained unspecified
because the economic value of untested natural products is not
high enough to justify their establishment (Simpson et al. 1996).

In general, practitioners and evaluators assessing the role of
property rights in crafting effective responses should consider
carefully the function to be served by stronger property rights. If
it is to capitalize on as-yet unrealized values, it is reasonable to ask
what impediments have prevented their realization to date. If it is
to facilitate the receipt of payments for conservation, the source
of payments must, of course, also be secured.

None of this discussion is intended to suggest that an adequate
source of income in combination with secure ownership would
not motivate effective conservation incentives. Geoffrey Heal
(2000, 2002) has suggested that private and public goods might
be, and in fact in many instances are being, ‘‘bundled’’ so as to
make payments for the former and as an incentive for maintaining
the latter. In southern Africa, for example, private farmers have
found it more profitable to devote their lands to game animals
than to raise cattle and other non-indigenous species (Bond 1993;
Heal 2000; Muir-Leresche and Nelson 2000). By selling the right
to enter, photograph, or hunt (in a regulated and sustainable fash-
ion), such game ranchers are earning private returns while pro-
tecting a public good. Similar considerations may motivate private
conservation of forest habitat in Costa Rica (Langholz et al. 2000)
or the incorporation of onsite nature reserves at new housing de-
velopments (Heal 2000, 2002). It is certainly appropriate to con-
sider roles for private markets in the economic assessment of
responses.

Unfortunately, there are no simple policy prescriptions re-
garding the optimal or ideal system of property rights to protect
and maintain ecological systems. A detailed review of the empiri-
cal literature on different property rights regimes concluded,
‘‘Success in the regulation of uses and users is not associated with
any particular type of property-rights regime’’ (Feeny et al. 1990,
p.12). An important implication of such work is to demonstrate
that there are a variety of alternative institutional contexts under
which ecosystems and their services may be appropriately man-
aged. The case for secure property rights, therefore, should not
be seen as a case that supports any specific system of property rights,
such as privatization or nationalization.
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As a final comment on property rights, we note again some
themes already touched upon. Theoretical models of general
competitive equilibrium often assume ownership of everything at
every time and in every conceivable state of nature (more formally
and compactly, ‘‘complete futures and contingency markets’’).
This is obviously impossible: future consumers cannot conduct
transactions before they are born. Those alive at present might
represent the interests of their descendents, and markets may re-
flect concern for future resource scarcity. However, different
commentators differ as to whether such considerations constitute
adequate safeguards for intergenerational equity.

Some similar issues may also arise in the consideration of intra-
generational consequences of environmental and conservation
policy. Instituting a widespread program of payments for the pres-
ervation of biodiversity might be expected to occasion a large
transfer of wealth from richer to poorer nations as the relatively
undisturbed land holdings of the latter increase in value. By the
same token, a policy that obliged poor countries to conserve
natural capital without corresponding compensation would exac-
erbate existing inequities. Researchers assessing the social conse-
quences of responses should consider these factors, and note that
changes in the distribution of wealth could have more profound
impacts.

3.5 Social Factors
As discussed, stakeholders are those individuals or organizations
who wish to affect a response, those who are able to affect it, and
those who are affected by it. Groups characterized chiefly by the
last criterion may not necessarily be actively engaged in the politi-
cal process, but may nonetheless face direct or indirect impacts as
a result of the implementation of a particular response. Any at-
tempt to develop a strategic response to ecosystem maintenance
will have implications for social systems beyond what can be con-
sidered strictly economic and political parameters. This section
discusses a set of issues that are conventionally classified as relating
to the equity of responses; it also introduces the idea of pluralistic
belief systems as a potential source of inequity. A distinction is
drawn between material inequity and cultural inequity. The latter
relates to the ways in which different cultural groups, who per-
ceive the environment and their relationship to nature in cultur-
ally distinctive ways, may also be impinged upon, with significant
social impacts.

The distribution of gains and losses across stakeholders rarely
occurs in a manner that is perceived as equitable by all. Devising
and implementing ecological responses always entails gains and
losses and, in many instances, these impacts have been distributed
in markedly inequitable fashion, regardless of whether this out-
come was intended by policy proponents. Equity issues emerge
because of distributional impacts that affect stakeholders who can
be distinguished along a number of dimensions (some of which
may potentially be overlapping). These include gender, ethnicity,
race, class, and generation. Some equity concerns may also arise
from the pragmatic concern that power be given to, or retained
by, those with the material wherewithal to ‘‘get the job done.’’ In
many contexts this is not solely an economic consideration, but
may also involve ethnicity, gender, class, and other attributes. Eq-
uity concerns also emerge because groups may have beliefs and
ideological opinions that are inadequately represented when
choosing among responses and strategies. Although effectiveness
is sometimes seen as a benefit to be traded off in terms of a reduc-
tion in equity, in some instances the inequitable social impacts of
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a response have the potential to impinge upon the effectiveness
of the response itself.

3.5.1 Equity

Many stakeholders have divergent material interests, and these are
differentially affected by policies that are targeted at meeting de-
fined ecological objectives. While the economic paradigm treats
such issues as distributional (and thus not relevant to the question
of efficient resource allocation and management), there are usu-
ally profound implications for groups that suffer costs as a result
of adoption of specific responses. Furthermore, if such groups are
socially or politically marginalized, these costs are often not taken
into account in determining the desirability of a response, and the
groups are not compensated in any way.

Well-developed response strategies should ideally contribute
to the reduction of material inequity between social groups. In
many cases, however, a complete assessment of potential equity
concerns is not carried out before implementing a policy. In some
cases in the past, such policies have exacerbated existing social
inequities, or have inadvertently caused new ones, by imposing
changes in rights/access to resources or by providing (uninten-
tionally or intentionally) compensation to certain groups. (See
Box 3.5.) In many cases, there is a tension between the pursuit of
ecological goals and social equity for one or more of three reasons.
First, ecological goods are not uniformly distributed. Second, the
pursuit of these goals more often than not imposes a greater de-
gree of behavioral changes onto specific groups. Third, the ability
to guarantee all individuals access to the necessary resources to
support even a minimally sufficient standard of living, much less
raise those standards to the quality of life enjoyed by those in
industrial countries, simply not be physically possible at current
global population levels, particularly in regions facing high popu-
lation growth within ecosystems that are already strained beyond
capacity.

3.5.2 Cognitive Differences and Ecological Beliefs

Social differences may emerge at the cognitive level, because of
divergent perspectives, ideologies, or worldviews held by various

BOX 3.5

The Equity Implications of Forced Displacement

A particular issue in the discussion of equity relates to the forced move-
ment of people and the displacement of existing livelihood strategies
as a consequence of adopting a particular response. Any strategy that
imposes constraints on the use of land and resources may impinge
upon current lifestyles and livelihood strategies of a local population.
This problem is particularly contentious in the conservation context,
since the creation of areas that are reserved for the maintenance of
habitats for biodiversity often impinges on existing land-uses. Such
strategies may directly or indirectly encourage resettlement that, while
relieving pressure on a particular conservation area, may only shift
those pressures to other regions that may be equally stressed, or lead
to decreased living standards when resettlement is not an option. In
addition, population pressures (the need for living space, conversion of
land to agriculture, and fuelwood collection) also present an imposing
obstacle to the implementation of response strategies. This issue ap-
plies not only to developing countries, but has also become relevant in
the industrial world, where absolute population pressures may not be
an issue but the rapid growth of concentrated population centers in
ecologically sensitive zones can place limits on the ability to exert
control over ecosystem services.
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stakeholders. Responses may be contested, not because of the per-
ceived loss of material well-being, but because they imply a rejec-
tion of deeply held beliefs. In order to assess the social impacts of
a particular response, policy-makers must recognize the existence
of a plurality of worldviews and acknowledge that the adoption
of a specific policy response may (inadvertently or deliberately)
privilege specific worldviews. Thus, just as the material interests
of stakeholders may be differentially affected by policy, it is also
possible that the implementation of policy responses that privilege
specific worldviews may elicit enormous resentment among cul-
tural groups that are affected by the policy, which can hinder
policy effectiveness, encourage social conflict, or reduce the po-
tential for political viability of future responses. One of the most
significant impacts of such oversight may be a failure to incorpo-
rate systems of knowledge and worldviews that may well be the
most appropriate for the ecological goals sought.

Typically the worldviews that tend to be accorded privilege in
ecological policy encompass an emphasis on certain environ-
mental issues identified by predominantly North American and
European environmental interests, and a reliance on Cartesian sci-
entific methods and technological inputs. The issues identified by
these interests may not be the priorities of peoples in other coun-
tries. (See Box 3.6.) The worldviews that become marginalized
in the policy-making process include those of alternative environ-
mental priorities, local knowledge, and ecological perspectives of
peoples living in regions that are targeted, or at least implicated,
by response strategies. This situation may not only lead to the
undermining of important information and monitoring abilities,
but can also lead to resentment among the affected groups. One

BOX 3.6

The Post-materialism Hypothesis

Recent scholarship has debated the differences between ecological
beliefs among the populations of advanced industrialized countries and
those that are relatively poor. Many researchers use the notion of
‘‘post-materialism’’ to study the attitudes and role of civil society in
industrialized countries (for example, Abramson 1997; Abramson and
Inglehart 1995; Kidd and Lee 1997a, 1997b; Pierce 1997).

Abramson and Inglehart summarize the post-materialism thesis: it
‘‘assumes that the economic security created by advanced industrial
societies gradually changes the goal orientations of mass publics’’
(p. 9). This is similar to the conventional wisdom among economists
that environmental protection is a ‘‘luxury good’’ demanded in greater
quantity by the wealthy (for example, Kolstad 2000; also Dasgupta
2003, who argues that the poor find themselves more dependant upon
the services provided by natural environments). In general, scholars
find that people with post-materialist values are more apt to prioritize
environmental protection. Rather than focusing on social movement
organizations and civic associations, the research on post-materialism
looks at lifestyle issues and consumer behavior and how they are re-
lated to environmental protection.

However, the post-materialism thesis has come under criticism by
scholars looking at global environmentalism (for example, Brechin
1999; Brechin and Kempton 1994; Dunlap and Mertig 1992; Guha and
Martinez-Alier 1997; Adeola 1998). These scholars suggest that there
are material and non-material attitudes that inform environmental be-
liefs in both rich and poor countries, and argue that it is inappropriate
to assume that ecological issues will necessarily be a higher priority in
advanced industrial nations.
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such example can be seen in the case of whale hunting among the
Makah people in Neah Bay, Washington, which is seen as a ‘‘cul-
tural necessity’’ (Erikson 1999). This practice is bound up with
traditions, rituals, and taboos integral to the tribe’s cultural sur-
vival. In another example, some scholars have suggested that
granting trade-related intellectual property rights to new plant and
animal products is not only in conflict with the goals of the Con-
vention of Biological Diversity, but may also undermine the life-
styles of indigenous peoples (Anuradha 2001).

3.6 Methods and Tools for Assessing Responses
For effective decision-making, it is necessary to examine the im-
plications of chosen responses across the five domains: political,
institutional, economic, social, and ecological. Failure to assess
options across all these dimensions may cause several weaknesses,
and strengths, to be overlooked. The material presented here has
highlighted issues that emerge in assessing responses within any
one of these dimensions, but an overall assessment must find ways
of comparing outcomes across these different domains as well. The
task of an integrated assessment is particularly difficult, and de-
mands extensive resources, since it needs to recognize the multi-
dimensional nature of impacts, but also requires methods that are
sensitive to a plurality of perspectives from diverse intellectual
disciplines. Further, decision-makers may differ on the relative
desirability of response strategies, particularly when there are le-
gitimate differences of opinion about both the objectives of inter-
vention and the means to achieve these ends.

Along any one dimension, using any particular criterion for
assessment, the evaluation process can distinguish between con-
straints that render a policy option infeasible, that is, the binding
constraints, and those considerations that, although important,
may be treated as costs associated with the implementation of an
option that stakeholders might be willing to bear, that is, the ac-
ceptable trade-offs. The distinction is important, since classifying an
impact as a binding constraint effectively rules out a particular
response, while identifying acceptable trade-offs serves to alert a
decision-maker to unintended consequences and potentially
harmful side effects of an otherwise feasible strategy. (As noted
earlier, the obvious caveat is that what is seen by a particular
decision-maker as a binding constraint in a particular context may
not be seen in the same light by other decision-makers.)

Recognizing that decisions are typically made in a pluralistic
environment, this section presents some general principles that
can guide decision-makers in assessing the effectiveness of re-
sponses. The principles that are outlined here simply follow a sys-
tematic thought process that makes explicit some of the trade-offs
and choices that are inevitably involved in such decision-making.
What this discussion emphasizes is that no single discipline, and
indeed no particular perspective, can claim the greatest legitimacy
in a debate. What is appropriate and desirable in one context may
be completely unacceptable in another. To this extent, the effec-
tiveness of responses is relevant to a specific scale of analysis, and
to a particular spatial and temporal context.

Although we offer a comprehensive guide for response assess-
ment, we recognize that in some instances decision-makers will
not have sufficient time or resources to collect all the information
that is necessary, particularly in instances where indicators are not
readily available, and primary data must be gathered. Fieldwork
in the social sciences can be costly as well as time-consuming, as
it may involve a combination of historical research, participant
observation, and personal interviews and/or surveys. In cases
where resources fall short of what may be required, decision-
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makers have a number of options. They may explore cost-sharing
options with other potential supporters, or garner local com-
munity participation in data gathering, for example. If decision-
makers cannot raise enough resources to conduct a comprehen-
sive assessment, we advise primary focus on potentially binding
constraints, and the formulation of response strategies that are suf-
ficiently flexible that they can be responsive to dynamic and un-
certain conditions.

The framework involves three stages: identifying binding
constraints, classifying acceptable trade-offs, and scoring potential
responses against one another to choose the best option. The
questions involved in the first stage of the assessment process—
identifying binding constraints—are shown in Table 3.1. It pro-
vides examples of the types of issues that would allow decision-
makers to identify whether processes in any one of the political,
institutional, economic, or social domains could potentially be
regarded as binding constraints in the context of specific re-
sponses. Clearly, if this is the case, the response itself is unlikely to
be accepted, and the decision-making process must attempt to
identify suitable and feasible alternatives. This procedure can be
seen as the first filter that eliminates potential strategies that either
fail to achieve important objectives, or are technically, morally, or
politically unacceptable.

In the second stage of the assessment method, trade-offs can
often be identified quickly. For example, autocratic responses may
economize on public consultation that might dilute the impact of
proposed responses targeted at specific, one-dimensional change.

Table 3.1. A Framework for Assessing Responses

Domain Issue Evaluation

Political Can all potential Not likely to be a binding
stakeholders be identified? constraint, unless neglected

stakeholders mobilize
political opposition.

Is the political context If not, could be a binding
supportive? constraint.

Can the political context be If not, is a binding constraint.
changed?

Institutional Is there adequate capacity If not, could be a binding
for governance at an constraint.
appropriate scale?

If not, can it be created? If not, is a binding constraint.

Economic Is the outcome cost- Could be a binding constraint
effective? if funds are limited.

Are there secure and well- Could be a binding
defined property rights? constraint, if there are

numerous competing
demands on the resource.

Social Is the outcome equitable, in Could be a binding
a distributional/material constraint, if this is a high
sense? priority, or those

disadvantaged by the
response can effectively
oppose it.

Does the outcome violate the Not likely to be a binding
cultural norms of particular constraint, unless consensus
groups? is an explicit objective.
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These same trade-offs, however, are also likely to undercut the
political feasibility and, in consequence, the equity of such ap-
proaches. Conversely, responses developed with the participation
of numerous special interest groups may assemble the coalition of
interests required for their implementation, but have limited im-
pact due to the need to serve the disparate interests of the coali-
tion.

This is not to say, of course, that synergies never arise. Some
responses may constitute ‘‘win-win’’ opportunities in which, per-
haps, native ecosystems might be maintained while enhancing
local incomes, redressing inequities, or achieving other ends.
Many examples have been proposed of such ‘‘win-win’’ opportu-
nities (for example, Heal 2000; Daily and Ellison 2002). Changes
in technology, consumer tastes, political liberty, and other factors
may be expected to generate more such opportunities over time.
While policy-makers ought to remain alert for such opportunities
and move aggressively to act upon them, they must also retain a
realistic outlook. One must always ask why an activity that affords
multiple benefits has not yet been initiated. Closer inspection may
reveal that there are, in fact, other stakeholders whose interests
are imperiled by what may first appear to be a ‘‘win-win’’ oppor-
tunity. In other words, if it sounds too good to be true, it probably
is (O’Brien and Leichenko 2003).

It seems unlikely, then, that instances could often be identified
in which one response dominates all others in all categories (and,
we might add, in the estimation of all stakeholders). Thus, even
once unacceptable responses have been eliminated, the decision-
maker will generally need to make further choices between a set
of potentially feasible responses, each of which may have different
specific implications for any one of these multiple domains. In
other words, the third stage in the assessment process is to score
potential responses against one another. Table 3.2 presents the
Response Assessment Matrix, which provides a method for
decision-makers to assess responses across the five domains identi-
fied in this chapter.

In order to make this matrix operational, sub-criteria must be
developed within each of the five domains. These would then be
associated with specific indicators that would help to assess the
impact of the response. No general listing of such indicators is
possible, however, since these are likely to reflect the specific re-
source and the particular local context, as well as the preferences
of the decision-makers engaged in the evaluation process. In some
contexts, such as the development of criteria and indicators for
sustainable forest management, there is considerable progress
toward developing a set of widely acceptable and measurable cri-
teria and indicators (see Prabhu et al. 1999). In other areas, how-
ever, progress is much slower. Moreover, there are a number of
issues for which readily accessible indicators either do not exist at
present or their validity is disputed. Table 3.3 summarizes the
main issues that relate to the assessment process and comments on
the availability and acceptability of relevant indicators for each of
these issues.

Table 3.2. Proposed Response Assessment Matrix

Political Institutional Economic Social Ecological

Response 1

Response 2

Response 3

. . . and so on
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Table 3.3. Indicators for the Impact of Responses

Domain Issue Availability of Indicators

Political Identification of relevant Stakeholder analysis
stakeholders

Balance of power between No indicators—subjective
stakeholders judgment

Degree of policy support by No indicators—subjective
stakeholders judgment

Relations between the state No indicators—subjective
and key stakeholders— judgment
relative autonomy

Institutional Legitimacy of international No indicators—subjective
institutions judgment

Linkages between institu- No indicators—subjective
tions judgment

Compliance with established Progress reports, voluntary
rules and norms submissions

Implementation Progress reports, voluntary
submissions

Institutional adaptability No indicators—subjective
judgment based on longevity
and resilience of institutions

Access to financial resources Budget analysis

Existence of pluralist democ- Electoral participation rates,
racy number of political parties

Separation of executive, judi- Constitutional provisions
cial, and legislative functions

Bureaucratic competence No indicators—subjective
judgment

Capacity for local manage- Presence of organized user
ment groups

Economic Cost-effectiveness Benefit cost analysis, valua-
tion studies

Security of property rights Legal framework

Social Equity (material) Distributional analysis of
costs and benefits

Conflicting worldviews and Anthropological and cultural
ideologies studies

Assessment of trade-offs can be qualitative, quantitative, or
both, as shown in the examples in Tables 3.4 and 3.5. Resolving
the trade-offs presents the greatest challenge to determining ap-
propriate responses. In some instances, it may be possible to view
indicators as binary: so long as some standard is satisfied, the deci-
sion between approaches can be made on other grounds. For ex-
ample, a decision-maker might determine that, so long as local
material inequities are not further exacerbated, the most cost-
effective approach might be chosen. More generally, however,
aggregating across these different dimensions is likely to be diffi-
cult. But it is not impossible, as is demonstrated by Brown et al.
(2002), who use a matrix scoring method to reflect economic,
social, and ecological considerations in the context of integrated
coastal conservation and development. They involved a wide
range of stakeholders in developing specific indicators across each
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Table 3.4. Qualitative Assessment of Trade-offs and Synergies

Political Institutional Economic Social Ecological

Response 1 �� � 	 � �

Response 2 	 �� �� 	 �

Response 3 � 	 � 	 	

. . . and so on

of the domains; these were then converted into standardized
scores that were aggregated using different weights in order to
rank the alternatives. It is not clear that such methods are appro-
priate for all qualitative indicators, however, and their results are
always highly sensitive to the weighting procedure that is
adopted. Weights will also necessarily change over time, as cir-
cumstances change.

This is not a counsel of despair by any means, however. We
suggest only that decision-makers must, in the final analysis, make
some subjective assessment of the weights to be assigned to each
factor. Having done so, the construction of such matrices will
help decision-makers focus on the important issues that emerge in
choosing among alternatives. This process will also aid decision-
makers in constructing alternative future scenarios, thereby mak-
ing better-informed choices among the alternatives.

Although the assessment process outlined here suggests a ra-
tional, linear approach to evaluating options, it is important to
emphasize that preferences, perceptions, information, and exoge-
nous factors continually change, and an effective system must be
responsive and flexible to such changes. The process of decision-
making is an on-going one, not a one-time assessment of trade-
offs and synergies between different objectives and the interests of
different stakeholders. Thus the assessment of responses needs to
accommodate feedback, as well as the possibility of learning and
adaptation. There is a growing emphasis on the use of methods
such as ‘‘adaptive management’’ and ‘‘adaptive co-management’’
to incorporate such dynamism into decision-making environ-
ments. (See Box 3.7.)

Such assessment processes can be undertaken by a number of
diverse stakeholders at a variety of scales. In such circumstances,
the use of decision-making methods that adopt a pluralistic per-
spective is particularly pertinent, since these techniques do not
privilege any particular viewpoint. Box 3.8 presents an example
of such a pluralistic decision making process, which has achieved
significant progress towards sustainable adaptive forest manage-
ment in Canada.

A number of pluralistic decision-making tools and techniques
have been documented in the literature. These tools can be em-
ployed at a variety of scales, including global, sub-global, and
local. Tables 3.6, 3.7, and 3.8 list some of the tools that are avail-
able, as well as a preliminary assessment of their most appropriate
scale(s) of application. Although not necessarily complete, as new
techniques and tools are constantly being developed, the typology

Table 3.5. Quantitative Assessment of Trade-offs and Synergies

Political Institutional Economic Social Ecological

Response 1 4 2 	1 1 1

Response 2 	2 3 3 	2 2

Response 3 1 	1 2 	1 	2

. . . and so on
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BOX 3.7

Adaptive Management and Adaptive Co-management

Adaptive management (Holling 1978) draws upon a variety of tech-
niques for the management of ecological resources that emphasize the
wider system as an appropriate unit for analysis. These techniques are
particularly sensitive to dynamism and feedback; they are holistic and
process-oriented. Adaptive management recognizes the role of uncer-
tainty in the decision-making environment, but uses adaptation (in the
Darwinian sense) to allow responses to learn from these environmental
variables, and thereby to produce more stable policy outcomes. Such
systems are modeled across a variety of temporal and spatial scales,
and usually involve the coupling of highly complex social and ecological
systems (Berkes and Folke 1998; Berkes et al. 2003).

Adaptive co-management builds on these principles by emphasizing
the importance of local ecological and social contexts within which
decision-making operates. Ecological processes at the local scale dis-
play a particularity and variation that have an impact on the ways in
which responses work in practice; incorporating such place-specific
knowledge is an important element of an adaptive management strat-
egy. Sensitivity to the social context demands the recognition of local
communities as critical elements of any response strategy. Adaptive
co-management systems have been described as ‘‘flexible, community-
based systems of resource management tailored to specific places and
situations and supported by, and working with, various organizations
at different levels’’ (Olsson et al. 2004, p. 75). Responses developed
through such processes emphasize the central role of learning, adapta-
tion, and collaboration in the evolution of strategies, in an attempt to
build more resilient social-ecological systems.

Assessments of empirical examples of such systems are increas-
ingly seeking to understand why they are especially appropriate to the
choice, implementation, and evaluation of responses in a dynamic
world characterized by uncertainty and change (Olsson et al. 2004, for
instance, evaluate two cases from Lake Racken in western Sweden
and James Bay in Canada in order to identify the essential features of
the adaptive co-management process).

is reasonably comprehensive. Distinctions are made between de-
liberative tools (Table 3.6), which facilitate transparency and stake-
holder dialogue over responses; information gathering tools (Table
3.7), which are primarily focused on collecting data and opinions;
and planning tools (Table 3.8), which are typically employed for
the evaluation of potential policy options. Chapter 4 presents a
more comprehensive overview of the specific issues that arise due
to the presence of uncertainty in the decision-making environ-
ment, and reviews specific decision analytical frameworks that
have been adopted in order to deal with such uncertainty.

3.7 Conclusion
Chapter 3 has attempted to outline a general guide to be used
for assessing ecological responses through the identification of the
impacts of responses across four domains: the political, institu-
tional, economic, and social. Tools for assessing a fifth critical do-
main, the ecological, can be found in other chapters. These
impacts may pose binding constraints to response efforts, or they
may be considered acceptable trade-offs. We have consequently
developed a three-stage assessment process, involving the identi-
fication of binding constraints, comparison of trade-offs, and the
selection of a response that avoids binding constraints and mini-
mizes negative trade-offs.
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BOX 3.8

Canada’s Model Forest Program: Integrating Multiple
Dimensions into Responses

In an effort to develop innovative ideas and methods to promote more
sustainable, adaptive forest management in Canada in a manner that
ensures consideration of sociocultural and economic factors in any for-
est management response option, the federal government established
Canada’s Model Forest Program in 1992.

The Program now encompasses eleven model forests across Can-
ada, selected to represent the diversity of ecosystems and social sys-
tems that characterize the Canadian forest milieu. Each model forest
is designed to function as a living laboratory in which new, integrated
forest management techniques are researched, developed, applied,
and monitored in a transparent forum characterized by partnerships
with stakeholders, including representatives from environmental organi-
zations, native groups, industry, educational and research institutions,
all levels of government, community-based associations, recreationists,
and landowners, all of whom assist in the development of a research
agenda, and participate in the research process.

Some accomplishments include: development of a voluntary wet-
land conservation program for private lands; establishment of protocols
for reporting on socioeconomic indicators based on Statistics Canada
census data; an ecosystem-based Integrated Resource Management
Plan now being used by the province of Saskatchewan; production of
a code of forestry practice booklet to help landowners understand and
apply the principles of sustainable forest management; establishment
of the Grand Lake Reserve to protect three eco-regions and habitat for
the endangered Newfoundland pine marten. For more information visit
the Model Forest Program Web site: http://www.nrcan.gc.ca/cfs-scf/na
tional/what-quoi/modelforest_e.html.

Table 3.6. Deliberative Tools

Scale of Application

Sub-
Tool Global global Local References

Area/neighborhood � Lowndes et al. 1998
forums

Citizens’ juries � � Lowndes et al. 1998

Citizens’ interactive � � Richardson 1998;
panels IPPR 1999

Community issues � Clarke 1998
groups

Consensus conferences � � � IPPR 1999

Electronic democracy � � � IPPR 1999

Focus groups � Lowndes et al. 1998

Issue forums � Lowndes et al. 1998

Service user forums � Lowndes et al. 1998

Response assessments can be complex and costly endeavors,
but their utility can be measured in the increased probability of
response effectiveness. While in the past, assessments have tended
to be undertaken from a disciplinary perspective, we emphasize
the importance of maintaining an interdisciplinary approach to
assessment to ensure that important impacts or assessment meth-
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Table 3.7. Information Gathering Tools

Scale of Application

Sub-
Tool Global global Local References

Citizens’ research
panels � � IPPR 1999

Deliberative opinion poll � � IPPR 1999

Environmental impact
assessment � � Taylor 1984

Participatory rural Chambers
appraisal � 1983, 1997

Rapid rural appraisal � Chambers 1997

ods are not overlooked. Any evaluation of the human dimensions
of ecological responses, however, will inevitably be characterized
by subjectivity and difficulties associated with attempting to rec-
oncile heterogeneous assessment methods.

No matter how comprehensive an assessment, decision-
makers must be prepared for the likelihood that consensus is not
always reached among all stakeholders involved in a particular
response. Among the most important steps that should be taken
to limit potential conflict are emphasizing an inclusive evaluation
processes, so that assessment is not undertaken by elite decision-
makers; maintaining transparency and accountability throughout
the assessment process; and, ultimately, developing responses that
are flexible enough to maintain effectiveness despite dynamic
human conditions. In the end, however, consensus building may
be difficult, but with work, it is likely to be possible.

Table 3.8. Planning Tools

Scale of Application

Sub-
Tool Global global Local References

Consensus participation � � � Warner 1997

Hanley and Spash
Cost-benefit analysis � � 1993

Future search conferences � � IPPR 1999

Innovative development � Del Valle 1999

Lowndes et al.
Issue forums � � 1998

Stirling and Maher
Multicriteria analysis � � � 1999

Participatory learning and Guijt 1998; Holland
action � 1998

Planning for real � IPPR 1999

Lowndes et al.
Service user forums � 1998

Stakeholder decision Grimble et al.
analysis � � � 1995; ESRC 1998

Trade-off analysis � � � Brown et al. 2002

Lowndes et al.
Visioning exercises � � 1998
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Main Messages

Decisions about how to respond to external stresses are, of necessity,
made under conditions of uncertainty. Incomplete information and imperfect
knowledge about context and efficacy are facts of life, but well-established
methods designed to help decision-makers cope with uncertainty exist. Apply-
ing them wisely can contribute directly to making decisions more effective.

Scenario analysis of the sort described in the Scenarios volume is one
of many methods that can be employed to incorporate uncertainty into
the evaluation of alternative responses to external stress. Sensitivity anal-
ysis, the construction of scenario trees, the augmentation of scenario trees with
subjective probability distributions, and the estimation of response surfaces can
all be applied in response evaluation. Each has its own strength, standing
alone or used as part of a more integrated scenario analysis.

Cascades of uncertainty typically cloud our understanding of legal, mar-
ket, institutional, and behavioral responses to change. Integrating across
response strategies can mitigate and reduce elements of uncertainty, but
it is unlikely that uncertainty can be eliminated in any important context.
Decision-makers face pervasive uncertainty in choosing between responses.
Each type of response has different sources of uncertainty. Regulatory re-
sponses have uncertain outcomes because of risk aversion in regulatory orga-
nizations, divergent stakeholder objectives, and diversity in human preferences
for ecosystem services. Legal, institutional, and integrated responses exhibit
uncertainty in the degree to which their implementation will be effective. All
response strategies depend on stakeholders to establish their legitimacy, so
governance structures introduce novel uncertainties. Combining and integrat-
ing response strategies often reduces implementation risks because integration
can increase legitimacy and provide means for adaptive learning.

Uncertainty is manifest in surprise and unintended consequences. It is
well established that our understanding of the complex systems within which
response measures for ecosystem services are to be analyzed are clouded by
uncertainty. As a result, responses can lead to unforeseen and often negative
consequences. Ecosystems have intrinsic thresholds so that changes in their
condition and feedback are often episodic and associated with changes in
ecosystem function. Unintended consequences can arise even when many of
the consequences of action are predictable because different decision-making
bodies can cause negative spillovers into other areas even if they are success-
ful in the pursuit of their own objectives.

Uncertainties expand when evaluations must be conducted beyond the
bounds of historical experience. Projecting responses beyond the bound-
aries of historical experience brings the compounding effects of unknown con-
textual change to bear on their evaluation. Representations of uncertainty must
then reflect the expanding implications of this uncertainty by conducting evalu-
ations within hypothesized descriptions of the political, economic, social, and
natural factors that will define future environments.

Uncertainty limits the ability of economic valuation methods to support
collective decision-making for nontraded services, but not completely.
Economic and institutional response strategies depend on decision tools that
involve comparison of individual well-being across time and space. There are
well-established methods for handling and quantifying uncertainties in these
methods in contexts where markets exist. It is also well accepted that eco-
nomic decision tools are limited in assessing responses for ecosystem services
that are not traded in markets and where the values associated with them are
not utilitarian in nature. The results of economic valuation techniques are not
easily aggregated across scales; it follows that economic metrics cannot be
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applied in every circumstance where the relative merits of alternative re-
sponses are being contemplated. Other decision support techniques such as
risk, multicriteria, and vulnerability analyses have also been designed explicitly
to handle risk and uncertainty; they can sometimes more comfortably accom-
modate a diversity of decision-making contexts.

Uncertainties in the validation of vulnerability assessments arise because
of scale and context specificity. Methods for determining vulnerability require
quantitative and qualitative data that describe the drivers of change as well as
the state of well-being for individuals and for social and ecological systems.
They are important when the choice of a response tries to maximize the well-
being of the most marginalized by identifying the most vulnerable people and
places. There is debate as to whether vulnerability assessment methods allow
for aggregation across scales because vulnerability depends on the position of
the observer. It follows that uncertainties in vulnerability assessment can limit
the degree to which findings from any particular context can be transported to
another.

Scenarios provide one means of coping with many aspects of uncer-
tainty, but our limited understanding of the ecological and human re-
sponse process shrouds any individual scenario in its own characteristic
uncertainty. Scenarios can be used to highlight the implications of alternative
assumptions about critical uncertainties related to the behavior of human and
ecological systems. At the same time, though, individual scenarios represent
conditional projections based upon these specific assumptions. To the extent
that our understanding of ecological and human systems represented in the
scenarios is limited, specific scenarios are characterized by their own uncer-
tainty. Furthermore, there is uncertainty in translating the lessons derived from
scenarios developed at one scale (for instance, global) to the assessment of
responses at other scales (for example, sub-national).

It is possible to integrate the political, economic, and social factors that
impede or enhance the likelihood of success of any response with repre-
sentations of the uncertainties that cloud our understanding of how they
might work. The political, economic, and social factors identified in Chapter 3
map well into the determinants of adaptive (response) capacity, and applying
a weakest link evaluation is appropriate. More specifically, the capacity to re-
spond is fundamentally dependent on the factors that support the largest ob-
stacle to response. Meanwhile, applying tools that explicitly recognize various
sources of uncertainty can provide insight into the likelihood that the objectives
of any response might actually be achieved without creating unintended conse-
quences.

Scientific understanding of response mechanisms is frequently clouded
by uncertainty, and this uncertainty affects the confidence with which
descriptions of how these mechanisms can be expected to operate in a
changing environment. Evaluating the relative strengths of the underly-
ing determinants of response capacity can, however, provide a method
by which this confidence can, itself, be assessed. When uncertainty can
be quantified, standard thresholds can be applied to assign various degrees of
confidence to specific conclusions. When only qualitative descriptors of uncer-
tainty are available, confidence can still be conveyed in terms of the degree to
which conclusions are or are not well established in theory and/or well sup-
ported by data and other evidence.

4.1 Introduction
Decision-makers face pervasive uncertainty in implementing re-
sponse strategies as they try to manage ecosystem services. Uncer-
tainty clouds their understanding of everything from how their
response options might actually work to the methods that they
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use to assess their relative efficacy. This chapter takes this simple
observation as a point of departure and tries to provide an insight
into how valuation and decision-analytic frameworks can accom-
modate uncertainty. It also offers some guidance to those who
want to assess how uncertainty combines with issues of political
feasibility and governance (discussed in Chapter 3) to affect the
confidence with which they can trust their conclusions about
how best to respond. Both objectives recognize the fundamental
truth that decision-makers have to make decisions even when
uncertainty is extremely large; and both recognize that maintain-
ing the status quo (that is, enacting no new response to one or
more new sources of stress) is as much of a decision as moving
robustly in many directions at the same time.

4.2 Cascading Uncertainties in Response
Options and Assessment Methods
The different response strategies outlined in Chapter 2 and iden-
tified in subsequent chapters all operate in a landscape of un-
certainty. Legal, economic, and institutional responses have
fundamentally different types of risks and uncertainty associated
with them. Uncertainty often reflects subjective views on the
likelihood of various outcomes across a range of ‘‘states of na-
ture.’’ (See Box 4.1.) The corresponding levels of risk represent
the product of these likelihoods and the consequences of their
associated outcomes expressed in terms of ecosystem and/or
human well-being and include the possibility of unintended con-
sequences and other feedbacks. There are also other uncertainties
associated with decision-making processes that include the possi-
ble divergence of opinion about approaches to risk across different
stakeholders; these are concerns raised in Chapter 3. Taken to-
gether, all of these elements of uncertainty must be accommo-
dated by methods and models used for the assessment of any
response option including, of course, maintaining the status quo.

To illustrate the degree to which uncertainty is ubiquitous in
the consideration of response strategies, Yohe and Strzepek (2004)
have created a taxonomy of sources of uncertainty from a practical

BOX 4.1

Subjective and Estimated Perceptions of Uncertainty
and Risk

Computing the probabilities required to undertake a risk calculation is
not always a simple matter. It may not, for example, be possible to
conduct repeated trials. Nor is it always possible to produce theoreti-
cally based estimates of relative likelihood. Indeed, most interesting
cases involve individuals’ creating subjective views of probabilities from
experience and/or careful reviews of scientific literature. Nonetheless,
the output of a risk calculation will only be as good as its underlying
data—estimates of outcomes in various states of nature, their conse-
quences, and their associated likelihoods. How good are people at
judging the critical outcomes and probabilities?

Slovic et al. (1979) authored an early investigation of this question
that is still widely respected in the risk assessment literature. They
found that experts systematically overestimate the chance of death
associated with low-risk activities such as skiing and vaccination. Simi-
larly, they underestimate the chance of death associated with high risk
activities such as using handguns and smoking. Lay people showed
the same systematic tendencies toward underestimation and overesti-
mation, and their errors on the extremes of relative safety and extreme
danger were actually more pronounced.
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perspective anchored by methods and models that have been em-
ployed to describe and simulate critical connections between ex-
perience and expectation, drivers and state variables, and
outcomes and consequences. To begin with, analytical methods
and models are abstractions of the real world, and different ap-
proaches can produce wildly different answers to the very same
questions. This simple phenomenon can be important in examin-
ing the relative merits of one particular model or another, but it
introduces model uncertainty for analysts who are looking across
model results for coherent views of the future. In addition, the
ability of any particular model to offer a credible depiction of any
connection is limited by the analyst’s statistical ability to summa-
rize perhaps vast but sometime paltry quantities of data that may
or may not be particularly well defined. This can be called calibra-
tion uncertainty.

The limitations of calibrating a model are well understood by
most practitioners, but they can be exacerbated when any one
estimated model is used to produce uncertain predictions or pro-
jections of critical state variables. The difference between predic-
tion uncertainty and projection uncertainty is, however, critical. To see
the distinction, consider the simple case where a researcher has
access to a set of historical data on a driving variable X and state
variable Y whose causal relationship can be summarized by a lin-
ear relationship—a line whose points minimize the sum of the
squared error of using the line rather than the data to represent
the correlation between changes in X and resulting changes in Y.
Now consider the question: what value of Y would be expected
if variable X were to move along a particular trajectory over time?
The best guess would be a series of points that lie along the line,
but confidence about those guesses would fall as the trajectory
took X farther away from the mean value of its historical range.
Indeed, it would be possible to identify the boundaries of, for
example, 95% confidence intervals for any possible value of X
that lies within the extremes of the historical record with which
the straight line was calibrated; these intervals would be credible
representations of prediction uncertainty. If future drivers of change
moved X outside the range of historical experience, then the
value for Y read from the line would still be the best guess, but
confidence would fall even more (the confidence intervals would
expand even more) because the independent variable X would
have moved beyond the realm within which the processes that
sustained the relationship can be assumed to be valid. It is in this
range that projection uncertainty presents itself.

The existence of projection uncertainty is the first recognition
that underlying social and economic structures in many societies
and contexts may change over time. Because these changes could
occur even if the driving variable X did not exceed the bound-
aries of past experience, this sort of evolution of preferences and
contexts is yet another way that the passage of time can under-
mine the credibility of using historically based modeling structures
and methods as representations of future conditions. This is what
might be called contextual uncertainty, and it can be enormous. It
contains what most would understand as structural change, but it
also includes value and preference uncertainties about which little
is known at this point. Finally, scale uncertainties emerge when re-
sults for similar questions are compared across different geo-
graphic or temporal scales. The obvious point is that results
generated at one scale cannot necessarily be scaled up or scaled
down because emergent behaviors and baseline characteristics can
vary dramatically. Box 4.2 illustrates a more subtle point: analyses
conducted at different scales on the same data can produce differ-
ent answers to the same question.

Turning finally to responses, it must be emphasized that the
uncertainties that cloud our understanding of the connections be-
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BOX 4.2

Using Indices to Track Changes in Land Use

The concept of an index is simple and intuitive, especially for a single
scale and level of aggregation. The mathematics of indices can be
deceptively tricky, though, when researchers analyze the behavior of
the indices at various scales and sundry levels of aggregation. For
example, suppose a researcher wanted to create an index to indicate
land cover change over three decades in a region of Massachusetts
(USA) where the conversion from natural to built land has been a
source of enormous concern. The first step would be to compare maps
of land cover at two points in time, but what would be the best way to
perform the calculation if each pixel contains more than one land cover
type? Consider a pixel that is 3/4 natural and 1/4 built land cover at time
1 and then transitions to 1/4 natural and 3/4 built at time 2. There are at
least three reasonable ways to compute the transition from natural to
built for this pixel.

A common technique used by landscape scientists is to reclassify
the pixel into the category that dominates. For this Boolean technique,
the pixel would be classified as entirely natural in time 1 and as entirely
built in time 2. A second technique would be to assume that the propor-
tions of natural and built land cover are distributed randomly within the
pixel, so the probability that a patch of natural land within the pixel at
time 1 transitions to built in time 2 is computed as 3/4 times 1/4, which
is 3/16 of the pixel. This case reflects the multiplication rule for joint
probabilities. A third technique would assume that the natural and built
patches within the pixel persist from time 1 to time 2. For example, this
third technique would assume that the built land at time 1 is part of the
built land at time 2, and that the natural land at time 2 was part of the
natural land at time 1. Therefore, the only change within the pixel is a
transition of one half of the pixel from natural to built land cover. This
technique is based on a minimum rule of agreement, which is consis-
tent with fuzzy set theory and is becoming accepted in landscape sci-
ence.

However, Pontius and Cheuk (2004) have shown that these three
accepted methods to compute the transition from forest to built land
cover for the given pixel could easily produce different trends for land
use changes. The Boolean rule can behave chaotically at coarser reso-
lution, the multiplication rule can detect larger transitions at coarser
resolutions, but the minimum rule can be fairly stable across the same
data. This is an example of how statistical results can be extremely
sensitive to the selection of the units of analysis.

tween drivers and impacts are compounded by uncertainties that
fog our understanding of how responses might work across a wide
range of futures. The point here is simple: it is impossible to pre-
dict how any particular response might work in the future even
along an assumed trajectory of how future gross impacts might
evolve. Conversely, assessing the effectiveness of a response op-
tion within a single portrait of how the future might evolve (that
is., conducting analysis as if the time trajectory of a gross impact
on an ecosystem were known) would produce a dramatically
overstated confidence in the time trajectory of net impacts.

4.3 Synthesis of Uncertainty in Identified
Response Strategies
Subsequent chapters highlight a range of legal, institutional, and
regulatory, behavioral, and market responses for fresh water, food,
culture, and other services. The uncertainties and risks associated
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with these approaches are well documented. So, too, is the
knowledge that uncertainty clouds our understanding of both the
nature and characterization of the ecosystem services as well as
the links between those services, human well-being, and the insti-
tutional context of any policy response. This section provides an
overview of these uncertainties.

4.3.1 Uncertainty in Legal and Control Responses

The nature of uncertainty in legal, regulatory, and control re-
sponses to the management of ecological services is, first of all,
associated with the characteristics of ecological systems and the
degree to which they are amenable to human control. The risk
factors associated with ecological management are typically inter-
connected. Holling et al. (1995) argue that ecological systems fre-
quently have shared characteristics, perhaps most importantly the
notion that changes in ecosystem function associated with human
interference are not usually gradual. They are, instead, triggered
by external perturbations and are therefore typically episodic.
These authors also note that some of the functions that control
ecosystems promote stability while others create destabilizing in-
fluences. It follows that regulating simultaneously for stability and
resilience (that is, trying to achieve long-term stability while ac-
commodating short-term variability) may be impossible. In addi-
tion, the spatial attributes of ecosystems are not uniform; they are
skewed in their distribution and patchy at different scales. As a
result, regulation cannot simply be aggregated across scales—what
works for a single location will not necessarily work for a whole
region. These characteristics of ecosystems often mean that man-
agement actions that are applied as blueprints across scales to
maintain stability in ecosystem function can inadvertently lead to
reduced resilience (Holling and Meffe 1996). Irrigation and ho-
mogenization of plant genetic stock in agriculture are good exam-
ples of the promotion of stability at the expense of resilience.

Second, there is uncertainty in outcome of control responses
because regulatory environments can be quite diverse. Decisions
are shaped by incentives, objectives, and attitudes toward risk, and
these would be uncertain even if our understanding of natural
systems were perfect. Nobody understands those systems per-
fectly, though, so a second layer of uncertainty must also be rec-
ognized. Taken together, these uncertainties can manifest
themselves in three major ways. First, regulators are often averse
to risk in their decision-making and concentrate on high-cost and
extreme scenarios. Fear of making wrong decisions causes them
to underemphasize the most likely outcomes or to take present
day costs much more seriously than future costs. Either of these
tendencies has implications for decision-making. In the literature
about regulating invasive species, for example, Leung et al. (2002)
argue for increased preventative action to reduce the threat to
U.S. freshwater lakes. They estimate that preventing one species
of invasive mussel moving into one lake would produce greater
social and ecological benefit than the U.S. Fish and Wildlife Ser-
vice spends on managing the invaders in all of the lakes in their
jurisdiction. In this case, they argue an ‘‘ounce of prevention’’ is
better than ‘‘a pound of cure.’’

Divergent utility functions and/or objectives of competing
decision-makers also produce uncertainty in regulatory environ-
ments. In many cases, the need for regulation to encompass in-
commensurable objectives leads to what Ludwig et al. (2001)
describe as ‘‘radical uncertainty’’—even when consequences of
action are predictable, objectives may be in conflict. Actions to
reduce pollution loading in rivers in the Pacific Northwest region
of the United States provide an example here—lowering levels of
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persistent pollutants has led to a population explosion in top pred-
ators from which disturbed river ecosystems may never recover.

Human demand for ecosystem function presents a third source
of uncertainty. Human preferences for ecosystem functions
change over time and space as economic and social circumstances
change in unknown ways. The ultimate value to humanity of key
functions may be infinite because of the interdependence of social
and ecological integrity and continued existence, but some func-
tions of nature are nonetheless more highly valued in particular
societies, and these preferences change over time. Although it
may be possible to observe historical changes in preferences for
clean air and water, for example, Goulder and Kennedy (1997)
argue that these changes provide no reliable guide either to future
preference formation or to the cultural and social context within
which the demand for ecosystem functions will arise. At the same
time, however, even present day regulation of ecosystem func-
tions is distorted by other interventions. Perverse subsidies for
energy, water use, and agricultural commodities distort and create
uncertainty in the regulation of environmental functions. Regula-
tors act in social arenas where there may be preferences not only
for the outcomes of regulation, but also for the social and political
processes of decision-making. In institutional response, the legiti-
macy of their decision-making processes may be as important as
the regulations that result.

4.3.2 Uncertainty in Institutional Responses to
Ecosystem Protection

Institutional responses to threats to ecosystem services often in-
volve a change in ownership or control of resources. In many
instances, resources are privatized. In others, they are brought
under government protection (or even ownership) because of
perceived failures of private or collective management. Protected
areas have effectively overturned previously held individual or
common rights to resources, but this type of response can be lim-
ited by a number of uncertainties. There have been significant
moves away from protected areas because of their perceived lack
of legitimacy, particularly in the case of protected areas, which
exclude previous users and even residents in these areas. As a re-
sult, the role of protected areas as a legitimate response is being
reconsidered in some places, especially given the need for sustain-
able solutions that do not undermine social equity or impoverish
and disadvantage poor rural communities in the developing world
(see Brown 2002). Although they can be mitigated by clear and
credible communication, the design and implementation of area
protection face major uncertainties derived from three conditions:
an incompatibility with the legitimacy of state appropriation; po-
tential conflicts with other objectives of public policy and moral
hazard; the lack of effective means of integrated implementation.

First, protected areas face uncertainty in conserving ecosystem
services where there is a perceived lack of legitimacy of the de
jure rights (rights in law). Regulations and rights to use resources
may be incompatible with previous or de facto (rights in practice)
management regimes. State appropriation of protected areas can
therefore be a factor in the breakdown of traditional, usually com-
munal, regimes of property rights and resource management
(Bromley 1991). Indeed erosion of these systems of resource man-
agement has been shown to open the door to further environ-
mental degradation, impoverishment, and demographic change.
Moreover, expectations about what comes next after state appro-
priation can create additional uncertainty. For instance, the for-
estry sector in Nepal and the wetlands of Indonesia were once
managed through local collective action institutions. State inter-
vention led these institutions to unexpectedly allow open access
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because people expected further state appropriation (Bromley
1999; Adger and Luttrell 2000).

Second, uncertainty can be created by incompatibility with
other policy areas. Perverse incentives in agriculture and other
areas can, for example, undermine whatever responses are
adopted for area protection. Sinclair et al (2002) find significant
loss of bird diversity in agricultural land in the Serengeti compared
to adjacent native savanna because of the reduction in insect
abundance in the ground covering vegetation. Increases in ag-
ricultural land in the east African savanna habitats are not, how-
ever, being driven by agropastoral population growth, cattle
numbers, or smallholder land use. Rather, the primary drivers are
in the incentives to convert land by major landowners responding
to agricultural policy. Homewood et al. (2001) demonstrate this
result by differentiating between land cover change and its drivers
in the Kenyan and Tanzanian parts of the Serengeti ecosystem.

Third, institutional responses involving changing property
rights also lead to uncertainty if state resources are used to pro-
mote compliance with measures that may have been undertaken
voluntarily. Agriculture and conservation policies in the United
Kingdom have, for example, always been based on the primacy
of private property. They are implemented through systems of
incentives and compensation payments to private landowners.
Areas such as Sites of Special Scientific Interest and others areas
under the EU Habitats Directive are protected for a variety of
functions and services. To conserve them on private land, owners
are compensated for potential income rather than income actually
foregone. Compensation for foregone income is estimated on the
basis of prices for agricultural commodities that are inflated due
to the workings of the Common Agricultural Policy in the EU
member states. In other words, the perverse subsidies of the ag-
ricultural policy have further unintended consequences in making
conservation payments more costly. Thus there is a significant
moral hazard in such conservation responses based on the primary
claims of private land (Bromley 1991).

4.3.3 Uncertainty in Institutional Responses that
Engage Stakeholders

In recognition of the limitations in the traditional response op-
tions of controlling ecosystem services or changing the institu-
tions of ownership, alternative approaches have emerged recently
to integrate across response options. (See Chapter 15.) These al-
ternative approaches often involve changing the basis of manage-
ment to include wider sets of stakeholders. They aim to provide
positive incentives for resource users and avoid the divergence
between local and state objectives. There have been numerous
attempts at sharing responsibility between regulators and resource
users in fisheries, forestry, and other natural resource areas. In
fisheries, for example, multistakeholder bodies like the U.S. Re-
gional Fisheries Management Councils advise regulators on all as-
pects of ecosystem function and potential extraction rates (Brown
et al. 2002; Berkes 2002). Alternatively, co-management institu-
tional arrangements like the Australian Torres Strait Fisheries
Management Committee involve sharing of power such that
communities define their own management objectives. Either ap-
proach grants, in effect, user and ownership rights to local re-
source users and thereby allows them to develop sets of
management rules. The hope is that these arrangements can re-
solve many of the resource conflicts that usually encumber the
preservation of ecosystem functions (Bromley 1999).

There are uncertainties in these integrated multistakeholder
responses. These include the potential for perverse incentive
structures, incomplete or improper representation of stakeholders,
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and the inertia of governments in adopting co-management and,
in effect, giving up their authority and power. Uncertainty in the
sustainability of local collective action stems from the limitations
of either state agency or local institutions to promote best prac-
tice. It is increasingly realized that simply allocating responsibility
to local users is not necessarily a sufficient criterion for sustainabil-
ity. Sustainable resource use requires a number of conditions.
These include a favorable external environment such as appro-
priate technology and legal frameworks, a set of group and re-
source system characteristics such as defined boundaries and an
identifiable set of stakeholders, as well as an agreed set of institu-
tional arrangements that are easy to understand and enforce
(Agrawal 2001). In the best cases, co-management overcomes the
difficulties and limitations of both the government regulator and
the local institution—the government agency provides the laws
and the regulation of the external environment, while local insti-
tutions identify the legitimate stakeholders and enforce the rules
(Berkes 2002). While effective monitoring and ex-post evaluation
can help, significant risks and uncertainties involved in meeting
the key criteria for sustainable management can remain.

Further uncertainty lies in the representation of stakeholders
within any co-management arrangement. There are difficulties in
‘‘non-representation for contingent reasons’’ and ‘‘problems of
the very possibility of representation’’ (Brown et al. 2002). Edu-
cation programs can help, of course, but non-representation de-
rives from inevitable bias in co-management in favor of the
powerful and the articulate. Underlying ability and willingness
and capacity to be heard and to articulate preferences are un-
evenly distributed across class, age, ethnicity, and gender. Other
perspectives and interests, such as those of future generations and
of the rights of ecosystems themselves, also suffer from the prob-
lems of the possibility of representation.

Much of the uncertainty in these response options derives
from the unwillingness of regulators and government agents
charged with conservation of ecosystem functions to embark on
co-management and empowerment responses. Many environ-
mental policy institutions fail to articulate a reason why all policy
dialogue is presumed to be at the national level while the institu-
tions of regional and local levels are assumed to be part of an
implementation process (Bromley 1999). In many cases, national
agencies are unwilling to share responsibility and power, even
when they also perceive empowerment responses as means of re-
ducing costs of enforcement and regulation. Further barriers to
effective adoption of participatory and co-management arrange-
ments in this area include a lack of legal and constitutional frame-
work, a lack of trust in representation, and the resource cost of
actually undertaking participatory management (for example,
Tompkins et al. 2002). In terms of cost, despite perceptions to the
contrary, co-management tends to be equally if not more resource
intensive than traditional management, even when successful
(Singleton 1998).

4.3.4 Comparing Effectiveness and the Case for
Integration

Governance issues are the key to handling all of these uncertain-
ties, both in reconciling values and in coping with surprises and
unexpected consequences of interventions. Convergence and
synergies in policy responses can be promoted through recogni-
tion of the legitimacy of processes alongside their efficiency, effec-
tiveness, and equity. Legitimacy relates to the extent to which
decisions are acceptable to participants on the basis of who makes
and implements the decisions and how. Legitimacy can be gained
as well as compromised through the process of making environ-
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mental decisions. There are no universal rules for procedures that
guarantee the legitimacy of policy responses because cultural ex-
pectations and interpretations define what is or is not legitimate.
When integration occurs, as argued in Chapter 15, the added le-
gitimacy of horizontal and vertical response solutions increases the
effectiveness of response for a number of reasons. First, including
stakeholders gives greater sense of control over resources and
hence reduces the overall cost of enforcement of protecting rights
to the resource. Second, networks of stakeholders have value for
other reasons, particularly in handling unforeseeable pressures and
stresses on the ecosystems. Third, integrated responses lead to per-
ceptions of greater value from the ecosystem services. (See Box
4.3.)

When the dynamics of ecosystem functions and the costs of
amelioration are known, market-based policy responses have
some advantage over regulatory or other forms of responses, pri-
marily related to their efficiency or cost effectiveness in changing
behavior among the agents causing loss of ecosystem functions.
Regulation of the use of ecosystem function may inadvertently be

BOX 4.3

The Value of Stakeholder Perceptions in Decreasing
Dissatisfaction with Response Impacts in Watershed
Management

Stakeholder confidence in having access to benefits can determine
their estimation of the value of watershed ecosystem services. This
confidence can be hard to evaluate, but is necessary to increase the
likelihood that the chosen response can be effective and gain stake-
holder acceptance of the underlying processes. Willingness-to-pay is
one method of decreasing uncertainty associated with stakeholder val-
ues. Some studies (for example, Koundouri, et al. 2003) have found a
higher willingness-to-pay for responses about protection of wetlands
along an international bird migration route under scenarios in which all
of the relevant stakeholders participate (in this case, all countries along
the migration route). Similarly, Porto et al. (1999) reported that domes-
tic water users in Brazil (where nationwide river basin management
policies had been adopted) were willing to pay more for water if the
revenue from water fees were invested in the basin where the funds
are generated and if users were able to participate in decisions about
how the revenue was to be spent. Both of these examples speak to
the sensitivity of contingent valuation results to the ownership (‘‘prop-
erty rights’’) assumptions of the participants.

O’Connor (2000) has argued that differences in willingness-to-pay
often depend on the protection mechanism suggested, and whether it
was regarded as fair and effective. This implies the need to develop
effective institutional arrangements to control access, without which
economic value cannot be captured. They are also a source of tremen-
dous site-specific variation that needs to be considered to develop
effective Payment Arrangements for Watershed Ecosystem Services
(PWES) initiatives. Property rights, which define rights to particular
streams of benefits as well as responsibilities for their provision, are
critical because they determine whether those who pay the costs of
management practices have access to any of the benefits, and there-
fore, see an incentive for conservation. Institutional arrangements also
refer to relationships established among buyers, sellers, and intermedi-
ary organizations so as to reduce transaction costs. This evidence
suggests that integrating stakeholder perceptions about response op-
tions can reduce uncertainty that might arise by ignoring key aspects
of response options.
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cost-effective when first designed, but market-based responses (of
which taxes or tradable permits are the most common) generate
dynamically efficient patterns of incentives on behavior over time.
But these stylized arguments do not hold in the face of uncertaint-
ies described in earlier sections. Where the impacts of loss of eco-
system function are unknown, regulators and agents choosing
between different market-based response options can underesti-
mate or overestimate the necessary level of action and lead to
both inefficient policy response and to the risk of nonlinear reor-
ganization of ecosystem function (though the errors of over- or
under-estimation need not be symmetric in magnitude or sig-
nificance).

4.3.5 Unintended Consequences

History demonstrates the importance of attempting to evaluate,
on as broad a scale as is feasible, the possible consequences of
implementation of specific strategies, policies, and measures de-
signed to protect and enhance ecosystem services. Unintended
consequences associated with implementation of the original in-
tervention can result in new significant problems that replace or
compound the original issue. The capacity to respond effectively
to threats to ecosystem services is dependent on the ability to
foresee and anticipate surprise, as well as to deal with unexpected
consequences of actions (Kates and Clark 1996). A systematic and
thorough assessment of the dynamics of a particular issue (includ-
ing the risks and benefits of doing nothing), the extent to which
there are key uncertainties, and the magnitude of any potential
adverse impacts can reduce the probability of unintended conse-
quences (Ebi et al. 2005).

Without an assessment of the potential consequences of an
intervention, beneficial steps may be inadvertently presented as
cures. The determination of possible consequences of policies and
measures should be across all relevant sectors and should consider
current and potential future consequences. All implemented ac-
tions should include an on-going program for evaluation of both
the program’s effectiveness as well as any adverse consequences
that could arise. Otherwise, recognition of a problem will be de-
layed, which can have adverse impacts on human well-being and
the health of ecosystems. Two examples illustrate the importance
of this issue.

In northern Ethiopia, micro-dams have been constructed to
increase the availability of water for irrigation. After construction,
Ghebreyesus et al. (1999) conducted a survey on the incidence of
malaria (90% Plasmodium falciparum—the deadly strain of malaria)
in at-risk communities close to dams and in control villages at
similar altitudes but beyond the flight range of mosquitoes (pri-
marily Anopheles arabiensis). The results showed that the micro-
dams led to increased malaria transmission over a range of altitudes
and seasons; the overall incidence of malaria for villages close to
dams was 14.0 episodes per thousand child-months at risk, com-
pared with 1.9 episodes in the control villages. These results could
have been anticipated based on knowledge of the ecology of ma-
laria, and appropriate measures to address the probable malaria
problem could have been included in the development program.
Including the health sector in the evaluation of the trade-offs of
and responses to this irrigation development program could have
prevented many children from suffering and dying from malaria.

A further example of unanticipated surprise is the on-going
issue of the consequences of the installation of tubewells in Ban-
gladesh and India to provide the population with access to clean
drinking water. Beginning in the 1970s, tubewells were widely
installed in an effort to provide a ‘‘safe’’ source of drinking water
to populations experiencing high morbidity and mortality, espe-
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cially among children, from water-related diarrheal diseases. At
that time, standard water testing did not include tests for arsenic
and it was not known that the groundwater accessed by these
wells has naturally occurring high concentrations of arsenic. Un-
fortunately, it is still not a standard or routine test for rural water
supplies. However, arsenic in drinking water was recognized as a
problem prior to the installation of tubewells, so an evaluation
program established at or soon after the installation of tubewells
would have identified the problem much sooner. The U.S. Envi-
ronmental Protection Agency set the current standard of 50 parts
per billion in 1975, based on a Public Health Service standard
originally established in 1942.

Possibly 30 million out of the 125 million inhabitants of Ban-
gladesh drink arsenic-contaminated water (Hoque et al. 2000).
Health consequences of exposure range from skin lesions to a
variety of cancers. Because of the latency of arsenic-related can-
cers, it is expected that morbidity and mortality from historic and
current exposures will continue for approximately 20 years after
exposures are discontinued. Although a number of international
initiatives are under way to help resolve this problem, solutions
will likely take a decade or more. The installation of tubewells to
reduce the burden of diarrheal diseases offers a variety of lessons
for how to avoid unintended consequences of strategies, policies,
and measures; more are likely to be learned as the resolution of
this problem unfolds over time (Ebi et al. 2005). This situation
clearly illustrates the risk of undertaking massive intervention pro-
grams without a determination of benefits and risks. Acute prob-
lems, such as access to safe drinking water, create pressure to find
quick solutions. Programs should evaluate short-term responses
while finding long-term solutions within the context of the un-
derlying causes. Issues of scale and differences between absolute
versus relative risks are imbedded in this lesson. A solution associ-
ated with a small risk implemented on a wide scale (such as the
installation of tubewells) may have far more significant adverse
health impacts than a solution with a larger risk implemented on
a small scale.

A further lesson from the Bangladesh example relates to the
process of implementation of interventions. Because tubewells
were viewed as a technological fix, installation was implemented
on a broad scale as rapidly as possible, not in an incremental or
staged fashion that would incorporate regular evaluation of suc-
cess (Ebi et al. 2005). Flexible and responsive approaches are
needed in which new information and experience is properly
evaluated and then used to appropriately modify interventions.
Because arsenic contamination of drinking water is a classic
second-generation problem, with the contamination discovered
many years after the initial tubewells were installed, taking a
staged approach to implementation could have had a much differ-
ent result. The arsenic problem also reinforces the problem of
reliance on a single or ‘‘silver bullet’’ technical solution to a prob-
lem instead of taking an integrated, multidisciplinary approach
(Ebi et al. 2005).

4.4 Methods for Analyzing Uncertainty
Many techniques have been developed to include uncertainty in
the evaluation of the relative efficacy of the various options that
might be available to a system as it tries to respond to an external
stress. Morgan and Henrion (1990) provide a concise overview of
how to select a method for analyzing uncertainty. Presented here
is a a quick summary of some of the more popular approaches.
Since the MA has adopted a scenario-based approach, this section
devotes most of its attention to scenarios, but other approaches

................. 11430$ $CH4 10-21-05 14:09:39 PS



103Recognizing Uncertainties in Evaluating Responses

are briefly summarized, with reference to their role in supporting
scenario analysis.

4.4.1 Scenarios

The typology of uncertainties presented earlier in this chapter
raises fundamental questions about our ability to foresee the im-
pacts of particular response options, including both intended and
unintended effects. This is closely related to our general uncer-
tainty about what the future might hold. For many reasons, there
has been an increasing use of scenarios to address complex issues
involving socioecological systems and to explore how systems
might respond to changes. The MA, for which both global and
sub-global scenarios have been developed, is no exception. Thus
it is important to understand how scenarios can and have been
used to help us cope with the issue of uncertainty.

Berkhout and Hertin (2002, p. 39) argue that the future
‘‘needs to be thought of as being emergent and only partially
knowable.’’ Our uncertainty in knowing the future in general
and, more specifically, the impacts of response options stems from
three distinct types of indeterminacy: ignorance, surprise, and vo-
lition (Raskin et al. 2002). Ignorance refers to limits of scientific
knowledge on current conditions and dynamics and is thus closely
related to what this chapter has called model, calibration, predic-
tion, and projection uncertainty. It implies that even if socioeco-
logical systems were deterministic in principle, our understanding
of their future would still be uncertain. This is of particular con-
cern for systems exhibiting chaotic behavior, where even slight
changes in initial conditions can lead to dramatically different out-
comes. Uncertainty due to ignorance is further compounded by
surprise, the uncertainty due to the inherent indeterminism of
complex systems that can exhibit emergent phenomena and struc-
tural shifts.

Finally, volition refers to the uncertainty that is introduced
when human actors are internal to the system under study. Berk-
hout et al (2002) highlight the fact that because of conscious
choice, the assumption of continuity made in the natural sciences
is not applicable to social systems, implying that novelty and dis-
continuity are normal features of these systems. This compounds
the types of uncertainty noted above, but is also a key aspect of
what was referred to as contextual uncertainty. Moreover, the
very process of ruminating on the future can influence these
choices. Through this reflexivity, people work either to create the
future they desire or to avoid that which they find objectionable.

As defined by Raskin et al. (MA Scenarios, Chapter 2), scenar-
ios are ‘‘plausible, challenging, and relevant stories about how the
future might unfold that can be told in both words and numbers.
Scenarios are not forecasts, projections, or predictions.’’ At best,
scenarios might be considered conditional projections in that par-
ticular outcomes ‘‘reflect different assumptions about how current
trends will unfold, how critical uncertainties will play out, and
what new factors will come into play’’ (UNEP 2002; Robinson
2003). It is important to note that scenarios are not merely alter-
native runs of a model or a sensitivity analysis, although these can
be important for looking at uncertainty within scenarios, as noted
below.

If done properly, particularly when formal quantitative models
are used, all of the underlying assumptions are made explicit in a
scenario. Certain assumptions will take precedence, however.
These represent the primary axes along which the scenarios will
differ and are generally related to contextual issues. These funda-
mental differences provide the ‘‘logic’’ behind the individual sce-
narios and the scenario exercise as a whole (Schwartz 1996). The
dimensions can be as simple as high versus low economic growth
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or high versus low population growth, but they can be much
richer, reflecting amalgamations of more than one driving force,
critical uncertainty, or new factor. A well-known example of this
is the Special Report on Emissions Scenarios process of the IPCC,
in which four scenario families were distinguished based upon
two principle axes—degree of globalization versus regionalization
and degree of emphasis on economic growth versus issues of envi-
ronmental and equity (IPCC 2000). Less explicit framing of sets
of scenarios, where multiple dimensions were considered but all
combinations were not fully enumerated, can be found in the
work of the Global Scenarios Group (Raskin et al 2002) and
UNEP (2002). In these cases, the emphasis was on the most inter-
esting and coherent combinations, recognizing that not all are
plausible or worth exploring.

The establishment of a framework distinguishing different sce-
narios emphasizes the differences between scenarios and repre-
sents the principle way in which they have been used to address
the issue of uncertainty. Looking deeper, though, it is clear that a
scenario cannot be defined fully by one or two key assumptions.
The other key driving forces and critical uncertainties must also
be fleshed out. In doing so, it may be clear that other assumptions
hold particular significance for the issues of concern. For example,
in one of the IPCC SRES scenario families, a third axis related
to energy technology was introduced in order to examine more
explicitly what was considered a fundamental assumption related
to the issue of greenhouse gas emissions (IPCC 2000). Further-
more, specific assumptions expressed in a scenario narrative can
be consistent with a variety of quantitative representations. With
respect to assumptions about particular driving forces, this relates
to what was termed earlier as projection uncertainty; with respect
to particular system relationships, it is more akin to model uncer-
tainty. Finally, estimates of the results of particular assumptions,
whether these are determined by qualitative reasoning or formal
quantitative models, are subject to the other forms of uncertainty
discussed above.

Although this has not necessarily been a key emphasis in sce-
nario development, various strategies have been used to address
this issue of within scenario uncertainty. In the IPCC SRES proc-
ess, in addition to the particular case of different assumptions
about energy technology in one scenario family, six modeling
groups provided quantitative representations of the four primary
scenarios. This resulted in the development of a total of 40 sce-
nario realizations. Based on this, many of the key results, such as
total greenhouse gas emissions and atmospheric concentrations,
are presented as a range of estimates for each scenario family,
rather than as a single trend line. In the case of the United Nations
Environment Programme GEO3 scenarios, the original quantifi-
cation of the four storylines was accomplished using a combina-
tion of modeling tools, with each tool taking responsibility for
specific outcomes. Only afterwards has an analysis been under-
taken to compare the results for consequences that were estimated
by more than one tool (Potting and Bakkes, forthcoming). Fi-
nally, the Global Scenarios Group defines three classes of scenar-
ios, each with two variants (Raskin et al 2002). These variants,
however, differ to such a degree that they more truly reflect dis-
tinct scenarios, pointing out what can be a fuzzy boundary divid-
ing what is called uncertainty across versus within scenarios.

The scenarios discussed above have all been undertaken at a
global scale, with a limited amount of regional and local disaggre-
gation. Within these scenarios, a wide range of variation at lower
scales, in both driving forces and outcomes, is glossed over. At the
same time, they are usually done over a long time period, with a
large degree of smoothing of variability over shorter time periods.
Finally, the elaboration of key actors is generally quite limited. As
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demonstrated in Strzepek et al. (2001) and Yohe et al. (2003),
downscaling scenarios, both narrative and numerical, introduces
additional uncertainties that must be recognized, but not neces-
sarily probabilistically. In this situation, using a collection of sce-
narios to span a range of ‘‘not-implausible’’ futures can be useful
in evaluating the relative robustness of alternative responses. (See
Box 4.4 for a discussion of the development of the MA scenarios.)

4.4.2 Alternative Methods for Accommodating
Uncertainty

A variety of other approaches can bring uncertainty to bear on
response evaluations. Sensitivity analysis can, for example, be em-
ployed to compute the effects of changes in specific parameteriza-
tions and/or assumptions on important state variables and to

BOX 4.4

Uncertainty and Scenarios in the Millennium Ecosystem Assessment

The developers of the MA global scenarios and scenarios within the sub- ios. In the MA, a process of harmonization was undertaken to ensure that
global assessments have had to deal with the question of differences the different tools used consistent sets of drivers. Specific tools were
between and uncertainty within scenarios. These issues are discussed in identified for calculating output indicators of ecosystem services and
much greater detail in other MA volumes, including Scenarios (Chapter human well-being. The process included detailed assessments of the abil-
6), Multiscale Assessments (Chapter 9), and several sub-global reports. ity of different tools to forecast the indicators of interest. This usually
This box provides a brief summary of some of the key issues related to resulted in a single tool for each indicator, but in particular cases different
how uncertainty has been addressed in these exercises. tools were used for different regions. Finally, the resulting estimates de-

Three primary sources of information were used to help determine the rived from the various tools were reviewed to assess their uncertainties
primary axes along which the MA global scenarios differ: the specific and the potential influence these might have on the scenarios.
needs expressed by the primary audiences for the MA; the insights drawn The scenarios in the sub-global assessments are much less clear
from interviews with leaders in nongovernmental organizations, govern- about how they dealt with the question of uncertainties within individual
ments, and businesses from around the globe; and explorations of ecolog- scenarios. Most of the sub-global scenario exercises focused on the de-
ical management dilemmas. In the end, the choice was made to focus on velopment of qualitative scenarios that rely solely on narratives, with the
different possible strategies for achieving a sustainable and diverse future. use of quantitative models being the exception. This limited the degree to
One of the scenarios, called ‘‘Order from Strength,’’ represents one plausi- which they were able to do the kind of sensitivity analysis seen in the
ble path for global breakdown wherein no clear strategy is pursued. In global scenarios.
‘‘Global Orchestration,’’ by way of contrast, the focus is primarily on fair Finally, the issue of the development of multilevel scenarios, and the
global policies. ‘‘Adapting Mosaic’’ focuses on local and regional flexibility, uncertainties inherent in doing so, is an issue that is more particular to the
and ‘‘TechnoGarden’’ highlights technological innovation. scenarios in the sub-global assessments. This development of multilevel

Within the sub-global assessments, a variety of uncertainties were scenarios goes beyond the incorporation of driving forces from higher
articulated in the development of distinct scenarios, including uncertainties scales, which has been present in all of the exercises; it also includes
in both exogenous drivers and endogenous behavior. Two of the most coping with the problem of actually linking scenarios at one scale to those
commonly cited exogenous drivers were the nature of governance at at another, which has been much less common. Two approaches can be
higher scales and regional or international markets for products produced recognized here. The first is to embed the scenarios in the sub-global
within the sub-global site. Among the most common endogenous uncer- assessments in the MA (or other) global scenarios. This has been ex-
tainties were the future of local institutional arrangements and the evolu- plored in the Portugal sub-global assessment, and may be more common
tion of social attitudes toward the environment. in the later-starting sub-global assessments, as the MA global scenarios

The development and presentation of the global scenarios has tried to are now more developed. The other approach is to develop multiscale
address uncertainty in both the narrative storylines and their quantitative scenarios within a single sub-global assessment; this has been explored
underpinning. There was an effort to be open and consistent in communi- in the southern Africa sub-global assessment. The advantages and diffi-
cating issues of uncertainties in the global narratives. This was done, in culties with both of these approaches, including issues of uncertainty in
part, by utilizing the scheme developed for handling uncertainty in the the linkages and feedbacks across scales, are just now being explored;
IPCC assessments, where particular expressions were associated with a the MA work is a productive first step in this process.
level of, generally subjective, confidence. Also, the scenario developers It must be noted, though, that the global scenarios are using elements
explored how uncertain events could cause one scenario to branch into from the sub-global narratives to add texture to their stories. Furthermore,
another. particular issues of uncertainty related to scale arise in global scenarios in

Looking at the quantitative underpinning, as with the United Nations terms of modeling cross-scale effects and the presentation of quantitative
Environment Programme GEO3 scenarios, a number of different modeling results. Since the different models vary in their geographical breakdown,
tools were used to provide numerical estimates of key input and output many of the quantitative results are presented at a highly aggregated
indicators for the scenarios. This is somewhat different from the case for scale. This poses a particular problem in the form of the loss of informa-
the IPCC emission scenarios, where each of the different modeling tools tion about variability, which can undermine the confidence attributed to
provided an independent and complete quantitative picture of the scenar- the conclusions drawn from the scenarios.
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construct measures of the relative importance of various sources
of uncertainty. Sensitivity analysis can, therefore, be employed to
explore the degree to which various alternatives might support
scenarios that portray fundamentally different futures. Scenario
trees like the SRES alternative story lines can thereby be created
and differentiated not only by differences in their driving vari-
ables, but also by differences in their social, economic, political,
and scientific contexts. More elaborate explorations of scenario
trees sometimes attach probabilities to the various branches, but
this can be dangerous; indeed, the authors of the SRES futures
insist that no storyline is any more likely than another. When
probability distributions for driving variables can be quantified,
though, probabilistic portraits of wide ranges of possible outcomes
for state variables can be produced in support of expected value
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calculations of associated consequences and/or analyses of the ro-
bustness of various responses.

Finally, it is sometimes possible to provide estimates of re-
sponse surfaces—empirically calibrated reduced-form relation-
ships between driving variable and state variables—which can
summarize the results of a large number of scenarios and/or alter-
native futures. These are particularly valuable when complex
models are expensive (in time and money) to run; and they can
also be especially useful in completing scenario interactions when
the researcher is focusing attention on another part of the prob-
lem. A researcher interested in the detailed impacts of climate
change on the likelihood of flooding might, for example, use a
response surface representation of the energy sector and how it
would respond to alternative population futures and different mit-
igation strategies in constructing the requisite connection be-
tween economic activity and flooding without building an
elaborate energy model (Yohe and Strzepek 2004).

4.5 Decision Analytic Frameworks under
Uncertainty
Every framework designed to support decisions about response
options must be able to accommodate uncertainty in its applica-
tion; their diversity is outlined in the MA framework volume
(MA 2003, p. 196), with the advantages and disadvantages of each
identified. For present purposes, it is sufficient to note that some
frameworks have evolved to the point where uncertainty can be
brought on board even if they were initially developed in deter-
ministic environments. Others, though, were created with the
explicit purpose of incorporating uncertainty into their structures.
This section reviews how a few of the most important approaches
to response decisions accomplish the proposition that uncertainty
is ubiquitous.

4.5.1 Cost–Benefit Frameworks

Cast into a world of uncertainty, applications of the cost-benefit
approach to selecting and designing response options require un-
derstanding of the range of possible outcomes in order to provide
a full accounting of (potential) net benefits. The fundamental de-
cision steps underpinning CBA are summarized in Hanley et al.
(1997), among other places:
• derive estimates of costs and benefits,
• rank initiatives from high to low in terms of net benefits, and
• pursue as many initiatives (with positive net benefits) as possi-

ble within resource constraints.
If analysts can assess probabilities (even based on subjective

judgments) across a range of outcomes that accommodate the full
range of possibilities, then expected net benefits can be the basis
of decision rankings. If analysts cannot assess probabilities, they
can still assess robustness—the range of possible outcomes for
which net benefits are positive—and perhaps identify critical
thresholds for critical sources of uncertainty along which net ben-
efits turn from positive to negative.

It is important to recognize from the outset that the cost-
benefit approach to decision-making ignores the distribution of
costs and benefits—an omission that can bring contextual uncer-
tainty to the fore. Programs or projects are judged to be attractive
as long as total (expected) benefits exceed total (expected) costs
regardless of who bears the cost and who enjoys the benefit.
Chapter 5 illustrates this point as it considers the range of costs and
benefits that might be attributed to projects designed to restore or
rehabilitate ecosystems. It highlights the potential need for com-
pensating side-payments; especially if stakeholders are involved in
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restoration decisions, these compensation schemes add another
layer of contextual uncertainty.

Choosing the correct discount rate is also an enormous issue
when costs and benefits extend into the future because discount-
ing can render long-term future effects almost irrelevant in the
calculation of discounted net benefits. IPCC (1996) spent an en-
tire chapter making a distinction between descriptive and pre-
scriptive discounting for long time horizons—a distinction whose
fundamental content is perhaps best exhibited by the Ramsey rule
for inter-temporal optimization. According to this rule, inter-
temporal utility would be maximized if per capita consumption at
the end of any year were discounted relative to consumption at
the end of the previous year by the sum of a pure rate of time
preference (a measure of impatience in consumption) and the
product of the elasticity of the marginal utility of consumption
(the rate at which utility changes as consumption grows) and the
rate of growth of per capita consumption over the year in ques-
tion.

Many analysts find the argument for including the second
term convincing. Indeed, they commonly work with logarithmic
utility functions for which the elasticity of marginal utility is equal
to unity and the second term is simply the rate of growth of per
capita consumption. The key to their conviction is that wealthier
generations who will inhabit the future will attach smaller utility
values to marginal changes in per capita consumption. Mean-
while, most attempts to measure the pure rate of time preference
have focused attention on individuals’ decisions over time, and
those decisions do not shed much light on how society should
weight the relative welfare of successive generations (Lowenstein
2002). The IPCC (1996) noted that many scholars think that the
pure rate of time preference should be set at or close to zero when
costs and benefits are extended well into the future. Weitzman
(1998) reinforced their convictions by noting that low rates domi-
nate expected discounted value calculations when they extend
deep into the future; recently proposed hyperbolic approaches
similarly guard against overly enthusiastic discounting.

Short-term calculations are less problematic. Markets are
driven by private agents who discount the future at the return to
private capital, that is, the opportunity cost of financial capital. If
capital markets were perfect, then this discount rate would match
the (short-term) pure rate of time preference. Capital markets are
not perfect, of course, so the rate of return to private capital can
exceed the pure rate of time preference for risky responses to
market stresses (add a risk premium) or because the return to pri-
vate capital is subject to (corporate) income taxation. In either
case (and many others), the appropriate discount rate simply adds
the effect of whatever distortion exists (such as risk or taxation) to
the pure rate of time preference. Following Arrow and Lind
(1970), Ogura and Yohe (1977) demonstrated that the marginal
return to government investment (that is, the rate at which future
costs and benefits of such an investment are discounted) could be
allowed to fall below the pure rate of time preference if public
investment would complement private investment and private
capital markets were distorted by taxes. Their result simply recog-
nizes that lower discount rates encourage investment (by making
it more likely that discounted expected net benefits are positive)
and thereby diminish the efficiency losses caused by existing eco-
nomic distortions.

When the intensity of various initiatives can be modulated,
the level that maximizes net benefits equates expected marginal
cost with expected marginal benefit. Tol (2003) has observed,
however, that marginal costs or marginal benefits may not be well
defined under all plausible futures even if benefit and cost mea-
sures are, themselves, finite. In such cases, the paradigm breaks
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down. (See Box 4.5 for a discussion of issues of timing and uncer-
tainty.)

Nonetheless, optimization techniques can inform not only
how a policy intervention might be targeted, but also how it
might be designed. Smit et al. (2000) emphasize the necessity,
in the context of adaptation, of clearly understanding ‘‘Who is
responding to what?’’ and ‘‘What do they know when they have
to ‘pull the trigger’?’’ Weitzman (1974) showed why they were
right to do so. He envisioned a policy-maker who, on the basis of
limited information, must choose between price- and quantity-
based interventions in an effort to hold expected output at the
optimal level. Economic agents could, however, respond to the
price-based intervention by adjusting their outputs in response to
changes in their environments that would materialize only after
the policy intervention had been designed. Their outputs would
vary under the price control, but they would be fixed under the
quantity-based intervention. The price control would therefore
increase expected private benefit to agents (otherwise, they would
not adjust their outputs), but the associated variable output would
also cause expected social cost to rise (if marginal social cost were
rising). It turns out, therefore, that the policy design choice was
critically dependent upon the relative size of these two increases.

4.5.2 Risk Assessment

The classic risk assessment approach to, for example, evaluating
health or ecological risks, adopts a four-step risk paradigm:
• identify the hazard (could a particular agent or activity harm

humans, animals, or plants?);
• assess the exposure-response relationship (to what degree can

exposure to a hazard cause a response that could be harmful?);

BOX 4.5

Cost–Benefit Analysis in the Presence of Uncertainty, Irreversibility, and Choice in Timing

Conventional theory and practice holds that a positive expected net pres- invest can be very sensitive to uncertainties. Given that the growing literature
ent value (NPV) returned by a cost-benefit analysis tells the investor that on these options values shows that they can ‘‘profoundly affect’’ the decision
it might be prudent to go ahead with an investment. In reviewing the to invest, they argue that these uncertainties may explain more of the varia-
applicability of CBA to natural systems, Aylward et al. (2001) recall a tion in investment behavior than other variables such as discount rates.
warning by Dixit and Pindyck (1994) in light of two hidden assumptions in The application of the theory of investment under uncertainty and irre-
the CBA. In the first case, the investment is reversible insofar as the versibility to natural systems (dams and water resources development, for
investor can exit from the investment and recover the expenditure if the example) is novel at this stage. Further investigation is needed to deter-
future (for example, future market conditions) turns out worse than ex- mine the applicability of these ideas to the project planning and evaluation
pected. In the second case, the NPV rule assumes that there is no choice process. Still, it seems likely that at least the insertion of a qualitative
of timing if the investment is irreversible; that is, the investment is a ‘‘now discussion and analysis of different alternatives in this regard may be
or never’’ proposition. Most investment decisions do not fulfill either of useful at an early stage in the screening and ranking of projects. Indeed,
these assumptions. Indeed, irreversibility and the possibility of postponing it is possible to argue that stakeholder discussion of different scenarios
investment are very important characteristics of investments faced by for water and energy resources development should include these issues
firms and by society. in an explicit fashion, given that they may have considerable bearing on

The value of delaying investment is equivalent to holding an ‘‘option’’ the CBA outcomes.
to invest the right, but not the obligation to invest, and thus can be called In terms of specific areas for further investigation, it would be worth
an option value. When an irreversible investment is made, the investor considering the extent to which, in practice, the passage of time is likely
exercising the option effectively gives up the opportunity to wait for addi- to reduce (or to increase) markedly the uncertainty about future values of
tional information (to reduce the uncertainty over the present worth or the irreversible investments and divestitures associated with different op-
timing of the expenditure). This is the central point made by Dixit and tions, particularly the environmental and social impacts. Attention should
Pindyck (1994): the opportunity cost of making a decision to go ahead be paid to examining how the costs and benefits of investments may differ
with the investment is the loss of an option value. As a result, the NPV in terms of irreversibility, uncertainty, and timing. The objective here would
rule needs to be reworked so that the decision to invest is taken only be to see whether the different components of the alternatives under con-
when the benefits of the investment exceed the standard costs of invest- sideration are likely to have the same characteristics in this regard and
ment plus the value of keeping the option alive. Dixit and Pindyck also thus can be bypassed, or whether important differences between alterna-
show how the opportunity cost represented by the value of an option to tives are expected and should be accounted for in the decision process.
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• assess the level of exposure (to what degree are humans, ani-
mals, or plants exposed to the hazard); and

• characterize the associate risk (a reflection of the probability
exposure times the associated consequences).
Each step involves a policy judgment; for example, the choice

of one dose-response model over another is a ‘‘science-policy’’
choice (NRC 1994, 1996; Presidential Commission 1997).

The limitations of risk assessment should be recognized and
understood. The underlying assumptions may, first of all, limit its
applicability to complex environmental problems (Bernard and
Ebi 2001). The assumption that a defined exposure to a specific
agent causes a specific adverse outcome for identifiable exposed
populations can, in particular, be questioned in many contexts. A
health outcome may be distinctive and the association between
immediate cause and its impact can be fairly clearly determined,
but most outcomes associated with environmental exposures have
many causal factors, which may be interrelated. These multiple,
interrelated causal factors need to be addressed along with relevant
feedback mechanisms in investigating complex disease/exposure
associations, because they may limit the predictability of the
health outcome and even the ability to estimate the degree of
uncertainty in any risk estimation (Bernard and Ebi 2001).

While early risk assessments focused narrowly on determining
the probability of harm, the general approach is evolving and be-
coming more relevant to complex environmental problems (Ber-
nard and Ebi 2001). Recent assessments are considering social,
economic, and political factors, and stakeholders are now ex-
pected to be involved throughout the risk assessment process to
ensure that the characterization of risk addresses a broad range of
concerns. Especially in light of increasing complexity, it is ex-
tremely difficult to make detailed and accurate assessments of risks
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and hazards because of profound uncertainty in both the probabil-
ity of an event occurring and the scale and nature of its conse-
quences. These uncertainties may arise from a variety of factors
(WHO EUR 1999), including:
• a lack of (credible) data in many situations;
• complexity in the interactions between humans and the envi-

ronment, which typically means there are many possible
causes for any adverse effect;

• complexity in space and time that makes it doubly difficult to
establish causal connections;

• synergistic and/or cumulative effects that muddle our under-
standing of the combined effects of toxicants;

• the likelihood that hazards will appear from unpredicted
sources; and

• diversity in the susceptibility to exposure across populations
due to genetic, social, or environmental factors.
If a risk assessment fails to explicitly address these issues, it may

give the illusion of an objectivity that is not justified.

4.5.3 Multicriteria Analysis

Issues derived from conflicting interests in the management of a
given resource pose particular problems, especially when distribu-
tional implications are to be considered. Multicriteria analysis and
its variants are often the formal framework of analysis used to
decide among various response options under these circum-
stances. Formal MCA can trace its roots to Pareto at the end of
the nineteenth century. In the 1970s, the development of multi-
objective maximization methods permitted widespread applica-
tion of quantitative MCA, especially in the management of water
resources and (more recently given the advent of GIS) land-use
planning. Multicriteria analysis depends on completing a number
of concrete steps:
• identifying objectives,
• identifying options for reaching these objectives,
• identifying evaluation criteria,
• analyzing options against those criteria,
• making choices based on those analyses, and
• evaluation and feedback.

MCA’s explicit recognition of a multiplicity of objectives and
evaluation criteria gives it a potential advantage over economic
paradigms based on cost, benefit, and efficiency in identifying
sources of vulnerability to uncertainty and even to ignorance.
Using the framework outlined above, it is possible to discover
uncertainty in objectives, unexplored options, incomplete evalua-
tion criteria, ignorance about system properties, and volatile rules
of choice.

All of this complexity comes at a price, however. In allowing
the sources of uncertainty to include ignorance and the incom-
plete representation of evaluation criteria and available options,
practitioners of MCA usually assume, at least implicitly, that the
objectives being considered, the means for reaching them, and the
systems from which services are being derived are independent in
time, space, and consequence from other questions and decisions
regarding the interaction of natural and social systems. In making
this assumption of independence, a large number of concerns
about path dependency, cross-scale effects, and cumulative im-
pacts can be missed entirely. (See Box 4.6.)

4.5.4 Precautionary Principle and ‘‘Safe Stopping
Rules’’

The precautionary principle is an approach used by policy-makers
in which they consider taking action to protect a population from
potential hazards with serious or irreversible threats to health or
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BOX 4.6

Scale Uncertainty in Multicriteria Analysis

Even if biodiversity patterns from place to place could be estimated
well, uncertainty would remain in society’s valuation of biodiversity rela-
tive to other needs. The application of MCA to explorations of biodiver-
sity trade-offs is consistent with the notion that economic decision tools
are limited in assessing responses for ecosystem services that are not
traded in markets and where the values associated with them are not
utilitarian in nature.

Faith (2002) illustrated how uncertainty might be reflected in multi-
criteria analyses. He considered, for example, a trade-off between de-
voting land to biodiversity conservation or other uses (for example,
forestry production). The best outcome for a region could be found
along a deterministic budget constraint by imposing a biodiversity tar-
get, but uncertainty may be addressed by sensitivity analysis. More
specifically, analysis of trade-offs in Australia showed how some areas
were always (or, alternatively, never) allocated to biodiversity conser-
vation regardless of the relative weighting of various criteria within the
biodiversity target.

Faith (2002) also calculated trade-offs under two scenarios for
Papua New Guinea. In one case, he assumed no land-use constraints
and concluded that that about 85% of the study’s biodiversity target
could be achievable at a very low cost. A second case represented a
scenario in which areas already having some degree of high land-use
intensity were assumed to be lost to biodiversity conservation. The
capacity for cost-effective conservation was dramatically reduced. In-
deed, the cost for the same conservation achievement level had more
than doubled. Scenarios of this sort can be valuable tools with which
to incorporate uncertainties into decisions about regional biodiversity
trade-offs.

the environment before there is strong proof that harm will occur.
In essence, the precautionary principle prescribes how to bring
scientific uncertainty into the decision-making process by explic-
itly formalizing precaution and bringing it to the forefront of the
deliberations (Marchant 2003). It posits that significant actions
(ranging from doing nothing to banning a potentially harmful
substance or activity, for instance) may be justified when the de-
gree of possible harm is large and irreversible. Many factors influ-
ence these deliberations, including an assessment of the possible
severity of the potential harm and the degree of scientific uncer-
tainty associated with that assessment.

The application of the precautionary principle to environ-
mental hazards and their uncertainties began with the Swedish
Environmental Protection Act of 1969, with further elaboration
in the German Clean Air Act of 1974 and the 1985 report on the
Clean Air Act (Kheifets et al. 2001; Boehmer-Christiansen 1994;
EEA 2001). Since the 1970s, the precautionary principle has been
incorporated into over a dozen international environmental
agreements, expressly incorporated into the legal framework of
the European Union, and adopted into the domestic laws of nu-
merous nations (Marchant 2003). This principle featured in the
1992 Rio Declaration on Environment and Development as
Principle 15 (UN 1993): ‘‘In order to protect the environment,
the precautionary approach shall be widely applied by States ac-
cording to their capabilities. Where there are threats of serious or
irreversible damage, lack of full scientific certainty shall not be
used as a reason for postponing cost-effective measures to prevent
environmental degradation.’’

Tamburlini and Ebi (2002) report that the European Commis-
sion’s decision to ban beef from the United Kingdom represents
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a recent and dramatic application of the precautionary principle
with a view to limiting the risk of transmission of bovine spongi-
form encephalopathy. The European Court of Justice ruled that this
decision was justified by the seriousness of the risk and the ur-
gency of the situation. The Commission did not, the Court ruled,
act inappropriately in adopting a decision on a temporary basis
pending improved scientific information. Its actions followed
procedures approved in a communication on the precautionary
principle authored by the Commission in February of 2000 (CEC
2000), which included the following guidelines for adopting mea-
sures on the basis of the precautionary principle:
• tailoring the measure to a chosen level of protection;
• applying the measure without discrimination (that is, treating

comparable situations similarly);
• confirming that the measure was consistent with similar mea-

sures already taken;
• examining the potential benefits and costs of action or lack of

action (including, where appropriate and feasible, an eco-
nomic cost-benefit analysis);

• constructing review mechanisms by which new scientific data
could be brought to bear on timely re-evaluation; and

• assigning the responsibility for producing the scientific evi-
dence necessary for a more comprehensive risk assessment.
In this definition, the precautionary principle is ‘‘risk-

oriented’’ in that it requires evaluations of risk that include cost
and benefit considerations (Tamburlini and Ebi 2002). It is clearly
intended for use in drafting provisional responses to potentially
serious health threats until adequate data are available for more
scientifically based responses. It also can be applied when there
may be undue delay in the regulatory process.

The application of the precautionary principle does not mean
that a scientific approach is not required. Nor does it mean that
critical attributes of the risk can be ignored; these include irrevers-
ibility, magnitude of possible consequences, the probability of oc-
currence, the amount and type of uncertainty associated with the
risk, societal benefits of the risk-creating activity, difficulty and
costs of reducing risk, potential alternatives to the risk-creating
activity, potential risk-risk trade-offs (that is, the degree to which
proposed solutions create new risks), and public perceptions of
the risk (Marchant 2003).

Proponents of the precautionary principle cite many examples
of risks that were initially ignored or underestimated and later
turned out to cause significant adverse human health impacts.
There is the perception that environmental and health problems
are growing more rapidly than society’s ability to identify and
mitigate them (Kriebel et al. 2001). In addition, increasing aware-
ness of the potential for severe adverse effects due to global envi-
ronmental change has weakened confidence in the abilities of
decision-makers to identify and control risks in a timely and effec-
tive manner. Application of the precautionary principle is in-
tended to prevent society from the costs of false negatives (that is,
waiting to implement regulations when risks turned out to be real
and significant); but increasing application of the precautionary
principle raises the question of costs of false positives, that is, tak-
ing more regulatory action than turns out to have been required.

4.5.5 Vulnerability Analysis

Methods of vulnerability assessment have been developed over
the past several decades in addressing natural hazards, food secur-
ity, poverty analysis, sustainable livelihoods, and related fields.
These assessments have helped to determine the baseline charac-
teristics of those individuals, groups, or ecosystems that are sensi-
tive to changes and shocks in the system. Vulnerability assessment
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can identify both general and specific vulnerabilities that enable
targeted intervention and can guide future development projects.
In identifying the most vulnerable systems or groups, measures
to increase social resilience and ecosystem productivity can be
prioritized; but the methods and tools used to undertake such
assessments involve particular uncertainties. Model, calibration,
and scale uncertainties are relevant to VAs. They are discussed in
this chapter, MA Current State and Trends provides more detailed
explanations of vulnerability and vulnerability assessments.

Vulnerability is a contested and ill-defined term. For example,
vulnerability can be defined as the degree to which ‘‘an exposure
unit is susceptible to harm due to exposure to a perturbation or
stress and the ability (or lack thereof ) of the exposure unit to
cope, recover, or fundamentally adapt (become a new system or
become extinct)’’ (Kasperson and Kasperson 2001, p. 21). By
contrast, the climate change community uses the term in a sig-
nificantly different manner. The Intergovernmental Panel on Cli-
mate Change defines vulnerability as, ‘‘The degree to which a
system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnera-
bility is a function of the character, magnitude, and rate of climate
variation to which a system is exposed, its sensitivity, and its adap-
tive capacity’’ (IPCC 2001a, p. 995). The implications of these
varying definitions have been elaborated in attempts to provide
synthesis between competing paradigms (Brooks 2003; Downing
et al. 2003; Turner et al. 2003a). The competing definitions,
when implemented to assess vulnerability, lead to uncertainty in
exactly what is being measured and thus limit the scope of com-
parative studies.

Within the competing definitions, there is varying emphasis
on common causal factors and outcomes. Some approaches em-
phasize the external conditions and impacts that lead to vulnerable
states, such as the rate of climate change or the duration of a
drought, for instance (IPCC 2001a). These approaches often as-
sume that a change in the hazard would change the state of vul-
nerability of those impacted. An alternative approach focuses on
the agents of interest and their underlying internal characteristic
(Brooks 2003). This can be termed ‘‘social vulnerability.’’ Studies
in this vein explicitly consider livelihood elements (such as access
to information and resources) as well as the broader socioeco-
nomic environment (such as factors that determine the ability of
the system and agents within the system) to cope with their exist-
ing situation and to respond to potential impacts (Adger 1999;
Blaikie et al 1994; Turner et al. 2003b).

Calibration uncertainty is associated with diverse data used in
VAs. Both quantitative and qualitative methods are used to evalu-
ate vulnerability with their recognized limitations. Quantitative
methods often entail the use of indicators. These indicators are
frequently displayed in vulnerability and risk maps indicating the
location of the most vulnerable areas (for example, Stephen and
Downing 2001 and UNEP-GRID 2003). However, vulnerability
indices should be treated with caution. Not only is the diversity
and sensitivity of vulnerability hard to measure, but combining
different variables of different scales and dimensions to produce
one index can also mask many of the underlying processes.

Qualitative data can be equally difficult to validate. Oral his-
tories, for example, are discussions with key local stakeholders
that help to elicit information about local historical vulnerability.
These histories rely on individual perceptions of the past state of
the environment or society. These methods can be effective at
gathering information on local vulnerabilities over past decades
where there is limited data, but the nature of the information
means that triangulation and validation is constrained within
shared recall and memory. Other participatory methods that rely
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on involvement from multiple stakeholders can be subject to po-
litical motives and cultural perceptions that are often hard to tease
out. It is important that these constraints are recognized and trian-
gulation is undertaken to obtain multiple perspectives.

Scale uncertainty can occur when integrating data that assess
different temporal and spatial scales and so the units of measure-
ment are often inconsistent. For example, a village might be vul-
nerable to climatic variability if it does not have the means to
cope with drought, but a household within the village may have
planted drought-resistant maize and cope adequately with a dry
season. Similarly, within that household the mother might ensure
that her children eat the food first. The household may therefore
appear to be resilient to drought even though many members
within the household suffer. If, as a result, a family member fell ill
the next year, then available labor would fall, resources would
be spent on healthcare, and the household would become more
vulnerable than other households in the village. Phenomena like
these have different expressions at different scales that are impor-
tant if vulnerability is to be captured adequately in a VA.

Although overlaying scales is difficult, VAs are beginning to
move beyond static snapshots at a particular time and place to
assessments that depict cumulative and long-term vulnerability at
a variety of spatial scales. (See Box 4.7.) It has been recognized
that vulnerability cannot be viewed as a static phenomena. Vul-
nerability is, rather, part of a dynamic process (Leichenko and
O’Brien 2002). This recognition has implications for the level
of uncertainty associated with vulnerability assessments because
dynamic analyses require information about how processes and
characteristics change over time.

BOX 4.7

RiskMap as a Vulnerability Analysis Tool: Different Lenses
Lead to Different Outcomes

RiskMap is an interactive computer-aided tool that enables levels of
vulnerability to be mapped within the dominant livelihood and house-
hold food economy zones (see Seaman 2000; Save the Children Fund
1997). It was developed in the early 1990s to predict, assess, and
monitor famine. The input data to the program is qualitative and field-
based.

Stephen (2003) reported that the program typically assesses the
risk and dynamics of household livelihood security by describing in-
come and reserves for three household categories (rich, modal, and
poor) based on a variety of factors (including the normal pattern of
employment, specific employment, livestock and other markets used,
and the likely distribution of food and other goods among households).
Surveys are conducted among experienced field-based and interna-
tional staffs, in collaboration with local ‘‘informants,’’ who generally live
in the area and follow local market and trading patterns. Although this
approach has its strengths, Stephen (2003) also noted that some users
are uncertain about how the data can be validated.

The results describing who is vulnerable vary depending on the
scale of analysis. In RiskMap, different indicators can be turned ‘‘on’’
and ‘‘off’’ and so determine which areas are mapped as vulnerable.
This highlights the nature of vulnerability given a variety of specific
definitions (see Downing et al. 2003). For example, if the indicator
reflecting livestock-dependent households are used then a large area
might be considered vulnerable. If access to aid is added, then a
smaller area might be considered vulnerable. This highlights the impor-
tance of understanding the dynamics of vulnerability and the scope of
the study, as these will determine the outcome of ‘‘vulnerable’’ groups.
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4.5.6 Summary

Table 4.1 offers a summary of how the various decision-analytic
frameworks reviewed in this section have been employed. Mod-
eled after a similar IPCC table provided by Toth and Mwandosya
(2001, Chapter 10), it shows that though all of the frameworks
are able to support optimization exercises, few have much to say
about equity. Cost-benefit analysis can, for example, be modified
to weight the interests of some people more than others. The
discount rate can be viewed, in long-term analyses, as a means of
weighing the welfare of future generations; and the precautionary
principal can be expressed in terms of reducing the exposure of
certain populations or systems whose preferential status may be
the result of equity considerations. Table 4.1 also suggests that
only multicriteria analysis was designed primarily to accommodate
optimization across multiple objectives with complex interac-
tions, but MCA can also be adapted to consider equity and
threshold issues at national and sub-national scales. Finally, the
existence and significance of various thresholds for change can be
explored by several tools, but only the precautionary principle
was designed explicitly to address such issues.

All of these frameworks fall under what many view as decision
analysis—a general rubric capturing a broad range of structures
based on other representations of the losses or gains associated
with external stress and the corresponding gains (diminished
losses) or additional benefits of responding to those stresses. Sev-
eral primary insights can be drawn from referring briefly to this
wider perspective. One is that the expected outcome computed
against any criteria across a wide range of futures is, given the
enormous nonlinearities in most system responses, usually quite
different from the outcome computed for the expected (best
guess) future. Secondly, many decisions can be made iteratively in
an adaptive management mode where new information is system-
atically incorporated into ‘‘mid-course’’ corrections through
techniques that are as sophisticated as Bayesian updating of sub-
jective probability distributions or as simple as excluding (or in-
cluding) new possibilities.

In every case, the point is to make the best decision, where
‘‘best’’ is defined by the underlying evaluation criteria, given the
available information and the information that is likely to become
available as the future unfolds. In some cases, where decisions can
be modified and adjusted easily, contingency-based rules designed
to exploit future information can be the best choice. In others,
where decisions made now involve investments with long life-
times and/or reduce the set of feasible alternatives in the future,
then the representations of uncertainty include representations of
the distribution of future information. Lempert and Schlesinger
(2000) offer an excellent example of how these considerations
play out in the climate arena when profound uncertainties about
the climate system and its interactions with the socioeconomic-
political system (in the contexts of both drivers and impacts) are
recognized.

4.6 Valuation Techniques under Uncertainty
Many of the decision-analytic approaches employed by analysts
rely on the application of valuation techniques to market and
nonmarket contexts. The idea is that relying exclusively on mar-
kets to provide estimates of value misses a wide range of other
sources of human well-being that are not captured by markets per
se. Bringing these sources to bear on the calculations that support
various approaches to decision-making allows them to be in-
formed by estimates that come closer to reflecting total economic
value. In each case, uncertainty must be recognized and accom-
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Table 4.1. Applicability of Decision Support Methods and Frameworks. Interpreting the optimization, equity, and thresholds columns:
(*) designates direct applicability by design; (�) designates possible applicability with modification; and (	) designates weak but not
impossible applicability with considerable effort. Interpreting the uncertainty column: (A) designates a method that has been modified to
accommodate uncertainty and (E) designates a method that has been designed explicitly to handle uncertainty. Interpreting the scale column:
(M) designates primary applicability at a micro scale; (N) designates applicability up to a national scale; (R) designates applicability to a
regional or sector scale; (G) designates applicability up to a global scale; and (X) designates applicability at all scales. Interpreting the domain
column: (M) designates primary application to mitigating the sources of stress; (A) designates primary application to adaptation; (B) indicates
applicability to either mitigation or adaptation; (I) designates applicability to both mitigation and adaptation in an integrated way; and (X)
designates applicability in all of the above.

Method Optimization Equity Thresholds Uncertainty Scale Domain

Cost–Benefit Analysis � � 	 A X B

Risk Assessment � � * E X X

Multicriteria Analysis * � � A N and M I

Precautionary Principle � � * E X X

Vulnerability Analysis � � * A N and M A

modated to a degree that is consistent with the needs of the
decision-maker for precision. In some cases, uncertainty in the
estimate of total economic value does not cloud the decision space
because particular responses would be favored (or not) across the
entire range (or at least most of it). In other cases, though, recog-
nizing uncertainty in the estimates of economic value can lead to
mixed and therefore contingent assessments. This section offers
brief descriptions of how this is accomplished for some of the
more popular methods.

4.6.1 Market-based Valuations

Techniques for estimating the values of goods and services that
are derived from well-functioning markets are well established.
Varian (2003) provides a concise description, and the intuitive
underpinnings can be reviewed in Mansfield and Yohe (2004).
Fundamentally, these techniques interpret demand curves (corre-
lations between price and quantities willingly demanded) as mar-
ginal benefit schedules; that is, prices paid by consumers reflect
the value that they place on the last unit demanded. They also
interpret supply curves (correlations between price and quantities
willingly supplied) as marginal cost schedules; that is, prices re-
ceived by suppliers reflect the cost of producing the last unit de-
livered to the market. For any good, therefore, the area between
these two curves from zero up to any specific quantity can be
interpreted as a direct reflection of the net benefit achieved by
society from the consumption of that quantity. It is the sum of
‘‘consumer surplus’’ (the amount that people would have been
willing to pay for a given quantity if they had paid the marginal
value of each unit rather than a single market clearing price) and
‘‘producer surplus’’ (the amount that firms receive in excess of
the sum of the marginal cost of each successive unit).

Notwithstanding some technical details underlying this inter-
pretation of net benefit (including the difference between using
ordinary demand curves instead of compensated demand curves
as the basis of benefit calculations), model uncertainty arises in
these estimates because different market structures can produce
different results. Estimates produced from a model based on the
assumptions of perfect competition (for example, presuming that
no actor in the market has power over the price actually charged
by the market) can be dramatically different from estimates de-
rived from a model that recognizes the game-theoretic strategic
behavior of a limited number of suppliers who do have power
over the price. So, too, can different assumptions about the de-
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gree to which market distortions and asymmetric information
cause the specifications of the underlying determinants of demand
and supply to deviate from efficiency (as opposed to adequacy
and/or rights-based) norms. Even specifying the functional form
of demand and supply schedules introduces model uncertainty.

Calibration uncertainty can also cloud market-based valuation
estimates, since any empirical procedure will be able to explain
only part of the variance in equilibrium prices and quantities even
if it can handle pervasive identification problems and the aggrega-
tion of the preferences of a myriad of individual consumers and
the marketing strategies of a collection of suppliers. In this case,
though, paying attention to standard errors of parameter estimates
and corresponding prediction errors can suggest an upper bound
on uncertainty, but only given an underlying model specification.
Prediction and projection uncertainty about the underlying de-
terminants of demand and supply (prices of other goods, the
distribution of income, the prices of inputs, and the pace of tech-
nological change, for example) and about how these drivers will
evolve over time, can also cause trouble. Finally, contextual un-
certainty can become particularly problematic. Issues about the
persistence over time of existing distortions (wedges between ac-
tual marginal cost and benefit created by taxes, externalities, and
other sources of omitted social cost, etc.) across an integrated
economy must be raised, and valuation estimates will be critically
sensitive to how these issues are resolved. Moreover, the degree
to which valuation techniques and/or estimates are portable from
one context to another depends on the degree to which underly-
ing contextual structures are comparable.

4.6.2 Nonmarket Valuations

A variety of techniques have been developed to estimate the val-
ues of goods and services for which markets do not exist. Most
are, nonetheless, firmly rooted in the market-based paradigm be-
cause they try to create ‘‘pseudo-demand curves’’ so that the cal-
culus of consumer surplus just described can be applied directly.
As a result, application of any of these techniques must begin by
recognizing that all five sources of uncertainty can undermine
confidence in the resulting value estimates—sometimes with a
vengeance. In addition, each technique brings its own problems
with consistency and potential bias to the table, so results in this
area need careful interpretation if they are not to be misused.
While directed specifically at contingent valuation techniques,
this general concern was underscored by Diamond and Hausman
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(1994) with the rhetorical question ‘‘Is some number better than
no number?’’ Smith (1993) offers a solid appraisal of how to inter-
pret nonmarket valuations of environmental goods; Section IV of
Cropper and Oates (1992) similarly provides a presentation of the
theoretical technicalities.

4.6.2.1 Hedonic Methods

Hedonic valuation methods are based on the notion that the value
of certain properties for which there are no markets can be de-
tected indirectly by calibrating their roles in supporting the prices
of other goods and services. More specifically, this expectation
holds that many of the underlying determinants of the demand
for marketed goods like real estate or agricultural property might
include variables that reflect things like environmental quality or
climatic conditions. If the associations between the prices of mar-
keted goods and these underlying characteristics can be quanti-
fied, then the value of these characteristics can be assessed
indirectly by tracking changes in observed market prices.

Hedonic techniques have been employed in assessing the
labor-market wage implications of negative characteristics of vari-
ous locations (such as crime, pollution, congestion, extreme cli-
mate, and so on) as well as the benefits of positive attributes
(educational opportunity, fine arts, mild climate, or sports facili-
ties, for instance). Ridker and Henning (1967) offered a seminal
analysis for sulfur particulates; Brookshire et al. (1982) and
Bloomquist et al. (1988) provide more recent but well-respected
estimates for nitrous oxide and particulate exposure. Mendelsohn
et al. (1994) also applied hedonic techniques to assessments of the
effects of long-term climate change in the context of maximally
efficient adaptation by the agricultural sector across the United
States. In so doing, they developed a controversial methodology
that Mendelsohn and others have used in many other contexts.

The controversy over using hedonic techniques cannot be at-
tributed entirely to the ravages of uncertainty, but prediction,
projection, and contextual uncertainties certainly play a role. Ap-
plication of hedonic techniques to climate change assumes, at least
implicitly, that individuals at all locations have already adapted
optimally to the current climatic conditions and that these adapta-
tions can follow as long as climatic change pushes these conditions
into new geographic areas. Recognition of this assumption is a
source of concern when it was applied to climate change, and not
simply because it contributes to model uncertainty or fails to re-
port calibration difficulties. Results from hedonic applications to
the climate arena depend critically upon apparently contradictory
assumptions of how human systems will respond to change over
time. More specifically, this application of hedonic techniques
produces interpretable results only if the relative prices of market
goods as well as the other determinants of demand do not change
(a specific truncation of projection uncertainty). At the same time,
however, the determinants of capacities that supported optimal
(market-reflected) adaptations at the initial locations must change
significantly; indeed, they must migrate completely to new loca-
tions (an equally rigid truncation of contextual uncertainty).
Moreover, when the set of external stresses is expanded beyond
the climate realm, second-best solutions create problems. It is im-
possible to understand precisely, in multi-stress contexts, what
motivated the observed structure and so it is difficult to conclude
with high confidence that an environmental stress was the cause.

Travel cost methods expand the hedonic approach, but their
point is also to create a ‘‘pseudo demand curve’’; see Brown and
Mendelsohn (1984) or Kahn (1997) for a description of method-
ological details. In these exercises, relationships between how
much individuals pay to travel to a particular location (like a lake
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or beach) and the number of times per year that they would be
willing to make the trip are estimated. Some applications are
based on the average number of trips (per capita) by residences of
specific zones or regions; these require less data, but they produce
only aggregate estimates. Other applications focus on individuals
who actually visit, or could have visited, the study location. These
provide more detailed information, but they are data intensive
and subject to selection bias. Moreover, all applications must con-
front questions about what to include in their ‘‘willingness to
pay’’ (for example, should they include the value of the time in-
volved in traveling to the location, or just actual expenditures?).
Once the data are collected, however, they can be used to pro-
duce ‘‘market’’ demand curves for specific populations for which
travel costs represent the price of a nonmarket good. Environ-
mental qualities anchor these demand curves, just as before, so
changes in environmental parameters can be expected to shift de-
mand. As in the hedonic construction, therefore, corresponding
adjustments in price can be interpreted as estimates of the value
of those changes.

4.6.2.2 Contingent Valuation

Contingent valuation techniques have been developed over time
to produce valuations that are not tied to use values that can be
observed from market interactions; but they, too, are designed to
build demand curves where they do not exist. Mitchell and Car-
son (1989) were among the first to recognize the need to have
some reflection of relative prices if natural resources were to be
managed effectively. They invented CV, and thereby started the
debate over whether or not survey results could be trusted. Hane-
mann (1994) offers a thorough description of how CV can be
applied to a variety of circumstances; Portney (1994) as well as
Diamond and Hausman (1994) provide coverage of the debate.
For purposes of a cursory review, it is sufficient to emphasize that
non-use values refer to the increases in individual utility generated
by the satisfaction of knowing that something exists. The CV
approach asks people to offer monetary estimates of those utility
gains. A CV study must, therefore, describe the outcome to be
valued, describe a (hypothetical) method of payment, and design
a method of elicitation. Results across a large number of people
are then summarized empirically as a demand curve and scaled-
up so that it is representative of demand across a relevant popula-
tion. At that point, all of the market-based valuation techniques
described above can be applied directly.

The devil is in the details, of course, and so careful design is
essential. Recent work suggests, for example, that practitioners do
more than ask what something is worth; they create elicitation
vehicles that carefully define the context of the valuation exercise
and include questions whose answers allow some evaluation of
internal bias; see Bateman and Willis (1995) and Bateman (2002)
for examples and Arrow and Solow (1993) for some practical
guidance. All these contributors to a growing literature confirm
that the description of context must be constructed in a way that
does not create biased reactions of respondents who might know
nothing about the subject. The method of payment must be
clearly understood to alleviate, at least to some degree, the con-
cern that respondents never fully comprehend the method unless
they see real money leaving their pockets.

One issue of particular importance is derived from the widely
accepted result that the willingness to pay for an environmental
improvement is generally smaller than the willingness to accept
(compensation) to forego that improvement is perhaps the critical
element of a long list of possible biases and design problems. Em-
pirical support for this result can be found in Hammack and
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Brown (1974), Rowe et al. (1980), and Knetsch and Sinden
(1984). These authors derive theoretical support directly from di-
minishing marginal utility—a building block assumption of neo-
classical economic theory. Other researchers, like Coursey et al.
(1987), suggest that observed differences (for small payments in
one direction or the other) are simple reflections of the fact that
most people are more familiar with buying something than they
are with selling it. In either case, these differences mean that the
consumers of CV elicitations must do more than read the num-
bers; they must understand the entire elicitation process even be-
fore issues of uncertainty are raised. Moreover, prediction,
projection, and contextual uncertainties can be particularly trou-
blesome for contingent valuation, since individual responses to
even a well-designed elicitation are extraordinarily context spe-
cific.

Despite all of these problems, Rothman (2000) has argued that
valuation methods like contingent valuation can inform decision-
makers in their consideration of various responses. The key lies in
careful recognition of the level of precision required to support a
particular decision. If, for example, a decision to implement a
particular response were based on a cost-benefit calculation, then
the issues raised here would be troublesome only if the estimates
of net benefits derived from some analyses (say, from studies em-
ploying ‘‘willingness to accept’’ calculations) were positive while
other estimates (for example, those derived from studies employ-
ing ‘‘willingness to pay’’ calculations) were negative.

4.6.3 Cross-cutting Issues

At least two cross-cutting concerns about all valuation techniques
should be raised. First, all of the techniques noted above use the
net-benefit interpretation of demand and supply structures to de-
rive their fundamental measures of value; but this interpretation
only makes sense in a utility (welfare) context when people pur-
sue their own, well-defined best interest. As a result, every
method is rooted firmly in the assumption of economic rationality
(that people consume goods up to the point where the increase
in their utility created by spending their last dollar on one good is
the same as it would be if they spent that dollar on another good).
But do people actually behave that way?

Second, each measure is also fundamentally derived from the-
ories that describe individual decisions and produce individual de-
mand curves for marketed goods or ‘‘pseudo-demand’’ curves for
nonmarket goods. Scaling these representations of individual de-
cisions up to structures that claim to represent collective behavior
over entire markets, communities, or nations adds aggregation to
the list of major sources of uncertainty; and it means that defining
aggregation techniques adds another level of subjectivity to the
results. Neither of these concerns is insurmountable, but both
suggest that care needs to be taken in interpreting and applying
valuation results in the decision-making process.

4.7 Synthesizing Political, Economic, and Social
Factors in the Context of Uncertainty
The previous sections have offered reviews of valuation and
decision-support tools that have been modified to accommodate
uncertainty. A complete assessment of the ability to respond to
external stresses cannot, however, stop with representations of the
likelihood of success or the range of possible outcomes. If it is to
be at all useful, processes that amplify our understanding of the
cascade of uncertainty noted above need to feed into a structure
where the factors that determine the feasibility of various response
options (see Chapter 3) can be explored. In short, an integrated
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structure needs to be constructed so that synthetic analyses of re-
sponse options can be conducted.

This section builds on the IPCC (2001a) notion of adaptive
capacity and its determinants as identified by Yohe and Tol (2002)
to suggest how this integration might be accomplished. While
some have used this structure to produce mechanical indices of
vulnerability based on the generic adaptive capacities of entire
systems and to evaluate the feasibility that specific responses will
accomplish their goal based on their specific adaptive capacities,
it is perhaps best viewed as one way of organizing one’s thoughts
in an effort to try to understand why some responses work in
some circumstances and not others.

4.7.1 Matching Political, Economic, and Social
Factors to the Determinants of Responsive Capacity

Working from the IPCC (2001a) perspective that the vulnerabil-
ity of any system to external stress is a function of exposure and
sensitivity and that either or both of these manifestations can be
influenced by its adaptive capacity, Yohe and Tol (2002) list seven
determinants of (specific) adaptive capacity that are required to
support any given response option:

(1) the availability of resources and their distribution across
the population;

(2) the structure of critical institutions, the derivative alloca-
tion of decision-making authority, and the decision crite-
ria that would be employed;

(3) the stock of human capital including education and per-
sonal security;

(4) the stock of social capital including the definition of prop-
erty rights;

(5) the system’s access to risk-spreading processes;
(6) the ability of decision-makers to manage information, the

processes by which these decision-makers determine
which information is credible, and the credibility of the
decision-makers themselves; and

(7) the public’s perceived attribution of the source of stress
and the significance of exposure to its local manifestations.

Thinking of these determinants as the underlying components
that support a system’s ability to respond to a set of external
stresses (that is, its responsive capacity) makes it clear that they simply
add some detail to the critical factors for assessing responses identi-
fied in Chapter 3. Determinants 2, 6 and 7, for example, add
some texture to the political factors described there. Determinants
1 and 5 reflect economic considerations, but also connect with
determinants 3 and 4 to portray the significant role played by
social factors.

4.7.2 A ‘‘Weakest Link’’ Approach to Evaluating
Capacity

Taking the conceptual approach implied by the list of determi-
nants to something applicable to systematic evaluation of various
responses across site-specific and path-dependent contexts relies
basically on the notion that a system’s responsive capacity is fun-
damentally determined by the weakest link—the underlying de-
terminant that provides the least support for the available
responses in its ability to cope with variability and change in local
environmental conditions. This hypothesis clearly requires some
justification. Yohe and Tol (2002) reported some suggestive em-
pirical results from international comparisons, but subsequent lit-
erature has been more persuasive. A growing body of literature
has, for example, reached similar conclusions regarding income
inequality and mortality (see, for example, Lynch et al. 2000;
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Kaplan et al. 1996; Ross et al. 2000). Even more recently, Mc-
Guire (2002) looked for statistically significant explanations for
variability in infant mortality across developing countries. Yohe
and Ebi (2004) also noted a strong match between the prerequi-
sites for prevention in the public health literature (where a weak-
est link hypothesis is well established) and the determinants of
responsive capacity.

A review of economic literature also produces some support-
ing evidence. Rozelle and Swinnen (2004), for example, looked
at transition countries across central Europe and the former Soviet
Union to observe that countries which grew steadily a decade or
more after their reforms have managed to (among other things)
reform property rights and to create institutions that facilitate ex-
change and develop an environment within which contracts can
be enforced and new firms can enter. Order and timing did not
matter, but success depended on meeting all of these underlying
objectives. Winters et al. (2004) similarly reviewed a long litera-
ture to conclude that the ability of trade liberalization to reduce
poverty depends on the existence and stability of markets, the
ability of actors to handle changes in risk, access to technology
and resources, competent and honest government, and policies
that promote conflict resolution and promote human capital ac-
cumulation.

4.8 The Challenge of Uncertainty: Creating,
Communicating, and Reading Confidence
Statements
Effective response options are the products of a process whose
success is critically dependent upon an understanding of the key
issue or problem of concern, the design of appropriate actions
to address this issue, the effective implementation of the selected
actions, and the honest monitoring and evaluation of outcomes
to ensure that the actions achieve their goals without unintended
consequences.

This chapter focused on the uncertainty inherent in imple-
mentation of responses, on the uncertainty inherent in our under-
standing of how ecosystems work, and on the interaction of these
uncertainties with the tools that analysts employ to evaluate and
choose between these response options. It began with a brief tax-
onomy of the sources of uncertainty, then looked back to Chapter
3 to see how the various critical factors of feasibility could be
viewed as an anthropogenic source of uncertainty. From case to
case, application of any of the decision-analytic frameworks and
the evaluation methods reviewed earlier in this chapter will con-
front many if not all of these sources. Still, experience suggests
that some sources of uncertainty can be expected to be more im-
portant for one framework than another. The example drawn
from the climate change literature above was presented only to
suggest how considerations of systems uncertainty might be inte-
grated with the underlying factors that enable or constrain specific
response options. As such, it is best viewed as a representation of
the thought processes that MA authors conducted as they evalu-
ated the confidence with which they could offer their conclu-
sions.

The success or failure of present or past approaches to solving
an issue is a function of the compatibility of the solution methods
(including demand for services) and ecosystem dynamics. In a set-
ting where demand is low relative to available system services
(even at times of extreme natural stress), there will be ‘‘successful’’
management—but not necessarily because of a good management
scheme. When the ecosystem is at the brink of state-change, even
the wisest decision-making paradigms may be insufficient to pre-
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vent the inevitable. One challenge is recognizing the limits of our
understanding of the processes underlying ecosystem dynamics
and resilience. Another challenge is ensuring that management
strategies for maximizing service extraction are not at the cost of
system simplification and loss of effective resilience.

The most obvious opportunity is to learn from the mistakes
and successes of the past. Each can be considered an experiment
in how to frame and solve an ecosystem service management
challenge. Systematic analyses of implemented response options
are required to capitalize on this body of information and thereby
to learn which factors enhanced the probability of success and
which led to failures. Such learning holds the promise of teaching
us how resources can be managed when baseline conditions are
relatively stable and extra-scalar effects are relatively small before
confronting the complication of significant shifts in baselines and
simultaneous multiple stresses on ecosystems.

There are many possible response options to address a particu-
lar problem. Whether or not they can be effectively implemented
depends on factors such as political feasibility; technological, eco-
nomic, and social issues; and the capacity for governance. A better
understanding of the process of the design and implementation of
successful response options in the context of these factors is
needed, including how barriers to implementation were over-
come. Lessons learned could then be applied to other situations
to reduce the negative consequences and take advantage of the
opportunities that arise in the context of ecosystem management.

Processes and institutions need to be established to facilitate a
learning-by-doing approach that includes monitoring of imple-
mented response options and systematic evaluation of their results.
These evaluations can be employed to investigate why some re-
sponse options were effective while others were not. This is only
possible if the original design included the establishment of neces-
sary measures to collect the information required for a post hoc
examination. It follows that the design of a response option
should include actions to determine the effectiveness of the op-
tion in addressing the issue of concern and, accordingly, plans for
collecting the required data—a process designed to keep track of
the progress of implementation of a response option and its vari-
ous components in relation to the goals established. It also follows
that improved understanding of what works where will improve
only if integrating analyses take careful account of spatial and tem-
poral diversity.

Assessments of the sort presented in this volume are, of course,
fundamentally the products of monitoring and evaluation exer-
cises—nominally of our ability to manage ecosystem responses,
but actually of our ability to understand exactly what is going on.
This assessment is perhaps the most comprehensive and visible
exercise of this sort, but its success is not guaranteed. The assessors
who contributed to this work will only advance our long-term
understanding of how ecosystem services support human well-
being even as humans exert enormous stress on their potential
longevity in an uncertain world if they are honest in identifying
what is well established (high certainty conclusions), what is estab-
lished but supported by incomplete analysis (medium certainty),
what is subject to competing explanations (low certainty), what is
entirely speculative (very low certainty), and what is entirely beyond
the scope of our understanding (severe gaps in knowledge).

It is in the subsequent exploration of why the quality of our
knowledge is so inconsistent that the thought-process described
earlier in this chapter might be most valuable. Chapter 15, for
example, will offer the conclusion that ‘‘integrated responses are
gaining in importance in both developing and developed coun-
tries, albeit with mixed results.’’ Since this point is based on fewer
than 20 studies, though, it can be advanced as ‘‘established but
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incomplete’’ according to the guidelines for conveying confi-
dence. Nevertheless, a systematic evaluation of these studies using
a common thought template, can perhaps provide some insight
into why the results of integrated responses have been so mixed—
working in some site-specific and path-dependent contexts but
not in others.

The burden for communicating these findings does not lie
exclusively with the authors. Readers must also be honest in their
assimilation of the assessment. They cannot, for example, seize on
the negative studies of integrated responses and ignore the posi-
tive studies to support a general opposition to their implementa-
tion. Nor can they focus exclusively on the positive studies to
advocate integrated responses ubiquitously. They must, instead,
comprehend the implications of the full range of uncertainty de-
scribed by the assessors of the full set of studies (as limited and as
contradictory as they might be) and they must accept the various
degrees of confidence reported by the authors as they make up
their own minds. (See Box 4.8 for a discussion of one approach
to determining how to deal with uncertain estimates.)

BOX 4.8

Defining Hotspots in an Uncertain World

‘‘Biodiversity conservation’’ has uncertainty at its foundations—
uncertainty not only about the identity and location of the many species
(or other elements) that make up global biodiversity (scale uncertainty),
but also about their values to humanity (model and contextual uncer-
tainty). Sometimes estimates of possible future values simply are
equated with our measures of variation (calibration uncertainty). But
even here, surrogates or proxy information (for example, indicator spe-
cies) are required because all components of biodiversity cannot be
assessed in all places with any certainty. Response strategies (see
Chapter 5) use surrogate information in ways that sometimes introduce
new uncertainties about their adequacy (prediction and projection un-
certainty).

For example, the advocacy of 25 global hotspots is one high-profile
biodiversity response strategy; it highlights the inevitable uncertainties
about surrogates. Myers (2003), in his recent review of this approach,
notes differences of opinion about whether the identification of hotspots
based on major taxa can be representative of patterns that would be
found for other components of biodiversity. (See Chapter 4.) Myers
addresses the concern that surrogacy is not ‘‘proven’’ but only ‘‘as-
sumed’’ in this way: ‘‘. . . when will our research be able to ‘prove’
much about the 9.7 million invertebrates out of a putative planetary
total of 10 million species, given that only around 1 million of them
have been identified thus far?’’ An assessment of this literature might
therefore suggest that the identification of ‘‘hotspots’’ is ‘‘established
but incomplete.’’
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Main Messages

Biodiversity is the variety of all forms of life, including genes, species, and
ecosystems. Biodiversity underpins ecosystem services: biological resources
supply all of our food, much of our raw materials, and a wide range of goods
and services, plus genetic materials for agriculture, medicine, and industry.
Biodiversity has value for current uses, possible future uses (option val-
ues), and intrinsic worth. Biodiversity conservation ensures future provi-
sion of un-named or ‘‘undiscovered’’ services, and so complements
direct maintenance of recognized ecosystem services.

Recent decades have witnessed significant loss of biodiversity, at a rate two
to three times faster than has occurred in geological history. Responses to this
crisis focus on the conservation of biodiversity and on the associated problems
of sustainable use of biological resources and equitable sharing of benefits
arising out of the use of genetic resources. Effective biodiversity response
strategies have a bearing on human well-being in two ways: (1) they
conserve a source of current and future goods and services, and (2) they
create synergies and trade-offs of biodiversity conservation with other
needs of society, including sustainable use of biological resources.

Assessments covering a wide range of responses highlight several overarching
issues. One is that difficulties in measuring biodiversity make response
design difficult, and complicate assessments of the impact of responses.
The potential benefits of integrating biodiversity conservation with management
and planning for environmental services are substantial, but few examples of
successful implementation exist and measurement problems make assess-
ment of gains uncertain. Few well-designed empirical analyses assess even
the most common biodiversity conservation measures.

Measurement and valuation of biodiversity requires attention to local, regional,
and global scales. Biodiversity may be valued differently, and generate
human well-being differently, at local versus global scales. Focusing ex-
clusively on either global or local values often leads to a failure to adopt
responses that could promote both values, or reconcile conflicts between
the two.

The success or failure of any response to conserve biodiversity will de-
pend on the ecological and institutional setting in which it is applied.
Even within the same ecosystem, heterogeneity in institutions, income opportu-
nities, access to markets, and other characteristics of the socioeconomic set-
ting can lead to very different reactions to a given response.

Establishing and managing protected area systems directly conserves
biodiversity, but emphasis on establishing new protected areas rather
than managing existing ones effectively, area-based targets rather than
biodiversity itself, and lack of funding for enforcement and management
limit their impact. Success of protected areas systems as responses requires
better site selection, incorporating regional trade-offs, in order to avoid the ad
hoc establishment that can leave some ecosystems poorly represented. It also
requires adequate legislation and management, sufficient resources, greater
integration with the wider region within which protected areas are found, and
expanded stakeholder engagement. The ‘‘paper parks’’ problem remains: geo-
graphic areas may be labeled as some category of protected area but not
achieve the promised form of management. Representation and management
targets and performance indicators work best when they go beyond measuring
total area apparently protected. Percent-area coverage for protected areas
associated with the Millennium Development Goals provide a broad indicator,
but regional/national-level planning requires targets that take into account
trade-offs and synergies with other ecosystem services.
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Response strategies based on capture of benefits by local people from
one or more components of biodiversity (for example, products from sin-
gle species or from ecotourism) have been most successful when they
have simultaneously created incentives for the local communities to
make management decisions consistent with (overall) biodiversity con-
servation. Response strategies designed to enhance the local benefits derived
from a few biological resources also seek to promote management for broader
biodiversity conservation (including protection of global values). But even when
a product is potentially well-linked to overall biodiversity (as in benefits from
biodiversity prospecting) the actual benefits may not flow to the community,
which results in inadequate incentives for conservation management. Alterna-
tively, conservation payments can create economic incentives for such man-
agement. Overall, long-term success for these response strategies depends
on meeting the economic needs of communities whose livelihoods already
depend to varying degrees on biological resources and the ecosystem services
biodiversity supports.

Management and sustainable use of wild species, with direct links to
livelihoods, will remain a key response. Targeted protection of particular
species has had mixed success in protecting overall biodiversity. Reintro-
duction of species, though often very expensive, has been successful, but
such success generally will require the consent and support of the people
inhabiting the target area. Control or eradication of an invasive species once it
is established has appeared extremely difficult and costly. Prevention and early
intervention have been shown to be more successful and cost-effective. Suc-
cessful prevention requires increased efforts in the context of international
trade, and in raising awareness. Sustainable use programs must include con-
sideration of social and economic issues as well as the intrinsic biological and
ecological considerations related to the specific resource being used. Zoos,
botanical gardens, aquaria, and other ex situ programs build support for con-
servation, support valuable research, and provide cultural benefits of biodiver-
sity.

Incorporating biodiversity into integrated regional planning promotes ef-
fective trade-offs and synergies among biodiversity, ecosystem services,
and other needs of society. The ‘‘ecosystem approach’’ points to bioregional
planning approaches that can achieve trade-offs and synergies. However, de-
veloping a quantitative regional ‘‘calculus’’ of biodiversity can enable marginal
gains/losses in biodiversity from different places, and from different response
strategies, to be estimated as a basis for planning the use of land and water.
Assessments highlight synergies and trade-offs when different responses are
integrated into a coherent regional framework. Society may receive greater
net benefits when setting of biodiversity targets takes all land and water use
contributions into account. Within a regional planning structure, effective re-
sponses also ensure connectivity between protected areas, promote trans-
boundary cooperation, and incorporate habitat restoration. Different land uses
should be seen as part of a continuum of possibilities, linked in integrated
regional strategies. The great uncertainty is about what components of bio-
diversity persist under different management regimes, limiting the current effec-
tiveness of this approach.

Places managed by the private sector can be recognized as possibly
contributing to regional biodiversity conservation. Some parts of the pri-
vate sector are showing greater willingness to contribute to biodiversity
conservation and sustainable use, due to the influence of shareholders,
customers, and government regulation. Many companies are now preparing
their own biodiversity action plans, managing their own landholdings in ways
that are more compatible with biodiversity conservation, supporting certification
schemes that promote more sustainable use, and accepting their responsibility
for addressing biodiversity issues in their operations. Limitations include insuf-
ficient synthesis of lessons to date concerning best pathways to ‘‘encourage-
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ment’’ and ongoing distrust between conservationists and business. Influence
of shareholders or customers is limited in cases where the company is not
publicly listed or is government-owned.

Integrating biodiversity issues in agriculture, fishery, and forestry man-
agement encourages sustainable harvesting and minimizes negative im-
pacts on biodiversity. Most effective are in situ approaches such as some
examples of organic farming that have developed synergistic relationships be-
tween agriculture, domestic biodiversity, and wild biodiversity. However, as-
sessments of biodiversity contributions from such management often look only
at local species richness, and little is known about contributions to regional
biodiversity conservation. Effective integration also has a regional focus as in
strategies that intensify rather than expand total area for production, so allow-
ing more area for biodiversity conservation.

Governance approaches to support biodiversity conservation and sus-
tainable use are required at all levels, based on the idea that management
should be decentralized to the lowest appropriate level. This has led to
decentralization in many parts of the world, with variable results. Planning and
priority setting at regional scales may require governance and financial inputs
at these scales. The key to success is strong institutions at all levels, with
security of tenure and authority at the lower levels essential to providing incen-
tives for sustainable management.

International cooperation through multilateral environmental agreements
requires increased commitment to implementation of activities that effec-
tively conserve biodiversity and promote sustainable use of biological
resources. Numerous multilateral environmental agreements have now been
established that contribute to conserving biodiversity. The Convention on Bio-
logical Diversity is the most comprehensive, but numerous others are also
relevant, including the World Heritage Convention, the Convention on Interna-
tional Trade in Endangered Species of Wild Fauna and Flora, the Ramsar
Convention on Wetlands, the Convention to Combat Desertification, the United
Nations Framework Convention on Climate Change, and numerous regional
agreements. However, their effectiveness must be measured by their impacts
at policy and practice levels. Attempts are being made (for example, through
joint work plans) to create synergies between conventions. The link between
biodiversity conventions and other international legal institutions that have a
major impact on biodiversity (such as the World Trade Organization) remains
weak.

Education and communication programs have both informed and
changed preferences for biodiversity conservation and have improved
implementation of biodiversity responses. Biodiversity communication, edu-
cation, and public awareness have emerged as a self-standing discipline,
though it requires further development. Where change in behavior requires
significant personal effort or economic loss, communication and education
needs to be accompanied by other measures that assure livelihood support.
Strategic approaches to achieve management objectives need to reflect the
benefits and perceptions of multiple stakeholders.

5.1 Introduction
This chapter assesses the trade-offs and synergies among global,
national, and local interests in conserving biodiversity and using
its components (biological resources) sustainably. Based on the
assessment of key responses to biodiversity loss, the chapter also
provides policy options for decision-makers in the relevant minis-
tries and in the private sector.
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5.1.1 Biodiversity Values and Relationship to
Ecosystem Services

While this chapter focuses on responses specific to biodiversity,
such responses inevitably have to consider trade-offs and synergies
involving ecosystem services. In brief, this chapter views bio-
diversity responses as largely about considering option values at
many scales, with strong links to ecosystem service values arising
at each of these scales.

While any value generated by a single gene, species, or ecosys-
tem can be seen as part of biodiversity value, this chapter treats
the values of such individual components of biodiversity as op-
portunity costs or benefits to be considered as a key part of effec-
tive biodiversity responses, at many scales. Biodiversity responses
capture options for future well-being, and these responses may
also involve trade-offs and synergies with other more direct eco-
system services. Thus the chapter takes human well-being as its
central focus for assessment while recognizing that biodiversity
and ecosystems also have intrinsic value and that people take deci-
sions concerning ecosystems based on considerations of both
well-being and intrinsic value, with the latter including option
values (Reid and Miller 1989). Determining biodiversity option
values remains a challenge for policy-makers at all scales, from
crop genetic diversity in agroecosystems to global existence
values.

5.1.2 Local, National, Regional, and Global
Biodiversity Values

The debate over the links of biodiversity to ecosystem services
reveals conflict about the scale at which biodiversity generates
value. Some argue that local biodiversity assessments are most use-
ful and see global biodiversity values as ignoring the important
local values of biodiversity, especially relating to ecosystem ser-
vices. Vermeulen and Koziell (2002, p. 89), for example, see the
focus on global values as a consequence of the fact that ‘‘the global
consensus is that of wealthy countries,’’ and recommend consid-
eration of biodiversity in terms of services derived from it and not
as an end in itself. But such an approach ignores valid non-local
values. This chapter assesses values that derive from biodiversity
at all scales, with full recognition of the trade-offs between differ-
ent types and scales of value.

While trade-offs often seem daunting, this chapter’s integra-
tive perspective helps reconcile what can be conflicting require-
ments for uses at a given place. Consideration of global biodiversity
implies value for what is unique at a place (or what is not yet
protected elsewhere). Ecosystem services may well value exactly
what makes that place similar to many others, even though this
amounts to ‘‘redundancy’’ at the regional scale. But effective bio-
diversity responses can see both values as valid, with the within-
place values seen as costs and benefits to be taken into account at
the regional scale.

5.1.3 Goals, Main Points, and Structure of this
Chapter

This chapter assesses responses that aim to conserve biodiversity
and use biological resources sustainably, using case studies to de-
termine what has or has not been successful under what condi-
tions. Of many responses, this chapter assesses the nine responses
that are most widely used and discussed: protected areas; local
capture of benefits; wild species management; regional planning,
agricultural/forestry and fishery policy; private sector activities;
governance; multilateral environmental agreements; and edu-
cation / communication. These responses may vary from the MA
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typology applied to ecosystem services—biodiversity is not con-
sidered an ecosystem service in the MA—and each response typi-
cally addresses more than one driver of biodiversity loss.

The chapter follows this list of responses in order, beginning
with protected areas because virtually every country has a PA sys-
tem as an important component of its efforts to conserve bio-
diversity. That assessment is followed by a section on responses
that enable local people to capture biodiversity protection benefits
because many of those responses are employed in and around
protected areas to address conflict between local people and the
aims of the protected areas. Responses under this heading include
ecotourism, integrated conservation and development projects,
and conservation payments. The section on the management of
wild species deals with local people’s reliance on particular species
as well as addressing issues of managing invasive species and pre-
venting extinctions. The next section assesses the role of regional
planning in identifying synergies and trade-offs across the region
that contains protected areas, intense land and water uses, man-
aged ecosystems, and other potentially conflicting uses. Regional
planning provides a mechanism for tying together responses that
conserve biodiversity both within and beyond protected areas.

Agricultural and fisheries policies deal directly with biodiver-
sity components, and their multiple impacts are assessed. The pri-
vate sector’s impacts on biodiversity are profound, and we assess
efforts to minimize negative impacts, or to make them positive.
Governance is the broadest response, and several multilateral en-
vironmental agreements contain provisions for the conservation
of biodiversity by the signatories; although those countries then
employ a range of responses to meet their obligations, this chapter
assesses MEAs as a biodiversity conservation and sustainable use
response in and of themselves. Finally, the chapter assesses the role
of education and communication activities in generating support
for conservation and sustainable use of biodiversity.

Several themes emerge from these assessments. First, the
human well-being of local people dominates the assessment of
many responses including PAs, governance, wild species manage-
ment, and local capture of benefits. Although biodiversity at the
global scale creates human well-being for people far removed
from where valued biodiversity is found, the contribution of bio-
diversity to the well-being of local people is critical. Second, the
divergence between local, national, regional, and global values of
biodiversity (and the human well-being derived at these different
scales) presents challenges to biodiversity conservation and sus-
tainable use. A regional perspective can address conflict and create
balance over geographic space. Finally, incorporating biodiversity
benefits into management decisions permeates the assessments of
agriculture, fisheries, MEAs, and private sector responses for con-
servation.

Taken as a whole, the following assessments lead to several
conclusions:
• The current system of PAs is a valuable tool for conserving

biodiversity, but these areas do not yet include all biodiversity
components that require such protection. Better tools exist for
selecting areas for inclusion in PA systems than are currently
employed, and better management of individual PAs is re-
quired.

• For successful (global) biodiversity conservation, local people
must be able to capture benefits from that conservation.

• Integrated conservation and development projects as currently
designed rarely succeed in their objective of conserving bio-
diversity, yet their general concept remains valid. They need
more realistic objectives and a stronger link to broader policy
issues.
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• Regional planning can achieve balance across areas to create
a landscape that includes strict conservation areas, managed
landscapes, intensively used areas, and other land and water
uses.

• Direct incentives for biodiversity conservation usually work
better than indirect incentives.

• More income must flow from the people and countries that
value biodiversity from afar (at the global level) to the people
and countries where much globally valued biodiversity is con-
served, often at considerable opportunity cost.
These assessments suggest that in the coming years:

• Direct management of invasive species, particularly efforts to
prevent invasions, will become a more important biodiversity
conservation response.

• Biodiversity conservation in ecosystems managed for produc-
tion will become increasingly important.

• Conservation payments appear promising even though they
require more testing.

• Regional planning can be better utilized to integrate various
biodiversity responses.

• Biodiversity conservation in light of climate change will pose
many challenges, calling for improved management of habitat
corridors and production ecosystems between protected areas,
thereby enabling biodiversity to adapt to changing conditions.

5.1.4 Links to Multilateral Processes

5.1.4.1 Millennium Development Goals

The MDGs were endorsed by members of the United Nations in
2000 to address common pressing global concerns. The timeframe
set to achieve the MDGs is 2015. In fact, the MDGs are already
showing their potential of bringing together various actors to
honor the commitment. For instance, in the African and Asian
regions, finance ministers are using the MDGs to focus more re-
sources on development. The New Partnership for Africa’s De-
velopment is also using the MDGs and has begun reporting on
progress toward their achievement. Environmental sustainability,
including incorporation of biodiversity into development activi-
ties, is one of the eight goals. Like the WSSD Plan of Implemen-
tation, the MDGs cover broad and complex issues that will
require better institutions and tools to achieve the goals. The Sec-
retary General of the United Nations has initiated a Millennium
Project to produce detailed advice for achieving the MDGs; he
recognizes biodiversity as providing a foundation for achieving
the goals.

5.1.4.2 World Summit on Sustainable Development

The 2002 World Summit on Sustainable Development produced
a commitment by governments to address sustainable develop-
ment. Paragraph 42 of the WSSD Plan of Implementation makes
specific reference to the conservation of biodiversity, and many
other parts of the Plan are relevant to biodiversity. Despite the
commitment made to conservation of biodiversity and the idea of
integrating it into development projects, the Plan is very broad
and requires multiple institutions to collaborate for its successful
implementation. The Plan’s goal of reducing the rate of loss of
biodiversity by 2010 is challenging because the current rate of loss
is not known with any precision. Yet this goal had been adopted
by the parties to the Convention on Biological Diversity at its
sixth Conference of the Parties in April 2002, and the European
Union has adopted an even stronger one (halting the loss by 2010).
Further, the WSSD considers biodiversity as one of its five major
issues; the others are water, energy, health, and agriculture.

................. 11430$ $CH5 10-21-05 14:09:40 PS



125Biodiversity

5.1.4.3 World Trade Organization

Although the World Trade Organization has established a Com-
mittee on Trade and Environment to deal with environmental
issues and has contributed to environmental policies such as the
Rio Declaration, the WTO still insists that it was established pri-
marily to deal with trade and not environmental issues. It has
shown minimal commitment to environmental issues, including
biodiversity. Despite its position, some progress can be assessed.
One illustration is the tuna-dolphin case between the United
States and Mexico (WTO 2003), which gave rise to some positive
developments in favor of the environment and marine biodiver-
sity in particular. The case has been brought under Article XX of
GATT, which provides general exceptions, and the environment
is one such exception (Lang 1995). Although the panel report on
the case was not adopted, it nonetheless encouraged countries to
take into account the impact trade could have on biodiversity and
environment in general, and serves as a guide for countries to
consider conservation of biodiversity. However, the reluctance of
the WTO to integrate biodiversity and environmental concerns
remains a challenge.

5.1.4.4 Other Processes

Numerous other international programs and events are dealing
with or relevant to biodiversity. Prominent among them are con-
vention reports (CBD, CCD, Ramsar, CITES, CMS); the Inter-
governmental Panel on Climate Change; the Global Environment
Outlook (UNEP/collaborating centers); the World Resources Report
(UNEP, UNDP, World Bank, WRI); Earth Trends (WRI);
IUCN Red Lists and Species Survival Commission Reports; the
Human Development Report (UNDP); the World Development Report
(World Bank); FAO Plant Genetic Resource Assessment; FAO
reports on fisheries, forest, and agriculture; and the UNESCO-
MAB program.

5.2 Assessing Protected Areas as a Response to
the Loss of Biodiversity

5.2.1 Introduction

Protected areas are the most commonly used tool for in situ con-
servation of biodiversity, a role recognized under Article 8 of the
CBD. A ‘‘protected area’’ is defined in Article 2 of the CBD as
‘‘a geographically defined area, which is designated or regulated
and managed to achieve specific conservation objectives.’’ Assess-
ments of protected areas as a biodiversity conservation response
strategy indicate that protected areas are an extremely important
part of programs to conserve biodiversity and ecosystems, espe-
cially for sensitive environments that require active measures to
ensure the survival of certain components of biodiversity. Most
protected areas also contribute to a country’s economic objectives
in providing ecosystem services, supporting sustainable use of re-
newable resources, and generating tourism and recreation values.
Ecosystem services generated and supported by protected areas
include microclimate control, carbon sinks, soil erosion control,
pollination, watershed protection and water supply, soil forma-
tion, nutrient recycling, inspiration, and a sense of place. Many
protected areas are of great importance as tourist and recreation
destinations—both nationally and internationally. As the world
becomes increasingly urbanized, such values associated with pro-
tected areas seem likely to increase.

Protected areas also play an important role in ensuring the
respect for, and recognition and maintenance of, important tradi-
tions, cultures, and sacred sites (Harmon and Putney 2003). In-
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creasingly, protected areas are being used as mechanisms to
promote peace-keeping efforts among nations, notably through
transboundary protected areas and ‘‘peace parks’’ (Sandwith,
Shine, Hamilton and Sheppard 2001).

Protecting specified areas from certain human uses has a long
history including North Africa’s age-old hima system (the reserves
established by the Hafside dynasty in 1240 in Tunisia), and the
marine protected areas established by local communities in the
Pacific hundreds of years ago as a tool to preserve fishing areas
(Kelleher 1999). All this indicates that traditional protected areas
were an important resource management approach for the socie-
ties that established them.

The modern movement of protected areas is rightly associated
with the establishment of the first national park in the United
States at Yellowstone in 1872 (Phillips 2003). Through the evolu-
tion of the modern protected areas movement, some protected
areas have been accurately criticized on the grounds that local
communities have been excluded from resources that have tradi-
tionally supported their livelihoods. On the other hand, many
protected areas have substantially contributed to the livelihoods
of local people, offering options for alternative economic devel-
opment (McNeely 1993; EC and IUCN 1999; EC/DFID/IUCN
2001).

Today more than 100,000 sites are recognized by IUCN as
protected areas. (See Figure 5.1.) Together they cover about
11.7% of Earth’s land area, equivalent to the whole of South
America (IUCN/UNEP-WCMC 2003). However, the current
global system of protected areas is not sufficient to conserve bio-
diversity, as a consequence of insufficient coverage, inappropriate
location, insufficient management, and related economic and so-
cial factors. Some assessments of case studies (MacKinnon et al.
1986; Barzetti 1993) suggest improving the effectiveness of pro-
tected areas for biodiversity conservation, through a number of
approaches, including: (1) strategies for effective protected areas
design and management that are appropriate to their ecological,
social, historical and political settings; (2) regional planning strate-
gies that fully take into account the requirements of protected
areas management within the context of the land/water uses sur-
rounding them, and seeking trade-offs and synergies with ecosys-
tem services; and (3) a better appreciation of the multiple
economic values of protected areas, for local people, the nation
in which they are located, and the world at large, and better ways
of capturing these so that local people are not disadvantaged. Sys-
tems of protected areas that safeguard important biodiversity val-
ues at different levels (local, national, regional, and global) can
contribute to human well-being when individual protected areas
provide measurable benefits through services that complement
‘‘off-reserve’’ approaches.

5.2.1.1 Adequacy

Recent assessments have shown that, at the global and regional
scales, existing protected areas, while essential, are not sufficient
for conservation of the full range of biodiversity (UNEP/CBD/
SBSTTA/9/5). Problems include lack of representativeness, im-
pacts of human settlement within protected areas, illegal harvest-
ing of plants and animals, unsustainable tourism, impacts of
invasive alien species, and vulnerability to global change (IUCN
2003b).

Marine and freshwater ecosystems are even less well pro-
tected. Mulongoy and Chape (2004, p. 5) conclude that ‘‘recent
assessments indicate that conservation of marine and coastal bio-
diversity is woefully inadequate, with less than 1% of Earth’s ma-
rine ecosystems protected . . . major freshwater systems . . . are
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Figure 5.1. Global Network of Protected Areas. The global network of protected areas, according to 2004 World Database on Protected
Areas. This map represents all protected areas recorded in the WDPA, except those for which no area information was provided. For some
sites, only the central coordinates and total area were known (no polygon boundaries were available), and these are represented as circles.
The WDPA includes sites with a variety of land management types and conservation effectiveness, including strictly managed reserves, areas
subject to multiple uses, and indigenous reserves. (WDPA Consortium 2004)

also poorly represented.’’ Further, global assessments based on
area coverage are misleading in suggesting that biodiversity con-
servation is successful, because the coverage varies from country
to country, some ecosystems are better protected than others, and
certain kinds of biodiversity are best conserved outside of pro-
tected areas.

The country reports of the parties to the CBD provide nu-
merous perspectives on the effectiveness of protected area sys-
tems. Stated needs include improved legislation, more effective
management, more resources for protected area management, ca-
pacity building among protected area managers, effective integra-
tion between protected areas and the wider region, and effective
involvement of all stakeholders in the establishment and manage-
ment of protected areas (UNEP/CBD/AHTEG-PA/1/2). Fur-
thermore, the 2003 fifth World Parks Congress identified the
following critical factors of success: the sustainable financing of
protected areas systems, adequate capacity of PA institutions and
managers, and the application of scientific and traditional knowl-
edge to protected areas planning and management (IUCN
2003a).

5.2.1.2 Basis for Assessments

Assessment of PA systems as a mechanism for biodiversity conser-
vation requires attention to fundamental issues for the MA, in-
cluding trade-offs and synergies at global, national, and local
levels.

Because protected areas are a form of land/water use that ex-
plicitly rules out other resource uses, establishing them can in-
volve conflict between the need for long-term biodiversity
conservation (particularly for globally threatened and endemic
species) and more immediate social and economic priorities. Ac-
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cess to products such as fuelwood and charcoal, medicinal plants,
timber and game, are curtailed when local residents are prevented
from entering a protected area. These restrictions could have cul-
tural implications, depending on the degree to which local people
are allowed access to, for example, sacred sites.

However, these conflicts could be minimized through ade-
quate consultation and planning. One useful strategy is to pro-
mote the broader use of all IUCN Protected Areas Management
Categories (IUCN 1994) that allows a gradation of the level of
protection from areas strictly protected to those that support mul-
tiple uses of its natural and cultural resources. This could be a
useful tool in establishing national systems of protected areas, as
required under the CBD Article 8a (Davey 1998). Instead, most
countries use only the more strictly protected categories at the
national level, thereby foregoing benefits from additional areas
established under categories allowing some forms of human use.

Most PAs provide multiple benefits, with different sites pro-
viding different mixes of benefits according to the objectives of
their management (IUCN 1994). In addition to their conven-
tional conservation objectives, protected areas are now expected
to contribute more to social objectives. For example, the secretar-
iat of the CBD (2004, p. 1) recognizes that ‘‘a strong consensus
has developed that protected areas need to make a solid contribu-
tion to poverty alleviation and sustainable development. The
main challenge for using protected areas to alleviate poverty is
how to find the right balance between the desire to live harmoni-
ously with nature and the need to exploit resources to sustain life
and develop economically.’’ This approach demands the mainte-
nance and enhancement of core conservation goals, equitably in-
tegrating them with the interests of all affected people, forging
synergy between conservation, maintaining life support systems,
and supporting sustainable development (IUCN 2003b).
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Protected area planning and management with the participa-
tion of local communities is becoming more the rule than the
exception, and it has been incorporated in the guidelines of devel-
opment agencies (for example, the World Bank and the European
Union) and key donors such as BMZ (the German Federal Minis-
try for Economic Cooperation and Development), GTZ (the
German aid agency), and USAID. Innovative participatory and
co-management arrangements for protected area management are
being implemented in almost all regions of the world and consid-
erable information and lessons learned from such initiatives are
now available (Jaireth and Smyth 2003). Full stakeholder partici-
pation, including partnerships between civil society, government,
and the private sector, has been also identified as a key guiding
principle to integrate biodiversity conservation in development
activities (EC/DFID/IUCN 2001).

Adequate attention to global biodiversity conservation will
not follow easily from a focus on poverty alleviation. Lapham and
Livermore (2003, p.13) state: ‘‘Biodiversity funding is now driven
heavily by social and economic objectives, which are not neces-
sarily synonymous with objectives such as avoiding extinctions or
protecting unique and biologically diverse landscapes.’’ Also (p.
20), ‘‘as poverty reduction becomes the driving force behind de-
velopment assistance across all sectors, conservation appears to be
falling by the wayside . . . Ramifications may include a reduced
role for science in shaping biodiversity assistance priorities, de-
creased funding for crucial conservation activities, fewer projects
with clear conservation outcomes, diminished biodiversity exper-
tise within funding agencies, and less political attention to conser-
vation.’’ Similarly, Sanderson and Redford (2003, p. 390) are
concerned that ‘‘in its new incarnation, poverty alleviation has
largely subsumed or supplanted biodiversity conservation. This
trend has gone largely unnoticed, but poses a significant threat to
conservation objectives.’’

However, this conflict is not an irresolvable problem: an in-
creasing number of successful cases show how protected areas can
achieve both conservation and the sustainable use of biodiversity
(MacKinnon 2001). Box 5.1 gives several examples. In other sec-
tions, this chapter argues for biodiversity to be more widely con-
sidered in other policies that may be aimed at poverty alleviation
in much the same way that PAs, although largely focused on bio-
diversity conservation, also contribute to local and regional econ-
omies.

The degree to which global biodiversity conservation is
‘‘swept along’’ by the increased attention to poverty alleviation is
largely unknown, with case studies supporting various conclu-
sions. Vermeulen and Koziell (2002, p. 52) call for ‘‘indicators
that are able to measure progress towards integrating different
biodiversity values across the landscape.’’ They acknowledge that
local values may correspond to specific biological resources more
than to biodiversity generally. Sanderson and Redford (2003, p.
390) argue that complementarity between global, national, and
local values ‘‘can only be achieved if we respect the strengths and
weaknesses of both conservation and poverty alleviation efforts
and the trade-offs inherent in integrating them. Calls for ‘pro-
poor conservation’ that ignore these trade-offs will end up in fail-
ure, with both the poor and biodiversity suffering.’’

5.2.2 Management of Protected Areas

While significant progress has been made in the establishment of
a global network of protected areas, assessments suggest that many
protected areas are not managed in ways that will enable them to
achieve their objectives. The most appropriate way to manage
protected areas depends very much on local conditions, and opin-
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ions vary as to the effectiveness of existing PA strategies (Brandon
and Wells 1992; Terborgh et al. 2002). Some protected areas are
‘‘paper parks,’’ with little or no investment in management. Yet
an assessment of protected areas in Africa, the Caribbean, and the
Pacific noted that even so-called ‘‘paper parks’’ play an important
role in the development and further consolidation of national
protected areas systems (EC and IUCN 1999). This role has been
supported by recent research that suggests that simply establishing
protected areas on a map does afford at least some protection to
biodiversity (Bruner et al. 2001).

The 2003 fifth World Parks Congress identified increased PA
management effectiveness as one of the key goals for the next
decade (IUCN 2003a). A survey assessed that less than 25% of
forest protected areas were well managed, with many forest pro-
tected areas having no management at all (IUCN 1999). The
need to assess the effectiveness of protected area management and
governance more systematically was also emphasized (Goal 4.2)
in the CBD Programme of Work on Protected Areas, adopted at
the seventh Conference of the Parties in Kuala Lumpur, Malaysia,
in February 2004.

Recent assessments indicate several widespread weaknesses of
PA management (WWF 2004). In a survey of management effec-
tiveness of nearly 200 protected areas in 34 countries, only 12%
were found to have implemented an approved management plan.
The assessment concluded that PA design, legal establishment,
boundary demarcation, resource inventory, and objective setting
were relatively well addressed. But management planning, moni-
toring and evaluation, budget security, and law enforcement were
generally weak among the surveyed protected areas. WWF
judged poaching, encroachment by agriculture, ranching, urban
development, logging, and non-sustainable collection of non-
wood forest products to be the major threats. This situation is
not confined to the developing world. A recent assessment of the
ecological integrity of Canadian National Parks revealed many
similar problems and identified long-term actions required to en-
hance the management of the system (Parks Canada Agency
2000), and in Europe, agricultural development policies have
been identified as a major threat to protected areas management
(Synghe 1998).

While today’s PA management emphasis on community issues
far exceeds what it was in the recent past, activities relating to
people were often seen as poorly managed, especially with regard
to tourism management. Thus the fifth World Parks Congress
(Durban, South Africa, 2003) recommended promoting the role
of tourism as a tool for biodiversity conservation and for support
of protected areas through measures such as conservation educa-
tion, encouraging stewardship among locals, and reinforcing local
community development and poverty alleviation. But the WPC
also noted that if tourism is not appropriately planned, developed
and managed, it can contribute to the deterioration of cultural
landscapes, threaten biodiversity, contribute to pollution and deg-
radation of ecosystems, displace agricultural land and open spaces,
diminish water and energy resources, and drive poverty deeper
into local communities (IUCN 2003a).

WWF (2004) noted examples of protected areas working
successfully with people, suggesting that success depends on a col-
laborative management approach between government and stake-
holders, an adaptive approach that tests options in the field,
comprehensive monitoring that provides information on manage-
ment success or failure, and empowerment of local communities
in a participatory system that provides direct access and ownership
of resources. (See Box 5.2 for an example in Indonesia.) Others
have given considerable attention to issues associated with indige-
nous and traditional peoples and protected areas. A long process
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BOX 5.1

Benefits from Protected Areas: Marine Examples

Protected areas provide numerous benefits, including contributing to sus- size limits for capturing fishes. While many of the village reserves are
tainable fisheries (see Bahamas and Samoa examples) and supporting small (ranging from 5,000 to 175,000 square meters), their number and
recreation and tourism (Bonaire Marine Park and Merritt Island National the small distance among them forms a network of fish refuges. In just a
Refuge). few years, fisheries stocks have increased 30–40% and there are signs

Exuma Cays Land and Sea Park (45,620 hectares) in the Bahamas of recovery in reefs previously affected by destructive fishing methods. As
was established in 1958 covering both the terrestrial and marine environ- the fish reserves are being managed by communities which have direct
ments associated with these islands. The Park became a no-take fisheries interest in their success, prospects for long-term sustainability of this initia-
reserve in 1986. Research has shown that the concentration of conch in tive are high (King and Faasili 1998).
the park is 31 times greater than outside the park, providing several million Bonaire Marine Park (2,700 hectares ) was created in 1979 and cvers
conchs per year to areas outside the park available to be harvested by all reef areas around the island. While the resident population of the island
fishers. Additionally, tagged grouper from Exuma Park have been caught is less than 15,000, 17,000 to 20,000 scuba divers visited the park every
off of both north and south Long Island (Bahamas), indicating the Park is year, and diving tourism represented the main economic activity of the
replenishing grouper stocks in areas as far as 250 kilometers away. island. Total gross revenue from dive-based tourism was estimated to be
Tagged spiny lobsters from the Exuma Park are found replenishing the $23.2 million in 1991. In addition to this, $340,000 was generated through
marine environment of Cat Island, 100 kilometers away. The success of taxes levied on divers. Visitor fees thus more than covered the cost of the
fisheries resource replenishment in the Exuma Park led the government establishment of the park ($518,000) and the recurrent management cost
to announce a policy decision in 2000 to protect 20% of the Bahamian ($150,000) was. The park also generates employment for over 1,000 peo-
marine ecosystem, doubling the size of the national protected areas sys- ple. By 1994, the number of divers had increased to 24,081 and the total
tem (WCPA News 2002). annual visits was about 70,000 (The Commonwealth of Australia 2003).

In the Pacific Island of Samoa, like in many countries in the tropics, Located at Cape Canaveral, Florida, United States, Merritt Island Na-
catches of seafood from coastal areas, lagoons, and inshore reefs have tional Wildlife Refuge contains two areas, with a total extension of 4,000
been decreasing over the past 10 years. Reasons for this decline include hectares, that have been closed to fishing since 1962. Before these areas
overexploitation, the use of destructive fishing methods (including explo- were closed, commercial and recreational fishing in the areas was inten-
sives, chemicals, and traditional plant-derived poisons) and environmental sive, causing fish stocks to be heavily depleted. The value of this reserve
disturbances. In order to address this problem, the Samoan Fisheries for the recreational fishery outside its borders has been assessed by the
Division initiated in 1995 a community-based extension project in 65 vil- number of record-size (‘‘trophy’’) fish caught by recreational fishers. The
lages which recognized the village fono (council) as the prime agency area extending 100 kilometers to the north and south of the reserve
responsible for actions. A large number of villages (38) chose to establish provided 62% of record-size black drum, 54% of red drum, and 50% of
small village fish reserves in part of their traditional fishing areas and spotted sea trout. Fish tagging studies showed that these species indeed
decided to actively support and enforce government laws banning the use moved out of the reserve into the surrounding waters (Roberts et al. 2001;
of explosives and chemicals for fishing. Some villages also set minimum Commonwealth of Australia 2003).

BOX 5.2

Komodo National Park, Indonesia
(http://www.komodonationalpark.org/downloads/CMP10.pdf)

The government of Indonesia has formed a team consisting of park
rangers, navy, police, and fishery services that carries out a routine
patrolling program. Since the team’s inception in 1996, blast fishing
has declined by over 80%, and marine biodiversity is reported to have
increased dramatically. Law enforcement was emphasized because of
the threat of outside fishers who used more destructive fishing prac-
tices. Even with the patrolling, it was found that a more intensive en-
forcement system had to be considered, as the improved condition of
the marine park made it even more attractive to outside fishers. In
combination with enforcement activities, exclusive fishing rights were
proposed for traditional use zones to park inhabitants and for buffer
zones to communities in the direct surroundings of the park.

of consultation among protected areas managers and indigenous
peoples’ groups assessed successes and failures in addressing the
full integration of the concerns of indigenous peoples in PA plan-
ning and management. As a result, agreed principles, practical
policy, and technical guidance on this issue have been developed
and widely distributed (Beltrán 2000).
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A strong consensus exists among protected area experts that
the minimum critical ingredients for effective PA management
are appropriate staffing, good public education and community
outreach, and excellent enforcement capacity (Hockings et al.
2000). Because law enforcement is strongly correlated with man-
agement effectiveness, well-trained, well-equipped, and well-
motivated teams of rangers and other field staff are fundamental.
But to be effective, the local enforcement effort needs to be
backed by a broader environment of good governance that en-
sures that laws and regulations are respected and enforced. Al-
though protected areas management increasingly adopts an
inclusive rather than exclusive approach, law enforcement efforts
will remain an essential element of effective management of pro-
tected areas, even where communities are involved in decision-
making and are compensated or offered alternative livelihood op-
portunities.

An assessment of anthropogenic threats to 93 protected areas
in 22 tropical countries reveals that most protected areas are under
constant pressure from land clearance, grazing, fire, hunting, and
logging (Bruner et al. 2001). The effectiveness of ‘‘protected
area’’ was shown to be a function of the number of guards and
the existence of ‘‘significant’’ sanctions for those caught breaking
the law. Effectiveness did not appear to be affected by the number
of people living in the park, the area’s accessibility, local support
for the protected area nor the involvement of local communities
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in park management. However, the authors used a narrow defi-
nition of ‘‘effectiveness’’ as the protection of biodiversity against
human access, and ignored any adverse impact the protected areas
may have had for the local communities’ use of ecosystem ser-
vices.

Despite conflicts between those responsible for the PA and
those who historically have relied on resources within the PA, a
growing consensus suggests that PAs will be more effective when:
• strong institutions define boundaries, access rights, and user

participation,
• local communities have ‘‘bought in’’ to the protected area,
• local communities have alternative livelihood opportunities or

receive direct payments and so are not made worse off by the
PA, and

• sufficient resources are available for funding enforcement ef-
fort.
The funding of recurrent costs of protected areas management

is a key problem. Trust funds to support protected areas are cur-
rently in place at least in Argentina, Bhutan, Bolivia, Brazil, Costa
Rica, Ecuador, Indonesia, Jamaica, Mexico, Panama, and Peru.
Payments for ecological services that are supporting protected
areas are being implemented in Costa Rica and Brazil. However,
the Global Monitoring Report (IBRD and World Bank 2004, p.
15) notes that ‘‘aid to developing countries to support improved
environmental practices, both bilaterally and through multilateral
vehicles, has declined after a short-lived increase following the
1992 Rio Convention.’’ WWF (2004, p. 18) concludes that ‘‘en-
vironmental services provided by protected areas (such as provi-
sion of clean potable water) need to be recognized and paid for;
national funds for protected areas must be strengthened; the bud-
get of the Global Environment Facility (GEF) should be substan-
tially increased in its replenishment, so as to meet the challenges
of supporting the implementation of the [GEF’s] Programme of
Work.’’

The fifth World Parks Congress identified that $25 billion in
additional annual support was required to establish and maintain
an effective global system of protected areas. The CBD Ad hoc
Technical Expert Group on Protected Areas (CBD 2003a) has
argued that GEF funding is crucial for developing countries, be-
cause studies suggest that developing-country governments may
only allocate only between $50 and $100 million annually
towards direct costs of protected areas and conservation.

The multiple benefits provided by protected areas can help
provide the basis for various innovative mechanisms for financing
them. This highlights the need for effective valuation of these
goods and services, which stimulate funding of protected areas.
Such evaluations have been implemented, or are in the process of
being undertaken, in many countries so as to counteract the gen-
eral tendency to reduce budgets of protected areas.

5.2.3 Design of Protected Areas

Selection and design issues concerning individual terrestrial and
marine protected areas include aspects relating to size, shape, con-
nections, corridors, and edge effects. The application of all these
aspects needs to be tailored to national and local environmental
and socioeconomic circumstances. While ‘‘population viability
analysis’’ clearly indicates protected area design considerations for
some single species, PA design would benefit from an equivalent
‘‘biodiversity viability analysis’’ that takes into account the needs
of all species in a region (Faith et al. 2003).

A recent extensive review of case studies relating to PA design
(Environmental Law Institute 2003, p. 2) argues, ‘‘given the in-
herent complexity of ecological systems, scientists are understand-
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ably reticent about providing exact prescriptions for spatial (land
and water use) planning and design because answers vary depend-
ing on the species, ecosystem, or scale in question.’’ Nevertheless,
even partial knowledge about species or ecosystem responses to
human disturbance and fragmentation needs to be applied to land
use decisions, ensuring that it is informed by the best available
science. The review recommended certain ‘‘potential ecological
threshold measures,’’ which relate to habitat patch area, percent
of suitable habitat, edge effects, and buffers. On the other hand, it
would not give any guidance concerning a key design issue, corri-
dors, given the current information. The assessment highlights the
inadequacy of the information currently available to planners of
protected areas.

An important consideration for PA design is the future impact
of climate change. In this context, corridors and other design as-
pects to give flexibility to protected areas are regarded as good
precautionary strategies.

5.2.4 Regional and Global Planning for PA Systems

In the past, many protected areas were selected simply because
they were not suitable for agriculture or human settlement, or
because they had scenic value. These factors help explain why
existing PA systems are not representative of biodiversity. Recent
developments in ‘‘systematic conservation planning’’ provide
strategies to locate protected areas that maximize biodiversity rep-
resentation and persistence, while minimizing conflict with com-
peting land use needs.

One aspect of systematic conservation planning is ‘‘gap analy-
sis,’’ where ‘‘gaps’’ are habitat types that are under-represented in
an existing network of protected areas (Noss 1996). Systematic
PA selection seeks to fill such gaps (Pressey and Cowling 2001).
Gap analysis now uses the principle of complementarity in setting
priorities: the complementarity value of a place is indicated by
those additional biodiversity elements it provides relative to an ex-
isting set of protected areas (Pressey et al. 1993).

The sophisticated framework for selecting sets of priority con-
servation areas on the basis of complementarities has been criti-
cized as a scientific approach with limited practical use. For
example, recent CBD documents describe it as too ‘‘data-
hungry’’ for practical application, and such methods are seen by
some to run counter to the need for more value-laden decision-
making. Jepson and Canney (2003) argue against the need for
experts, who are supposedly the only ones who can identify units
of conservation. On the other hand, Noss (2003) and others see
the involvement of ‘‘experts’’ and scientists as an essential element
of the decision-making process. Overall, a systematic framework
can make best possible use of all available data, however meager,
and provide science-based decision support. The decisions them-
selves are matters of public choice, not science, so it should not
be surprising if the ideal protected area system is hardly ever im-
plemented (Noss 2003).

The nature of global values points to critical trade-offs and
synergies with local values. Mulongoy and Chape (2004, p. 38)
suggest, ‘‘within the network, individual protected areas are also
designed to maximize their effectiveness . . . a protected area
should usually be positioned to include the maximum biodiversity
possible.’’ But emphasis should be given to the complementarity
value of the location, if global biodiversity values are the priority.
Given that such marginal gains are not normally expressed in dol-
lar terms, forms of multicriteria analysis have been used to explore
regional trade-offs in the design of protected areas systems. This
approach is in accord with overall response strategy options in the
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MA focused on ‘‘integrated responses’’ (Brown et al. 2001). (See
Chapter 15 of this volume.)

Case studies (Faith et al. 1996; Ando et al. 1998) have illus-
trated how better trade-offs (providing greater net benefits for
society) can be achieved by explicitly taking variable opportunity
costs of conservation into account in setting regional priorities
for location of protected areas. In Uganda, a five-year $1 million
program proposed expansion of the PA network in a way that
minimized opportunity costs (Howard et al. 2000). The problem
of ‘‘paper parks’’ might be addressed in part by having estimates
of costs, including opportunity costs, presented ‘‘up front’’ when
designing a protected area system. This provision is now applied
in most countries, but often underestimates the difficulty in ob-
taining additional funding from external sources (grants, projects,
etc.) to cover these costs.

Even in regions with very high potential conflict between
biodiversity conservation and provision of other ecosystem ser-
vices, planning based on trade-offs reveals a potential to achieve
high conservation at remarkably small cost. In a Papua New
Guinea planning study (Faith et al. 2001a, 2001b), high-value bi-
odiversity areas often overlapped with high opportunity cost
areas—areas presenting good opportunities for agriculture that
would have to be forgone under conservation. Application of
complementarity-based selection of priority areas for biodiversity
conservation nevertheless identified a set of areas having low op-
portunity cost. The use of multicriteria analysis in the Papua New
Guinea study revealed possible ways to minimize conflict among
different land use needs, and found synergies in the location of
priority protected areas. Areas that were given priority had high
complementarities and also known distributions of rare or threat-
ened species.

The few case studies available suggest that the use of multicri-
teria analysis to guide selection of such priority biodiversity con-
servation areas would (to some unknown degree) increase the
regional net benefits provided by ecosystem services and bio-
diversity option values. To date such approaches appear to have
seldom been applied.

In the Global Strategy for Plant Conservation (annex to deci-
sion VI/9), the sixth Conference of the Parties of the CBD speci-
fied (1) that by 2010 at least 10% of each of the world’s ecological
regions should be effectively conserved, implying increasing the
ecological representation and effectiveness of protected areas; and
(2) that protection of 50% of the most important areas for plant
diversity should be assured through effective conservation mea-
sures, including protected areas.

Simple percent coverage targets at the global scale have several
advantages (Hoft 2004) including easy compilation of the in-
formation base, applicability to various scales, and effective com-
municability. Such percent targets may be most applicable as a
broad-scale indicator of performance, but with the caveat that
achievement is expected to be via some country-scale spatial plan-
ning.

A complement to these approaches may be global priority set-
ting that identifies regions where conservation planning is a prior-
ity. Such an approach may identify ‘‘narrowing’’ windows of
opportunity for balanced planning (Faith 2001) as a way to incor-
porate well-being considerations into global biodiversity priori-
ties. Although information on biodiversity at the species level in
most freshwaters is poor (Revenga and Kura 2003), it has been
possible to effectively identify ‘‘hotspots’’ or priority places for
conservation action. At the global scale, ‘‘hotspots’’ point to the
regions that may most urgently demand such systematic planning,
because of high complementarity with other regions and high
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threat, the latter possibly indicating high opportunity costs of con-
servation.

Complementarity is important even at the global scale of plan-
ning and priority setting. The 25 global biodiversity hotspots
identified by Conservation International are based on endemism,
which is a special case of complementarity (Myers et al. 2000).
Efficiency of resource allocation for this set of hotspots can be
argued because high endemism values mean that each region con-
tributes additional species (conserving such a ‘‘hotspot’’ also has
been seen as a less cost-effective way to conserve biodiversity; see
Ando et al. 1998). Similarly, the Global 200 priorities (WWF
2003) implicitly use complementarity in order to seek representa-
tion of all ecosystems within regional conservation and develop-
ment strategies.

Any measure of the effectiveness of protected area systems that
is based on area-coverage must consider that a system can be exten-
sive in total area yet poorly represent the region’s biodiversity (Pre-
ssey and Tully 1994). Allocating land for the protection of
biodiversity has always faced, implicitly or explicitly, the opportu-
nity costs of making the land unavailable for competing human
uses. Because many protected areas were specifically chosen be-
cause they were not suitable for human use, the percentage of a
country’s surface that is a designated protected area says relatively
little about the actual biological diversity protected (Pressey 1997;
Barnard et al. 1998). This is further discussed later in this chapter.

Percent target strategies for protected area systems often call
for percentage coverage of each forest or land cover type or
biome within a region, in order to better address representative-
ness rather than just total amount of area. Percentage targets re-
main open to several criticisms (Faith et al. 2001b):
• They depend on nominated ‘‘types’’ that can be defined at

different scales; the scale of types can determine the total area
needed for any nominated percent target.

• Different land types vary in terms of internal heterogeneity or
diversity; more diverse types arguably deserve a higher target.

• Different types vary in terms of likelihood of persistence in
the absence of conservation action (for example, because of
differences in geographic extent). Percent targets can run
counter to types with greatest need for protection, because
models of probabilities of persistence suggest that geographi-
cally extensive habitat types may have a reasonable probability
of persistence of their components even in the absence of ac-
tion, and so require a smaller not larger percentage area protec-
tion.
Rodrigues et al. (2004), in a species-based, global-scale, study

of gaps in protected areas suggests that regions most in need of
additional protected areas are not those indicated by application
of percent targets. They analyzed 4,735 mammal species, 1,171
threatened bird species, 5,454 amphibian species, and 273 fresh-
water turtle and tortoise species. Of these, 149 mammals, 232 birds,
411 amphibians, and 12 tortoises are threatened with extinction
and have habitats are not protected anywhere. This indicates that
about 80% of birds and over 90% of the other taxa are contained
within the protected area system, but significant numbers remain
unprotected. A caveat is that the list of unprotected taxa, interpre-
ted as broader biodiversity surrogates, may not predict where pro-
tected areas are most needed for biodiversity in general.

Biodiversity surrogates based upon best possible use of a com-
bination of environmental and species (for example, museum col-
lections) data may provide greater certainty in estimating
biodiversity patterns. Such a ‘‘calculus’’ of global and regional
biodiversity may allow biodiversity targets to be formulated in
ways that integrate socioeconomic factors and avoid weaknesses
of types and percent targets (discussed further below).
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5.2.5 Assessment

The substantial progress in declaring land protected has success-
fully conserved much biodiversity, especially when protected
areas are specifically designed to conserve particular species of
concern. But many species and ecosystems are not included in the
current system. There is a need to apply an integrated approach
to land/water use management beyond protected areas, in addi-
tion to expanding PA systems to make them more representative.
Even when the system is well designed, investments in managing
the protected areas remain inadequate. The total cost of establish-
ing and maintaining effective protected area systems has been esti-
mated (Balmford et al. 2002), but the estimate is based on
relatively old data, and the needs and costs of such systems ur-
gently need updating. Further, pressures on protected areas are
likely to increase as growing populations consuming more re-
sources make more demands on the remaining natural habitats at
a time of rapid climate change.

For protected areas to effectively address their conservation
and development objectives several actions need to be taken ur-
gently. With respect to policy, the following are needed:
• Build effective synergies between global conventions and

agreements that are dealing with biodiversity conservation and
sustainable development.

• Give priority to promoting the effective implementation of
the CBD Programme of Work on Protected Areas, including
increasing international funding.

• Promote the application of a full range of revenue generation
and sustainable financing mechanisms for protected areas
management, while removing the policy and institutional bar-
riers to sustainable financing solutions.

• Adopt an ecosystem perspective and multisectoral approach to
development cooperation programs that include support for
protected areas and take into account the impact of activities
in adjacent and upstream areas.

• Ensure that development cooperation supports the develop-
ment of effective institutions for PA management, giving pri-
ority to build effective, transparent, accountable, inclusive,
and responsive institutions.

• Identify and apply policy and institutional options that pro-
mote the fair and equitable sharing of costs and benefits of
protected areas at local, national, regional, and international
levels.

• Develop, through legal, policy, and other effective means,
stronger societal support for PAs, based on the benefits and
the value of the goods and services they provide.

• Ensure the availability, understanding, and use of accurate, ap-
propriate, and multidisciplinary information by all key stake-
holders dealing with PA planning and management.

• Give priority to promoting and applying the best scientific
and traditional knowledge to PA planning and management.
A number of technical issues need consideration as well:

• Use better approaches, based on best practices, to design and
plan protected areas, including the use of the whole range
of IUCN protected areas management categories and their
integration into land/water use planning.

• Promote application of tools and methods to assess PA man-
agement effectiveness in both terrestrial and marine protected
areas as a tool to improve management.

• Complete global, regional, and national gap analyses using
best-possible surrogate information for all of biodiversity, to
improve representation and persistence of biodiversity conser-
vation in protected area systems. Such analyses should also in-
clude the assessment of the social costs and benefits of
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establishing and managing such systems. Give priority to com-
pleting the global system in relation to marine protected areas,
freshwater ecosystems, and desert and semi-desert ecosystems.

• Promote the effective application of the principles of good
governance for effective protected areas management. These
principles must contribute to the full participation of local
communities and indigenous peoples in both management
and decision-making processes on protected areas.

• Develop better tools to evaluate the impact/effectiveness of
PAs on biodiversity conservation.

5.3 Helping Local People to Capture Biodiversity
Benefits
One of the fundamental challenges for biodiversity conservation
is that the benefits of that biodiversity protection often accrue to
people who are far removed from the resources while the costs
(especially in terms of lost access to resources) are primarily paid
locally. Where people do receive benefits from biodiversity lo-
cally, which provides incentives for local management, those ben-
efits may be different from the benefits that accrue to people
living farther away. An example would be sustainable harvesting
of a species by local people that would create the incentive to
conserve the species, thus meeting the desire of people far away
for the mere existence of the species. Even when the benefits are
the same, economists contend that local people have little incen-
tive to manage resources to provide benefits (here, protect bio-
diversity) beyond their own communities unless they have some
means of capturing some of the value of those non-local benefits.
‘‘Capturing’’ means any method that allows local people to re-
ceive payment or compensation for undertaking biodiversity con-
servation or sustainable use that provides benefits to non-local
people. The idea is that compensating local people for their bio-
diversity-friendly actions based on the value of those actions be-
yond the local area will improve their well-being and thereby
maintain higher levels of biodiversity.

Mechanisms to promote local capture of national and global
biodiversity benefits include economic incentives, integrated
conservation and development projects, ecotourism, and benefit
sharing. Establishing any of these mechanisms requires that a sig-
nificant share of the cost to develop and maintain the institutional
capacity to manage biodiversity be paid by international conserva-
tion organizations, donors, and nations. As Barrett et al. (2001, p.
501) say, ‘‘The global beneficiaries of biodiversity must not abdi-
cate complete authority and responsibility to either tropical states
or indigenous communities, but rather must work to improve
the capacity of nested institutions to induce and enforce tropical
conservation.’’ But this is not in accord with current political real-
ity, as donor funding for biodiversity continues to fall far short of
the needs.

Because local people are de facto the primary resource manag-
ers in most regions, it can be concluded with a high degree of cer-
tainty that working with the local communities is essential to
conserve biodiversity in the longer term. Local human popula-
tions are best placed to ensure effective husbandry of the resource,
and because resources figure strongly in the livelihoods of rural
populations, particularly the poor, these groups are particularly
important stakeholders. Community-level benefits are central to
sustainable management, particularly when the resource is large
and distant from major administrative centers, and the relevant
government departments are understaffed.

Yet community involvement in protecting biodiversity is
most likely to be effective only with appropriate property rights
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systems in place. Land tenure and property rights are closely
linked to the ability of local communities to capture the benefits
of biodiversity conservation and hence to their incentives to pro-
tect biodiversity. Weak property rights undermine community
involvement in the protection of biodiversity because the com-
munity is unable to restrict external access to local resources; and
because the community has little incentive to adopt long-term
strategies to manage these resources, decision-making tends to be
short-term and opportunistic. For example, in the francophone
territories in West Africa, forest residents have no authority and
hence no ability to restrict the exploitation of game by ‘‘outside
hunters’’ (Bowen-Jones et al. 2002). Hence any schemes to com-
pensate the local community for biodiversity protection would be
rendered ineffective. Not surprisingly, the most successful and
well-documented cases of wildlife management in Africa come
from the dry savanna zone in the south (the best known is
CAMPFIRE, Communal Areas Management Programme for In-
digenous Resources, in Zimbabwe), where, inter alia, the tenurial
context is much more favorable.

In Ghana, encouraging local community management of
wildlife resources has involved the proposal that the government
Wildlife Division devolve property rights over wildlife to certain
local communities, thereby providing an incentive for the com-
munity to conserve and manage the natural resource base (ULG
Northumbrian Ltd 2000). Simply given this authority, the com-
munity would be expected to manage the resource to maximize
its own benefits, not biodiversity benefits. However, giving the
property rights to manage the resource to the local community
provides a mechanism through which outside agencies concerned
with biodiversity conservation can negotiate with the commu-
nity, and through which the community can have the legal back-
ing to protect the resource from ‘‘outsiders.’’

In practice, achieving improvements in both local people’s
well-being and biodiversity protection has proven elusive. This
section assesses several important policy responses that have
sought to bring in the two elements together.

5.3.1 Economic Incentives: Indirect versus Direct

‘‘Incentives’’ broadly cover any mechanism for changing actions.
Individuals make decisions based on preferences, opportunities,
and constraints. Economic incentives can alter the outcome of a
decision process by changing the constraints or the relative net
benefits of the set of opportunities. The institutional and market
setting in which the decision is made affects the relative values of
opportunities or constraints. Incentives are recognized as a key
issue for biodiversity conservation. For example, Article 11 of the
CBD states that ‘‘each Contracting Party shall, as far as possible
and as appropriate, adopt economically and socially sound mea-
sures that act as incentives for the conservation and sustainable use
of components of biological diversity.’’

Incentives may be negative (disincentives), such as taxation or
access and user fees, or positive, such as tax credits. Responses
that create positive incentives work by altering an individual’s
behavior toward more conservation activities, generally by estab-
lishing a mechanism through which the individual captures, or is
compensated for creating, some of the social benefits associated
with conserving biodiversity. Negative incentives aim at reducing
negative impacts on biodiversity by ensuring that full costs of re-
source exploitation are paid. Typically a combination of negative
and positive incentives will be used to halt losses of biodiversity.

A combination of controls and positive incentives will be
more cost effective than relying on one or the other, and hence
will be more sustainable in the long run. Positive incentives can
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be used to compensate people for loss of access to resources
within PAs. Wells et al. (1992) caution against making the unsup-
ported assumption that people made better off by development
projects will refrain automatically from illegal exploitation of a
nearby PA; to increase conservation activities, the compensation
must have some mechanism for creating a conservation incentive
within the decision framework. In addition, incentives are un-
likely to work without a monitoring and enforcement system.

Although many underlying principles for introducing incen-
tives have been discussed, interventions must be case specific, and
approaches typically will include a combination of incentive mea-
sures that may include economic and regulatory measures, as well
as measures such as stakeholder involvement and public educa-
tion, to build an enabling framework (OECD 1999). The classi-
fication of incentives as positive or negative relates to the actor’s
behavior. From the perspective of the implementation of incen-
tives as a response, the distinction between indirect and direct
incentives is more important. Both positive and negative incen-
tives can be direct or indirect.

5.3.1.1 Indirect Incentives

Development interventions in or near endangered ecosystems in-
directly seek to provide desirable ecosystem services through three
mechanisms: (1) redirecting labor and capital away from activities
that degrade ecosystems (for example, agricultural intensification);
(2) encouraging commercial activities that supply ecosystem ser-
vices as joint outputs (for example, ecotourism); or (3) raising
incomes to reduce dependence on resource extraction that de-
grades the ecosystem. These mechanisms are not always success-
ful. In the case of redirection of labor or ‘‘conservation by
distraction,’’ the response may not reduce the labor allocated to
the degrading activity if other people are hired to take advantage
of the opportunities provided (Muller and Albers 2004). Com-
mercial activities that maintain ecosystem services may be success-
ful on a limited basis but rarely is the demand for the outputs
large enough to support more than a small fraction of the local
population. Lastly, raising incomes leads to conservation only if
the extracted products are ‘‘inferior’’ goods that are replaced by
preferable and less degrading goods as incomes rise.

Community-based natural resource management initiatives,
also called integrated conservation and development projects, are
one type of indirect incentive intervention In order to truly inte-
grate conservation-based and development-based projects, ICDPs
must use the development project to create incentives for conser-
vation, establishing a direct and on-going link between the two
objectives. Given the issues with indirect incentives already de-
scribed, it is not surprising that many assessments of ICDPs report
that they have had limited success in achieving their joint conser-
vation and development objectives (Wells and Brandon 1992;
Ferraro et al. 1997; Wells et al. 1998; Oates 1999; Ferraro 2001;
Terborgh et al. 2002). ICDPs have been assailed for several rea-
sons: erroneous assumptions about the desires of local people to
protect nature, ambiguous effects on conservation incentives,
complex implementation needs, failure to recognize the role of
the market setting, and lack of conformity with the temporal and
spatial dimensions of ecosystem conservation objectives (Brandon
1998; Southgate 1998; Chomitz and Kumari 1998; Simpson
1999; Ferraro 2001; Terborgh and van Schaik 2002; Muller and
Albers 2004).

ICDPs are intuitively appealing because they assume either
that local people will forgo harvesting in the protected area if they
are offered a development project (school, dispensary, road, etc.)
as an incentive, or that local people harvest in the PA because they
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have no alternative, and they will stop if alternatives are provided.
However, the assumption that development will automatically
favor conservation is not supported by the evidence (Braken and
Meredith 2000). An early assessment of ICDPs worldwide (Wells
et al.1992) concluded that they were reasonably effective in meet-
ing development objectives but very few had a significant positive
impact on conservation.

An even more pessimistic view on ICDPs is exemplified in
Terborgh et al (2002), who argue that a bitter lesson is that when
rural communities derive substantial benefits from the sustainable
use of natural resources, the improved local economy can set in
chain a process that drives conservation and development apart.

ICDPs allow local populations to improve their well-being by
capturing non-local people’s willingness to pay for biodiversity
conservation, but in practice ICDPs rarely turn that ‘‘capture’’
into on-going incentives for conservation. Integrating conserva-
tion and development objectives can help identify trade-offs (see
discussion below) but the project’s success must be used as an
incentive for conservation.

In an example of how important the setting can be in deter-
mining success of responses, the WWF and the Royal Nether-
lands Development Agency’s Tropical Forest Portfolio, composed
of seven ICDPs in six countries, recognized that linking conserva-
tion and development is constrained by a variety of circumstances
that collectively threaten projects such as these. Funding was pro-
vided to identify and better understand these constraints through
rigorous monitoring, technical assistance, capacity development,
and improved information exchange. Details of the portfolio and
other ICDP experiences can be found in McShane and Wells
(2004). The main portfolio lessons are:
• Implementation must take place at different scales. It is easier to

integrate conservation and development at larger scales that
have increased area for protection, buffer zone, and develop-
ment activities. The challenge for practitioners is not to decide
the best scale at which to operate, but rather the optimal com-
bination of actions that are required at different scales.

• The policy environment is as important as field-based approaches.
The success of conservation and development efforts depends
on the policy and market setting. Without supportive laws,
policies and regulations, and their enforcement, it is unlikely
that these efforts will be either successful or sustainable.

• Sound institutions are the foundation of effective resource manage-
ment. The institutional characteristics of conservation and de-
velopment initiatives include several different aspects: legal
and organizational frameworks, formal and informal property
rights and rules that govern resource management, and the
norms and traditions of the different stakeholders and actors.
Such initiatives require institutional forms with the capacity
to deal with ecological, social, economic, and even political
change.

• Acknowledge and negotiate trade-offs. Rather than the ‘‘win-win’’
outcomes promoted (or assumed) by many practitioners, con-
flict is more often the norm, and trade-offs between conserva-
tion and development need to be acknowledged. Identifying
and then negotiating trade-offs is complex, involving different
policy options, different priorities for conservation and devel-
opment, and different stakeholders. The challenge in negotiat-
ing these trade-offs is determining levels of acceptable
biodiversity loss and stakeholder participation.
ICDPs are just one kind of indirect incentive. Another type is

nature-based tourism. This is a popular enterprise whose goal is
to allow local people to capture the value non-local people are
willing to pay for the local environment by charging them for
access and services (such as guided tours, meals, and housing).
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Nature-based tourism according to the World Tourism Organiza-
tion includes all types of tourism where the primary motivation
of tourists is the observation and appreciation of nature, as well
as cultures. Nature-based tourism projects purport to create an
incentive for conservation because the income generated is a
function of the quality of the environment: fewer tourists will
come to a degraded area than to a more attractive one.

Several market studies show that a preserved environment,
well-managed protected areas, and high biodiversity are becom-
ing important elements in the choice of a recreation destination.
The World Tourism Organization has conducted market studies
in Europe and North America which show that consumers are
willing to pay for these characteristics particularly when they were
guaranteed that money goes ‘‘towards preservation of the local
environment and reversal of some of the negative environmental
effects associated with tourism’’ (Goodwin 2003, p. 278).

As with other indirect methods of value-capture by local peo-
ple, however, in most situations, tourism income is generated
without creating incentives for biodiversity conservation for local
people. In an assessment of ecotourism in the Ecuadorian Ama-
zon, Wunder (2000) found that tourism as a local conservation
incentive works only if it changes labor and land allocation deci-
sions. Tourism can also have potential adverse impacts for the
sustainable use of biological resources and their diversity. For ex-
ample, the demand of tourists for water, fuel, food, or other needs
can strain the local resource base. Similarly, noise, jeeps, and gar-
bage from tour groups can degrade the natural environment. The
CBD Guidelines on Biodiversity and Tourism Development
(http://www.biodiv.org/programmes/socio-eco/tourism/guide
lines.asp?page�6) provide impact assessment, management, and
mitigation guidance. They are currently being tested on case stud-
ies all over the world.

In many areas, the people who gain the income from tourism
are not in control of the natural resources and cannot protect the
resources even though they have an incentive to do so. In Khao
Yai National Park, Thailand, tourism provides conservation in-
centives in some villages but the tourist groups and their demand
for services is simply too low to create such incentives in more
than a small fraction of the villages surrounding that park. Also,
most income from tourism accrues to tour companies and hotels
staffed by non-locals, thereby creating no conservation incentive
for locals. In other areas, such as Zabalo in Ecuador, the commu-
nity came together to place and enforce limits on hunting in order
to improve the ability of tourists to observe these species (Wunder
2000).

In southern Africa, tourism for viewing and hunting animals
has spurred farmers to abandon farming and let the land regener-
ate to wildlife habitat. Heal (2002) reports that about 18% of land
in southern Africa has been converted into ‘‘game ranches’’ to
allow tour companies and local people to capture non-local values
for biodiversity through tourism. Assessments suggest that many
species have rebounded, particularly elephants, from low levels as
a result of this form of tourism. Heal also notes that biodiversity
protection does not occur only in these ranches but also on farm-
land because of the legal system concerning property rights for
wild animals—a critically important component of success—in
much of southern Africa, which encourages farmers to capture
animals and then sell them to game ranches instead of killing
them. Southern Africa appears to be one large example where the
incentives for conservation created by tourism, combined with
the institutional setting and value of alternative land and labor
uses, are large and widespread enough to have had a positive im-
pact on biodiversity conservation.
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5.3.1.2 Direct Incentives
An alternative approach to encouraging the conservation of en-
dangered natural ecosystems is to pay for conservation perform-
ance directly. In this approach, domestic and international actors
make payments in cash or in kind to individuals or groups condi-
tional on specific ecosystem conservation outcomes.

In many countries, tax incentives, easements, and tradable de-
velopment permit programs are widespread. In fact, these finan-
cial incentives have been shown to be useful for conserving land
voluntarily (Boyd et al. 1999).

Perhaps the most obvious payment scheme is the purchase of
full property interests in which a landowner who may develop
the land transfers the land to a party who wishes to conserve it.
Although such a purchase may preclude other activities that are
compatible with the conservation goal, full-interest acquisitions
are the most institutionally straightforward of all the conservation
payment mechanisms and the costs of monitoring and enforcing
an agreement are relatively low.

Tax credits or other subsidies equal to the difference in value
between developed and undeveloped uses can also remove land
from development uses. Alternatively, instead of using tax credits
as a reward, the government can use taxes to punish development.
Many complications arise concerning the relationship between
taxes and income flows from property, and with other tax issues.
Like easements, and indeed most incentive-based responses, tax-
based conservation incentives require monitoring in order to con-
firm that the taxpayers are maintaining the land as they claim to
be maintaining it. A potential advantage of tax-based incentives is
that most of the administrative resources and systems needed are
largely already in place.

Another incentive response is the use of tradable development
rights, which require a restriction on the amount of land that can
be developed in a given area. A government can award landown-
ers the right to develop some percentage of their land and then
permit these development rights to be traded. Because property
owners can, in effect, choose among themselves where develop-
ment will ultimately be restricted, it leads to the least-cost devel-
opment restrictions. Institutionally, TDRs are relatively complex
because they require the establishment of a new market and will
impose monitoring and enforcement requirements. Also, TDRs
can be problematic if the ecosystem value of the land is highest
on the properties where the cost of development is least. In such
a case, the market will lead to development on the most ecologi-
cally valuable property. This problem can be corrected by intro-
ducing an additional level of complexity to the market—‘‘trading
differentials’’ that reflect property-specific ecological characteris-
tics. But this change clearly implies an additional and formidable
set of administrative challenges. Lastly, the costs of ‘‘thin markets’’
(few users of the market) add to the overall cost of implementa-
tion.

One potentially large drawback of both TDRs and tax incen-
tives is the inability to target specific habitat types and even spe-
cific properties. Because effective conservation may depend not
only on the total area preserved, but also on the configuration of
conserved lands, the conservation efficacy of tax incentives and
TDRs is difficult to predict. Still, these tools could be used in
addition to regulations and easements that target particular parcels.
Tax incentives, tradable rights, and rights purchases all rely on
voluntary decisions made by property owners in response to in-
centives in order to promote conservation on properties where
the value of alternative uses is lowest and thus conservation is
attained at the lowest opportunity cost.

Another type of incentive is a conservation easement or ‘‘par-
tial interest,’’ which is a contractual agreement between a land-
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owner and a conservation interest. In exchange for payment or a
tax deduction, a landowner agrees to relinquish rights to future
land development. Institutionally, easements involve complex
contracting issues but are a well-established legal mechanism.
From the perspective of biodiversity conservation where particu-
lar parcels are more important than the total amount of area, ease-
ments have the potentially important advantage of allowing
sensitive parcels to be targeted. A chief complication arises from
the need to monitor the terms of the easement contract, especially
over long periods of time and as ownership changes.

Taken as a group, financial incentives have been useful meth-
ods for encouraging the private conservation of land, but few
analyses exist that quantify the contribution of this land to biodiv-
ersity conservation.

In countries with less well-established property rights, legal
institutions, and tax infrastructure, experimentation with direct
payment initiatives has just begun. Examples include the use of
forest protection payments in Costa Rica (Box 5.3), conservation
leases for wildlife migration corridors in Kenya, conservation con-
cessions on forest tracts in Guyana, and performance payments for
endangered predators and their prey in Mongolia. South Africa
and American Samoa have over a decade of experience with
‘‘contractual national parks,’’ which are leased from communities.
Other payment initiatives are being designed or are under way in
Mexico, El Salvador, Colombia, Honduras, Guatemala, Panama,
Russia, and Madagascar (Ferraro and Kiss 2003).

Proponents of the direct payment approach argue that such an
approach is preferable to indirect approaches because it is likely to
be more effective, efficient, and equitable, as well as more flexibly
targeted across space and time (Simpson and Sedjo 1996; Ferraro
2001; Ferraro and Simpson 2002; Ferraro and Kiss 2002, 2003).
Payments can be made for protecting entire ecosystems or specific
species, with diverse institutional arrangements existing among
governments, firms, multilateral donors, communities, and indi-
viduals (du Toit et al. 2004).

However, direct payments have also been criticized. Like in-
direct interventions, they require on-going financial commit-
ments to maintain the link between the investment and the
conservation objectives. They may also transfer property right en-
forcement responsibilities to local participants, which can lead to
inter- and intra-community conflict. Others express concern that
direct payments turn biodiversity into a commodity (Swart et al.
2003). To date, no rigorous analysis of direct payments in these
settings assesses the amount of biodiversity that is protected or
conserved by each program.

5.3.1.3 Combining Incentive Schemes

Although the above discussion of direct and indirect approaches
suggests a dichotomous choice, in practice interventions cover a
spectrum from those that are most to those that are least direct. In
many settings, a combination of incentives and disincentives, and
of indirect and direct mechanisms may prove best in order to alter
decisions toward conservation and to compensate people for lost
access to resources (Muller and Albers 2004). Whether incentives
are direct or indirect, if they are not large enough they will not
induce biodiversity conservation.

Although some combination of direct and indirect incentives
may prove most useful in any given situation, the Pigouvian prin-
ciple, which prescribes that damages to the environment be taxed
according to the damage they do, suggests that direct incentives
will generally be preferred because it is more efficient to provide
incentives for the ‘‘appropriate’’ use of the factor in question,
rather than to tangentially related things.
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BOX 5.3

A Direct Approach: Costa Rica’s El Programa de Pago de Servicios Ambientales

In response to substantial deforestation in the last fifty years, practitioners covering an additional 800,000 hectares. Typical payments have ranged
and policy analysts working in Costa Rica have developed a pioneering, from $35 to $45 per hectare per year for forest conservation (Castro et al.
nation-wide system of conservation payments to induce landowners to 2000; Chomitz et al. 1999; Ortiz et al. 2002).
provide ecosystem services: El Programa de Pago de Servicios Ambient- The mere existence of direct payment initiatives, however, does not
ales, or PSA. With help from multilateral aid agencies, Costa Rica’s natu- imply that practitioners who use them have been successful in achieving
ral resource managers broker contracts between international and conservation and development objectives. Even in high-income nations,
domestic ‘‘buyers’’ and local ‘‘sellers’’ of sequestered carbon, biodiversity, where direct payment programs are more established, empirical analyses
watershed services, and scenic beauty. about actual impacts are rare.

Established in 1996, the PSA grew out of an existing institutional struc- A recent study (Barton et al. 2003) explored prioritizing PSA environ-
ture of payments for reforestation and forest management, but contained mental service payments to private landowners and suggested that gains
two notable changes: (1) payments were made for ecosystem services could be made by integrating the program into a regional trade-offs frame-
rather than for support to the timber industry per se, and (2) funds came work that targets payments to landowners, taking both biodiversity contri-
from earmarked taxes and environmental service buyers via a newly cre- butions (for example, from national parks) and costs into account. Current
ated National Fund for Forest Financing (FONAFIFO) rather than from payments are approximately based on national averages for opportunity
general revenue funds. Suppliers of services are primarily individual land- costs of foregone cattle ranching and the direct financial costs of the
owners, associations of landowners, or indigenous reserves. Buyers of different forestry activities which are promoted. The study compared exist-
services include the Global Environment Fund (biodiversity), Costa Rica’s ing PSA allocations to a cost-effective allocation based on biodiversity
Office of Joint Implementation (carbon), domestic hydroelectricity and mu- complementarity values—estimated biodiversity gains relative to the exist-
nicipal water providers (watershed services), and Costa Rican citizens ing PSA areas and the national parks. Targeting of PSAs based on com-
paying via a gasoline tax (for carbon, biodiversity, water, and scenic plementarity has provided a more cost-effective approach, and lends
beauty). By 2001, over 280,000 hectares of forests had been incorporated support to the idea of integrating various biodiversity responses (national
into the PSA at a cost of about $30 million, with pending applications parks, incentives schemes, etc.) into a regional trade-offs framework.

Similarly, some combination of positive and negative incen-
tives may prove most useful in a given setting. In the case of
biodiversity conservation, negative incentives include fines and
penalties for misuse, such as hunting in parks or illegal conversion
of habitat. Taxes and user fees also create negative incentives for
biodiversity degrading activities and are widely used in situations
where property rights are well-defined and markets are well-
functioning. Such negative incentives fit with a ‘‘polluter pays’’
approach in that the activity that degrades biodiversity is discour-
aged directly. As in the case of pollution, taxes or fines (negative
incentives) make the biodiversity degrading activity less attractive
for all, and unprofitable for some.

One complication with negative incentives for biodiversity
conservation, especially in poor, remote, and rural areas, is that
the enforcement and implementation costs of such programs can
be high and fall on the government. For example, it is not illegal
to possess fuelwood, but it is illegal, and destructive of biodiver-
sity, to extract fuelwood from some areas, and so the enforcer
must employ expensive patrols to catch the extractor (nearly) in
the act. Positive incentives are more state-based in that if the
forest is still there, the payment is made. This structure has advan-
tages for the government but does place the burden of enforce-
ment on local people to keep everyone, including non-locals,
from extracting.

Another problem with user fees, taxes on extraction, and fines
is that they cause conflict between the local people, who may
have traditionally used the resource or who may be heavily reliant
on the resource, and biodiversity conservation actors (NGOs and
government). Positive incentives have the advantage of generat-
ing goodwill and recognizing that local people often feel that they
have rights to the resource, for which they are compensated
through payments. Positive incentives for biodiversity conserva-
tion allow local people to capture some of the non-local benefits
that biodiversity creates rather than putting them in the situation
of bearing the costs of generating those non-local benefits.

PAGE 135

Positive incentives may pose problems in implementation be-
cause some baseline must be established concerning who should
receive what levels of payment, tax credit, or other incentive.
The announcement of such a policy may induce migrants to enter
the area and may encourage more destructive activities by resi-
dents seeking to demonstrate high levels of dependence on the
resource and thus higher need for payment. In addition, payment
policies increase the income of rural people and that income can
increase demand for the resource, thereby decreasing the effec-
tiveness of the incentive created. This ‘‘income effect’’ would,
however, have to be quite large to completely offset the incentive
created (Muller and Albers 2004). The characteristics of a given
setting will determine whether these problems are more substan-
tial than the costs of enforcement of tax/fine policies, the conflict
between groups, and the socially wasteful avoidance activities
people undertake to lower the fines that they pay.

The IUCN and other organizations believe that one of the
most cost-effective approaches to biodiversity conservation is not
the creation of new pro-biodiversity incentives but rather the re-
moval of widespread and powerful anti-biodiversity incentives
known as perverse incentives. Perverse incentives induce the re-
duction of biodiversity and are often an unintended side effect of
a policy meant to address a different issue. ‘‘Perverse incentives
can include subsidies, tax relief and below-cost resource pricing
in the agricultural, energy, forestry, fisheries, mining and transport
sectors, as well as marketing restrictions and seed distribution sys-
tems which encourage a narrower range of agricultural species
and varieties’’ (IUCN n.d., p. 1). Such policies and the resulting
perverse incentives abound across the world.

One oft-cited example is the perverse incentives created by
the Brazilian government that caused rapid rates of deforestation
in the Amazon. One policy lowered taxes on agriculture, which
increased the profitability of converting land from forest to crop-
land. Another policy, also aimed at supporting agriculture, granted
rights to unclaimed land to squatters who ‘‘use’’ the land for a
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length of time, which linked land ownership to clearing of the
forest. These policies each created, probably unintentionally, per-
verse incentives to remove biodiversity (Binswanger 1989; Mahar
1989). Similarly, subsidies that encourage agriculture also discour-
age biodiversity conservation. Logging practices on government
land in many countries also create perverse incentives that lead to
too little conservation of forests and biodiversity.

Although the repeal or redirection of perverse incentives ap-
pears to be an important response option that could prove quite
cost-effective, this important mechanism for biodiversity conser-
vation is not widely used. In addition, such incentives continue
to be created anew as side effects of new policies. Integrating
biodiversity into regional planning and into agricultural and fish-
eries policy would limit the creation of new perverse incentives,
and perhaps aid the removal of existing perverse incentives.

5.3.2 Importance of Community-based Responses
and Implementation

5.3.2.1 Access and Benefit Sharing with Indigenous and Local
Communities

Through benefit-sharing mechanisms, countries and sometimes,
local communities can capture some of the non-local values of
biodiversity. Such mechanisms may be implemented to address
equity considerations, but unless the income captured provides
on-going incentives for conservation to the effective resource
managers, conservation will not occur. In addition, legal compli-
cations abound and may diminish the effective incentives for con-
servation.

Community-based management of natural resources can con-
tribute significantly to human well-being, but conservation of bi-
odiversity is rarely considered in these approaches. To the extent
that community-based management, such as Joint Forest Man-
agement in India (Box 5.4), encourages long-run management as

BOX 5.4

Community-managed Forests in India

Communities managing forests is no new phenomenon in India. Over 6,000 the 1990 resolution is high, indicating that the people maintained high
village committees have initiated efforts in the past century to conserve and species diversity for meeting their diverse biomass needs. The plantations
use forest resources sustainably on their village common land, perhaps as raised by the forest department mainly constituted the fast growing non-
a response to biomass scarcity (Murali et al. 2002). However, such efforts native species such as Eucalyptus, Acacia, and Casuarina, to meet the
were isolated in nature and a government resolution on Joint Forest Man- immediate firewood demands. Furthermore, the area allocated for com-
agement issued in 1990 opened new possibilities for these communities to munity protection was highly degraded, rendering the area less species
strengthen their conservation of forest resources. The primary concern for rich. Thus JFM neglected to develop forest resources into biodiversity-rich
communities to undertake forest conservation is the use of forest resources, resources. However, the species diversity was high in community forestry
in other words, to maintain the diversity of species that exist in forests. areas (Murali et. al. 2002).

JFM, envisaged that degraded lands would be protected through com- The primary actors in the community forestry program are the forest
bined efforts of the community and the state would improve regeneration department and the forest-dependent community. Influential actors at the
and enhance forest cover and meet community needs. The state would policy level are donor agencies at the national and international levels,
share the profits from timber sales as an incentive to the people. The and nongovernmental organizations at the local level. The definition of
motive was to enhance timber production through community effort de- success differs for all these four actors. The government may conclude
spite the growing evidence that non-wood resources have more to contrib- community forestry to be successful if the forest is regenerated, while the
ute to the rural economy and state exchequer. community may feel success if some economic improvements are deliv-

The effort toward participatory forestry management is more for liveli- ered. NGOs may see success if equity concerns are addressed, while the
hood security than for biodiversity conservation, though the idea was to donor agencies may want a stable institution in place for sustainable use
do both. A comprehensive assessment of the ecological impacts of the of forests. Thus concern for biodiversity conservation has not been given
community forestry program in India highlighted that more species were a priority. Overall, in the Indian context, it can be concluded that the
found in villages with self-initiated forest protection committees having a participatory forestry program has returned to the country. However, more
long history of protection (Murali et al. 2002; Ravindranath et al. 2000). emphasis has been laid on improvement of livelihoods of the local people

The species diversity in forest protected by committees formed prior to than on the conservation or enhancement of biodiversity.
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opposed to the degradation that often comes with open access
forest, such management can both improve local human well-
being and conserve biodiversity.

The CBD has developed a program of work on its Article
8(j), which concerns the knowledge, innovations, and practices
of indigenous and local communities. Several of the 18 tasks out-
lined by the Working Group on 8(j) relate to access and benefit
sharing.

The International Treaty on Plant Genetic Resources for
Food and Agriculture has provisions on prior informed consent,
benefit-sharing, and farmers’ rights. While most benefits will be
shared on a multilateral basis (rather than with the specific pro-
vider of genetic resources), benefits such as the exchange of infor-
mation, access to and transfer of technology, capacity building,
and even a commercial benefit-sharing package should be avail-
able to communities through the system. Communities may also
benefit through involvement in conservation and sustainable use
activities.

The sixth Conference of the Parties to the CBD adopted the
so-called Bonn Guidelines on Access and Benefit Sharing. These
guidelines were drafted to help parties develop and draft legisla-
tive, administrative, or policy measures on access and benefit shar-
ing. They cover roles and responsibilities, suggested elements for
transfer arrangements, possible other approaches to access and
benefit sharing, capacity building, and the relation between the
access and benefit sharing provisions and the agreement on Trade-
related Aspects of Intellectual Property Rights and the WTO.

Considering access and benefit sharing merely in the context
of the relationship between providers (local communities, na-
tional administrative bodies) and users (private companies) has not
been successful. It is important to consider the broader institu-
tional environment in which access and benefit sharing is nested
(Tobin 2001; Rosenthal 2003). Important steps in the direction of
the creation of a more appropriate institutional environment are
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the development of an international system for tracing the flow
of genetic resources and the development of networks of codes of
conducts for gene banks or botanical gardens. Finally, it is impor-
tant to further develop the legal framework of intellectual prop-
erty rights.

Two recent attempts successfully integrated the issue of IPR
in the access and benefit sharing issue. First, the ITPGR regime
proposes a system of farmers’ rights, including research exemption
and farmers’ privilege in the development of new varieties. The
treaty, however, does not address biodiversity conservation di-
rectly, as it is focused on food security, and concerns only a speci-
fied list of key species. Second, in India the 2001 Plant Variety
Protection and Farmers’ Rights Act (2001) grants plant breeders’
rights to local communities (Lalitha 2004).

Acknowledging the Bonn Guidelines as an important first
step, the seventh Conference of the Parties adopted Decision VII/
19 on access and benefit sharing as related to genetic resources. It
accepted the need for further work on the definition of certain
terms in the Bonn Guidelines. It also discussed other approaches
to assist with the implementation of the access and benefit sharing
provisions of the Convention; measures related to prior informed
consent, capacity building for access and benefit sharing, and the
negotiation of an international regime on access to genetic re-
sources and benefit sharing. The seventh Conference of the Par-
ties also mandated the Ad Hoc Open-ended Working Group on
Access and Benefit-sharing to negotiate a possible international
regime on access and benefit sharing and adopted an Action Plan
on capacity building for access and benefit sharing.

Overall, the trend is moving gradually toward more creative
benefit sharing as experience and ‘‘best practice’’ in benefit shar-
ing advance. Benefits shared through commercial partnerships
today include the monetary (for example, fees, milestone pay-
ments, and royalties) and the non-monetary (for example, re-
search collaborations, access to information and research results,
training, technology transfer, and capacity building). They are
spread across the short, medium, and long term, and vary by part-
nership and commercial sector, but a standard of ‘‘best practice’’
has emerged. The bulk of benefits for conservation and develop-
ment resulting from commercial use of genetic resources have
primarily resulted from the research process, and through an in-
creasing use of partnerships between companies and source coun-
tries (usually represented by research institutions, only in a very
few cases community groups). Direct benefits for conservation
do not necessarily result from these partnerships, although some
include payments to protected areas, and support national bio-
diversity inventories and biodiversity science necessary for na-
tional conservation plans. Indirect benefits include the promotion
of sustainable economic activities based on the supply of genetic
resources, and in some cases the supply of raw materials for manu-
facture (ten Kate and Laird 2002).

In the marine realm, as much as in the terrestrial one, the
sharing of benefits arising from the utilization of biodiversity re-
sources is intimately linked with the access to those resources.

5.3.2.2 Impact of the Setting on Effectiveness

The socioeconomic and institutional setting in which any of these
responses are applied can significantly alter the outcome of the
response. Understanding the potential interaction of a given re-
sponse with the setting, local to national, can assist in determining
which policies are likely to be effective in a particular setting.

From a theoretical perspective, the impact of improved mar-
ket access on forest degradation and biodiversity is ambiguous
(Omamo 1998; Key et al. 2000; Robinson et al. 2002). Without
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access to markets, most resource use will be for home consump-
tion (Sierra 1999). As market access increases, the impact on the
resource base, whether positive or negative, will depend on the
relative strength of two effects. Some households will increasingly
switch from purely subsistence extraction to commercial extrac-
tion, whereas other households, especially those with high oppor-
tunity costs of labor, may choose to purchase forest resources from
the market rather than extract, using their labor for alternative
activities (Robinson et al. 2002). In addition, policies or programs
that improve market access to create economic incentives will
typically interact with the distribution of labor opportunity costs
(Robinson et al. 2002). The creation or improvement of roads
allows a policy-maker to reduce market access costs directly
(Bluffstone 1993; Cropper et al. 1999; Imbernon 1999). Resource
use incentives change because roads reduce the cost both of ac-
cessing resources and of removing resources. Working in the op-
posite direction, the same roads also reduce the cost of accessing
substitutes for forest resources (Robinson et al. 2002). The cre-
ation of roads also changes opportunities for labor, which may
alter resource management decisions (Muller and Albers 2004).

5.3.3 Assessment

Positive incentives to induce local people to conserve biodiversity
and use biological resources sustainably have the potential to im-
prove local human well-being and protect biodiversity. These re-
sponses allow local people to capture non-local values of
biodiversity and thereby place some of the cost of conserving bio-
diversity on those who value it outside the local area. The effec-
tiveness of economic incentives for inducing biodiversity
conservation, however, is strongly dependent on the setting in
which the decision is made.

Economic incentives that use development activities cannot
be all things to all people as the approach has so often been mar-
keted to raise funds. Better management arises when trade-offs
between biodiversity, income generation, and societal needs are
realistically acknowledged. The promotion of ‘‘win-win’’ out-
comes has been politically correct at best and naive at worst. De-
spite the importance of compensating people for the costs they
bear, responses that only compensate people and do not create
conservation incentives do not lead to biodiversity conservation.

A key constraint in identifying what works and what does not
work to create economic incentives for ecosystem conservation is
the lack of empirical data supporting or refuting the success of any
approach. Project analyses focus on whether the project became
self-sufficient or generated income, but almost never fully charac-
terize the project’s impact on biodiversity conservation. Few rig-
orous and systematic empirical evaluations assess whether an
existing initiative to allow people to capture benefits from biodiv-
ersity is achieving the conservation and development objectives it
purports to achieve. Empirical research on the use of economic
incentives to achieve ecosystem conservation and economic de-
velopment goals in low-income nations is a critical next step.

5.4 Promoting Better Management of Wild
Species as a Conservation Tool
During the past 15 years, the 7,000 scientists affiliated with
IUCN’s Species Survival Commission have contributed to the
development of more than 50 species action plans. These plans
review the current situation for those taxa and suggest conserva-
tion actions needed to alleviate the threats to that species. A re-
view of 42 of these action-plans reports some clear priorities
among suggested conservation activities for the future (Schachter
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1998). A clear majority of actions (54%) relate to the need for
more research to fully understand the problems and potential so-
lutions, while 15% relate to legislation and policy action. The
majority of this policy action is related to gaze ting of protected
areas, with a secondary emphasis on implementation of interna-
tional multilateral agreements. Other recommendations are as fol-
lows: ecological management, such as control of invasive alien
species, reintroduction of individuals and adaptation to climate
change, and issues related to sustainable use each represent 7%
of recommended actions and capacity building/public awareness
activities account for 6%. Ex situ management recommendations
represent 5% of suggested actions.

While the relative proportion of each of these management
options may change with the taxa, generally speaking they are
all employed in a broad-based conservation plan. Increased and
improved knowledge is a critical tool for all the other manage-
ment options. The following sections assess in more detail the
experiences with these options.

5.4.1 Legislation and Policy Action

5.4.1.1 Protected Areas for Species Conservation
Protected areas have already been discussed and will not be dis-
cussed further here except to note a critical issue: whether a sam-
ple of species can act as adequate ‘‘surrogate’’ information for the
general biodiversity patterns we need if we are to address ‘‘all’’ of
biodiversity. One perspective on this problem is that if species
conservation is a goal, providing protected areas based on a goal
of representative habitat types is not an adequate strategy, as it can
result in omission of species with restricted ranges and endemic
species which often are most in need of conservation action
(Brooks et al. 2004). An alternative view (Cowling et al., 2004) is
that we will have to make best-possible use of all available data,
and this will require combining species and habitat data in some
appropriate ways (this view is discussed below).

5.4.1.2 Legislation
A few key international agreements are based on the species level
of biodiversity, including CITES, the Convention on Migratory
Species, and the International Convention for the Regulation of
Whaling. The ICRW has come under considerable scrutiny, as
the debate at the meetings of the parties has not been able to
move beyond political agendas.

While CITES has had some notoriety in its role with respect
to regulation of the ivory trade, and has succeeded in reducing
international trade in some species, the ‘‘success’’ of this conven-
tion as a tool in conserving commercially important taxa such as
fish and timber is yet to be proven. An IUCN report examining
the effectiveness of CITES (IUCN 2000a) concluded that CITES
had been effective in (1) providing a comprehensive database on
international trade in wildlife, and (2) providing some incentives
for conservation. However, the convention cannot be expected
to have impact beyond its mandate of regulating international
trade and domestic economic issues, and other pressures confound
the effectiveness of CITES.

Despite the problems, these agreements provide an important
opportunity for countries to debate issues relating to the sustain-
able use of their natural resources and to share ideas on the best
ways to cooperate in this effort.

5.4.2 Ecological Management and Reintroduction

5.4.2.1 Reintroduction of Species
Reintroduction of species to their native habitats has become a
major tool for species conservation. The principal aim of any re-
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introduction should be to establish a viable, free-ranging popula-
tion in the wild (whether species, subspecies, or race) that has
become globally or locally extinct (extirpated) in the wild. It
should be reintroduced within the species’ former natural habitat
and range, the conditions that led to its previous demise should
have been corrected, and should require minimal long-term man-
agement (IUCN 1998). IUCN guidelines consider the impact of
reintroduction of species on human populations. Socioeconomic
studies are recommended to assess impacts, costs and benefits of
the reintroduction program to local human populations. In addi-
tion to the general guidelines, guidelines are available for specific
taxa including elephants, non-human primates and galliforme
birds (http://www.iucnsscrsg.org/pages/3/index.htm).

Reintroduction and restocking projects have been undertaken
with more than 120 species. Typically such projects are carried
out by a consortium of zoos and in cooperation with the coordi-
nators of the relevant regional ex situ programs and taxon advisory
groups. Examples of successful reintroduction or restocking proj-
ects, most of them involving several zoos, include Southern white
rhino, Golden lion tamarin, Golden-headed lion tamarin, Mexi-
can grey wolf, Black rhino, Przewalski’s horse, European bison,
Arabian oryx, Scimitar-horned oryx, Addax antelope, Sable ante-
lope, Mhorr gazelle, Alpine ibex, Bearded vulture, California
condor, Andean condor, Mauritius kestrel, White stork, Great
eagle owl, Western Australian swamp turtle, Puerto Rican crested
toad, Mallorcan midwife toad, Jersey agile frog, and many others.
A compendium of reintroduction and reintroduction prac-
titioners was completed in 1998 and highlighted projects that
covered a broad spectrum of taxa and geographic regions. Plant
reintroductions are reviewed by geographic region and 217 ani-
mal reintroductions are listed by taxa.

Lessons learned from some of these reintroduction projects
have been compiled by Beck et al. (1994) and Reading et al.
(2002). Beck noted that reintroductions of birds and mammals
predominated, and that 48% of the projects reported involved
species that were listed as threatened on the IUCN Red List. He
reports a success rate of only 11% while noting that another study
by Griffith et al. (1989) estimated a 38% success rate. Success de-
pends mainly on a deep knowledge of the species biology and
ecology, availability of suitable habitats (as remnants or restored
habitats), an initial stock of individuals of high genetic and geneti-
cally-based phenotypic diversity, and a long-term monitoring of
the reintroduced populations. Successful projects tend to be large
in time scale and in numbers of species introduced. In addition,
involvement of local people was found to be a key factor. When
attempts fail, the reasons are probably related to the narrow focus
on biological and technical aspects of the reintroduction (Reading
et al. 2002).

5.4.2.2 Management of Invasive Alien Species: Prevention,
Control, or Eradication

Invasive alien species are a growing threat to biodiversity and the
2003 IUCN Red List of Threatened Species documented several
specific cases (www.iucnredlist.org). The CBD (Article 8h) calls
on parties to ‘‘prevent the introduction of, control, or eradicate
those alien species which threaten ecosystems, habitats, or spe-
cies.’’ Within that context a strong consensus agrees that prevent-
ing species invasions is the safest and most cost-effective approach
to the problem of invasive species (Mooney and Hobbs 2000).
However, the expansion of global trade is moving more species
around the world more quickly and overwhelming efforts to pre-
vent invasions.
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Several models are available for ecological and economic as-
sessment of controlling biological invasions (Higgins et al. 1997;
Wadsworth et al. 2000; Perrings 2002) and cost-benefit analyses
conclude that costs of eradication are always higher than costs of
prevention.

Eradication and control of invasive species has taken the shape
of many different strategies (Wittenburg and Cock 2001; Veitch
and Clout 2002). Chemical control of invasive plant species,
sometimes combined with mechanical removal like cutting or
pruning, has been useful for controlling at least some invasive
plants, but has not proven particularly successful in eradication. In
addition to its low efficiency, chemical control can be expensive:
in 1990 in the United Kingdom, the average cost of treating a
hectare invaded by Heracleum mantegazzianum was $705 to $1,764
(Sampson 1994). Biological control of invasive species has also
been attempted. The rationale behind this approach is to take
advantage of ecological relationships like competition, predation,
parasitism, and herbivory, between an invader and another non-
native organism introduced as controlling agent. Results are
mixed. For example, the introduction of a non-native predatory
snail to control the giant African snail in Hawaii led to extinction
of many native snails (Civeyrel and Simberloff 1996). Also, the
prickly pear moth (Cactoblastis cactorum) used to fight the invading
Opuntia species in Australia, has recently invaded the United
States, posing a serious threat to the native Opuntia species (Stiling
2002). Some 160 species of biological agents, mainly insects and
fungi, are registered for controlling invasive species in North
America and many of them appear highly effective (Invasive.org,
n.d.). At least some of the biological agents used are themselves
potential invaders (Hoddle 2004).

Successful eradication cases have three key factors in common:
particular biological features of the target species (for example,
poor dispersal ability), sufficient economic resources devoted for
a long time, and widespread support from the relevant agencies
and the public (Mack et al. 2000).

When complete eradication is not possible, or it is not desired,
as in the case of invading native species, some measures of ‘‘main-
tenance control’’ aimed at maintaining populations of the invad-
ing species at low, acceptable levels have been attempted.
However, the chemical and mechanical controls used pose many
problems, including the high cost and low public acceptance of
some practices (Mack et al. 2000).

Although biological invasions are complex ecological, evolu-
tionary and socioeconomic problems, a better understanding is
being achieved, especially in ecology, both of invasiveness and
habitat vulnerability to invasion. This knowledge is essential to
determine how much effort to invest in controlling an invasive
species that has already become established or to clarify the trade-
offs managers and land planners will have to consider. Social and
economic aspects have received less attention, perhaps because
of difficulties in estimating the trade-offs involved in biological
invasions (Perrings 2002). Developing models that include the
different factors comprehensively and attempt to calculate cost-
benefit ratios would be the best approach both for preventing and
controlling biological invasions.

The Global Invasive Species Programme is an international
response to address the problem, supported by the CBD Confer-
ence of the Parties. GISP has called for improved monitoring,
better quarantine practices, an improved legal framework, greater
attention to the problem of ballast water, better worldwide regu-
lation of species trade, a more rational approach to biological in-
vasions by the public and users of both native and non-native
biodiversity, better mechanisms of control of established invasive
species, and adequate monitoring and evaluation to test for success
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of eradication and control programs (McNeely et al. 2001). The
CBD has adopted Guiding Principles on Invasive Alien Species
(Decision VI/23) as a basic policy response, but it is too early to
assess the effectiveness of implementation.

5.4.2.3 Adapting for Climate Change

A recent report has suggested that between 15% and 37% of spe-
cies could be at risk of extinction due to the impacts of climate
change (Thomas et al. 2004); an alternative view is that these
estimates have a high degree of uncertainty, and many other re-
ports have documented shifts in species distribution as a result of
global change (Pounds et al. 1999; Parmesan and Yohe 2003;
Root et al. 2003). Today’s species conservation plans may effec-
tively incorporate adaptation and mitigation aspects for this threat.
Several potential tools are available to help assess species’ vulnera-
bility to climate change (IUCN 2003b). The first, which could
be undertaken with or without detailed species information, is to
produce a matrix of data available for species by geographic re-
gion, using point occurrence data or high-resolution grid data.
The second method involves using global and/or regional climate
models over different time scales, with impact models, to predict
responses of species within particular habitats, and thereby ap-
preciate expected habitat changes. A third method involves devel-
opment of vulnerability criteria based on inherent biological
characteristics of the species that would hinder adaptation to a
changing climate. Some of these characteristics would include re-
stricted ranges, poor dispersal, extreme habitat specialization, and
susceptibility to climatic extremes. Further work on all these
methodologies is needed before a full assessment can be prepared.

5.4.3 Sustainable Use Programs

Key multilateral environmental agreements such as the CBD in-
clude within their objectives sustainable use of natural resources.
Sustainability can be defined as using resources ‘‘at rates within
their capacity for renewal’’ (IUCN/UNEP/WWF 1991). At its
simplest, the concept of ‘‘sustainable use’’ supposes with appro-
priate restraint and efficiency of harvesting, the wild species can
be used without it becoming depleted (Mace and Hudson 1999).
However, the term ‘‘sustainable use’’ also describes the approach
of actively promoting use as a conservation strategy (Allen and
Edwards 1995; Hutton and Dickson 2000). The argument is that
promoting use, or allowing use to continue, encourages people
to value wild resources. And when wild species and their habitats
have value, this discourages the conversion of natural habitat to
other competitive land uses.

Three management approaches parallel the three management
goals for sustainable use of wild species: managing for the species,
ecosystem-based management, and resource management. Con-
serving exploited species directly is the approach classically
adopted in wildlife management (Caughley 1977; Beasom and
Roberson 1985) and fisheries (Larkin 1977). Where the goal is
species conservation, and where a specific population has a dis-
tinct identity and can be managed directly, the species manage-
ment approach can be effective. However, managing for a single
species is rarely a good substitute when the goal is ecosystem
health, which is tied to the entire suite of species present in the
area. Where human livelihoods depend on single species re-
sources, species management can be effective, but where, as is
frequently the case, people depend on a range of different wild
resources, single species management is not the approach of
choice.

Conserving exploited species when the management approach
is ensuring resource availability to support human livelihoods is
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frequently unsuccessful. This is because optimal management for
resources frequently requires overexploitation of particular wild
species and an overall loss in biodiversity (Hulme and Murphree
1999). For example, the loss of large predators might be accept-
able under a resource management approach in southern Africa
grasslands if this allows private landowners to maintain high
enough stocks of ungulates to be economically viable, and thus
avoid conversion to other land uses. Maintaining resource avail-
ability can result in increasing the production from valued species
at the expense of those species of less concern, even those, which
have resource value. This increased specialization on certain spe-
cies and homogenization of the resource base is akin to the con-
version of a natural landscape into an agricultural landscape
(Salwasser 1994; Freese 1998).

Regardless of the management goal and approach for sustain-
able use of wild species, the IUCN/SSC Sustainable Use Special-
ist Group has identified a set of considerations necessary to
achieve successful sustainable use, based on global collective expe-
rience. To increase the likelihood that any use of a wild living
resource will be sustainable requires consideration of the follow-
ing principles (IUCN 2000b):
• The supply of biological products and ecological services

available for use is limited by intrinsic biological characteristics
of both species and ecosystems, including productivity, resil-
ience and stability, which themselves are subject to extrinsic
environmental change.

• Institutional structures of management and control require
both positive incentives and negative sanctions, good gover-
nance, and implementation at an appropriate scale. Such
structures should include participation of relevant stakeholders
and take into account land tenure, access rights, regulatory
systems, traditional knowledge, and customary law.

• Wild living species have many cultural, ethical, ecological, and
economic values, which can provide incentives for conserva-
tion. Where an economic value can be attached to a wild
living species, perverse incentives removed, and costs and
benefits internalized, favorable conditions can be created for
investment in conservation and sustainable use of the re-
sources.

• Levels and fluctuations of demand for wild living resources
are affected by a complex array of social, demographic, and
economic factors, and are likely to increase in the coming
years. Thus attention to both demand and supply is necessary
to promote sustainable use.
Sustainable use of natural resources is an integral part of any

sustainable development program, yet remains a highly contro-
versial subject within the conservation community (Hutton and
Leader-Williams 2003). Attention to all factors, beyond the bio-
logical and ecological characteristics of the resource involved is a
key to success. In particular, care in establishing positive incen-
tives for conservation and sustainable use is critical.

5.4.4 Communication/Awareness Raising

Education and communication for conservation is discussed at
length later in this chapter. The principles outlined there are a
useful basis for establishing communication strategy for species
conservation.

5.4.5 Ex Situ Management

More than 1,000 zoos, aquaria and botanical gardens worldwide
welcome in excess of 600 million visitors annually. The justifica-
tion of these institutions is to complement in situ conservation in
several ways including: (1) to provide increased knowledge about
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species that need conservation effort; (2) to raise awareness among
the general public of the value of those species; (3) to raise funds
for in situ action; and (4) to help build capacity both in country
and abroad for global conservation. These objectives are en-
shrined in Article 9 (ex situ conservation) of the CBD. Successful
captive management programs have also provided individuals for
reintroduction programs. IUCN’s Statement on the Management
of Ex Situ Populations for Conservation (2002) provides specific
direction to ensure that captive management of species contri-
butes to in situ conservation.

As of September 2003, no less than 174 international stud-
books for threatened species or subspecies, covering a wide range
of taxa from Partula snails to large apes, were kept under the
auspices of the World Association of Zoos and Aquariums. In
addition, the regional zoo associations keep regional studbooks
and have run, since 1981, cooperative ex situ population manage-
ment programs for selected species. For example, the American
Zoo and Aquarium Association, whose membership includes 218
accredited zoos and aquaria throughout North America, currently
administers 106 Species Survival Plans
 covering 171 species.
However, the majority of these (64%) are for mammals, 13% for
birds, and only 6% each for reptiles/amphibians and fish. No
plants are included in these plans. The European Association of
Zoos and Acquaria operates 138 European Endangered Species
Programmes in which about 300 institutions from Europe and
the Near East participate. Similar networks also exist in the Aus-
tralasian Region (the Australasian Species Management Program
of the Australasian Regional Association of Zoological Parks and
Aquaria) and in Africa (the African Preservation Programme of
the Pan African Association of Zoological Gardens, Aquaria, and
Botanic Gardens). As extensive as some of the efforts to manage
threatened species may be, they still represent a very small propor-
tion of species diversity and primarily that of the charismatic
megafauna.

That said, ex situ zoo populations can directly support the in
situ survival of some species in a number of ways—through ongo-
ing research to understand the biology and ecology of threatened
species, training of specialists in conservation, public awareness
raising and generation of resources for conservation on the
ground. Finally, populations of captive specimens can provide the
nuclei for reestablishment or reinforcement of wild populations
in nature. The World Zoo Conservation Strategy emphasizes that
such reintroductions and restocking projects, when properly ap-
plied (that is, in agreement with the IUCN/SSC Guidelines for
Re-introductions), can bring great benefits to natural biological
systems. However, while captive breeding programs are often
touted as an important conservation contribution, especially
when part of a reintroduction plan, they can also create uncon-
trolled demand for live specimens of endangered species. Clayton
et al. (2000) presented a case study on trade in the endangered
Indonesian Babirusa (Babyrousa babyrussa). International interest in
the captive breeding of this species gave hunters and dealers the
false impression of a potentially lucrative and officially sanctioned
demand for any live Babirusas they might catch. Swift action by
the Indonesian authorities halted this trade, but the study provides
a warning about the damage that can be caused to the conserva-
tion of a species if management programs are instituted without a
full understanding of the practicalities of its conservation, particu-
larly interactions between the species and local people.

5.4.6 Assessment

This assessment of possible approaches to species conservation
leads to the following conclusions:

................. 11430$ $CH5 10-21-05 14:10:12 PS



141Biodiversity

• It is imperative to develop approaches for species conservation
that take into account impacts on affected human populations.
Management and sustainable use of wild species will remain a
key response at the species and population level, with, in most
cases, a direct link to livelihoods. It is therefore essential to
design targeted approaches, with clear objectives, and measur-
able indicators for monitoring the outcome.

• Reintroduction of species, though often very expensive, has
often had very good results. For many species, knowledge and
technical expertise required for a successful reintroduction
exist. However, reintroductions are unlikely to be successful
without the consent and support of the people inhabiting the
target area, so programs that consider and respond to local
people’s concerns are likely to be more successful and cost-
effective. The success of some reintroduction efforts should
not imply any weakening of conservation of species in their
natural habitats.

• Control or eradication of an invasive species once it is estab-
lished has appeared extremely difficult and costly. Prevention
and early intervention have been shown to be always more
successful and cost-effective than late responses. Successful
prevention requires more efforts, especially in the context of
international trade, and in raising awareness of the threat of
invasive species.

• Sustainable use programs must include consideration of social
and economic issues as well as the intrinsic biological and eco-
logical considerations related to the specific resource being
used.

• Zoos, botanical gardens, aquaria, and other ex situ programs
are essential elements in building support for conservation,
supporting valuable research, and providing cultural benefits
of biodiversity to the visiting public.
It is noteworthy that the vast majority of these tools have been

used on a very limited range of taxa—primarily the charismatic
megafauna and some commercially important species such as fish.
Moreover, we still know relatively little about the effectiveness of
these tools for many plants, invertebrates, or species in the marine
realm.

5.5 Integrating Biodiversity into Regional
Planning

5.5.1 Introduction

The need to integrate conservation and sustainable use of biodiv-
ersity into relevant sectoral and cross-sectoral plans, programs, and
policies is highlighted as a requirement in the CBD (Article 6b).
This integration is commonly referred to as ‘‘the mainstreaming
of biodiversity’’ and includes situations where biodiversity and
economic gains can be simultaneously achieved, where biodiver-
sity losses are exceeded by biodiversity gains, or a sectoral activity
is dependent on sustainable use of biodiversity and the inclusion
of biodiversity concerns into sectoral policies. The many exam-
ples of mainstreaming activities are showcased in several docu-
ments, including Pierce et al. (2002).

A major mechanism for mainstreaming is the incorporation of
biodiversity into regional plans (discussed earlier). These plans are
usually the outputs of a spatial systematic assessment of the region,
identifying areas of conservation and development values, threats,
constraints, and opportunities. Planning systems are an essential
component of most sectors as they identify what happens where
on the landscape, and ensure an effective land use system meeting
the needs of the development sectors without compromising the
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needs of the environment. These regional plans have in the past
been conducted by separate authorities with the conservation
community usually identifying areas of biodiversity concern for
conservation efforts and the development planning authorities as-
sessing and identifying development opportunities in the area for
farming, mining, tourism, etc.. In many instances these indepen-
dent plans were based on different datasets and methodologies,
and did not feed into one another. As is often the case with con-
servation and development, areas important to one are often im-
portant to the other (van Rensburg et al. 2004), resulting in
conflicting demands of conservation and development sectors for
the same land.

However, recent initiatives have shown that if one were to
conduct these planning assessments concurrently for both devel-
opment and conservation and have the planners talking to one
another, then the options for trade-offs and win-win scenarios are
increased (Faith et al. 1996; Ando et al. 1998; Cowling and Pres-
sey 2003; Gelderblom et al. 2002). This realization has led to
regional plans that cater to both development and conservation
concerns. Many governments and planning authorities have iden-
tified this approach as an appropriate way of managing their natu-
ral resources.

At the heart of regional planning is the question of how best
to accommodate development that meets the social and economic
objectives of the region while ensuring that the condition of re-
gional biodiversity is maintained. Sustainable development relies
on biodiversity conservation as an integral part of regional policy
and planning. Integrated regional planning is not new; these types
of plans were already abundant in 1992 at a workshop on The
New Regional Planning at the sixth IUCN World Congress on Na-
tional Parks and Protected Areas in Caracas, Venezuela, where 50
case studies focused on integrated regional-scale planning in Af-
rica, Asia, and North, Central, and South America.

Integrated regional plans focus on integrating sectors, scales,
and responses and fall into the ecosystem approach described in
detail by the CBD; this approach provides principles for integra-
tion across scales and across different responses. Its seventh Con-
ference of the Parties, for example, has addressed ‘‘Principle 10,’’
on achieving appropriate integration of biodiversity conservation
and use of biological diversity. Central to its rationale is that ‘‘the
full range of measures is applied in a continuum from strictly pro-
tected to human-made ecosystems’’ and that integration can be
achieved through both spatial and temporal separation across the
landscape, as well as through integration within a site.

The seventh Conference of the Parties made the following
recommendations associated with Principle 10:
• develop integrated natural resource management systems and

practices to ensure the appropriate balance between, and inte-
gration of, the conservation and use of biological diversity,
taking into account long and short-term, direct and indirect,
benefits of protection and sustainable use, as well as manage-
ment scale;

• develop policy, legal, institutional, and economic measures
that enable the appropriate balance and integration of conser-
vation and use of ecosystems components;

• promote participatory integrated planning, ensuring that the
full range of possible values and use options are considered
and evaluated;

• seek innovative mechanisms and develop suitable instruments
for achieving balance appropriate to the particular problem
and local circumstances;

• manage areas and landscapes in a way that optimizes delivery
of ecosystem goods and services to meet human requirements,
conservation management, and environmental quality;
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• determine and define sustainable use objectives that can be
used to guide policy, management, and planning, with broad
stakeholder participation.
Case studies evaluating implementation of the ecosystem ap-

proach are limited, and CBD has called for additional case studies.
Some existing case studies (CBD 2003d, p. 8) have suggested a
need to ‘‘dispel the myth that ‘win-win’ situations between devel-
opment and conservation objectives were widely achievable, and
concentrate instead on understanding how trade-offs and equita-
ble compromises could be attained.’’ Other lessons emerging
from experiences so far suggest that mainstreaming the ecosystem
approach would require increased take-up by parties to multilat-
eral environmental, trade, and development agreements, and by
financial institutions in their funding decisions (CBD 2003e).

Case studies point to the need for addressing trade-offs and
synergies in regional planning. A recent review of experiences in
15 Asian countries (Carew-Reid 2002) found that biodiversity
planning has greater influence if it is viewed more as a political
and economic process in which hard decisions are made on re-
source allocation and use.

Regional plans that integrate biodiversity can be drawn up in
a number of ways. Conservation priorities may be identified using
standard procedures of systematic conservation planning men-
tioned earlier in this chapter. In this way, all development sectors
are informed of development options and can direct development
away from areas of high biodiversity conservation value. This is
an improvement on the ad hoc planning that happened formerly
in both the conservation and development sectors (Pierce et al.
2002).

The earlier section on protected areas assessed how a regional
planning framework that incorporates complementarity can focus
on the problem of integrating intrinsic and future values of bio-
diversity into a trade-off decision framework for regional plan-
ning. When global biodiversity values are integrated into
multicriteria analysis, policy decisions about one ‘‘place’’ in a re-
gion are linked to overall regional net benefits/trade-offs. In this
regional planning framework, the contribution of a place to global
biodiversity conservation is necessarily estimated by its comple-
mentarity value. Other, local, values in a given place (which are
sometimes related to biodiversity) enter the multicriteria analysis
either as measurable additional benefits of conservation land/
water use, or as opportunity costs of conservation in that place.

Resulting conservation priorities can form core conservation
areas supported by buffer and transition zones under models like
the biosphere reserve model. A key component of this partnership
between development and conservation is often the formation of
a cross-sectoral partnership between the conservation and plan-
ning authorities (Gelderblom et al. 2002; Cowling and Pressey
2003).

This focus on spatial priorities and trade-offs follows the ideas
of Saunier and Meganck (1995), who highlight that integrated
regional planning focuses on spatial units while cutting across sec-
tors, instead of the older forms of planning which focus on sec-
toral units. Australia’s use of Integrated Natural Resource
Management planning at the catchment and subcatchment level
follows a similar approach of conservation planning inputs into
natural resource planning (Lowe et al. 2003). Both South Africa
and Australia make use of the idea of ‘‘living landscapes’’ as the
ideal end point of these integrated regional plans (Steiner 2000).
‘‘Living landscapes’’ as defined by Driver et al. (2003, p. 1) are
‘‘landscapes that support life of all forms, now and into the fu-
ture.’’ Lowe et al. (2003, p. 59) define a plan for a ‘‘living land-
scape’’ as one that ‘‘aims to protect a landscape’s ecological health
by integrating nature conservation into the farming landscape so
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that life on the land continues both for the flora and fauna and for
farmers and their families.’’

5.5.2 Integration of Regional Response Strategies

Integrated regional planning relies not only on integrating differ-
ent sectors, but also on the use and integration of a number of
responses in the region. These responses are discussed in other
sections and include protected area systems, promotion of local
benefits, economic incentives, and mainstreaming biodiversity
into development sectors like agriculture and the sustainable use
of wildlife. Integration among these responses (or instruments)
will promote effective trade-offs and synergies among regional
values and sectors, and with global biodiversity values as well.
Regional perspectives on payments to private landowners and ac-
counting for biodiversity contributions from agricultural lands
illustrate integration of strategies in a trade-offs/synergies frame-
work. For example, local-global trade-offs benefit when location
of protected areas seeks complementarity with the biodiversity
contributions already provided by other land. Global biodiversity
benefits from sustainable harvesting of native species, if quantified,
can lower overall regional opportunity costs of biodiversity con-
servation. Subsidies for biodiversity-friendly agriculture can be
targeted to those places where the consequent complementarity
values, taking into account the region’s other conservation efforts,
are greatest.

Successful integration will be facilitated when global biodiver-
sity gains and losses are quantified in a unified way over various
response contexts, so that complementarity values can be calcu-
lated. Complementarity values resulting from alternative land uses
then can be compared for effective decision-making. Biodiversity
surrogates at present provide poor levels of confidence in estimat-
ing biodiversity gains and losses, particularly those resulting from
management regimes such as ecoforestry and wildlife harvesting.
Surrogates are often selected for their supposed ability to indicate
rich sites or sets of sites with high overall biodiversity. Trade-offs-
based planning requires surrogates that indicate both high and low
complementarity values. Confidence in a low complementarity
value means that a place might be assigned a land use that focuses
on local rather than global benefits, promoting the ability to make
trade-offs at the regional scale.

Regional-scale decision-making, over a range of responses,
can focus on trying to retain the potential net benefits of the
region, by looking at how scenarios of land use affect the capacity
of the region to balance its competing objectives (Faith 2001).
The useful concept of ‘‘irreplaceability’’ of places refers to the
goal of retention of a region’s capacity for biodiversity conserva-
tion. This term might be extended to sometimes refer to cases
where a land use for a given place is ‘‘irreplaceable’’ for the re-
gion’s capacity for balancing biodiversity conservation and other
human well-being objectives.

Integration can play an important role in linking ‘‘reserve’’
and ‘‘off-reserve’’ conservation. A polarized debate rages about
the relative value of formal protected areas versus lands that are
more intensely used by people but that conserve (at least some)
components of biodiversity. The two approaches are more prop-
erly seen as part of a continuum of possibilities, correcting weak-
nesses of both approaches by linking them in integrated regional
strategies. For example, areas used to provide certain provisioning
services can lead to destruction of habitat and biodiversity; but a
regional perspective may help mitigate some lost biodiversity be-
cause a given area need only contribute certain ‘‘attributes’’ of
biodiversity to overall regional biodiversity conservation. Formal
protected areas are often vulnerable because they foreclose other
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opportunities for society, but a regional perspective in planning
protected areas can minimize conflict through appropriate and
balanced land-use allocations. It can also build on the biodiversity
protection gains from the surrounding lands, thereby reducing
some of the pressure for biodiversity protection in the face of
other anticipated uses over the region. Rather than using the
weaknesses of one approach to argue for the other, it is more
effective to have an integrated regional strategy.

A recent South African case study (Cowling and Pressey 2003)
illustrates some ways in which a regional assessment of biodiver-
sity (including setting of targets for different habitat types) can
take into account the expected status and contributions of lands
outside of formal protection. However, the process of setting bio-
diversity targets suggests that biodiversity conservation may be
served to the detriment of effective trade-offs that might have
been achieved in the region. In that study, differential targets were
set for different habitat types that served as surrogate biodiversity
information. A type that was judged highly vulnerable to destruc-
tive use will not be expected to make as large an ‘‘off-reserve’’
contribution to overall regional biodiversity persistence, and so
will be given a higher target (say, in percent area represented) for
formal protection. A difficulty may be that trade-offs suffer: non-
conservation opportunities will be unduly foreclosed because a
habitat/vegetation type is given greater percentage protection
simply because it can provide other benefits for society.

Setting higher protection targets on habitat types that are
‘‘threatened’’ because they are attractive for other uses can limit
effective trade-offs between biodiversity and other ecosystem ser-
vices (although such limitations may be appropriate in some set-
tings). This loss occurs even when it can be assumed that some
types are protected, to some extent, off-reserve. Box 5.5 looks at
the place of biodiversity in environmental impact assessments.

5.5.3 Linking Protected Areas to the Landscape

Although the linking of protected areas to the landscape was dis-
cussed earlier, several additional points are relevant here. The land

BOX 5.5

Addressing Biodiversity Issues in Environmental Impact Assessment

Environmental impact assessment has been adopted by countries and Checklists of biodiversity impacts are being developed (CEAA 1996;
financial and lending institutions, such as the World Bank and the Asian World Bank 1997; Rajvanshi 2003). Manuals are now available to guide
Development Bank, as a tool to assess development projects in many data gathering and interpretation for decision-making (DEA 1992; UNEP
countries. EIA originally focused on pollution issues, but has expanded to 1996; EC 2001; UNEP 2002). Several good-practice guides (DOE 1993;
include potentially adverse impacts on biodiversity. CEAA 1996; World Bank 1997) and outline methods are available for

The Convention on Biological Diversity has played a key role in en- assessing biodiversity impacts.
couraging governments to include biodiversity in national EIA frameworks. Several problems need to be addressed. A lack of formal requirements
Article 14 of the CBD provides an explicit mandate for encouraging EIA and inconsistent mechanisms of evaluating compliance constrain the role
as a planning tool for responsive environmental planning of development of EIA from a biodiversity perspective (IUCN 1999; Mathur and Rajvanshi
initiatives in a manner that ensures prevention or significant reduction in 2001). Lack of information (regional biodiversity data and resource status
biodiversity resources and the enhancement of biological diversity wher- reports), lack of clearly defined EIA terms of reference in relation to biodiv-
ever possible (UNEP 1998). However, the process often fails to incorpo- ersity, and weak enforcement of legislation are common barriers identified
rate biodiversity in full. Decision V/18 of fifth Conference of the Parties by most countries. In many situations, particularly for larger river basins,
of the CBD called on its Subsidiary Body on Scientific, Technical, and the appropriate region of analysis may extend across two or more coun-
Technological Advice (SBSTTA) to develop guidelines for incorporating tries, adding to the challenge of undertaking an EIA for a data-poor
biodiversity-related issues into legislation and/or processes on strategic system.
environmental assessment and impact assessment. Although techniques for eliciting biodiversity values are gradually being

Many specialized disciplines (for example, social impact assessment, put into place, consideration of biodiversity is still not included as a ‘‘trig-
technology impact assessment, health impact assessment) are gradually ger’’ for EIA in most countries. If countries adapt their EIA legislation to
emerging within the EIA. It is now becoming increasingly common to also address all threats to biodiversity, and if the lack of information can be
address impacts on biodiversity as a distinct category of assessments. addressed, EIA could play a greater role in biodiversity conservation.
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and water area required to satisfy the conservation of regional
biodiversity are well known to be in excess of the land and water
area made available for formal conservation (Rodrigues et al.
2004). For example, an assessment of protected areas in Indonesia
(World Bank 2001) concluded that few of the protected areas in
the country are large enough to maintain viable populations of
their constituent species, and recommended stronger linkages of
the protected areas system with surrounding areas. The advantages
of conserving biodiversity on production or other off-reserve
lands are therefore obvious (Pressey and Logan 1997). A land or
water use may provide some ‘‘partial protection’’ of biodiversity
and ensure the maintenance of biodiversity conditions of that re-
gion. Grazing and other light intensity forms of use (for example,
wildflower harvesting) have been shown to be more amenable to
biodiversity conservation (Pressey 1992; Scholes and Biggs 2004).
This combination of conservation and development sectors in the
same place naturally increases regional net benefits and forms part
of the ideology of UNESCO biosphere reserves, which include
combinations of core conservation areas surrounded and linked to
zones of differing intensities of alternate land uses.

A recent South African study (Pence et al. 2003) found that
80% of the costs for acquiring protected areas might be saved by
meeting biodiversity targets in part on private lands. Similarly, an
integrated biodiversity trade-offs framework (Faith et al. 2001a,
2001b) suggests how such partial protection (for example, from
private land) can contribute to the region’s trade-offs and net ben-
efits.

Arguments for such landscape-based synergies arise also from
studies suggesting that clever arrangement of human-use habitats
can promote biodiversity. This is embodied, for example, in ‘‘rec-
onciliation ecology,’’ which is based on the idea that habitat loss
will imply species loss, but that ‘‘we can stop most of them by
redesigning anthropogenic habitats so that their use is compatible
with use by a broad array of other species’’ (Rosenzweig 2003, p.
194). Rosenzweig cites case studies demonstrating the potential
of reconciliation ecology to increase compatibility of human use
and biodiversity conservation.
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Integrated coastal management plans and programs worldwide
have shown that ICM plays an important role in maintaining nat-
ural resources and ecosystems. However, studies suggest that ICM
practices have successfully provided a response to biodiversity
conservation only in those cases having a significant degree of
integration of sectoral policies in coastal areas (Cicin-Sain and
Knecht 1998). In the context of ICM, policy integration is not an
absolute, but arguably should be considered as a continuum, that
is, from sectoral fragmentation to communication among sectors,
coordination, harmonization, and eventually integration (Cicin-
Sain 1993). A policy response in this direction has been agreed in
the context of the CBD, whose Parties have advocated a better
integration of the ecosystem approach into current integrated ma-
rine and coastal area management plans and programs (CBD
2000a).

Integrated river basin management, also known as integrated
catchment management and integrated watershed management, is
a landscape approach with the potential to address both biodiver-
sity conservation and sustainable resource use considerations
through implementation of a range of strategies and levels of pro-
tection. Although Gilman et al. (in press) found that IRBM has
been variously defined by managers around the world, and that
biodiversity conservation has only sometimes been the primary
driver of IRBM efforts, IRBM is nonetheless grounded in the
need to understand trade-offs, often of upstream versus down-
stream activities. With a river basin as the ‘‘landscape’’ of interest,
it is possible to apply IRBM principles to identify complementary
land and water uses: for example, a river identified as a priority
for biodiversity protection might be designated ‘‘off-limits’’ for a
new hydropower dam, but another river of lower priority might
be designated a suitable alternative for new impoundments. Pro-
tected areas have been a relatively rare feature of IRBM efforts,
but IRBM nonetheless has great potential for effective protected
area design and management, both for aquatic and for terrestrial
biodiversity conservation.

When assessing individual areas and their contribution to the
off-reserve conservation of biodiversity, it is essential to assess the
complementary contributions they make to conservation, that is,
their contribution in terms of biodiversity not already represented
in protected areas. For example, case studies that attempt to docu-
ment biodiversity gains from organic agriculture, wildlife harvest-
ing, or other land uses, often fail to address complementarity or
how those gains fit with gains/losses elsewhere. The key to dem-
onstrations of success in protecting global values of biodiversity
would be increases in the marginal gains from those lands in the
regional context. A review of case studies and approaches for
‘‘monitoring of biological diversity’’ (Yoccoz et al. 2001) docu-
ments the typical focus on species-richness, not complementarity.
An increase in abundance of species, or even an increase in rich-
ness, is not as persuasive as an increase in the degree to which the
land offers biodiversity gains complementary to those of other places
(Faith and Margules 2002).

Failure to assess biodiversity contributions of managed lands
using complementarity can misdirect conservation priority set-
ting. For example, it has been argued that the European Union
must prevent the decline of its ‘‘nature-rich’’ farmlands or it will
fail to reach the MDG target of reducing species loss by 2010
(EEA 2004). Agricultural subsidies targeted at vulnerable farmland
areas based on their ‘‘biodiversity’’ values (as estimated from the
higher species’ population sizes compared to abandonment of the
land) would promote socially desirable levels of biodiversity from
private land. However, the report at the same time acknowledges
that, while land abandonment may lead to lower species diversity
at field level, the natural habitats resulting from abandonment in
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fact may add to overall biodiversity at the regional scale. The call
for priorities for these farmlands remains poorly justified in the
absence of the contributions to decision-making that could be
provided by estimates of complementarity contributions of differ-
ent land uses, in different places.

In the absence of more exact information, sensitivity analysis
of the contributions of off-reserve lands can influence the priorit-
ies for formal protection. The case study from Costa Rica shows
how regional planning can integrate protected areas and payments
for biodiversity conservation on private land. The study demon-
strates that the effectiveness of conservation payments on private
lands can be greatly increased through regional planning that tar-
gets payments using complementarity values, and can effectively
complement efforts through formal protection in national parks
in the region.

Approaches that use sensitivity analysis and simple surrogate
information for biodiversity may help to bridge the gap between
non-quantitative mainstreaming efforts and idealized comple-
mentarity-based approaches.

These assessments indicate that landscape links may increase
the viability of protected areas, and so ensure their contributions
to biodiversity in the broader region. More generally, land use /
management decisions in different places in the landscape will
imply incremental gains to biodiversity conservation in the region
quite apart from any links to protected areas. Although these ideas
of off-reserve management of biodiversity are theoretically ap-
pealing, the reality of implementation is far more complex. The
establishment of biodiversity-friendly land use management on
land (or water) of regional biodiversity concern requires the de-
velopment of incentives for private and communally owned land
(these incentives are discussed later in this chapter).

South Africa and Australia, as well as other countries making
use of integrated regional planning, have learned many lessons on
how to integrate biodiversity into regional planning (Lambert et
al. 1995; Driver et al. 2003; Read and Bessen 2003; Lowe et al.
2003; Bennett and Wit 2001; Gelderblom et al. 2002). Conserva-
tion assessment involves identifying spatial priorities for conserva-
tion actions, which in turn forms a component of conservation
planning; this planning should also involve the development of an
implementation strategy and action plan (Knight and Cowling
2003).

There are several essential elements of successful regional
plans. One of these elements is adequate scientific knowledge of
the region, including defining boundaries that are sensible from a
biological and administrative point of view and the collation of
high quality data in the area. All successful plans highlight the
need to involve all stakeholders from the beginning of the plan-
ning process. These stakeholders include communities in the re-
gion, as well as government and nongovernmental organizations
responsible for implementation of these plans. As Driver et al.
(2003, p. 11) highlight, planners need to ‘‘think implementation
from the outset.’’ All too often conservation plans end up as tech-
nical or academic exercises and do not lead to conservation action
on the ground. In order to avoid this they suggest that an opera-
tional framework must be set up with the following key ingredi-
ents:
• ask ‘‘who wants this plan and what are the plan’s aims?’’;
• pay attention to project design;
• involve implementing agencies in the conservation assessment

team;
• involve stakeholders in a focused way that addresses their

needs and interests;
• conduct the conservation assessment according to the best sci-

entific principles; and
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• interpret the conservation assessment results and mainstream
the planning outcomes.
Monitoring and evaluation through the use of performance

indicators is also of critical importance both in order to monitor
the maintenance and recovery of biodiversity values and to en-
courage involvement (Lambert et al. 1995). Read and Bessen
(2003) have identified several success and limiting factors in re-
gional planning through 16 case studies based on an assessment of
154 projects as well as semi-structured interviews. These have
been grouped into motivational, financial, and regulatory factors.
Their recommendations for strategic action focus on: establishing
clear values, priorities and cultures; understanding biodiversity
values and threats; managing at the landscape scale; using science,
information, and knowledge; building capacity; using a mix of
mechanisms; and encouraging factors that drive integration.

5.5.4 Assessment

We can state with high confidence, based on 150 studies on large
scale, regional planning for conservation linking networks of pro-
tected areas with other land uses (Bennett and Wit 2001), that
a ‘‘landscape approach’’ that, for example, manages neighboring
production forests as buffer zones and integrates protected areas
with broader regional spatial planning, helps overcome stated lim-
itations of protected areas on their own. Successful landscape ap-
proaches:
• focus on conserving biodiversity at the ecosystem, landscape.

or regional scale, rather than in single protected areas;
• emphasize the idea of ecological coherence by encouraging

connectivity;
• involve buffering of highly protected areas with eco-friendly

land management areas;
• include programs for the restoration of eroded or destroyed

ecosystems;. and
• seek to integrate economic land use and biodiversity conser-

vation.
Overall, it is seen to be essential in these efforts to recognize

the importance of regional context for implementing the ecosys-
tem approach and monitoring progress. Our assessment suggests
that the ecosystem approach implementation guidelines approved
by CBD’s seventh Conference of the Parties could add a require-
ment for a ‘‘calculus’’ of global and regional biodiversity. This
would allow global biodiversity gains and losses to be quantified
in a unified way over various response strategies, thereby clearly
identifying the trade-offs involved at a regional level. Such a cal-
culus of biodiversity depends on effective biodiversity surrogates.
These will be based upon the best possible use of a combination
of environmental and species (for example, museum collections)
data, and will provide greater certainty in estimating such bio-
diversity gains and losses (Faith et al. 2003; Reyers 2004).

5.6 Encouraging Private Sector Involvement in
Biodiversity Conservation
One of the most significant differences between the WSSD sum-
mits at Rio de Janeiro (1992) and Johannesburg (2002) was the
greater presence of the business community as a major stakeholder
at the 2002 WSSD. Although specified as an ‘‘actor’’ in the text
of the CBD (Articles 10e, 16.4), business was perhaps slow to
recognize its role in biodiversity conservation, and the CBD has
been slow to recognize the link between industry and biodiver-
sity. However, business has a wide impact on biodiversity, espe-
cially through the products and processes associated with mass
consumption. How can business be given the inspiration, incen-
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tives, tools, and management systems to play an effective part in
the biodiversity debate?

Companies exist to make a profit and thereby generate value
for shareholders, so a company must have a business case for being
involved in biodiversity conservation (Abbott et al 2004).

An embryonic business case is now emerging, with the fol-
lowing key elements:
• The activities of certain companies have significant impacts on

biodiversity.
• As understanding increases about biodiversity and how eco-

systems function, more evidence emerges of the potentially
destructive impacts of some business activities.

• As with other environmental impacts, regulators and civil so-
ciety increasingly require these negative impacts to be man-
aged and, if possible, reduced or reversed, in order for a
company to retain its license to operate from communities
and regulators.

• Biodiversity impacts can be managed alongside a company’s
other environmental impacts, as part of an integrated environ-
mental management system.

• Employees will prefer to work for a company that is a good
corporate citizen.

• Companies with a better reputation will have easier access to
investment capital.
This list of key elements, however, leaves out other positive

aspects that depart from the conventional perspectives on ‘‘im-
pacts.’’ Land that is well-managed by a private sector company
(for example, by a mining company) may make a measurable pos-
itive contribution to the conservation of regional diversity (see
earlier discussion). This regional perspective has a second positive
aspect. The private sector needs information about key biodiver-
sity areas as part of its own regional planning, and so is encouraged
to become part of partnerships that enhance the availability of
such biodiversity data (for example, the ‘‘Proteus’’ scheme, see
below). Table 5.1 highlights the particular interests of many sec-
tors in biodiversity.

Some companies and sectors are dependent on biodiversity
and healthy ecosystems in order to maintain their current opera-
tions. Obvious current examples include nature-based tourism
and companies based on harvesting biological resources. Sustain-
ability of supplies perhaps provides the most compelling case for
business involvement in biodiversity conservation, although many
companies remain uncertain as to precisely what they should do,
once they have identified such a risk exposure.

A further source of uncertainty has been the perception that,
since much biodiversity expertise lies especially with NGOs and
academic institutions, simply funding biodiversity programs
through such organizations should fulfill a company’s require-
ments. Although the most enlightened companies have under-
stood that biodiversity risks and impacts need to be managed
alongside other such environmental issues within the company,
corporate philanthropy remains a relatively common approach to
dealing with biodiversity. While such funding is welcome, one
perspective is that it remains relatively modest and is not a suffi-
cient response to address fully the biodiversity impact of a com-
pany.

5.6.1 What Companies Are Doing

Once a company accepts that it has an important relationship with
biodiversity, an increasingly standardized means of managing the
issue, outlined in Bertrand (2002), becomes available. Essentially,
the process is to align biodiversity management with a company’s
environmental management system. This approaches the problem

................. 11430$ $CH5 10-21-05 14:10:17 PS



146 Ecosystems and Human Well-being: Policy Responses

Table 5.1. Business Sectors with Direct Relevance to
Biodiversity Conservation

Sector Main Issue

Agriculture increase food production while maintaining a healthy
agroecosystem, integrate biodiversity and food produc-
tion in more sustainable ways, include more efficient
use of irrigation water

Aquaculture minimize impacts on marine and freshwater biodiversity
by, for example, culturing native species, minimizing
risk of escape of individual animals, avoiding the con-
version of sensitive or keystone habitats such as man-
groves, and minimizing pollution

Engineering/ address the environmental impact of human settle-
architecture/ ments and the built environment (in the context of vul-
planning nerability to natural disasters and global change, but

also related to biodiversity more generally)

Fisheries minimize impacts on marine biodiversity and address
overfishing to ensure the sustainability of the industry
itself

Forestry reduce impact of operations; important strategy: move
toward more sustainable practices through market-
based mechanisms such as certification

Hydropower minimize impacts on aquatic and surrounding terrestrial
systems through implementation of the World Commis-
sion on Dams recommendations and through engage-
ment with regional planning efforts

Insurance/ create incentives for the private sector to address bio-
financial sector diversity issues substantively; potential source of funds

for restoration

Mining minimize impacts and set industry standards on biodiv-
ersity generally and protected areas specifically

Oil and gas minimize impacts and move toward ‘‘net benefit’’ con-
cepts; mobilize them to encourage best practice in an-
cillary industries (e.g., shipping), and to address
protected areas issues (e.g., ‘‘no go’’ commitments)

Shipping address the spread of invasive alien species and the
risk to biodiversity from shipping disasters (e.g., oil
spills).

Tourism encourage the tourism industry to be a force for good
for biodiversity and to minimize impacts; standardiza-
tion/certification of ecotourism practices

Water providers integrate ecosystem management concepts

at the site level, where a biodiversity action plan (site-level BAP)
enables the company to manage issues at a local level; at the com-
pany level, a company-wide biodiversity action plan enables the
business to take a strategic approach to its relationship with bio-
diversity globally.

Certain sectors have an obvious and immediate relationship
with biodiversity. For example, some companies have products,
which are dependent on biological resources, such as fish and
timber, or tourism. Other companies require access to mineral,
oil or gas reserves that may be found in areas of high biodiversity,
and often their extraction will have a significant impact on bio-
diversity. Many companies are major users of water, both as a
component of their products and in the production cycle, and
company interests in ensuring future sources of water may dove-
tail in part with the needs of aquatic ecosystems.
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Such an obvious and immediate primary relationship with bi-
odiversity has led to initiatives on both a company-by-company
and a sectoral basis, the latter usually being linked to certification
schemes or an industry-wide sustainable development program.
These industry-led sectoral approaches are important, because
they offer hope of reaching non-listed (that is, state and private)
companies.

Examples of company initiatives include Unilever’s objective
to source all its fish from sustainable sources by 2005 and British
Petroleum’s biodiversity action plans. According to BP Australia
(2000, p. 11), examples include, ‘‘Construction of wetlands at
Bulwer Island refinery with different water depths and the plant-
ing of 17,000 seedlings since 1998. The sub-tropical wetland is
now home to 96 species of birds. . . . The planting of the 1.4
million trees has provided protection to several hundred species
of plants found only in the agricultural and woodland zones of
southwestern Australia.’’

To give an idea of scale, in the United Kingdom, perhaps 40
of the FTSE-350 companies have a company-wide biodiversity
action plan or take a strategic approach to biodiversity manage-
ment. This number doubled between 2001 and 2003.

Some initiatives involve consortia of companies together with
biodiversity conservation organizations. An example is the ‘‘Pro-
teus’’ initiative, involving Anglo American, British Petroleum,
and others as sponsors in collaboration with UNEP-WCMC
(www.unep-wcmc.org). It plans to help make high-quality con-
servation information, such as that from museum collections,
available to decision-makers via the Internet. The intention is to
enable, for example, the overlay of company information on to
biodiversity maps to assess potential environmental implications
of business operations in different places.

Private sector efforts may help address perceived under-fund-
ing of the Global Environment Facility. Because the GEF focuses
on financing the cost ‘‘increment’’ that will achieve global bio-
diversity benefits (the difference between national or local bene-
fits that could be expected and the global biodiversity benefits
arising from the project), there has been a perception that one
limitation of GEF programs is that some national/local costs are
left in need of funding (Horta and Round 2002).

5.6.2 What More Needs to Be Done

At the heart of company approaches lie three fundamental ques-
tions: What is the company’s relationship with biodiversity? How
can the impact of the company be measured? And what are the
consequences for the value of the company? To date, as with
many sustainability initiatives, the driving force has come from
large companies in the private sector, driven by a combination of
reputational and supply sustainability factors. This means that
small and state-owned companies have been less involved in bio-
diversity initiatives, even though their collective impact may be
greater. The business case made for and accepted by larger, pri-
vate-sector, companies clearly might be extended to other com-
panies as well. Efforts to involve other companies may be focused
on voluntary and sectoral initiatives driven by the need to secure
supply chains or maintain reputational value for an entire sector.
This, for example, might give continued access to mining sites, or
access to genetic resources.

Further developments are likely to focus on two main areas.
First, the debate will move away from simply looking at the im-
pact of companies on biodiversity, important though this is. In-
creasing emphasis will be given to ecosystem services, and how
companies rely on them. This will require development of mech-
anisms for companies to understand their risk exposure and to
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manage those risks. Second, the biodiversity conservation com-
munity will accept that business has a role to play in the debate.
This may be difficult to accept when controversial issues relating
to genetically modified crops and to intellectual property cloud
the debate. Nevertheless fully engaging the corporate sector is a
necessary condition.

One tool which may encourage further companies to accept
the challenge of managing biodiversity is an increasing ability to
measure both the impact that biodiversity has on companies and
the impact that companies have on biodiversity. A corollary of
measurement would be a coherent cost-benefit analysis. Although
individual companies will undoubtedly make the case to their
own satisfaction, the development of such tools should help in-
crease the involvement of companies. This may highlight a role
for investors, who use such tools regularly in assessing companies’
strengths and weaknesses in other mainstream financial areas.

Some risks to biodiversity may also arise from private sector
involvement, for example, if the exploiting and the regulating
party are the same. Exchange of personnel between governments
and commercial enterprises can also lead to abuses that do not
arise when the regulators are well distinct from the resource ex-
ploiters.

5.6.3 Assessment

Where decision-makers and the general public have accepted the
role business can and must play, constructive dialogues have been
established, leading to initiatives at the company, sectoral, or
higher level. Much discussion has focused on biodiversity im-
pacts, and attention to ecosystem services may be more likely
to help business understand its impact and find methods to miti-
gate it.

Engaging business has been easiest where a business case exists
for the company concerned. A key strategy is to engage businesses
that do not have a direct link with biodiversity or ecosystem ser-
vices, or do not face the consumer pressure that publicly listed
companies face. Regulation is likely to remain a key tool for in-
fluencing business, but establishing a climate for companies to
move beyond compliance is essential.

5.7 Including Biodiversity Issues in Agriculture,
Forestry, and Fisheries

5.7.1 Introduction

Early farmers played an important role in creating and maintain-
ing crop genetic diversity through the domestication and selection
of crops suited to a wide range of environments (Harlan 1975).
The livelihoods and well-being of millions of farmers still depends
on this diversity (Richards 1986; Bellon 1996). The success of
breeders in developing high yielding varieties has built on crop
genetic diversity, identifying genes for improving adaptation,
yield, and disease resistance (Plucknett et al. 1987). Moreover,
substantial evidence is now accumulating on the way in which
the continued maintenance of high levels of crop genetic diversity
in agroecosystems, based largely on traditional cultivars, meets the
needs of resource-poor farmers (Engels 1996). A similar dynamic
has been followed with livestock (FAO 1999; Hall and Ruane
1993).

Pressures are growing on natural habitats that contain the wild
relatives of crops or domesticated animals, and on farmers who
maintain significant amounts of crop or animal genetic diversity
in the form of local varieties. Increased population, poverty, land
degradation, economic, and environmental change, combined
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with the introduction of modern varieties, have contributed to
the erosion of genetic resources in both animals and crops (Pres-
cott-Allen and Prescott-Allen 1982; Wilkes 1985; Pistorius 1997).
The availability of large gene pools, including wild relatives, be-
comes even more important as farmers need to adapt over time
to changing conditions that result from these pressures (Jarvis and
Hodgkin 1999).

Agriculture is directly dependent on biodiversity, but agricul-
tural practices in recent decades have focused on maximizing
yields by focusing research and development on relatively few
species, thus downplaying the importance of biodiversity. Subse-
quently, a large amount of genetic diversity has been lost. Con-
version of natural habitats into domesticated ones has continued
(Pagiola et al. 1997), and the use of chemical fertilizers and pesti-
cides has continued to expand (Gunningham and Grabosky
1998). Both of these trends can be detrimental to biodiversity and
harm agriculture in the long run rather than improve it. On the
other hand, agricultural practices in some regions have developed
landscapes that include considerable biodiversity; abandoning
such lands can lead to the loss of at least some species.

The use of living modified organisms in agriculture is a topic
of major international concern. As movements of LMOs pose
potential risks to new environments they may enter, the Cart-
agena Protocol under the CBD (entered into force in 2003) sets
out certain measures to be followed to avoid risks to biodiversity
in general and agricultural biodiversity in particular. The Cart-
agena Protocol requires advanced informed agreement proce-
dures and careful assessment of risks before allowing import of
living modified organisms. Such risk assessment is based on the
precautionary approach (Bail et al. 2002), using procedures and
tools to help decision-makers make sound decisions that are com-
patible with agriculture, biodiversity, and trade.

This section focuses on biodiversity issues in agriculture (for
example, maintaining genetic and crop diversity), forestry (for ex-
ample, certification), and fisheries (for example, marine protected
areas for biodiversity conservation), and defers to other chapters
in this volume for a discussion of sustainable food production and
fisheries (see Chapter 6) and sustainable forestry management (see
Chapter 8).

5.7.2 Agriculture

5.7.2.1 In Situ Conservation Responses

In situ conservation of agricultural biodiversity has been defined
as ‘‘the maintenance of the diversity present in and among popu-
lations of the many species used directly in agriculture, or used as
sources of genes, in habitats where such diversity arose and con-
tinues to grow’’ (Brown 2000). It concerns entire agroecosystems,
including the management of domesticated species (such as food
crops or forage species) on fields or in home gardens, as well as
their wild and weedy relatives that may be growing in nearby
areas or natural ecosystems.

Supporting conservation and use of agricultural biodiversity
requires an understanding of when, where, and how agricultural
diversity will be maintained, who will maintain the material, and
how those maintaining the material can benefit. This requires:
• measuring the amount and distribution of germplasm used by

farmers within their agroecosystems;
• gaining an understanding of the processes used to maintain

this germplasm;
• identifying the key persons or groups of people responsible for

maintaining the germplasm;
• comprehending what factors influence these people to main-

tain diversity; and
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• using the information and genetic materials for sustainable
livelihoods and ecosystem health and services (Jarvis et al.
2000).
The International Plant Genetic Resources Institute’s work

on on-farm conservation of crop genetic diversity has involved
over 20 countries and 30 crops. The UNU/PLEC program
(United Nations University/People, Land management and Envi-
ronmental Change), which focuses more at the landscape level,
has also involved many countries in all parts of the developing
world and in centers of agricultural and crop diversity (Brookfield
et al. 2002). IPGRI (2001; see also Jarvis et al., in press) has re-
cently prepared a state of the world review for the CBD on the
current status and trends for management of crop diversity in
agroecosystems by national programs and international initiatives,
identifying some key issues.

First, assessments have shown that local cultivars and breeds
on farm are complex and highly varied in their genetic structure
(Achmady and Schneider 1995; Kshirsagar and Pandey 1996; Se-
bastian et al. 2000; CBDC-Bohol 2001). Different communities
and cultures approach the naming, management, and distinguish-
ing of local cultivars in different ways, and no simple relationship
exists between cultivar identity and genetic diversity (Quiros et
al. 1990; Zeven 1998; Cleveland et al. 2000). Considerable debate
surrounds the use of farmer names as a basis for arriving at esti-
mates of cultivar numbers (Jarvis et al. 2000).

Second, management practices are linked to the survival of
certain cultivars. At high elevations in Nepal, farmers re-route
cold water from the main valley rivers to raise the water tempera-
ture before irrigation so as to induce earlier flowering and timely
maturation of their rice cultivars (Rana et al. 2000). The informal
sector is an important provider of seeds needed for sustaining ag-
ricultural biodiversity (Almekinders et al. 1994). In Morocco, less
than 13% of durum wheat seed and 2.5% of food legumes, in
Nepal less than 3% of rice, and in Burkina Faso less than 5% of
sorghum are bought as certified seeds each year from the formal
sector, indicating that the majority of seeds used are from local
crop diversity or from seed saved from earlier purchases (Mellas
2000; Ortega-Paczka et al. 2000; Kabore 2000). Improving on-
farm seed storage was also shown to be important in the mainte-
nance of traditional cultivars in the Philippines (Morin et al.
1998).

Third, many factors influence the choice of how many and
which varieties to grow and on what proportions of crop area. In
developing economies, crop cultivar diversity on farms has been
attributed to risk avoidance or to management of such issues as,
for example, climatic uncertainties or pest and disease problems
(Bellon 1996; Pimentel et al. 1997); food security in relation to
total food supplies and nutritional well-being (Johns 2002); in-
come generation, providing products that can be sold in different
markets or are of high value (Smale et al.1999; Gauchan et al.
2003); optimizing land use to ensure cultivars are available for
difficult (stony, wet, cold) lands (Bellon and Taylor 1993; Rijal et
al. 2000); and adaptation to changing conditions such as increas-
ing drought (Sadiki et al. 2001). In advanced economies, diversity
may be conserved through demand for specialized goods and ser-
vices. Concerns for human and ecosystem health may influence
societies to follow a policy goal of supporting local crop cultivars
because of the social benefits they contain (Smale et al. 1999;
Smale 2002).

Fourth, home gardens are important locations for agricultural
biodiversity conservation, providing microenvironments that
serve as refuges for crops and crop varieties that were once more
widespread in the larger agroecosystem. Home gardens can serve
as buffer zones around protected areas, as is the case with the
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Sierra del Rosario Biosphere Reserve in Cuba (Herrera and Gar-
cia 1995). Farmers often use home gardens as a site for experi-
mentation and introduction of new cultivars arising from
exchange and interactions between cultures and communities, or
as sites for domestication of wild species. These useful wild species
are often moved into home gardens when their natural habitat is
threatened, such as in the case of Loroco (Fernaldia pandurata)
given the high rate of deforestation in Guatemala (Leiva et al.
2002). Studies of the genetic diversity of key home garden species
in Cuba, Guatemala, Ghana, Indonesia, Sri Lanka, Venezuela, and
Viet Nam have demonstrated that significant crop genetic diver-
sity does exist in home gardens, and that home gardens can be a
sustainable in situ conservation system (Watson and Eyzaguirre
2002).

Fifth, many options are available for increasing the benefits to
farmers from local crop diversity (Jarvis et al., 2000). These op-
tions include (1) improving the material through participatory
methods including participatory evaluation, improvement, and
breeding (Soleri and Cleveland 2001; Joshi and Witcombe 1998;
Castillo et al. 2000; Ceccarelli and Grando 2000; Bellon et al.
1999); (2) increasing consumer demand through public aware-
ness, for example, through diversity fairs or nutritional awareness
building (Gauchan et al. 2003; Johns 2002); (3) improving access
to materials and information (Bellon 2001, Mazhar 2000); (4)
adaptation to microniches and reduced agricultural inputs; (5) im-
proving ecosystem health and services (CONSERVE 2001, Rijal
et al. 2000); and (6) developing supportive policy recommenda-
tions (Gauchan et al. 2000, 2003; Correa 1999; Cromwell and
van Oosterhout 2000).

5.7.2.2 Ex Situ Conservation Responses

One response to the loss of global crop diversity has been to con-
serve germplasm in ex situ conservation facilities. Over 6 million
accessions of the world’s major food plants are now conserved in
over 1,300 gene banks worldwide, with about 90% of the acces-
sions conserved in the form of seeds (FAO 1998). Various meth-
odologies and approaches have been developed so that specific
traits and alleles are conserved.

Seed banks have well advanced technologies for conserving
and managing orthodox seeds (Engelmann and Engels 2002).
However, for many developing countries, the maintenance of
seed banks is difficult, as electricity supplies are unreliable and fuel
is expensive. Various research projects have recently focused on
the development of ‘‘low-input’’ alternatives to medium- and
long-term cold storage (Engelmann and Engels 2002). One op-
tion is the development of the so-called ‘‘Ultra dry seed storage
technology’’ (Zeng et al. 1998), which allows the storage of seed
germplasm at room temperature, thereby obviating the need for
refrigeration. Other research conducted on drying techniques
such as sun and shade drying (Hay and Probert 2000) offers prom-
ising alternatives to improve the capabilities of resource-poor
countries to conserve their seeds.

Field gene banks are the preferred method for species that pro-
duce short-lived seeds or are vegetatively propagated. Field gene
banks have some drawbacks. Accessions are exposed to pests and
diseases, natural hazards, and human error, all potential sources of
erosion (Engelmann and Engels 2002). Field collection can pose
a heavy burden on the national institutions, implying an urgent
need for implementation of other measures to conserve plant ge-
netic resources more effectively and cost-efficiently.

In-vitro techniques have been devised for the collection, multi-
plication, and short- and medium-term storage of plant germ-
plasm (Engelmann 1997). In-vitro culture protocols have been
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published for well over 1,600 species (George 1996). Slow-
growth storage is used routinely in a limited number of national,
regional, and international germplasm conservation centers for a
few species including bananas, some root and tuber crops, and
temperate fruits (Engelmann 1999).

Cryopreservation, that is, storage at ultra-low temperature, usu-
ally that of liquid nitrogen (	196� Celsius), currently offers the
only safe and cost-effective option for the long-term conservation
of genetic resources of species. Techniques can now be considered
operational on a routine and large-scale basis (Engelmann and Ta-
kagi 2000).

DNA storage is rapidly increasing in importance. DNA is now
routinely extracted and immobilized into nitro-cellulose sheets.
These advances have led to the formation of an international net-
work of DNA repositories for the storage of genomic DNA
(Adams 1997).

Pollen storage has also been considered as an emerging technol-
ogy for genetic conservation (Towill and Walters 2000). In the
past 10 years, cryopreservation techniques for pollen have been
developed for a number of species (Hanna and Towill 1995) and
cryobanks of pollen have been established for fruit tree species in
a few countries (Ganeshan and Rajashekaran 2000).

Botanic gardens have long been the main center for the conser-
vation of wild species (Heywood 1991). More recently, the con-
tributions of botanic gardens in conserving different kinds of
germplasm that are relevant to crop diversity have been recog-
nized (Heywood 1999). Over 1,800 botanic gardens and arboreta
are found in 148 countries worldwide and maintain more than 4
million living plants accessions (Wyse Jackson and Sutherland
2000). Many botanic gardens also have seed storage facilities,
maintaining more than 250,000 accessions (Laliberte 1997).

Typically, ex situ conservation is carried out by universities
or national institutions, which have developed facilities (storage,
laboratories, information) and field production capacity necessary
to undertake long-term commitments to store and make available
the accessions. In addition, international gene banks are main-
tained by the research centers of the Consultative Group on In-
ternational Agricultural Research. International collaboration on
conservation and use of these plant genetic resources has been
considerable, involving the work of the FAO Commission on
Plant Genetic Resources and the development of the Global Plan
of Action for the Conservation and Sustainable Utilization of
Plant Genetic Resources for Food and Agriculture (FAO 1996)
that was signed by about 150 countries. The International Treaty
on Plant Genetic Resources was agreed in 2002 (FAO 2002) and
is now in force.

Ex situ conserved materials are essential for the production of
new improved cultivars and provide a basis for increasing produc-
tivity and the genetic diversity needed for production with, for
example, reduced use of pesticides, fungicides, and herbicides,
and improved water use efficiency. Genetic resources are sent
from gene banks to users throughout the world, and developing-
country users benefit considerably from these flows (Fowler et al.
2001). In areas affected by natural and man-made disasters, crop
genetic diversity can help restore natural and agricultural ecosys-
tems.

5.7.2.3 In Situ Conservation of Crop Wild Relatives in Natural
Ecosystems

New crop cultivars are often obtained from wild or weedy mate-
rials. These processes continue to affect the genetic diversity of
crops in centers of diversity as farmers adopt new genotypes into
their farming systems (Jarvis and Hodgkin 1999; Altieri and Mon-
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tecinos 1993; Quiros et al. 1992). In addition, farmers may bring
wild varieties into their farming systems. Wild relatives of crop
species (also called crop wild relatives) have already made substan-
tial contributions to improving food production through the use-
ful genes they contribute to new crop varieties (Hodgkin and
Debouck 1992).

Genes that provide resistance to pests and diseases have been
obtained from crop wild relatives and used in a wide range of
crops, including rice, potato, wheat, and tomato. A classic exam-
ple is the interspecific tomato hybrid between wild Lycopersicon
peruvianum and cultivated L. esculentum, which led to scores of
tomato varieties with resistance to root knot nematode (Rick
1963). Genes from crop relatives have been used to improve pro-
tein content in wheat and vitamin C content in tomato. Broccoli
varieties producing high levels of anti-cancer compounds have
been developed using genes obtained from wild Italian Brassica
oleracea. Crop wild relatives have also been a source for genes for
abiotic stress tolerance in many crops.

With the advances made in molecular genetics it is now possi-
ble to transfer genes between distantly related taxa or even taxa
from different kingdoms, thereby broadening the value of crop
wild relatives. Natural populations of many crop wild relatives are
increasingly at risk. They are threatened by habitat loss, deforesta-
tion (for example, coffee in Ethiopia; Tadesse et al. 2002), and
overgrazing and resulting desertification. Meilleur and Hodgkin
(2004) have reviewed the current status and trends of conserva-
tion activities on crop wild relatives in about 40 countries
throughout the world. Crop wild relatives are also traditionally
found in agroecosystems in and around farms; the increasing in-
dustrialization of agriculture is reducing their occurrence.

While it is clear that the continuing development and deploy-
ment of more genetically uniform improved crop varieties has an
effect on the amount and distribution of the diversity of tradi-
tional crop varieties in production systems, it is not clear what the
effect of genetically modified varieties will be. Some are con-
cerned that genetically modified crops will tend to reduce further
the amount of crop diversity in production systems and that they
might affect diversity of non-crop components (such as insect spe-
cies), or that transgenes will move from crops to their close wild
relatives. Others point to the dependence of conventional agricul-
ture on agrochemicals as a major problem that genetically modi-
fied varieties could help overcome (Gepts and Papa 2003).

5.7.2.4 Eco-agriculture as a Response for Conserving ‘‘Wild
Biodiversity’’

Sustainable agriculture and sustainable management of crop diver-
sity often depend on sustainable management of the surrounding
natural ecosystem. One means of linking agriculture with other
land uses is eco-agriculture, defined as a framework that seeks
to achieve simultaneously improved livelihoods, conservation of
biodiversity, and sustainable production at a landscape scale (Mc-
Neely and Scherr 2003).

Enhancing environmental responsibility as an aspect of on-
farm management has driven the evolution of an array of sus-
tainable agriculture and natural resource management models,
including organic agriculture, agroecology, integrated crop man-
agement, and conservation farming. The relative economic, so-
cial, and environmental benefits of adopting any particular model
are very situation specific, influenced by the needs, local use con-
ditions, and resource capacities of individual practitioners, and
also the nature of adjacent resource management strategies being
implemented. Achieving meaningful benefits to biodiversity be-
yond farm level demands further coordination between strategies
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at the landscape scale. Eco-agriculture aims to build upon extant
models and intentionally integrate the knowledge and activities of
practitioners, policy-makers, researchers, educators, and extension
services within the sectors of agriculture, conservation, and rural
development. An integrated approach, encompassing a range of
strategies, offers practitioners more choice to adopt the manage-
ment system most appropriate to their needs.

Eco-agriculture can be supported through six overarching im-
plementation strategies (McNeely and Scherr 2003):
• make space for biodiversity reserves within agricultural land-

scapes;
• develop simple, low-cost habitat niches and networks for wild

biodiversity on and around farmlands;
• modify farming systems to mimic natural ecosystems;
• reduce pressure to convert further land to agriculture, enhanc-

ing the productivity of extant agricultural systems;
• reduce the use of external inputs within integrated pest, live-

stock and nutrient systems; and
• encourage soil, water, and vegetation resource management

strategies with potential to benefit biodiversity.
These encompass activities that can be implemented by indi-

vidual practitioners at a farm or ecosystem level and, at a landscape
level, collaborative strategies that can enhance the adoption of
strategically complementary approaches among neighboring land
users.

Of the 36 cases reviewed by McNeely and Scherr (2003), 28
principally benefited poor, small-scale farmers. Enhanced ecosys-
tem productivity and stability reduced production-associated
risks, raised food and fiber production, and thus improved liveli-
hood security. Net income increases were demonstrated in 15
cases, with other reviewed cases exhibiting significant economic
potential. However, data on farm income impacts remain poor.
The considerable overlap between regions where agricultural
productivity increases are vital for food security and poverty re-
duction, and areas where wild diversity is richest, highlights eco-
agriculture’s significant potential to have positive impacts on rural
poverty and biodiversity, provided that socioeconomic and politi-
cal conditions are enabling.

5.7.3 Forestry

For a detailed discussion of sustainable forestry management, the
reader is referred to Chapter 8 of this volume. Discussed here are
two issues related to including biodiversity issues in the forestry
sector.

5.7.3.1 Non-Wood Forest Products

Natural forest ecosystems are especially rich in biodiversity. How-
ever, unsustainable logging practices result from the lack of ade-
quate planning and from biased policies focused on logs more
than on the entire value of the natural forest. Despite these cir-
cumstances, various innovative measures that consider biodiver-
sity in the natural forest ecosystems have emerged. One such
measure is giving greater attention to non-wood forest products
(IUCN 2000c). Unlike large-scale commercial logging, harvest-
ing NWFPs can be less harmful environmentally, as it takes into
account the entire value of the natural forest ecosystem, and can
contribute to conservation of biodiversity. However, NWFPs re-
quire careful management and must take into account sustainable
use practices in order to avoid overharvesting of certain species,
as witnessed in the case of Brazil nuts in the Amazon, ginseng in
North America, and rattan in Southeast Asia.

While policies geared toward promoting NWFP can be bene-
ficial to biodiversity conservation and social and economic sec-
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tors, industries based on NWFP are only now emerging, and
require more attention and full integration into forest policies of
countries. This would balance the policies of countries that focus
on large-scale commercial logging projects that are targeted at
earning fast money, as can be witnessed in many temperate and
tropical countries (Filer and Sekhran 1998).

5.7.3.2 Certification and Sustainable Forest Management

A measure that is voluntary in nature, but is gaining widespread
recognition due to market pressures and conservation needs in the
forestry sector, is certification for forest products harvested in a
sustainable manner (Hirakuri 2003). Certification of forest prod-
ucts is market driven but at the same time contributes to conser-
vation of biodiversity. Certification is now working in Europe,
North America (Raunetsalo et al. 2002), and individual countries
such as Brazil (Hirakuri 2003). The practice is expanding into
other products such as coffee, where environmentally friendly
cultivation practices that integrate biodiversity are encouraged.
Coupled with certification is the forest tracing system used in
sustainable forest management now found, at least in rhetoric, in
countries such as Indonesia (Jakarta Post 2000), Russia (Forest.ru
n.d.), Canada, and the United States to prevent illegal logging.
The forest tracing system has contributed to SFM.

However, deforestation still continues in most parts of Africa,
Latin America, Asia, and the Pacific, caused by poverty, popula-
tion growth, economic growth, urbanization and the spread of
agriculture (UNEP 1999). New and innovative initiatives includ-
ing NWFP policies, certification, and SFM have to be designed
to minimize deforestation. Furthermore, policies, legislation, and
institutions need to be designed to support sustainable forest man-
agement.

5.7.4 Marine Reserves, Biodiversity, and Fisheries

This section focuses on marine reserves for biodiversity conserva-
tion, and the links to fisheries management. For a detailed discus-
sion of fisheries for food, the reader is referred to Chapter 6 of
this volume.

Fully protected marine reserves (a special kind of marine pro-
tected areas) can be defined as ‘‘areas of the ocean completely
protected from all extractive and destructive activities.’’ Marine
protected areas are defined as ‘‘areas of the ocean designated to
enhance conservation of marine resources.’’ The level of protec-
tion within MPAs varies, and in many MPAs certain activities
such as fishing may be allowed (Lubchenco et al. 2003, p. 53).

A meta-analysis of 89 studies (Halpern 2003) concluded that
marine reserves, regardless of their size, in almost all cases lead to
increases in density, biomass, individual size, and diversity (species
richness) of species in the reserve (with the exception of inverte-
brates). The diversity of communities and the mean size of the
organisms are between 20% and 30% higher compared to unpro-
tected areas. The density of organisms is roughly double and bio-
mass nearly triple. Proportional increases occur in reserves
regardless of size. But for conservation and fisheries purposes, ab-
solute increases in numbers and diversity are important (for exam-
ple, to sustain viable populations, to ensure spill-over effects, and
to protect against catastrophic events). It is therefore likely that at
least some large reserves are required for biodiversity conserva-
tion.

The science of selection and design of marine reserves is now
well developed (Roberts et al. 2003a; Hastings and Botsford 2003;
Roberts et al. 2003b; Sala et al. 2002). Methods of MPA design
and implementation have affirmed themselves as effective tools
for biodiversity conservation (Crosby et al. 2000). These methods
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recognize the use of a whole set of tools—including no-take
zones—that should be made available to all sectors of society that
are concerned, directly or indirectly, with MPA design and imple-
mentation. In fact, the growing recognition of the importance of
MPAs by sectors of society that are not, traditionally, conser-
vation-driven, calls for an authoritative and at the same time
adaptive approach for MPA implementation to achieve a balance
between biodiversity conservation and economic development.
Clear and pragmatic guidance with regard to MPA design and
implementation is provided in a recent paper on the subject
(Agardy et al. 2003). According to the authors, an appropriate
mix of various management tools should be utilized in MPA set-
ting and management, depending upon specific conditions and
management goals.

Benefits to commercial fisheries outside the reserves are
poorly documented so far and still the subject of debate (Ward et
al. 2001), and benefits beyond the actual reserve limits (for exam-
ple, benefits for fisheries) may be limited (Kura et al. 2004). Part
of the problem is that few marine reserves have been strictly pro-
tected and monitored for a sufficiently long period that benefits
in surrounding waters could show up. Even fewer reserves have
been set up specifically to enhance a commercial fishery. In addi-
tion, monitoring and demonstrating the spillover effect is no easy
matter, and documenting benefits to distant waters is even more
difficult.

One understated strength of marine reserves is that they pro-
vide a clear example of an ‘‘ecosystem-based’’ approach to fisher-
ies management, since they protect both fish and the ecosystems
where they live. In marine reserves, all species—regardless of their
commercial value, sex, or size—are protected. Reserves can also
maintain the structure of marine communities intact, allowing
important interactions among species to function unimpeded.
This can provide a good complement to typical fishery manage-
ment approaches that focus on maintaining a single species only
(and only where there is a commercial incentive). This may be
especially useful in the tropics, where many species may be com-
mercially exploited in one fishery. A marine reserve approach, in
this case, is probably easier to implement and enforce than trying
to regulate the fishing effort or catch quota of each species sepa-
rately (Ward et al. 2001; Roberts and Hawkins 2000).

Aquaculture is likely to grow further in importance, but is no
panacea. It uses large amounts of wild fish, processed into fish
food, and has other negative environmental impacts that need to
be reduced (for example, the risk of invasive alien species through
escape, diseases, impacts of genetically modified fish, conversion
of natural ecosystems).

In 2000, the Conference of the Parties to the CBD charged
its Ad Hoc Technical Expert Group on Mariculture with the task
of assessing the consequences of mariculture for marine and
coastal biodiversity and promoting techniques that minimize ad-
verse impact. In 2003, the Group released its report, which, while
stressing that all forms of mariculture affect biodiversity at all of its
levels (mainly through habitat degradation, disruption of trophic
systems, depletion of natural seedstock, transmission of diseases,
and reduction of genetic variability, as well as the biodiversity-
effects of pollutants and contaminants), also pointed out that,
under certain circumstances, local mariculture activities can en-
hance biodiversity (CBD 2003b). A significant contribution by
this group has been to agree on recommended methods and tech-
niques for preventing the adverse effects of mariculture on bio-
diversity, the most important of which are proper site selection,
optimal management practices (such as proper feeding) and tech-
nological enhancements, culturing different species together
(polyculture), and the use of enclosed and, in particular, recircu-
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lating systems (CBD 2003b). The group also recommended the
use of aquaculture-specific certification of the product, which
highlights that the species in question has been produced accord-
ing to guidelines, codes of practice (sometimes followed by eco-
labeling), or quality standards such as organic mariculture (CBD
2003b).

5.7.5 Assessment

We can conclude with a high degree of confidence that the benefits
from ex situ conserved genetic diversity are substantial, though
much more work is required in this area to develop adequate
appreciation and estimates of the full benefits. While the technol-
ogy continues to improve, the major constraint is ensuring that
an adequate range of genetic diversity is contained within the ex
situ facilities, and that these remain in the public domain where
they can serve the needs of poor farmers. In addition, ex situ
facilities are unlikely to conserve the full range of genetic diversity
of species. To achieve more effective conservation a complemen-
tary approach to conservation using in situ conservation should
be adopted (Engelmann and Engels 2002).

The technologies for in situ conservation in domesticated
landscapes are well developed. However, the economic incentives
seem to favor a narrowing of genetic diversity and greater unifor-
mity of crops. While attractive on the surface, this trend carries
significant long-term dangers in terms of maintaining the capacity
to adapt to changing conditions.

While the importance of wild relatives of domesticated plants
and animals is well recognized, we conclude that very little is
being done to carry out detailed inventories of their status and
trends, and to ensure that protected areas are managed in ways
that both conserve the wild relatives and make their genes avail-
able for use.

War, famine, and environmental disasters may limit the avail-
ability to poor farmers of many of the crop varieties that they have
traditionally grown. Seed and other propagating materials may be
lost or eaten, supply systems disrupted, and seed production sys-
tems destroyed. At the same time, aid organizations may distribute
seed of new cultivars from a very narrow genetic base that often
require rather different production practices than those practiced
locally. The net effect of this can be substantial loss of traditional
cultivars or changes in the numbers and types of varieties grown
(Richards and RuivenKamp 1997).

Assessing the impact of eco-agriculture suffers from a lack of
consistent, comprehensively documented research on eco-
agricultural systems, particularly regarding agricultural production–
ecosystem health interactions, but all 36 eco-agricultural initia-
tives reviewed by McNeely and Scherr (2003) demonstrate
benefits to landscape and ecosystem biodiversity, while impacts
on species biodiversity were very situation specific. The greatest
benefits were realized when intentional ecosystem planning
achieved coordinated adoption over large areas. However, even
when adoption was limited to individual farm-level activities, sig-
nificant benefits to ‘‘wild’’ biodiversity were recorded.

Conserving biodiversity in forest production systems has re-
ceived considerable attention (Szaro and Johnson 1996; Linden-
mayer and Franklin 2002), and the necessary policies and practices
are well known. However, the incentives needed to put these
into practice are still insufficient in most countries.

It can be stated with a high level of confidence that protecting
marine areas is a good investment for the conservation of marine
biodiversity. In some cases, MPAs may also help the recovery of
fish stocks beyond reserve boundaries.
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A scientific consensus on the science of marine reserves is
emerging. Some of the key findings for biodiversity conservation
are (Lubchenco et al. 2003):
• reserves conserve both fisheries and biodiversity;
• networks of reserves are necessary for long-term fishery and

conservation benefits (a network of reserves provides signifi-
cantly greater protection than a single reserve);

• reserves result in long-lasting and often rapid increases in the
abundance, diversity, and productivity of marine organisms;

• reserves reduce the probability of extinction for marine species
resident within them;

• increased reserve size results in increased benefits, but even
small reserves have positive effects; and

• full protection is critical to achieve this full range of benefits.
It should be emphasized, however, that the importance of ma-

rine protected areas as a tool for in situ conservation depends also
on factors outside the reserve boundaries, such as pollution, cli-
mate change, and overfishing.

5.8 Designing Governance Approaches to
Support Biodiversity

5.8.1 Introduction

Designing governance approaches to support biodiversity is both
a response in itself, and creates enabling conditions for other re-
sponses to succeed. For example, establishing laws for access to
resources in PAs supports biodiversity conservation directly.
Maintaining a well-functioning legal system enables other re-
sponses, such as PAs, to be effective because the enforcement of
laws carries consequences without which the PA would become
a paper park. This section assesses what kinds of governance work
best for what aspects of biodiversity and under what conditions.

Governance as ‘‘the act or manner of governing’’ (Oxford
Concise Dictionary, 8th edition, 1990) is used broadly here, and
often relates to the exercise of governmental authority at various
levels, but can also involve the exercise of some control or au-
thority by other actors, for example indigenous peoples or the
private sector. ‘‘Good governance’’ involves establishing and en-
forcing appropriate laws, developing management and other insti-
tutions, and maintaining a system that limits corrupt activities.

The CBD in its description of the ecosystem approach (Deci-
sion V/6) acknowledges that ‘‘the scale of analysis and action
should be determined by the problem being addressed,’’ and in-
cludes as two principles of the ecosystem approach that ‘‘manage-
ment should be decentralized to the lowest appropriate level’’ and
that ‘‘the ecosystem approach should be undertaken at the appro-
priate spatial and temporal scales.’’ The similar approach in ‘‘sub-
sidiarity’’ means that a higher level of authority should only act if
the objectives of the intended action cannot be sufficiently
achieved by a lower level of authority.

Many central governments have decentralized certain respon-
sibilities, sometimes with insufficient attention to whether appro-
priate powers and responsibilities are being devolved from the
center and whether the necessary local institutional infrastructure
is in place to receive newly decentralized powers and obligations.

This decentralization can take different forms, varying in how
much authority, accountability, and representation is assigned to
the lower levels of governance. For example, since 2002, Mexico
has decentralized the authority and responsibility for enforcement
of federal environmental rules to states and local entities that dem-
onstrate that they have the institutional capacity to take on those
responsibilities. With respect to Mexico’s megabiodiversity, such
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decentralization has required large investments in the manage-
ment and institutional capacity at the local and state levels. The
fact that biodiversity generates benefits beyond local and even
regional boundaries implies that decentralization of biodiversity
conservation management could shift management toward local
benefit provision if proper national or international incentives and
management structures are not nested with local management.

Devolution takes place when decision-making powers are de-
volved to local branches of the central state (prefects, administra-
tors, or technical agents such as foresters). These upwardly
accountable bodies are local administrative extensions of the cen-
tral state. They may have some downward accountability built
into their functions, but their primary responsibility is to central
government. When authority and decision-making powers are
devolved to local government authorities, issues of representation
are at stake. One key question is how these local authorities are
chosen. Are they elected by the communities they are supposed
to represent, or are they appointed by central government?

Privatization is also often done in the name of decentralization
and participation, and devolves public resources to private groups,
such as individuals, corporations, management committees,
NGOs, etc. These bodies may be accountable within certain legal
and moral bounds, but their objectives are often determined by
their members, not the public as a whole (Ribot 1999). Such
privatization can lead to more exclusion than participation and to
less public accountability.

The renewed focus on indigenous groups under the CBD’s
Article 8(j) has led to calls to reinforce ‘‘traditional’’ authorities in
natural resource management. The role and legitimacy of these
authorities may differ from community to community. Chiefs can
be administrative auxiliaries of the state (hence upwardly account-
able), dedicated to the local population (downwardly accountable),
or autocratic local powers (Ribot 1999). Many decentralized and
participatory environmental management policies and projects
rely on NGOs, project or government-organized management
committees, local project administrators, local government ad-
ministrators, or technical service agents, to represent local com-
munities in matters of natural resource decision-making (Ribot
1999, UNESCO 2000). When representative local government
is in place, the empowering of alternative authorities (including
‘‘traditional authorities’’) undermines the function and ultimately
the legitimacy of the local authorities (Ribot 1999). In some cases,
this is aggravated by a constant shifting of power over resources
from one set of authorities to another and back again (Spieren-
burg 2003).

Barrett et al. (2001) argue for stepping beyond the ‘‘false di-
chotomy’’ of community versus central government and recognize
the value of diversity in approaches to governance. Community-
based methods work best if social control at the local level is
strong enough to restrict access to the resource. Government sys-
tems work best if they are run by a competent bureaucracy.
Where authority should be placed depends on the resource to
be managed and the relative strengths of the different levels of
authority.

5.8.2 Examples of Governance Approaches in
Biodiversity Conservation

Governance in practice requires institutions and a framework in-
cluding rules on accountability, enforcement, reporting, and dis-
tribution of benefits. Sound institutions are essential for successful
governance.

In 152 case studies of net loss of tropical forest cover, Geist and
Lambin (2002) analyzed the underlying driving forces of tropical
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deforestation, including demographic, economic, technological,
political, institutional, and cultural factors. Policy and institutional
factors (including property rights, policy climate, and formal poli-
cies) were found to be an underlying cause of tropical deforesta-
tion in 78% of the case studies (second to economic factors, with
81%).

At the end of the 1990s, the Indonesian government devolved
management responsibility for all forests outside protected areas
to the district level within provinces (criteria and standards were
still to be set by central government), in the context of new legis-
lation that promoted regional autonomy. Many districts did not
have the capacity to manage and enforce a sustainable forestry
policy, resulting in logging concessions in biodiversity rich areas
and illegal logging. The Indonesian Directorate of Nature Con-
servation acknowledged the problem and stated that the military
may be needed to protect national parks instead of local police
(Jepson et al. 2001).

Kellert et al. (2000) assessed the success of a number of Com-
munity Based Natural Resource Management approaches in
Kenya, Nepal, and the United States using six variables, one of
which was empowerment. They found that although all case
studies intended to devolve authority from higher to more local
levels, the actual extent of this devolution was uneven, ‘‘often
questionably effective,’’ or not equitable (with only small groups
in local communities benefiting). A clear judicial and legislative
mandate for devolution and well-developed institutions were
identified as factors for success of the CBNRM scheme and, more
specifically, its ‘‘empowerment’’ aspect.

Smith et al. (2003) investigated the correlation between qual-
ity of country governance and changes in three components of
biodiversity (forests, African elephant, and black rhinoceros). The
results (though less strongly for forests) confirm the link between
corruption and conservation failure, emphasizing the need to
strengthen institutions.

Local councils oversee the Masai Mara National Reserve in
Kenya. Because few fees have been collected or effectively in-
vested, local communities that were entitled to 19% of reserve
revenues as compensation for human-wildlife conflict had re-
ceived little or no money since the mid-1990s. The local council
(Trans Mara County Council) has now contracted a private con-
sortium to manage part of the reserve (ticketing, revenue collec-
tion, tourism management, security, and wildlife conservation),
resulting in a significant increase in revenue collection and in-
creased donor funding. If the consortium can ensure that the ben-
efits do flow to neighboring communities, this becomes an
example of a public-private partnership that successfully addresses
governance problems (Walpole and Leader-Williams 2001; Cal-
decott and Lutz 1996).

5.8.3 Assessment

Where authority is devolved to a lower level because action at
that level will be more effective (for example, better adapted to
the resource that will be managed, or more capable to create in-
centives to conserve a resource), such devolution can allow local
capture of benefits of biodiversity, combined with a sustainable
management of the resource. Where a higher government level
devolves authority for reasons not related to the achievement of
the conservation goal (for example, to reduce the burden on a
central government administration), or where devolution happens
without institutional capacity at the lower level, it has not helped
biodiversity conservation, and has even led to the loss of biodiver-
sity.
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Without good governance and strong institutions, the level at
which authority is located may only marginally influence the suc-
cess of responses to biodiversity loss. This statement, however,
does not reduce the importance of the principles of decentraliza-
tion or subsidiarity as a guiding principle for reasons of efficiency,
democratic legitimacy, and ethics. Institutional diversity and
nested institutional arrangements (Ostrom 1998) may be the way
forward, as all levels of authority have their strengths and weak-
nesses (Ostrom et al. 1999).

The case studies reviewed identify the following issues as rele-
vant when deciding on a governance approach:
• Not all functions can be decentralized usefully (Caldecott and

Lutz 1996). For example, tangible benefits of biodiversity
might most often be harvested locally, and local management
may include the social control required to prevent overhar-
vesting. At the same time, protection from, for example,
armed poachers may require a higher-level authority.

• A necessary condition for successful decentralization is a na-
tional framework that supports it. Moreover, decentralization
is a political process involving the redistribution of power, re-
quiring a mediating body between the different levels (this can
be central government, but also, for example, an NGO).

• Complications may be added where local people or authori-
ties are unaware of some of the consequences of management
options. Awareness and education are essential.

• Sound institutions and high quality of governance at all lev-
els—including well-established tenure rules at the local level
(Ostrom 1998)—are essential prerequisites for successful de-
centralization of environmental management.

5.9 Promoting International Cooperation through
Multilateral Environmental Agreements
The most pressing global environmental issues—the loss of bio-
logical diversity, deforestation, invasive alien species, climate
change, the loss of wetlands, overgrazing, the protection of inter-
national waterways, desertification, ozone depletion, and toxic
waste—create major challenges for legislation-based responses.
Various treaties have emerged in the past few decades to address
these issues. These multilateral environmental agreements play a
crucial role in the conservation and protection of the environ-
ment, and they are inextricably linked to the alleviation of pov-
erty in developing countries. (See Box 5.6.)

But how effective have they been in protecting the environ-
ment? The effectiveness of multilateral environmental agreements
has been widely discussed and well-documented (Jacobson and
Brown Weiss 1997; Sand 1992; Werksman n.d.; May et al. 1996;
Bilderbeek 1992; Cameron et al. 1996). Effectiveness varies ac-
cording to the objective assessed, such as solving the problem,
achieving the goals set out in the treaty, altering behavior patterns,
and enhancing national compliance with the rules in international
agreements (Birnie and Boyle 2002). Therefore, the effectiveness
of different MEAs is influenced by the nature of the environmen-
tal problem and several other factors. Possible measures of success
differ for the different MEAs. Boxes 5.7 and 5.8 discuss the rela-
tive success of two international agreements.

5.9.1 Key Factors Leading to Effective
Implementation of Treaties

Several studies on implementation and compliance present similar
findings on the effectiveness of environmental agreements. One
empirical study indicates that although compliance has been low,
the overall implementation of treaties is positive (Jacobson and
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BOX 5.6

How Multilateral Environmental Agreements Affect Rural
Poverty

Few multilateral environmental agreements address the poverty allevi-
ation priority of developing countries, but the Convention on Biological
Diversity, in its preamble, recognizes ‘‘that economic and social devel-
opment and poverty eradication are the first and overriding priorities of
developing countries.’’ The CBD (Article 20.4) and UNFCCC (Article
4.7) also state that ‘‘eradication of poverty’’ is one of the commitments
by the parties.

One of the key decisions of the seventh UNFCCC Conference of
Parties (FCCC/CP/2001/L.24/Add.2) is the establishment of a Clean
Development Mechanism, a mitigation measure that could assist devel-
oping countries achieve sustainable development, while recognizing
economic growth as essential for alleviating poverty. Moreover, UNF-
CCC has recently adopted the COP 8 ‘‘Delhi Ministerial Declaration’’
(FCCC/CP/2002/L.6), which emphasizes the implementation of energy
policies that support developing countries’ efforts to eradicate poverty.
The Convention to Combat Desertification also has several provisions
toward alleviating poverty that create an enabling environment to
achieve sustainability objectives. The CCD is considered one of the
tools for poverty eradication, particularly in Africa (WSSD, Plan of Im-
plementation para. 7(l)).

The Ramsar Convention does not specifically provide for the
involvement of local people in wetland management. Nevertheless, the
COP recommendation 6.3 calls for the inclusion of local and indigenous
people in the management of Ramsar wetlands. Subsequently, in 1999
the COP adopted guidelines for establishing and strengthening local
communities’ and indigenous people’s participation in the wetland man-
agement (Res. VII.8). This is the most systematic guideline on partici-
patory management. As stated in the Ecosystem Approach Principles
(Principle 2), management should be decentralized to the lowest ap-
propriate level, and boundaries for management shall be defined by
indigenous and local peoples, among others (Principle 7, CBD 2001–
2004).

Brown Weiss 1997). The study shows that the governance fea-
tures of a country determine the quality of its treaty imple-
mentation, and effective implementation and compliance involve
numerous other factors, including the characteristics of the treaty,
the political will to support it, the human resources committed to
monitoring and reporting, the financial resources allotted, sanc-
tions and enforcement, and country capacities. In addition, moni-
toring by civil society can encourage implementation.

Agreements that impose precise obligations are easier to assess,
such as the Montreal Protocol on Substances that Deplete the
Ozone Layer and CITES. On the other hand, agreements with
vague obligations that do not establish clear standards make it
difficult to judge the extent of compliance, such as the World
Heritage Convention or the International Tropical Timber
Agreement. A second characteristic involves the quantity of regu-
lated objects. For instance, the Montreal Protocol deals with a
limited number of substances, but CITES deals with thousands
of species. This makes CITES difficult for customs officials to
implement.

A second important factor for the implementation and com-
pliance of MEAs is political will. Jacobson and Brown Weiss
(1997) report that when the parties agreed to deepen their specific
commitments, better implementation and compliance resulted.
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Third, a reporting mechanism is essential (Chasek 2001). The
parties to a convention need to report the measures used to com-
ply with the obligations (Glasbergen and Blowers, 1995). Na-
tional reports are critical because they provide the specific
information to show that each country is meeting its obligation
under a convention. Indeed, the ineffective monitoring of MEAs
results in a lack of accurate, complete, and objective information
on the performance of the parties (Werksman n.d.). A reporting
system helps government officials understand their obligations
under the treaties and the means that might be used to aid compli-
ance. It has also been found that a standardized form improves
the effectiveness of the reporting. For instance, the cooperation
between CITES and the World Conservation Monitoring Center
has shown that reporting improves effectiveness (Jacobson and
Brown Weiss 1997).

Fourth, the availability of sufficient human resources to moni-
tor compliance is essential. The secretariats of the conventions are
expected to analyze the country reports submitted by the parties
to the convention, but the secretariats are usually small in size—
many less than 30 people—which makes it difficult to conduct a
thorough and timely analysis (Jacobson and Brown Weiss 1997).
CITES has been enhanced by the close monitoring for infractions
through national and independent reporting by the secretariat.
The infractions are reported in the Conference of the Parties and
are widely publicized (Werksman n.d.).

A fifth factor for effective implementation and compliance is
the availability of financial resources (Richardson 1992). A study
in Cameroon shows that limitation of financial resources is the
main reason for noncompliance with the procedural requirements
of treaties (Jacobson and Brown Weiss 1997). To help assure their
effectiveness, the Vienna Convention and the Montreal Protocol
have an amendment to provide financial assistance in preparing
inventories for the production and consumption of ozone-
depleting substances, and in transforming production facilities (Ja-
cobson and Brown Weiss 1997).

Some treaties have provisions for developed countries to assist
developing countries in meeting their international obligations.
For instance, the CBD (Article 20, 2) calls for ‘‘the developed
country parties to provide new and additional resources to enable
developing country parties to meet the agreed full incremental
costs to them of implementing measures which fulfill the obliga-
tions of the convention.’’

A sixth factor for effectiveness is the establishment of sanc-
tions. Mechanisms for dealing with noncompliance are important
to enable punishment of violators (Chasek 2001). Typically, bio-
diversity-related treaties do not establish sanctions for noncompli-
ance or for failure of parties to adhere to the procedural provisions
(Chayes and Chayes 1991). The lack of monitoring and enforce-
ment provisions in the treaties is a common shortfall of MEAs
(Richardson 1992; Miles et al. 2002).

Although few MEAs impose any sanctions for noncompli-
ance, most do include a dispute resolution mechanism. Formal
dispute settlement mechanisms are rarely used, however, because
countries have preferred to use negotiation to solve problems
(Bilderbeek 1992). Most multilateral environmental regimes have
no compulsory jurisdiction for dispute settlement. In the absence
of a supranational regulatory institution, the implementation is
carried out by national institutions (Sand 1991). However, the
difficulty of monitoring and enforcement is compounded since
implementation by the individual countries is so variable (Rich-
ardson 1992).

Table 5.2 lists 15 MEAs, which directly or indirectly relate
to the protection and conservation of biological diversity. It also
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BOX 5.7

The Convention on Biological Diversity

The 1992 Convention on Biological Diversity is arguably the most impor- In 2002, the target of achieving ‘‘. . . by 2010 a significant reduction of
tant multilateral environmental agreement dealing with biodiversity. An as- the current rate of biodiversity loss . . .’’ was included in the Strategic Plan
sessment of the effectiveness of the CBD needs to include consideration for the Convention (Decision VI/26). This target date was reinforced by the
of progress towards the CBD’s objectives, the external impact of the CBD, Plan of Implementation adopted at the 2002 World Summit on Sustainable
and the nature of the CBD as a mechanism (that is, what it may reason- Development, which also confirmed the need for new and additional fi-
ably be expected to achieve). nancial and technical resources for developing countries.

A central strength of the CBD is the integrative nature of its three For the first decade of its existence, the CBD has been a process-
linked objectives of conservation, sustainable use, and benefit sharing. oriented and relatively marginal convention, if viewed in a broad political
However, these are ‘‘process’’ rather than ‘‘outcome’’ objectives. Many of context. Achievement of the 2010 target will require unprecedented politi-
the CBD’s provisions have vague formulations, whose content can only cal and financial commitments across a wide range of sectors. Other
be tested in implementation (Rosendal 1995). The national biodiversity developments, such as the proposal for a new regime on benefit-sharing
strategies and action plans, which form a central implementation mecha- by the Group of Like-minded Megadiverse Countries, and the growing
nism, have resulted in positive actions at the national and local level, but recognition of the importance of biodiversity to the Millennium Develop-
experience varies. Weaknesses include the absence of a clear process ment Goals, raise the possibility of reinforcing the CBD to address the
for assessing, verifying, or discussing national reports on implementation new agenda. This could involve the Conference of the Parties making use
(Global Forest Coalition 2002). The absence of consensual scientific of Article 23.4(i), which states that it is to: ‘‘[c]onsider and undertake any
knowledge in support of the CBD has been viewed as one of its greatest additional action that may be required for the achievement of the purposes
shortcomings (Le Prestre 2002). of this Convention in the light of experience gained in its operation.’’ Cur-

Disaggregated, the CBD has had positive effects, notably at the national rently, the CBD seems to stand at a crossroads, with its Biosafety Protocol
level because its main emphasis has been on national implementation. How- recently entering into force, nearly 190 States Parties, and regular meet-
ever, one could argue that a global response option is needed, one that can ings of its Conference of Parties and various subsidiary bodies. On the
advance a coordinated and results-oriented international effort across the other hand, government enthusiasm and funding seem to be waning, and
spectrum of complex, interacting forces that drive biodiversity loss. The CBD relatively few nongovernmental organizations are stepping in to support
should be playing this role. In this respect, it has not yet succeeded. decisive action to actually implement the CBD on the ground.

BOX 5.8

The Bolivian National Strategy for Biodiversity Conservation

Bolivia ratified the Convention on Biological Diversity in 1994, so the gov- mote its integration in development planning through plans and strategies
ernment needed to develop a corresponding framework for implementa- at the national, departmental and sectoral levels. This includes linking
tion. In a pluricultural and multiethnic country such as Bolivia, where many strategies for the use of nonrenewable and renewable natural resources.
people depend directly on biodiversity services without being necessarily The objective of the Strategy is the conservation of biological re-
aware of the need for conservation, agreeing on biodiversity’s role has sources, in particular those of ecological, economic, and cultural impor-
been a major challenge. tance. It is recognized that the conservation of ecosystems, species, and

The Bolivian process of developing its National Biodiversity Conserva- genetic resources affected by destructive processes is fundamental to
tion Strategy was through committees led by the Ministry of Sustainable ensure the maintenance, functionality, productivity, and dynamism of the
Development and Planning. Several committees were established involv- environment and to maintain the productive base of the country. At the
ing specialists, experts, and representatives from the government and civil same time the economic potential of biodiversity is recognized as a current
society. Hundreds of people participated in departmental, sectoral, and and potential source of benefits at many levels in the medium and long
national workshops, raising the level of awareness of biodiversity of most term.
of the decision-making levels of society and the government. The Strategy has become a governmental policy and a principal chal-

The Strategy was validated and approved by all participants in the lenge is to reach beyond traditional government and jurisdictional bound-
process (civil society and the government) through an act signed at the aries. Civil society has validated the Strategy, but does not feel sufficient
concluding national workshop, and subsequently officially ratified through ownership to promote its implementation. The Strategy was designed as
a Supreme Decree. Within the Strategy framework, Bolivia recognizes the a mechanism for multilateral and bilateral fundraising, and it will be possi-
strategic character of biodiversity to improve the quality of life of the popu- ble to measure whether the future conservation funding was facilitated by
lation and promote national development, in addition to the need to pro- the elements included in the strategy.

indicates where an MEA contains provisions related to imple-
mentation as discussed above.

Enforcement mechanisms differ among the treaties. In gen-
eral, the expressions used in the treaties, which impose the obliga-
tions, are criticized as vague, thus lacking effective force (Boer
1998; Bilderbeek 1992). For instance, most of the treaties listed
in Table 5.2 do not have clear provisions for implementation.
Rather, they use expressions such as ‘‘to explore,’’ ‘‘to encour-
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age,’’ or ‘‘where appropriate and feasible,’’ which weaken the
provisions.

Some treaties state explicitly that each country’s domestic leg-
islation should provide sanctions for noncompliance with the reg-
ulations of the agreements. For instance, the Basel Convention
(Article 9.5) imposes strict trade sanctions. CITES (Article 8.1)
requires the parties to take measures to penalize illegal trade, and
to confiscate illegally traded specimens.
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Most treaties have a reporting system and publish data on the
relevant parties’ follow-up of regime decisions. However, these
data are often incomplete (Wettestad 1999). Some conventions
do not have a specific requirement for reporting. In the case of
the Ramsar Convention, this is compensated by a Conference of
the Parties recommendation which stipulates that ‘‘all Parties
should submit detailed national reports to the Bureau at least six
months prior to each ordinary meeting of the Conference of the
Parties’’ (Recommendation 2.1). In addition, Recommendation
5.7 on national committees mentions the opportunity for non-
governmental organizations to have input in the preparation of
the report (Isozaki 2000). Nevertheless, many countries have not
submitted their report because the recommendation does not
specify content or guidance for preparing the report.

Together with a reporting system, notification from the con-
cerned country is important for monitoring. In the case of
CITES, it helps to detect cases such as illegal transboundary
movements and illegal trade of specimens; it also helps to notify
affected or potentially affected states that may suffer adverse effects
on the conservation and sustainable use of biodiversity, and on
human health (Biosafety Protocol, Article 17, 1).

Some treaties have concrete provisions on noncompliance,
while others use other enforcement methods, such as imposing
sanctions or making recommendations. The World Heritage
Convention itself does not provide noncompliance measures, but
the operational guidelines establish procedure for eventual dele-
tion of properties from the World Heritage list when the property
has deteriorated or when the necessary corrective measures have
not been taken.

Some treaties provide for monitoring by non-state entities,
such as nongovernmental organizations and experts in the con-
cerned area. Most treaties have provisions to ensure coordination
with other conventions.

5.9.2 Overcoming the Limitations

Implementation and compliance can be improved by taking into
account the factors discussed above. Existing multilateral environ-
mental agreements have been piecemeal, so the coordination of
actions among various MEAs is essential for better implementa-
tion (Bilderbeek 1992). In this regard, the WSSD Plan of Imple-
mentation recognizes the need for cooperation between the
relevant international organizations. As a priority to improve im-
plementation, it advises actions ‘‘to encourage effective synergies
among multilateral environmental agreements dealing with the
protection and conservation of biodiversity, through the develop-
ment of joint plans and programs with due regard to their respec-
tive mandates, regarding common responsibilities and concerns’’
(Paragraph 42 (c).

In fact, some conventions have been successfully implement-
ing cooperative works in areas of the common interests among
them. The Ramsar Convention has been promoting cooperation
and coordination with other treaties to achieve the objectives of
the convention. For instance, the Ramsar and World Heritage
conventions have cooperated to identify and strengthen conserva-
tion of those sites of international importance, which are of mu-
tual interest and benefit (Article II, Ramsar MOU with the World
Heritage Convention, May 14, 1999). Furthermore, cooperation
between the Ramsar Convention and the Convention on Migra-
tory Species has been in effect since 1997, in terms of joint con-
servation action, data collection, storage and analysis, institutional
cooperation, and new agreements on migratory species (Ramsar
1997). The Ramsar Convention has adopted its third joint work
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plan with the Convention on Biological Diversity, covering the
period 2002–2006.

Although some treaties do provide financial resources, the
terms usually avoid specifying concrete measures, such as how
much assistance, to whom, and on what terms (Boer et al. 1998).
For instance, to implement a convention like CITES requires sig-
nificant financial resources for training, but that convention does
not provide any means or financial mechanisms for doing so.
Likewise, the Ramsar Convention does not have a provision for
financial assistance. However, Conference of the Parties resolu-
tion 4.3 set up the Ramsar Small Grants Fund for Wetland Con-
servation and Wise Use in 1990 to provide assistance for wetland
conservation initiatives in developing countries or countries with
economies in transition. Since the level of funding has not been
sufficient to fund many of the projects submitted to the fund, the
Conference of the Parties has adopted measures to increase the
wetland conservation fund (Kushiro Res. 5.8), to cooperate with
the Global Environmental Facility and its implementing agencies
(Brisbane Res. VI.10), and to consider receiving official develop-
ment assistance and external funding to meet their obligations
under the Convention (Brisbane Res. VI.6). Despite its modest
funding mechanism, the Ramsar Convention has been exploring
new ways to cope with and protect its listed wetlands.

In addition to formalized international cooperation among le-
gally-binding instruments as discussed above, several initiatives
among non-legally binding instruments help overcome the limi-
tations. Expanding countries’ participation in relevant bilateral,
regional, and sub-regional agreements, initiatives, and networks is
quite important for the effective implementation of MEAs. For
instance, the Convention on Migratory Species has extended its
work beyond its signatory parties. It has promoted regional ac-
tions and agreements among its parties, like the ‘‘Understanding
Concerning Conservation Measures for Marine Turtles of the At-
lantic Coast of Africa, Abijan, 1999.’’

One long-standing case is that in which Japan maintains bilat-
eral agreements for the protection of migratory birds with the
United States (1974), Australia (1981), China (1981), and Russia
(1988). The countries exchange information on measures taken
within each country and discuss the needs for further joint re-
search. Another example of a successful regional agreement is the
‘‘Asia-Pacific Migratory Waterbird Conservation Strategy’’
started in 1996 with the objective to promote the conservation
of migratory waterbirds and wetlands in the Asia-Pacific region
(Wetlands International 2001), resulting in the establishment of
major waterbird flyways in the Asia-Pacific Region. Another ex-
ample is the International Coral Reef Initiative, a comprehensive
framework of international cooperation for coral reef conserva-
tion and management, with a special focus on ecosystem and
community-based management (UNEP–CAR/RCU 2000–
2003). Box 5.9 discusses carbon sequestration as a policy response.

5.9.3 Assessment

Existing MEAs cover the most pressing drivers and issues related
to the loss of biodiversity. Additional global agreements are there-
fore not required at this time, but better coordination between
the existing conventions, especially at implementation level,
would increase their success and avoid duplication or even con-
tradictions that lead to inefficient use of the limited resources
available. Regional instruments can be useful to address conserva-
tion issues, for example, at the scale of a river basin or a trans-
boundary terrestrial conservation area, and have been shown to
help implementation of global MEAs.
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BOX 5.9

Assessing Carbon Sequestration as a Conservation Response in the Andes

Carbon sequestration is increasingly understood as an important global ever, for diverse reasons conservation projects have yet to become eligi-
ecosystem service (Daily et al. 1997). Bolivia has gained experience with ble under the Clean Development Mechanism of the Kyoto Protocol, which
climate change mitigation through carbon sequestration through the Noel for the time being allows only for forestry measures.
Kempff Climate Action Project. The project was co-designed and is Nevertheless, the Noel Kempff Climate Action Project continues based
executed, since 1997, by the Bolivian NGO Fundación Amigos de la Natu- on a voluntary commitment of the investors. The project has been and
raleza (FAN), together with the government of Bolivia, the Nature Conser- continues to be very important for the conservation of biodiversity, and is
vancy, and three energy companies (American Electric Power, PacifiCorp, breaking ground to establish credible and verifiable methods to quantify
and BP Amoco). The project is the largest forest-based carbon project in greenhouse gas benefits of land-use change and forestry projects (Brown
the world, protecting about 1.5 million hectares of tropical forests in the et al. 2000). Furthermore, household level economic analysis (Milne 2001)
Bolivian Amazon for at least 30 years. The project was developed under has demonstrated a net positive economic benefit to park-bordering com-
the Activities Implemented Jointly pilot phase of the Kyoto Protocol and munities, particularly through working to secure land tenure and facilitating
conserves natural forests that would otherwise have been subjected to ‘‘carbon tourism.’’ Another study suggests that community benefits, while
continued logging and future agricultural conversion. It is expected to se- present, may have been overstated (May et al. 2003).
quester seven million tons of carbon (Powers 2003; Brown et al. 2000). Currently, the CDM contains enormous potential for large restoration

For the first time in Bolivia, a market-based mechanism, rather than a measures in degraded areas in the tropics. An array of native tree species
donation, was to generate the funds needed to manage a large protected could potentially restore the Andean montane ecosystems, assure the
area. Carbon-sequestration-forest-conservation projects seemed to be an availability of water, prevent erosion and sedimentation, and support ag-
adequate response to the problem that nature conservation, in compari- ricultural production (that is, through shade, nutrients, soil formation, etc.).
son to traditional land-use forms, does not provide sufficient benefits for One limiting factor has been the costs that could be covered neither by
local people in developing countries. Consequently, many local actors, development projects nor by the local communities (Ibisch 2002). How-
such as indigenous communities and municipalities, developed a strong ever, this might change completely should carbon credits yield a given
interest in carbon trading as an alternative and sustainable income. How- income in the framework of the CDM.

The negotiation processes leading to the adoption of MEAs
have succeeded in catalyzing political and scientific debate on en-
vironmental issues of international importance. The existence of
MEAs has most likely also contributed to greater environmental
awareness, though this does not mean that MEA provisions have
been implemented on the ground.

The main issue, therefore, is implementation at the national
level of existing MEAs (Bowker and Castellano 2002). It is worth
reviewing the implementation of international treaties at the na-
tional level, especially the application of international environ-
mental law by national courts. One study shows that national
courts could play a supplemental role in implementation (Bodan-
sky and Brunnée 1998). For example, in a Philippines timber
court case, the Supreme Court ruled that the plaintiffs have stand-
ing to sue on behalf of their generation and subsequent genera-
tions (IC-SEA 1999); in a Tasmanian Dam case, the High Court
of Australia held that the acceptance by Australia of an obligation
under the World Heritage Convention as such sufficed to estab-
lish the power of the Commonwealth to make to fulfil the obliga-
tion (Bodansky and Brunnée 1998); and in Japan’s Kogen
Highway Plan case, the plaintiffs challenged the Hokkaido pro-
vincial government decision authorizing the construction of a
road through Daisetsu National Park that threatened the ‘‘Naki
rabbit’’ population and other wild flora and fauna (Isozaki 2000).
These cases demonstrate that domestic courts play a vital role in
the application of international environmental agreements.

National implementation of MEA provisions, compliance
with reporting mechanisms, transparency of the reports, support
to convention secretariats, and national capacity building are es-
sential for success.

5.10 Education and Communication
5.10.1 The Case for Education and Communication
Policy-makers and biodiversity managers must deal with a vast
array of external audiences and stakeholders, many of whom are
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not concerned with conservation. To at best reverse and at least
mitigate detrimental human impact on ecosystems, policy-makers
and natural resource managers must manage change in percep-
tions and actions. ‘‘Without communication, education and pub-
lic awareness, biodiversity experts, policy makers and managers
risk continuing conflicts over biodiversity management, ongoing
degradation and loss of ecosystems, their functions and services.
Communication, education and public awareness provide the link
from science and ecology to people’s social and economic reality’’
(Van Boven and Hesselink 2002, p. 3).

While much attention is usually given to bringing about
change through individual-level learning, increasing attention is
being given to change through organizational-level learning,
whereby the institutions or governance structures are adapted to
cope with the complexity and multilevel actions of sustainable
development. This systems approach is often embodied in the
term capacity development (Lusthaus et al. 2000), and makes use
of the disciplines of communication and education to bring about
innovation and transformation.

The benefits of investing in communication and education to
manage change are widely recognized. At the international level,
the environmental conventions include articles on public educa-
tion and the Johannesburg Plan of Implementation cites educa-
tion, awareness, and capacity building as means to achieve its
objectives as well as to creating effective social institutions.

Regional case studies also document successful use of educa-
tion and communication programs. For example, a study illus-
trated how a 12-year education program influenced the practices
of eating seabirds in Quebec, Canada, documenting an increase
in the populations of formerly threatened species of seabirds
(Byers 2004). The Haribon Foundation in the Philippines has
used communication, education, and mobilization of networks to
motivate fishers and their communities to create marine sanctuar-
ies to allow for fish populations to revive, since fishers were expe-
riencing problems with declining catches. As a measure of success,

................. 11430$ $CH5 10-21-05 14:10:28 PS



160 Ecosystems and Human Well-being: Policy Responses

over 1,000 reserves have been set up, resulting in economic bene-
fits for fishers (Lavides et al. 2004).

Equally, when communication and education are not used,
conservation efforts can be stymied and resources wasted. When
caimans were reintroduced into a river in Uruguay, the local
community, uninformed about the project, killed the animals, as
they feared for their children’s lives.

Information technology has facilitated cost-effective informa-
tion sharing, enabling e-mail exchange among communities of
practice, list servers among environmental journalists, on-line de-
bates, e-learning and discussion forums. The Internet has been
used to mobilize people quickly and in large numbers on specific
issues.

A host of non-formal learning situations are provided in envi-
ronment clubs, scouts, and adult and family education programs
provided by museums, zoos, aquaria, botanical gardens, field stud-
ies centers, protected areas educational and interpretative pro-
grams, and ecotourism. These programs attract hundreds of
millions of visitors annually, thereby contributing to developing a
constituency for nature policy, though the extent to which these
programs influence change in action for the environment has not
been assessed here.

The success of communication and education efforts in terms
of ‘‘awareness’’ are revealed by the fact that in most countries,
nature conservation, environment, and sustainable development
feature among the top ten—though not the top five—public con-
cerns, (Hesselink 2003). However, some research suggests that this
widely held concern is shallow, and support for biodiversity pro-
tection is easily eroded when countervailing considerations come
into play, such as jobs, property rights, or human convenience
(The Biodiversity Project 1999).

Biodiversity communication, education, and public awareness
(CEPA, Article 13 of the CBD) is a powerful tool for mainstream-
ing biodiversity into sectoral practices, bringing local perceptions
to the attention of the decision-making process, and potentially
changing behavior (CBD 2000b, 2000c; CBD 2001, CBD
2003c). Biodiversity CEPA is more than environmental educa-
tion, in that conventional educational approaches that have suc-
ceeded in raising environmental awareness are not adequate to
reflect the complexity of the biodiversity concept (Hall-Rose and
Bridgewater 2003). In the coastal marine area, many examples
worldwide demonstrate that communication, education and pub-
lic awareness activities do have a positive impact with regard to
preventing the further erosion of ecosystems and reducing the
main factors responsible for biodiversity loss, provided local com-
munities are empowered with the capacity to take decisions on
how to actually manage the ecosystems under consideration, on
the basis of the information provided through CEPA programs
(Mow et al. 2003). As with any other program, CEPA programs
need regular evaluation, but they must also reflect the reality of
the environmental, social, and economic context in which they
are implemented.

5.10.2 Constraints Regarding the Use of Education
and Communication

On the one hand, communication and education is a relatively
weak instrument to bring about change if that change involves
high barriers, such as great personal effort or economic loss. In
these cases education and communication must be accompanied
by other measures to ensure livelihood support. In organizational
learning, education is often accompanied by incentives for pro-
motion or assessing performance. On the other hand, it is evident
that education and communication can be used more profession-

PAGE 160

ally, and the approaches used require some evaluation, reflection,
and reconsideration.

Lessons have been drawn from the mistakes of imposing de-
velopment or conservation solutions on populations that ne-
glected the opinions and habits of the beneficiaries, leading to
a lack of acceptance of the change or even to outright conflict
(Mefalopulos and Grenna 2004). The result has been more
willingness to involve stakeholders in formulating decisions, and
a willingness to engage in partnerships and public-civil co-
management of natural resources. This engagement is essential to
developing trust between conservation organizations and the
public (Stern 2004).

In most developed countries, with strong environment de-
partments staffed by communication professionals, communica-
tion is used as a policy instrument to achieve policy and
management objectives, as well as to mainstream environmental
concerns in other sectors. Still difficulties can arise, as in the Neth-
erlands, where the Nature Plan, largely conceived by ecologists,
met with conflict from farmers who did not accept it, and had
not been involved in its development. Despite informative and
motivational communication, the plan did not create the desired
acceptance because it neglected the ‘‘cultural factor’’ whereby
people’s rationality or perspectives take on those of the group to
which they belong. The communication and policy formulating
approach neglected the fact that people change as a result of dis-
cussion about issues that they think are important. (van Woer-
koem et al. 2000).

Information on the state of the environment is available via
the Internet, though information packaged as a support to
decision-making is less well developed. In reviewing the impact
of environmental information, Denisov and Christoffersen (2000)
noted that it is not enough to tell people repeatedly that there are
environmental problems; in the longer run, concrete information
and ideas of what to do to resolve environmental problems are
needed. Yet in Australia a study showed that having environment
and wildlife information was not sufficient to drive interest within
the community; rather, it is important to provide motivators and
create relevance to encourage participants to actively seek infor-
mation (NSW National Parks and Wildlife Service 2002). ‘‘Re-
search in the field of environmental education and in commercial
marketing has shown that there is no cause and effect progression
from knowledge to attitude to behavior as educators have long
believed’’ (Monroe et al. 2000, p. 3).

Since the 1970s, efforts have been made to integrate environ-
mental education into the formal education systems with varying
success. Schooling has focused on ecology, nature conservation,
the impacts of pollution, and the need to recycle waste. More
lately education is being challenged to deal with sustainable devel-
opment, though the impact of education on long-term behavior
for sustainable development is hard to assess. Palmer (1995) found
that education, particularly at tertiary and upper secondary level,
was the most important influence in developing commitment of
only 9% of some 232 environmental educators, having much less
impact than childhood contact with nature (29%) or the influence
of parents, teachers, and other adults (26%).

5.10.3 Conditions for Success in Communication

Conduct research before implementation. Sometimes, communication
means and media are decided on without assessing the critical
target group that needs to be reached in order to effect change
and how this should be done. Perceptions and social behaviors
related to conservation issues and facts are not properly analyzed,
and the communication systems used by the groups are not clearly
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defined. Lack of understanding of the relevant social factors is
combined with poor practice in evaluation research, and a failure
to use the latest in professional information on communication,
media, and techniques (Encalada 2004).

Apply change models and appropriate communication. Most conser-
vation practices that need to be promoted require a social re-
sponse. This may be viewed as a revamped model of ‘‘diffusion
of innovations’’ (Rogers 1983) in which communication contri-
butes to: (1) creating consciousness about the existence of the
innovation; (2) raising interest toward the innovation; (3) gener-
ating knowledge about the innovation; (4) motivating trying out
the innovation; (5) helping achieve an appropriate evaluation of
the tryout; (6) motivating decisions in favor of a solid adoption of
the innovation; and (7) supporting with new and timely informa-
tion for reevaluation of the adoption in order to consolidate it
over time. Each of these steps requires different communication
and it is important to apply the appropriate communication ac-
cording to the stage of the process that people are going through.

Manage reputation and relationships. Stern (2004) suggests that as
the global conservation community focuses much of its attention
on attempting to provide alternative livelihoods to resource ex-
ploitation for residents living within the immediate vicinities of
protected areas, careful attention must be paid to meaningful and
appropriate engagement and communication with local popula-
tions. Results from his study (covering the United States, Ecua-
dor, and the Virgin Islands) suggest that the ability to trust park
managers is the most consistent factor associated with how local
residents actually respond to national parks. Thus the ways in
which parks and partner organizations engage local communities
can make or break any projects designed to work with them.
The most common explanations of distrust for park authorities
included a lack of meaningful personal connection to these enti-
ties, a lack of genuine local involvement in park-related decisions
or initiatives, complaints of broken promises made by park au-
thorities and their partner organizations, and perceived inconsis-
tency in park-related communication and in enforcement
practices.

Manage stakeholder processes effectively. Social learning involves
different actors with different interests being able to engage in
dialogue. For this to occur, individuals need to be aware of, or be
assisted to become aware of, the underlying assumptions and val-
ues that lead them to take a particular position. Conflict resolution
and negotiation require individuals or groups to seek out com-
mon values, which requires being explicit about their assump-
tions. Reflection becomes a key tool in working through problem
situations where values are in conflict and need to be reassessed.

To communicate effectively, deal with communication issues, not just
with biodiversity issues. Each biodiversity conservation issue that
management is addressing contains a specific communication
issue. The communication issue is about how the people con-
cerned relate to the biodiversity issue: what do they know, how
do they feel, what do they perceive, what motivates their actions?
Quite often a lot of technical information is communicated with-
out giving any clue as to what the audience can do or contribute.

Communicate in understandable terms. One perspective on
awareness programs is that they need to avoid jargon and techni-
cal terms such as ‘‘biodiversity’’ and ‘‘sustainability,’’ which are
abstract and remote from most people’s lives. These ‘‘container’’
concepts arguably need both to be broken down into concrete
issues that are closer to people’s lives and to have actionable
steps—a healthy river, a rich native bush land, sustained fish catch
(Robinson and Glanznig 2003). However, there is little certainty
that appreciation of biodiversity ‘‘option values’’ will follow from
a focus on such current, concrete, issues.
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Start with perceptions and motives of the people. Scientific facts
often are communicated in the expectation of changing behavior.
In Slovenia (Trampus 2003) conservationists wanted to stimulate
people to conserve village ponds for biodiversity through various
communication interventions. However, after asking a focus
group to explore the ideas with the village people, the conserva-
tionists discovered that people were not motivated by biodiversity
conservation but rather by cultural factors. These motives were
used to promote the restoration of ponds. The engagement in
action and the benefits felt as a community worked together to
restore a pond had a strong motivating impact. Word spread from
community to community with the result that many wanted to
restore their ponds.

Create pride and involve in action. Based on work in some 35
tropical countries to stimulate conservation action, Manzanero
(2004) has argued that the conditions for success include choosing
a charismatic species, developing pride in that species, making a
mascot, and sending a message to every segment of society, from
religious leaders to children by way of music, stickers, and posters.
Results from their approach include new protected areas, changes
in legislation, change in behavior, and collective learning. Case
studies are needed that examine whether biodiversity in general
can benefit from this approach—either being ‘‘swept along’’ with
efforts focused on the charismatic species, or itself being viewed
as charismatic and a matter of pride.

5.10.4 Assessment

Communication and education are essential to achieve the objec-
tives of the environmental conventions, the Johannesburg Plan
of Implementation, and the sustainable management of natural
resources more generally. Barriers to the effective use of commu-
nication and education include a failure to use research and apply
modern theories of learning and change. While the importance
of communication and education is well recognized, providing
the human and financial resources to undertake effective work is
a continuing barrier. Attention is often thrust on school education
and providing information, yet evidence shows that more effec-
tive change strategies are required that address the individual, or-
ganizational, and institutional levels. More strategic approaches to
achieve management objectives and policy need to consider the
benefits and perceptions of the stakeholder, building relations
with, and honoring input from, stakeholders.

5.11 Lessons Learned

5.11.1 Introduction

We have examined nine responses relating to biodiversity con-
servation, evaluating their strengths and weaknesses. These as-
sessments are intended to contribute to decision-makers’
understanding of the scientific basis and implications of decisions.
Decision-making in practice almost always will involve more than
consideration of biodiversity. While the responses were defined
based on the broad goals of biodiversity conservation, sustainable
use, and equitable distribution of benefits, discussion of strengths
and weaknesses inevitably also addressed the degree of success in
integrating these goals with demands of society for ecosystem ser-
vices. Our assessments lead to several conclusions:
• The current system of PAs is a valuable tool for conserving

biodiversity, but these areas do not yet include all biodiversity
components that require such protection. Better tools exist for
selecting areas for inclusion in PA systems than are currently
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employed, and better management of individual PAs is re-
quired.

• For successful (global) biodiversity conservation, local people
must be able to capture benefits from that conservation.

• Integrated conservation and development projects as currently
designed rarely succeed in their conserving biodiversity objec-
tives, yet their general approach remains valid; they need more
realistic objectives and a stronger link to broader policy issues.

• Direct incentives for biodiversity conservation usually work
better than indirect incentives.

• Regional planning can achieve balance across areas to create a
landscape that includes strict conservation areas, intensively
used areas, and other land uses.

• More income must flow from the people and countries that
value biodiversity from afar (at the global level) to the people
and countries where much-valued biodiversity is conserved,
often at considerable opportunity cost.
Problems affecting biodiversity often involve complex con-

flicts of interests, so solutions require approaches that synthesize
contributions from numerous sectors (that may not always be used
to cooperating). One solution is to establish localized and man-
ageable points of intervention where practical solutions can be
applied and tested. If successful, such a ‘‘small win’’ scenario can
create a sense of control, lend credibility to conservation activities,
and help build public confidence and enthusiasm (Heinen and
Low 1992). A series of ‘‘small wins’’ can contribute to an overall
strategy for conserving biodiversity or prompt political support
for its wider application.

5.11.2 How ‘‘Biodiversity’’ Is Addressed in
Responses

The MA conceptual framework (MA 2003, p. 7) ‘‘places human
well-being as the central focus for assessment while recognizing
that biodiversity and ecosystems also have intrinsic value and that
people make decisions concerning ecosystems based on consider-
ations of both well-being and intrinsic value.’’ At the same time,
‘‘few decisions take account of indirect use value and very few
take explicit account of existence values. As a result, many deci-
sions about intervention into ecosystems are not based on the
best possible information (p. 181).’’ This information problem is
a critical one for biodiversity assessment, and for the success of
trade-offs and synergies with other services. For example, one
concern with the ‘‘hotspots’’ approach has been that any claimed
efficiency is illusory if the indicator taxa are not broad indicators
of more general endemicity patterns. We can never ‘‘prove’’ the
value of any surrogate, but can make best-possible use of all avail-
able data in surrogacy strategies.

As part of strategies for addressing uncertainty, effective trade-
offs (and synergies) of biodiversity and ecosystem services require
more effective measurement or estimation of biodiversity at all
scales. Common ‘‘mistakes’’ in designing biodiversity indicators
have led to management strategies that have proven to be incon-
sistent and indefensible on the ground and have hidden trade-offs
at the policy level (Failing and Gregory 2003). A general lesson is
that poor measurement of biodiversity reduces the capacity to
discover and implement good trade-offs and synergies between
biodiversity and ecosystem services.

Sometimes responses to this information problem may over-
state the ‘‘user needs’’ perspective and neglect the difficult prob-
lem of finding surrogates for global option values. For example,
Failing and Gregory supposed that successful indicators for bio-
diversity vary depending upon the ‘‘end points’’ desired by the
users in any particular context. The Royal Society (2003) similarly
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argues: ‘‘each biodiversity assessment would clearly identify: i) in-
terested parties; ii) the attributes that those parties value and are
seeking to measure. . . .’’ (p. 22). One example value includes
commercial foresters’ values placed on biodiversity ‘‘attributes’’
that are equated with ‘‘volume of timber that can be extracted’’
(p. 14). Such user-needs requirements may need to be balanced
with efforts to measure intrinsic and option values that do not
have immediate advocates.

The biodiversity of a place often is highly valued by the peo-
ple living there, but these values may not be particularly relevant
to global biodiversity values. For example, increased local diver-
sity (genetic and species level) in agricultural systems often leads
to better control of pests and diseases, but the consequent incen-
tive for local protection of biodiversity may not link to any im-
portant global values. A lesson is that values at all scales are
important in the design of response options, and decision-making
can benefit from addressing trade-offs and synergies among them.

The pitfall of imagining diminishing returns from additional
biodiversity is highlighted when considering the list of unantici-
pated services that may be important in the future. Biodiversity
serves as a surrogate for a multitude of possible future services,
and its conservation therefore can maintain options for the future.

We have seen that this ‘‘open-endedness’’ calls for trade-offs
with other needs of society. The ecosystem approach has provided
a framework for finding a balance among different needs, for ex-
ample, through integrated natural resource management systems
and through various policy, legal, institutional, and economic
measures. Associated ‘‘mainstreaming’’ of biodiversity into other
sectors has promoted balanced outcomes, even in cases where
biodiversity gains are not measured.

Such trade-offs also may benefit from a ‘‘calculus’’ of bio-
diversity, so that gains and losses at the level of biodiversity option
values can be quantified. A simple calculus must be based on sur-
rogate information for general biodiversity patterns, so that these
gains and losses (‘‘complementarity values’’) are predictions of
changes in amount of variation retained in a region. While it has
been argued that biodiversity advocates have wrongly focused on
‘‘inventory’’ of species, genes, ecosystems (Norton 2001), a ‘‘cal-
culus’’ of biodiversity that captures option values is appropriately
based on ‘‘inventory.’’ However, inventory and systematic efforts
can be more strategic in filling knowledge gaps.

We have noted that arguments based on global biodiversity
values ignore important local values of biodiversity relating to
ecosystem services. An alternative to a preference for local values
of ‘‘biodiversity’’ is to pursue balanced trade-offs and synergies
among local, national, and global values. As long as local values
and opportunities, whatever their source, are given appropriate
weight, defining (or redefining) the ‘‘important’’ values of bio-
diversity as local not global is not an issue. Apparent conflict may
be resolved also by realizing that often the local values and oppor-
tunities may have little to do with the biodiversity (biotic varia-
tion per se) of the place, instead linking to specific components of
biodiversity (often valued species).

Clarifying local-versus-global values avoids misinterpretations
about biodiversity’s value. Examples can be put forward suggest-
ing that low biodiversity, manipulated systems—such as wheat
fields—provide most benefits to human well-being (Jenkins
2003). But such arguments, interpreted as casting doubt on links
from biodiversity to human well-being, in fact highlight how bio-
diversity does matter. Individual low diversity places may be im-
portant in their complementary contributions to overall global
biodiversity option values. Therefore, even the most dramatic
successes in individual places at deriving extensive benefits from
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low biodiversity, manipulated systems provide no evidence that
biodiversity is of less importance to human well-being.

We conclude this section by summarizing how a trade-offs/
synergies perspective has suggested new perspectives on measur-
ing biodiversity. First, good biodiversity surrogates must focus
more on what matters in the context of trade-offs: do they predict
general complementarity (marginal gain) values provided by a
given place? This need is in accord with the general lesson that
aggregate (global scale) estimates of ecosystem value are of limited
use, given the fact that only marginal values are consistent with
conventional decision-aiding tools (Turner et al. 2003). Second,
more detailed information is required than that provided by con-
ventional coarse-scale summaries such as species-area curves. The
MA scenarios have made effective use of the idea of a species area
curve: if some quantity of total area-extent of a given biome is
not retained, then the curve implies that a certain proportion of
species will be prone to extinction in the future. Biodiversity re-
sponses therefore might be seen as attempts to maintain a certain
total area of each biome as sufficiently intact to support all the
species found there. However, an amount of area lost could corre-
spond to high or low biodiversity (and high or low opportunity
costs); such curves do not distinguish well among these outcomes.

This chapter has focused more on trade-off curves, which sub-
stitute the ‘‘area’’ axis with the more informative ‘‘opportunity
costs’’ axis. We have seen that a scenario for a region implying a
total amount of, say, agricultural production does not necessarily
imply (as a species-area relationship would suggest) that some
given proportion of species is lost. Instead it implies a variable
number that depends on the effectiveness of responses such as
regional planning. A lesson in this chapter was that several aspects
of responses can boost effectiveness: (1) regional planning may
allocate forestry, agriculture, or other human uses in a way that
least conflicts with biodiversity conservation; (2) human use may
be carried out in a way that such places also make a contribution
to regional biodiversity conservation and sustainable use; and (3)
intensification of production may imply that a smaller total area
conflicts with biodiversity conservation.

The contrast between an ‘‘area’’ focus and a ‘‘trade-offs’’ focus
also has revealed lessons for how biodiversity targets are ap-
proached. Case studies have suggested how the same total amount
of area protected can lead to large or small foregone opportunity
costs, and large or small amounts of biodiversity protected. A per-
centage area target may be a good, rough, global-scale indicator,
but at the scale of national/regional policies and planning, targets
that are related to trade-offs will be more useful.

Trade-offs curves share a key property with species-area
curves: the same incremental loss of intact area (say, to non-
conservation uses) can imply a greater biodiversity loss the second
time it occurs. An observed change in the rate of loss of intact
area of a biome therefore can be a misleading indicator of actual
rate of biodiversity loss. Accepting an observed reduced rate of
area loss as indicating achievement of the 2010 biodiversity target
could amount to acceptance of an increased rate of biodiversity
loss (Faith, in press). Such curves also indicate a positive strategy
for addressing the 2010 target. Even the same rate of area loss
could correspond to a reduced rate of biodiversity loss, through
response strategies that provide effective trade-offs and synergies
where they do not yet occur. Further, effective trade-offs could
mean that a greater gain in biodiversity results from a given level
of increase in conservation area (Faith, in press).

5.12 Research Priorities
The biodiversity extinction rate is worrisome given that we do
not have names for most of the 10 million plus species on the
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planet, and we do not know much even about the species that
have been named. This section identifies some key questions that
need to be answered if responses to the loss of biodiversity are to
be more effective in the future.

5.12.1 How Does Biodiversity Underpin Ecosystem
Services and Human Well-being?

Better quantification and integration of these benefits would pro-
vide greater impetus for biodiversity protection. Effective re-
sponse strategies will help overcome the fact that ecosystem
services currently are not fully captured in commercial markets (a
caution highlighted in this chapter is that apparent links of ‘‘bio-
diversity’’ to some services, that in fact are not scientifically sup-
ported, may mean that pursuit of those services does not help
biodiversity conservation). Better quantification and integration
of benefits also would promote effective trade-offs and synergies
in the regional integration of response strategies.

5.12.2 What Patterns of Biodiversity Represent
Value for the Future?

A key dualism for understanding and designing responses is that
biodiversity benefits are both global and local. Global loss is more
a concern about long-term option values, and hence defines a
critical knowledge gap that goes beyond current perceived ser-
vices. Again, better quantification and integration of these non-
use benefits provides greater impetus for biodiversity protection,
because protection of an area may look more beneficial than some
other land (or water) use when these values are taken into ac-
count. Research is critically needed to provide not only greater
species distribution information (more species, more places), but
also environmental data (to aid prediction of biodiversity pat-
terns). An increase in systematic research is vital. Research can
move beyond the conventional focus on ‘‘what is the total num-
ber of species?’’ to strategic filling of knowledge gaps, promoting
a global calculus of biodiversity that allows statements about gains
and losses in particular places.

In addition to better valuation of biodiversity benefits, better
information about levels of uncertainty about biodiversity and its
values could also greatly assist decision-making. For example, we
may not know which species are most likely to go extinct but
we may know something about the probabilities of losing certain
functions or species overall. Incorporating that type of informa-
tion into a description of our uncertainty about future biodiversity
values into a decision framework for irreversible decisions under
uncertainty could lead to better decisions about what irreversible
actions to avoid and could identify what types of information
would be most useful in refining decisions.

5.12.3 How Can Biodiversity Values Be Quantified?

Better quantification of biodiversity values (including option val-
ues) and of the services provided by existing or potential new
protected areas will enable these values to be taken into account
in land-use planning, policy-making, and other decisions about
development. This research needs to recognize the dangers in di-
rectly estimating ‘‘dollar values’’ for all these benefits; option val-
ues arguably cannot be fully quantified this way, and even for
local ecosystem services (say, provision of food) conversion to
dollar values on ‘‘open markets’’ can easily underestimate true
values to local people. Option values, at least, can be quantified
in non-dollar ways, as gains in species representation or persis-
tence from a given response option, and then fed into multicrite-
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ria analyses for trade-offs. Research is particularly needed on the
gains/losses from human use lands, put into a regional context.

The importance of biodiversity and natural processes in pro-
ducing ecosystem services upon which people depend remains
largely invisible to decision-makers and the general public. Unlike
goods bought and sold in markets, most ecosystem services do not
yet have markets or readily observable prices. Assembling evi-
dence on ‘‘non-market values’’ should be a high priority research
topic. A substantial body of research in economics on non-market
valuation is now available, though applying these methods to bio-
diversity is not fully developed. Existence value of species and
other ‘‘non-use’’ values pose a difficult challenge to those who
would try to measure the complete value of conserving biodiver-
sity and natural processes. Despite the difficulty, it is worth gath-
ering better evidence about benefits created by natural systems.
One goal of such research could be to establish a system of bio-
diversity accounts to track changes in the status of biodiversity, in
much the same way that national income accounts are used to
track the status of national economies. For example, application
of a calculus of biodiversity may provide one pathway for address-
ing the monitoring requirements of the 2010 biodiversity target.

A related point is that research is needed on how to establish
and implement targets for biodiversity conservation and sustain-
able use. Our assessments have pointed to pitfalls in using ‘‘rates’’
of extinction, threatened species, area amounts, land-use threats,
and other information. At the same time, our assessments point to
the need for targets to somehow take into account the realities of
trade-offs and synergies with other needs of society.

5.12.4 What Are the Social Impacts of Biodiversity
Loss?

Greatly hindering any general assessment of the impact of re-
sponses on biodiversity loss, and resulting conservation, is the
sheer lack of rigorous social science analysis of that impact. Em-
pirical analysis of conservation responses lags significantly behind
other social policy fields in its ability to draw inferences about the
relationship between policy and biodiversity conservation. Con-
servation donors have only recently begun to even request evi-
dence that their funds have the desired effect. With hundreds of
millions of dollars spent annually, and with many species and rural
livelihoods at stake, empirical analysis of the impact of the full
range of policy options on biodiversity conservation, including
the nine major ones assessed in this chapter, appears long overdue.

The available evidence allows us to say with high certainty that
the rapid loss of biodiversity is a serious problem that threatens
the functioning of natural systems and human well-being. Bio-
diversity is at risk largely because of human activity, but human
well-being depends on the provision of ecosystem services from
natural systems. Therefore, better management of human affairs,
and better understanding and management of human interactions
with the environment hold the key to finding solutions to con-
serving biodiversity, using biological resources sustainably, and
ensuring equitable distribution of benefits derived. In order to
successfully achieve these goals, more information is needed about
how various human actions affect biodiversity and how biodiver-
sity affects human well-being.

5.12.5 How Do Human Actions Affect Biodiversity
and the Structure and Function of Ecosystems?

Understanding what human interventions in natural systems cause
beneficial or detrimental changes is an important prerequisite for
managing human interactions with the environment. Given the
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complexity of natural systems, our understanding of impacts and
the ability to manage those impacts will be imperfect. Even so,
increased understanding of the effect of human actions is of great
value in trying to steer human actions towards less destructive
practices while encouraging beneficial ones.

5.12.6 How Can Effective Incentives Be Designed
for Conserving Biodiversity?

Market prices that do not incorporate the value of biodiversity or
ecosystem services send the wrong set of signals to decision-
makers. One solution to resolve the problem of incorrect incen-
tives is to attempt ‘‘get the prices right’’ so that they truly reflect
underlying values. Taxes on harmful activities and subsidies on
beneficial activities are one means to shift prices to provide better
signals of value. Often, powerful political forces will block tax
measures, or will push for subsidies on activities that are harmful
for the environment but beneficial to economic interests of a par-
ticular segment of society. Government regulatory approaches
may face a similar set of political hurdles. In addition, if not care-
fully designed, regulations may have unintended consequences
that are harmful to conservation. Research on the most effective
ways to promote conservation and to coordinate actions through
markets, government actions, and the supporting activities of
non-governmental organizations is needed.

Understanding how to design, implement, and enforce con-
servation policy is particularly important in developing countries,
which contain a large share of biodiversity, but often have weak
institutions that may preclude effective enforcement of conserva-
tion laws. Developing countries also have great need for eco-
nomic development to improve the well-being of their citizens.
How economic development can occur while maintaining bio-
diversity and natural processes is one of the most important topics
facing humanity at the start of the twenty-first century.

5.12.7 Who Gets to Make Decisions Affecting
Biodiversity?

Decisions made by the current generation will shape the world
that is handed down to future generations. Questions of sustain-
ability and what constitutes responsible stewardship are important
research topics. Many conservation benefits, such as carbon se-
questration and providing habitat for the continued existence of
species, provide global public goods. Yet local decision-makers
often determine whether such benefits are provided, and may ig-
nore important benefits that accrue outside their community.
Allowing outside groups who may have a wider view to override
local interests brings its own set of problems. How to put the
slogan ‘‘think globally, but act locally’’ into practice is a recurring
problem.

5.12.8 When Is It Better to Integrate or to Segregate
Human and Conservation Activity?

A debate has flared in conservation circles in recent years between
those who favor community-based conservation and integrated
conservation and development projects versus those who favor
emphasis on protected areas that seek to exclude people. Quanti-
fication of the value provided by existing or potential new pro-
tected areas, versus the value provided in landscapes that allow
some economic activities, would provide guidance to land-use
planning, policy-making, and other decisions about development.
Response options typically must by their nature consider marginal
gains in biodiversity conservation, posing a research challenge for
quantification. The contribution of production or mixed-use
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lands to regional biodiversity protection is not well-indicated by
the usual assessments of consequent species richness. Future assess-
ments could instead examine how well these areas provide mar-
ginal gains and so be integrated with contributions from protected
areas, conservation payments on private lands, and other policies
aimed at reversing the loss of biodiversity.
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ings of a workshop, Gödöllo, Hungary, 13–16 May 2002, IPGRI, Rome,
Italy.

Smale, M., M. Bellon and J.A. Aquirre, 1999: The Private and Public Characteris-
tics of Maize Landraces and the Area Allocation Decisions of Farmers in a Centre of
Crop Diversity, CIMMYT economics working paper 99–08, Centro Interna-
cional de Majoramiento de Maı́z y Trigo/International Maize and Wheat
Improvement Center, Mexico, D.F., Mexico.

Smith, R.J., R.D.J. Muir, M.J. Walpole, A. Balmford, and N. Leader-Williams,
2003: Governance and the loss of biodiversity, Nature, 426, pp. 67–70.

Soleri, D. and D.A. Cleveland, 2001: Farmer’s genetic perceptions regarding
their crop populations: An example with maize in the central valleys of Oa-
xaca, Mexico, Economic Botany, 55, pp. 106–128.

PAGE 171

Southgate, D. 1998: Tropical Forest Conservation: An Economic Assessment of the
Alternatives in Latin America, Oxford University Press, New York and Oxford,
UK.

Spierenburg, M., 2003: Natural resource management in the communal areas:
from centralisation to de-centralisation and back again. In: Zimbabwe, Twenty
Years of Independence: The Politics of Indigenisation, S. Darnolf and L. Laakso
(eds.), Palgrave (MacMillan), London, UK, pp. 78–103.

Steiner, F., 2000: The Living Landscape: An Ecological Approach to Landscape Plan-
ning, McGraw-Hill, New York, NY.

Stern, M., 2004: Understanding local reactions to protected areas. In: Communi-
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Main Messages

There exists a fundamental trade-off between the need to increase food
production and the need to sustain, in the long run, the capacity of the
ecosystems to support food production. Food production is by far the
largest user of ecosystems and their provisioning services. It has the largest
impact on ecosystems and biodiversity. Intensive exploitation of ecosystems to
satisfy needs for food might erode the productive capacity of these ecosystems
through soil degradation, water depletion or contamination, collapse of fisher-
ies, and biodiversity loss. While the recent trends in the slowdown of demo-
graphic growth and potential advances in agricultural technology are
encouraging, there are also increased pressures on the resource base (land,
water, fisheries, and biodiversity), extensive habitat destruction, deforestation,
and loss of biodiversity and agrobiodiversity, and potentially serious long-term
effects from the regional impacts of climate change.

The impacts on ecosystems from attempts to increase food production
have resulted largely from secondary effects and, as such, they represent
negative externalities. Expansion of agricultural land in many regions is diffi-
cult. Farming land is disappearing because of land degradation and urbaniza-
tion. Water resources are under pressure because of excessive use and
contamination. Governments are faced with the challenge of ensuring that the
agricultural water supply is sustainable and that ecosystems contributing to
that sustainability are protected. The substantial increase in the use of agro-
chemicals, such as pesticides, in developing-country agriculture has resulted
in environmental contamination, severe health hazards to farmers, and un-
profitable crop production. There are emerging problems of overgrazing and
dry land degradation, rangeland fragmentation and loss of wildlife habitat, dust
formation, bush encroachment, deforestation, nutrient overload through dis-
posal of manure, and greenhouse gas emissions. Critical issues relate to
human health arising from the threat of diseases such as bird flu in poultry and
BSE in cattle. Capture fisheries are facing overexploitation and stock depletion.

The emergence of water pricing schemes and the establishment of water
markets in different parts of the world shows that water pricing is a re-
sponse that promotes efficient allocation and responsible use. In the con-
text of negative externalities from excessive use of agrochemicals, integrated
pest management, utilizing biological rather than chemical agents, provides
avenues for sustainable production without damaging side effects. Organic
farming can contribute to enhancing sustainability of production systems and
agrobiodiversity. Agroforestry is a contributory technology for increased food
production, using nitrogen-fixing trees to increase soil fertility and nutrient cy-
cling. On overfishing, strict regulatory mechanisms, enforcing fishing quota and
fishing capacity reduction, are urgently needed. Aquaculture has an important
role to play in meeting fish food demand. In that context, government support
in combination with private sector investments is important. However, given
the potential detrimental environmental impacts of aquaculture, appropriate
regulatory mechanisms need to supplement polices.

The information and communication revolution has a significant role in
mitigating impacts on ecosystems and sustaining their capacity for fu-
ture generations through evolving national and international agricultural
knowledge systems. The design of policies needs to cautiously take into
account ‘‘worst-case’’ scenarios and abrupt changes in ecosystems, because
many impacts of ecological trade-offs in increased food production are uncer-
tain. Comprehensive knowledge of the natural resources and the environment,
science, and technology, as well as the socioeconomics of sustainable agricul-
tural development, is essential to design policy frameworks. It calls for compre-
hensive assessments, education, and knowledge dissemination at the local,
national, and international level, in order to ensure that farmers can produce
food in a manner that is environmentally, economically, and socially sustain-
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able and that consumers have the opportunities to make choices regarding
food that is nutritious and healthy, safe, and affordable.

Integrated agroecological approaches in scientific research, policy design, and
appropriate regulatory frameworks at all levels from local to global are impor-
tant for enhancing sustainability. New analytical approaches of decision-
making, which integrate ecological and socioeconomic systems and environ-
mental change, play an important role in generating science-based policy anal-
ysis to assess response options towards sustainable food and ecosystems.
New agricultural sciences combined with effective natural resource man-
agement could support a future agricultural revolution to meet worldwide
food needs in the twenty-first century.

Modern methods of biotechnology, such as market-assisted methods of breed-
ing, as well as molecular methods for the preservation of germplasm diversity,
are important scientific tools. Responses need to determine the level of risks
to human health and the environment for their optimal deployment. Response
polices need to be gender sensitive. Women play a substantive role in food
production and food preparation. The national and international public re-
search needs to be substantially strengthened to meet the challenge of
environmentally sound food production, especially in view of the growing
role of the private sector and the privatization of agricultural research,
which often lacks an environmental focus and whose profit orientation
has thus far excluded the needs and crops of poor farmers.

Agricultural research needs to give high priority to developing mitigation and
adaptation options related to climate change and variability in tropical areas,
particularly the developing countries with the least capacity to cope. Changes
in international agricultural trade, as well as the conditions of access
to world markets offer both obstacles and opportunities to developing
countries, which are particularly vulnerable. Different approaches to trade
and production have opened huge gaps within the developing world in terms
of productive capacity and international marketing. The challenge is to make
agricultural knowledge support efficient and policies environment friendly
through the integration of biological, biochemical, agroecological and environ-
mental, socioeconomic, and information sciences.

The Common Agricultural Policy constitutes a major response from the Euro-
pean Union aimed at securing food supply and enhancing the well-being of the
rural communities. The introduction of an environmental dimension into the
CAP shows direct recognition of the fact that agricultural policies need to cor-
rect undesirable environmental pressures. Government policies developed
around food production (price supports and various types of payments,
or taxes) can have adverse economic, social, and environmental effects.
This issue is highlighted in the case of the international sugar market, one of
the most heavily distorted international markets due to EU and U.S. support
policies.

6.1 Introduction
The purpose of this chapter is to (1) present the important drivers
associated with the provisioning of food (crops, livestock, fish)
and the main issues related to the food provisioning services of
ecosystems, (2) analyze and assess major responses, mainly in the
form of economic, technological, and institutional interventions,
undertaken in order to enhance and/or secure food provisioning
services, (3) present through case studies the structure and the
major impacts of selected responses on ecosystems and human
well-being, and (4) provide some conclusions derived from the
analysis and assessment.

The main issues associated with the food sector relate to the
structure of consumption and production. Consumption patterns
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relate to both hunger and overconsumption, directly affecting
human well-being. The structure of production systems directly
affects food supply and also, through the production processes and
the inputs used, has important impacts on resource availability and
the state of the ecosystems. This section examines important di-
rect and indirect drivers, as well as consumption patterns, produc-
tion systems, and likely impacts on ecosystems associated with
cropping, fisheries, and livestock husbandry.

A number of drivers affect the current and future capacity of
ecosystems associated with food provisioning services. They also
affect food needs and food provisions as determinants of human
well-being. The focus here is on important drivers, which are
interrelated and are within the wider system—drivers that are en-
dogenous, depending on the spatial and temporal scale of analysis.
Thus responses affect direct drivers such as changes in resource
availability (land, water, fish biomass, biodiversity), intensification
of production, and climate change, but also indirect drivers such
as population growth or international trade regimes.

6.1.1 Population

An issue of great importance is the challenge of tripling the global
food production in the poorest societies, some of which have
been doubling their numbers in as little as thirty years. The gener-
ally accepted point (Arrow et al. 2004; Ehrlich and Ehrlich 2002)
is that population and consumption jointly impose increasing
strains on the ecosystems which are supporting them. (For more
extensive information on population developments, see MA Sce-
narios, Chapter 7.)

Long-term predictions, on the other hand, regarding world
population growth (UN 2003; IIASA 2004) indicate a slowdown
in the annual population growth rate. This might imply a possible
slowdown in the growth of demand for food. FAO (2003b) proj-
ects progress in raising food consumption levels, in improving
nutrition, and in reducing the proportion of undernourished peo-
ple. However, initially, this might not show as a decline in the
number of undernourished people, due to population growth.
Also, rapid population growth in some regions not only pushes
up demand for food, but may also cause the agricultural resource
base to diminish due to overexploitation and conversion of arable
land for residential, infrastructure, and industrial uses. As a result,
the developing world’s capacity to expand food production may
well be shrinking in some regions rather than expanding. In many
developing countries, with limited prospects of bringing addi-
tional land into production, intensification will be required to
enable higher productivity and at the same time ensure the sus-
tainability of ecosystems and services.

Food security is also affected by patterns of trade and protec-
tion. The removal of trade barriers to developing countries, espe-
cially in the agricultural products that they have a comparative
advantage in producing, along with reduced tariffs for processed
agricultural commodities is expected to benefit them. Globaliza-
tion of markets is also a stimulus to competitiveness and local
forms of production. It will be important for developing countries
to promote production systems for which their agroecosystems
are suited and which can be sustained.

6.1.2 Natural Resources

Arable Land: About 4 billion hectares of the world’s land is suitable
for arable agriculture. (FAO 2003b), and nearly all land well suited
for intensive agriculture is currently in cultivation (MA Current
State and Trends, Chapter 26). In developing countries, population
growth resulted in a substantial decline of arable land per capita.
Furthermore, farming land is lost because of land degradation and
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urbanization. Land degradation is mainly due to soil erosion, loss
of nutrients, damages from inappropriate farming practices, and
misuse of agricultural chemicals (FAO 1995a). Urbanization af-
fects food production by converting arable land, and by reducing
labor input to the agricultural sector. China, for example, lost
around one million hectares of arable land between 1987 and
1995, due to construction (Fischer et al. 1998).

Water: Approximately 70% of all fresh water withdrawals is
currently used for agriculture. While rain-fed croplands might
consume more or less water than the natural vegetation/soil con-
ditions they replaced, irrigated areas consume significantly more.
Irrigation systems divert 20–30% of the world’s available water
resources, but chronic inefficiencies in distribution mean that
only some 40–50% of that water is actually used in crop growth
(MA Current State and Trends, Chapters 7, 26). According to a
study by the International Water Management Institute, irrigation
water withdrawals will need to increase by 17% (Seckler 2000) as
the area of irrigated land expands by a further 22 % in order to
feed the population of 2025. Other projections based on different
scenarios vary widely, with some even predicting a decrease (Cos-
grove and Rijsberman 2000). Of greater concern than increased
demands for irrigation water alone are the far higher increases in
municipal and industrial water demands that compete for the lim-
ited resource and often draw water away from agriculture. The
same IWMI projection predicts increases of 60% for industrial and
80% for municipal withdrawals.

In 1999, the irrigated area as a proportion of irrigation poten-
tial was 50% for the developing world, where most irrigation de-
velopment is expected to occur. The figure is 13% for sub-
Saharan Africa and more than 80% for South Asia, excluding
India. By 2030, 60% of all land with irrigation potential in devel-
oping countries will be in use (FAO 2003b). Poor drainage and
irrigation practices have led to water logging and salinization of
approximately 30% of the world’s irrigated lands (FAO 2001a).
Groundwater from shallow aquifers is an important source of irri-
gation water, but its sustainable use is at risk due to over-pumping
of aquifers, pollution from agrochemicals and the mining of fossil
groundwater (FAO 2001a). Fertilizers and pesticides are a major
cause of water pollution generally, and the nutrients from fertiliz-
ers are causing severe problems of eutrophication in surface waters
worldwide.

About 10% of irrigation water in developing countries comes
from reused wastewater. For irrigation use, wastewater should re-
ceive treatment, but in lower-income countries, raw sewage is
often used directly, leading to a variety of health and environmen-
tal problems. Also, crops grown using untreated wastewater can-
not be exported and access to local markets, at least partially, is
restricted.

Fisheries: FAO estimates that currently 71–78% of fish stocks
are fully exploited, overexploited, or recovering from depletion.
The increase of the world’s fish catches during 1950 to 1990 was
followed by a decline in productivity due to overfishing (Jackson
2001). Overexploitation occurred due to rapid expansion of the
world’s fishing fleet, enormous advances in fishing technologies,
poor understanding of fish population dynamics (or little concern
for ensuring sustainable yields), and a failure to introduce effective
management systems (see Alverson et al. 1994).

Biodiversity: Species extinction and biodiversity loss is caused
by habitat destruction due to a variety of economic and social
driving forces including poverty, human population growth, un-
sustainable human production and consumption patterns, as well
as legal, institutional, and cultural aspects (Folke et al. 1992). In
relation to food production, there are two aspects of biodiversity
loss that can be regarded as constraining feedbacks to the attain-
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ment of food security. One is associated with habitat destruction
due to expansion of cropland, pastures, and aquaculture; the other
is loss of genetic diversity in agriculture due to specific crop
choices and cultivation practices. Habitat destruction is also asso-
ciated with tropical deforestation.

Loss of genetic diversity in agriculture is associated with
changes due to factors such as domestication and development of
genetically uniform varieties, the preference of farmers and con-
sumers for certain breeds or varieties, global consolidation of the
seed grain industry, and the adoption of high-yield varieties as part
of the Green Revolution (Heal et al. 2002).

6.1.3 Agrobiodiversity

The analysis of the history of breeding of major crops such as
wheat, maize, or rice shows that conventional breeding focused
on objectives of increased productivity, increased resistance to dis-
eases and pests, and enhanced quality with respect to nutrition and
food processing. After the spread of crop ancestors from centers of
origin and diversification of lines, breeding made use of natural
variations and, later on, of the traits found in different lines or
close relatives.

Modern methods of breeding have significantly increased
yields of cereal crops in general. However, yield growth has
slowed in the most intensively cultivated irrigated areas, and land
quality has also declined.

To overcome these problems, scientists and farmers consid-
ered new ways to attain the overall objectives of improved yields
and sustainable agricultural systems. They also looked for methods
for improvements in health risks and environmental problems
created by the need for high amounts of chemicals in many areas.
Additional breeding objectives are stress tolerances, for example,
drought or salt tolerance, or improved pest tolerance. Research
programs have been implemented to arrive at an improved under-
standing of basic physiology and genomics.

International efforts to conserve agroecological diversity are
required, along with wild gene pools, on which further genetic
enhancement may depend. However, gene banks, without con-
tinuous propagation of races, do not suffice to conserve diversity.
Presently, (for example, for rice) tens of thousands of land races
are known in many areas worldwide. Additionally, some species
(for example, some tree species) cannot yet be conserved ex situ.

6.1.4 Climate Change and Extreme Events

Climate change, climate variability, and extreme events will have
significant impacts on global and regional food production, sup-
ply, and consumption. The impacts of climate change on natural
and human systems have been classified according to the concepts
of: vulnerability—the extent to which climate change may damage
or harm a system; sensitivity—the degree to which a system will
respond to a climate change; and adaptability—the degree to
which practices, processes, or structures can be adapted to climate
change.

A recent report by the International Institute for Applied Sys-
tems Analysis (Fischer et al. 2002b) commissioned by the United
Nations for the World Summit on Sustainable Development, with
a global coverage of all countries, integrates spatial agroecological
potentials into a world economic and trade policy model frame-
work. It evaluates the impact of climate change projections by
some major climate models (General Circulation Models), as well
as the socioeconomic development portrayed in the special report
on emission scenarios of the IPCC Third Assessment. The results
highlight that by the 2080s, the world’s boreal and arctic ecosys-
tems are likely to shrink by as much as 60% due to a northward
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shift of thermal regimes, and the unfavorable semiarid and arid
land areas in developing countries may increase by up to 10%.
Also, potential agricultural land will increase in North America
(up to 30%) and the Russian Federation (up to 55%), but signifi-
cant losses are projected for Africa, particularly in northern (up to
75%) and southern Africa (55%).

Analyses of the effects of climate change on food production
potential show that there is actually a possibility of improvement
in industrial countries. However, many developing countries,
where food production is already insufficient, would suffer a fur-
ther decline, resulting in aggravated malnutrition and famine
problems.

While future food security depends mainly on political and
socioeconomic conditions, climate change might affect the avail-
ability and distribution of food production and people’s access to
food. Mitigation measures are mainly reflected in the discussion
about the Kyoto Protocol. However, it is crucial for adaptation
measures to be elaborated, especially in developing countries,
which are expected to suffer the most from climate change.

On the other hand, since land use change and agriculture are
responsible for about a fifth of greenhouse gas emissions, agricul-
ture could play an important role in mitigating climate change
(FAO 2003c). Mitigation measures include mainly changes in cul-
tivation patterns, reduction of fertilizer use, improvement of live-
stock diet and better manure management, alternatives to slash
and burn land expansion, more efficient use of water resources,
and promotion of carbon sequestration.

Extreme weather events—floods, droughts and cyclones—
have emerged as the biggest threats to crop production, food
availability and security in some developing countries. Here cli-
mate variability and weather fluctuations can create famine-like
situations. Even in industrial countries farmers often go bankrupt
because of crop losses due to extreme weather events.

6.2 Food Systems
The challenge of meeting safe and healthy food needs comprises
the effective and sustainable functioning of the range of systems
from production to consumption. The performance of agriculture
over the last 100 years has been phenomenal. World population
has increased almost four-fold. Today, global food production is
sufficient to meet the world’s food needs, and yet there is concern
with regard to unhealthy food consumption, be it too little to too
much. On the production side, the increasing degradation of land,
water, and biological resources poses a major challenge of mobi-
lizing agricultural science and technology. These need to manage
natural resources and reduce social and economic vulnerability.

6.2.1 Food Consumption

Food is a basic human right and everyone should have access to
nutritious, safe, and affordable food for a healthy and productive
life. Although, at the global level, there has been significant prog-
ress in increasing average food consumption over the last 30 years,
there are still some 840 million chronically undernourished peo-
ple, mainly in the developing countries. At the same time, there is
an emerging problem of overconsumption and changing lifestyles,
resulting in obesity that is affecting more than 500 million people
worldwide. The driving forces of changes in food consumption
include demographic changes, urbanization, increasing levels of
income, globalization and international trade, as well as rapidly
changing consumer preferences.

The challenge in the developing world is to eradicate hunger,
as some 15% of the total population is consuming 10–20% less
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food than the recommended minimum requirement. A priority
focus on meeting food needs from domestic production is also
important with regard to supporting domestic producers and re-
ducing dependence on scarce foreign exchange. In the industrial
and transition countries, the majority of the population already
lives in urban environments, served by food supermarkets with a
wide variety of domestic food products, as well as products from
around the world. The number of people living alone has in-
creased dramatically in developed countries and the traditional
home family meal is declining. Health concerns are becoming
predominant among rapidly aging populations. Food processors,
distributors, and retailers are targeting and changing food con-
sumption patterns, using the media and labeling, to market more
and more processed and easy-to-cook foods. Campaigns that se-
lectively highlight links between food and health, labor, and time
saving often fail to give information about issues such as unhealthy
levels of salt, sugar, and fat contents.

Cereals account for about half of total food energy consump-
tion in the developing countries. Wheat consumption has in-
creased the most, and many developing countries are meeting this
demand through imports from the industrial countries, which
continue to heavily subsidize producers. In the next 30 years,
wheat imports by developing countries from temperate industrial
countries are projected to increase some 2.5-fold to a total value
of some $25 billion. Global food consumption of coarse grains
continues to decline, but it is nutritionally of critical importance
in many sub-Saharan countries, often accounting for over 70% of
total calorie consumption. Demand for cereals in sub-Saharan Af-
rica is expected to change with growing urbanization: demand is
expected to increase for easy-to-prepare cereals like rice, and ce-
real products like bread, and expected to decrease for the local
sorghum and millet, whose preparation is time-consuming (FAO
2003b).

Consumption of meat in developing countries more than
doubled over the last two decades. Milk consumption in develop-
ing countries also increased considerably. It is more than triple the
increase in the industrial countries. These trends, taken together,
have been dubbed a ‘‘Livestock Revolution’’ (Delgado et al.
1999; Delgado et al. 2003). Although the massive increases in
animal product consumption in the developing world are impres-
sive, these countries still have a long way to go before they ap-
proach consumption levels of industrial countries. For instance,
animal products comprised only 13% of calories consumed in the
developing world in 2000, compared to 26% in developed coun-
tries (FAO 2000). Nonetheless, it is clear that diets are diversifying
rapidly, with increasing consumption and production of animal
products in developing regions. Poultry consumption will grow
faster than other meats. Animal source foods have a positive im-
pact on the quality and nutrient enhancement of the diet and can
prevent or ameliorate many nutrient deficiencies. They are one
of the few instruments for addressing the ‘‘hidden hunger’’ of
nutrient deficiencies that exact a heavy toll on both societies and
individuals in terms of mental ability late in life, energy levels, and
susceptibility to diseases (Neumann et al. 2002). Alternatives to
animal source foods for improving nutrition are few in the vast
areas of poor developing countries, where distributing daily nutri-
tional supplements is not feasible and green leafy vegetables are
only available in local markets a few weeks a year.

Worldwide, more than 1 billion people rely on fish as an im-
portant source of animal protein. Fish provides at least 30% of
their animal protein intake (FAO 2002a). Fish proteins are essen-
tial and critical in the diets of some densely populated countries
where the total protein intake may be low. In countries such as
Ghana, Indonesia, Sierra Leone, Bangladesh, Republic of Congo
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and Cambodia, it contributes to more than 50% of the total ani-
mal protein in the diet. In Japan, Iceland, and some small island
states, fish is the major food source because of the lack of locally
grown alternative protein foods. Besides, the people have devel-
oped and maintained a preference for fish. During the past dec-
ades, per capita fish consumption has expanded globally, along
with economic growth and well-being. The consumption per
capita of fish is larger in the United States and Europe than in
Asia and Africa. In well-off industrial economies, the image of
fish is changing. It is moving away from being a basic food and is
becoming a culinary specialty. In industrial countries, economic
growth has caused a growing proportion of fish to be consumed
outside the home and in the form of ready-to-eat products. In
volume terms, fish trade is still dominated by intermediate prod-
ucts, mostly in frozen form with a few standard categories of
cured and canned products.

World food consumption has made substantial progress in
terms of average daily per capita calorie consumption, rising from
2,400 calories to 2,800 in the last three decades. This has also been
accompanied by major dietary changes comprising shifts toward
increasing shares of meat, fat, and sugar, which in the developing
countries rose from 20% of all food consumed to over 28% in
the last four decades. The driving forces of these changes include
transformation of lifestyles, traditions and culture, time pressures,
demographic changes, economic growth, international trade and
globalization of food markets—particularly through media target-
ing by the emerging transnational food companies. Major food
safety incidents have also increased consumer concerns in recent
years, leading to changes in consumer perceptions and food pur-
chasing patterns.

Food consumption patterns vary from country to country and
also within countries. Governments, civil society, particularly
businesses, have to take responsibility to ensure that changes in
food consumption patterns lead to good nutrition. Governments
in industrial countries are already implementing standards for food
quality, balanced nutritional content, labeling, etc., to reduce
health risks. In contrast, many developing countries have few reg-
ulatory systems or public awareness campaigns to empower con-
sumers to make the right food choices.

6.2.2 Food Production

Food production depends on natural resources (water, land, bio-
diversity), farm inputs (capital, power, chemical inputs, and seeds),
and human inputs (labor, management skills, institutions).

Water: The greatest potential for increasing food production
in developing countries lies in rain-fed agriculture. Low-cost
technologies that allow judicious supplemental irrigation to
bridge dry spells include treadle pumps. Trickle and seep-hose
systems could substantially increase productivity of rain-fed agri-
culture. Irrigated agriculture has long been synonymous with high
productivity. The 20% of the farmland that is irrigated produces
40% of the current food supply. In irrigated agriculture, the differ-
ent types of irrigation used (surface or flood irrigation, sprinkler,
drip, underground and sub-irrigation) have very important im-
pacts on irrigation efficiency, the availability of water resources,
and the state of ecosystems (for example, wetlands).

Land: The need to improve soil-water-plant nutrient manage-
ment is addressed by Conservation Agriculture (Dixon et al.
2001). Conservation Agriculture contributes to environmental
conservation with enhanced and sustained agricultural productiv-
ity. It ensures the recycling and restoration of soil nutrients and
organic matter and optimal use of rainfall through retention and
better use of biomass, moisture, and nutrients.
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Biodiversity: The genetic resources for food and agriculture,
which is the basis for world food security, have their base in
biodiversity. Strong claims suggest that biodiversity promotes re-
silience and productivity of ecosystems. However, global bio-
diversity is changing at an alarming rate because of land
conversion, inappropriate land use, climate change, pollution, un-
sustainable harvesting of natural resources, and introduction of
exotic species (Pimm et al. 1995; Sala et al. 2000).

Inputs: The intensive use of chemical inputs, for example, fertil-
izers and pesticides, impacts ecosystems by changing the resource
base and variety and level of services.

A number of trends and responses are evident in the case of
human inputs, which include labor, management skills, and institu-
tional arrangements. Production systems in many developing
countries rely more on human labor than on mechanization.
Hence, rural-to-urban migration of young adult males results in
the burden of hard labor falling on women and the elderly (FAO
2001c). Investing in human capital in agriculture not only im-
proves production efficiency, but also facilitates the adoption of
new techniques, regulations, and practices that conserve and pro-
tect environmental resources. The recent trends of reducing ag-
ricultural extension services may not only slow agricultural
productivity increases and provision of agricultural services, but
may also negatively affect environmental protection and conser-
vation of resources.

In the context of institutions and governance, a number of
developing countries have undertaken reforms in support of agri-
culture including structural adjustment programs, poverty reduc-
tion strategies, fair commodity prices for products, increased levels
of schooling, promoting gender equality, and reducing the
scourge of HIV/AIDS. These institutional responses are impor-
tant for increasing production, alleviating hunger and poverty,
and achieving food security.

Detailed information and figures on status and trends is pro-
vided in MA Current State and Trends, Chapters 8 (Food), 26 (Cul-
tivated Systems), and 18 (Marine Fisheries Systems).

6.2.2.1 Crops

Existing production systems include rain-fed, irrigated, wetland,
and peri-urban farming systems. Intensification of existing produc-
tion systems is a more realistic alternative for enhancing food pro-
duction than undertaking further extensions (FAO 2003b, p.126).
Intensification aims at increasing yields as a result of greater use of
external inputs. Improved varieties and breeds, utilization of un-
used resources, improved labor productivity, irrigation, and better
control of pests and diseases may also aid intensification. Extensifi-
cation possibilities should be carefully considered, as much of the
potentially available additional arable land is presently under trop-
ical forests (in Africa and South America). The use of these lands
for cultivation would be detrimental to biodiversity conservation,
and increase greenhouse gas emissions causing regional climate
and hydrological changes

The findings of MA Current State and Trends, Chapter 8, state
that over the forty-year period, 1961–2001, the total output of
crops expanded by some 235% globally. This indicates an average
increase of just over 2% per year, always keeping ahead of global
population growth rates. Output growth varied by region and
over the period as a whole. Many middle-income and richer
countries have seen a gradual slowing down in the growth of crop
output in line with the deceleration of population growth and the
attainment of generally satisfactory levels of food intake. Deceler-
ating growth patterns in crop output have been most evident in
developed countries and in Asia. Since food crop production has
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not grown as markedly, and population growth rates remain high,
sub-Saharan Africa remains the only region in which per capita
food production has not seen any sustained increase over the last
three decades.

The cereal sector remains singularly important in several ways;
in 2001, production of the principal cereal crops were: rice (381
million tons), maize (278 million), wheat (264 million), sorghum
(44 million), millet (28 million), and barley (23 million). Cereals
provide almost half of the calories consumed directly by humans
globally (48% in 2001). Cereal production comprises about 58%
of the world’s harvested crop area, and an often disproportion-
ately larger share of the usage of fertilizer, water, energy, and other
agrochemical inputs. With regard to current trends, following a
peak in foodstuff prices in 1996, a strong growth in crop output
in 1999 was registered by both industrial and developing coun-
tries, but since then the general pattern of growth deceleration
has resumed. In industrial countries, output actually declined in
2001 and 2002. In the case of cereals, global output levels have
stagnated since 1996, while grain stocks have been on the decline.

During the last four decades, the best prospects of increasing
food production were from raising yields on already cultivated
lands, safeguarding against land degradation, and minimizing con-
version of high-productive cultivated lands in the process of ur-
banization and economic transformation. Systematic research on
productivity enhancement led to the Green Revolution, whose
main components were increased use of high-yielding varieties of
grain (primarily wheat and rice) and increased use of inputs such
as fertilizers, energy, irrigation water, and pesticides. (See MA Sce-
narios, Chapter 7, for a more extensive discussion of the Green
Revolution.)

Subsistence production is practiced by smallholders producing
mainly for self-consumption with limited surplus production, and
often constrained by lack of access to markets. Poverty is often
severe among smallholder families. Their vulnerability is high
since many cultivate poor soils and in areas prone to drought.
Generally, low inputs (such as in finance, labor, seeds, and fertiliz-
ers) have led to low production, hunger, and thus poverty and
low economic growth. Low productivity also negatively affects
health and education, which in turn lowers productivity. Some
traditional farming systems have improved yields and have been
safeguarding the resource base by upgrading and diversifying
cropping and adopting integrated pest management. For example,
Indonesian rice farmers who adopted IPM, which reduces the
need for pesticides, achieved higher yields than those who relied
solely on pesticides (FAO 1996).

6.2.2.2 Livestock

Livestock and livestock products are estimated to make up over
half of the total value of agricultural gross output in the industrial-
ized countries, and about a third of the total in developing coun-
tries, but this latter share is rising rapidly (FAO 2003b). While
growth rates in industrial countries have hovered at just over 1%
for the past 30 years, growth rates in developing countries as a
whole have been high and generally accelerating. As with many
other global and developing-country trends, the situation in East
Asia (and within that region, China) exerts a strong influence,
where livestock product growth rates of over 7% per year have
persisted for some 30 years, admittedly from a low base. As with
crops, two regions draw attention: the transition economies and
sub-Saharan Africa. The transition economies exhibit the same
pattern of slow long-term shrinkage of output, followed by col-
lapse in the early 1990s. Sub-Saharan Africa, faced with the
world’s highest stresses of poverty, malnutrition, and population
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growth, and continuing insecurity, particularly in pastoral areas
within the sub-continent, has made slow progress and per capita
output has hardly increased at all (Ehui et al. 2002). (See also MA
Current State and Trends, Chapter 8.)

Technologies for sustainable animal agriculture are available
for most of the world’s livestock production systems. If applied,
they will restore the balance between land and livestock and close
nutrient cycles, thus reducing land degradation and nutrient load-
ing of water resources. By restoring the balance between land and
livestock, they will also address the social and health effects of the
Livestock Revolution. However, these technologies will only be
adopted if an appropriate policy framework is established.

Three broad types of production systems can be distinguished:
Industrial production systems: Industrial production of pork,

poultry, and (feedlot) beef and mutton is the fastest growing form
of animal production. In 1996, it provided more than half the
global pork and poultry meat (broiler) production and 10% of the
beef and mutton production. This represented 43% of total global
meat production, up from 37% in 1991–93. Moreover, it pro-
vided more than two thirds of the global egg supply. Geographi-
cally, the industrial countries dominate intensive industrial pig and
poultry production, accounting for 52% of global industrial pork
production and 58% of poultry production.

Mixed farming systems: Mixed farming systems, the largest cate-
gory of livestock systems in the world, cover about 2.5 billion
hectares of land, of which 1.1 billion hectares is arable rain-fed
cropland, 0.2 billion hectares is irrigated cropland, and 1.2 billion
hectares are grassland. Mixed farming systems produce 92% of the
world’s milk supply, all buffalo meat and approximately 70% of
the sheep and goat meat. About half of the meat and milk pro-
duced in this system is produced in the OECD countries, Eastern
Europe, and the Commonwealth of Independent States, and half
comes from the developing world. Over the last decade, meat
production from mixed farming systems grew at a rate of about
2% per year and thus remained below global growth in demand.

Grazing systems: Grazing systems supply about 9% of the
world’s production of beef and about 30% of the world’s produc-
tion of sheep and goat meat. For an estimated 100 million people
in arid areas, and probably a similar number in other zones, graz-
ing livestock is the only possible source of livelihood. For the
world’s tropical rangelands, most attention has been on the arid
lands, because of their perceived heavy degradation. However,
recent findings stress the high prevailing level of productivity of
meat and milk per unit area of land, the strong resilience of these
arid rangelands, and the importance of traditional mobile grazing
practices in maintaining the resource base. For the subhumid
tropical savannas, human and livestock population pressure is
lower. Finally, livestock-induced deforestation in the humid trop-
ics has received much attention. Past driving forces behind the
slashing and burning of tropical rain forest concerned export sub-
sidies, subsidized interest rates for ranch establishment, and land
tenure laws, which induced land speculation. More recently, the
main driving force for deforestation has shifted toward smaller
farmers, and food production for local consumption in forest mar-
gins as part of mixed farming systems.

6.2.2.3 Fisheries

Global fisheries landings peaked in the late 1980s and are now
declining despite increasing effort and fishing power, with little
evidence of this trend reversing under current practices. At the
beginning of the twenty-first century, the biological capability of
commercially exploited fish stocks was probably at an historical
low. FAO (2003b) has reported that about half of the wild marine
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fish stocks, for which information is available, are fully exploited
and offer no scope for increased catches. Of the rest, 25% are
underexploited or moderately exploited. The remaining quarter
is either overexploited or significantly depleted. Today, about
90% of wild fish come from the sea, the remainder from lakes and
rivers. Of the fish caught at sea, probably about 10% (by volume)
are caught in the high seas (that is, the areas outside the 200 nauti-
cal mile exclusive economic zone claimed by most countries bor-
dering the sea). The vast majority of catches are obtained from
waters on the continental shelf.

Although information on inland fisheries is less reliable than
for marine capture fisheries, it appears that freshwater fish stocks
are recovering somewhat from depletion in the Northern Hemi-
sphere, while the large freshwater lakes in Africa are fully ex-
ploited, and in parts are overexploited. Some fish species exhibit
more dramatic threshold effects, appearing less able to recover,
than others.

Nine out of ten full-time fishers conduct low-intensive fishing
(a few tons per fisher per year), often in species-rich tropical wa-
ters. Their counterparts in industrial countries probably number
less than 1.5 million (FAO 1997) and generally produce several
times that quantity per year, but they are not many and their
numbers are falling as fishing is seen as a dangerous and uncom-
fortable way to earn an income. As a result, in some industrial
countries, fishers from economies in transition or from develop-
ing countries are replacing local fishers.

During the past fifty years, aquaculture has become a globally
significant source of food. By the end of the last century, it con-
tributed roughly one third (by volume) of all fish consumed as
food. The variety of supply from aquaculture is much below that
of capture fisheries: only five different species of Asian carp com-
prise about 35% of world aquaculture production.

6.2.3 Impacts on Ecosystems

Crop production using the methods and inputs described above
has major impacts on ecosystems, increasing their vulnerability.
These impacts affect directly and indirectly, via ecological feed-
backs, the resource base (land, water, biodiversity) through: direct
use of resources as inputs, degradation due to agricultural pollu-
tion, effects on ecosystems’ resilience (including processes and
functions such as regeneration and self-cleaning capacities), or
productivity. Crop production also has effects on human health
and the health of other species.

For marine systems, the key factors that impact the ecosystem
are salinity, ocean currents, and temperature changes. For inland
waters, hydrological changes (for example, caused by dams, water
abstraction), and water quality changes (including eutrophication,
anoxia, water acidity, pollution, and toxic events) are the key fac-
tors.

Human impacts on the world’s oceans, mainly through fish-
eries, have been substantial, leading to concerns about the extinc-
tion of marine taxa. For commercially exploited species, it is often
argued that economic extinction of exploited populations will
occur before biological extinction. However, this is not the case
for non-target species caught in multispecies fisheries or for spe-
cies with a high commercial value, especially, if this value in-
creases as the species becomes rare. The perceived high potential
for recovery, high variability, and low extinction vulnerability of
fish populations have been invoked to avoid listing commercial
species of fishes under international threat criteria. There is a need
to learn more about recovery, which may be hampered by nega-
tive population growth at small population sizes or ecosystem
shifts, as well as spatial dynamics and connectivity of subpopula-

................. 11430$ $CH6 10-21-05 14:10:03 PS



181Food and Ecosystems

tions before the nature of responses to depletions is understood
(Dulvy et al. 2003).

Livestock can have both positive and negative impacts on eco-
systems around the globe. The positive impacts are mainly con-
fined to smallholder farming systems where livestock provide a
way to improve nutrient cycling and plant available nutrients. In
pastoral systems, livestock may also provide unexpected benefits
to wildlife where grazing pressure is light to moderate. Livestock
production is also a main driver for massive transport of nutrients
from developing to industrial countries, in the form of livestock
feed. On balance, however, livestock impacts on ecosystem goods
and services are largely negative, through impacts such as defores-
tation nutrient overloading, greenhouse gas emissions, nutrient
depletion of grazing areas, dryland degradation from overgrazing,
dust formation, and bush encroachment.

6.3 Responses: Selection and Analysis
The major responses associated with food provisioning services of
ecosystems and their ecological feedbacks comprise a large variety
of policy interventions and responses at the local, national, and
international level. These address the complex and intertwined
social, environmental, and economic issues. The responses are in
a sense interventions induced by changes in drivers such as popu-
lation and demography, economy and environment and natural
resources, as well as science and technology.

In analyzing and assessing responses we seek to identify im-
pacts on ecosystems, since all responses examined have impacts
not only on food provisioning services, but also on supporting
services through the ecological feedbacks. Impacts on ecosystems
can result from unintended ecological feedbacks, from an inter-
vention that was aimed at increasing food production (for exam-
ple, the Green Revolution led to increased use of fertilizers,
pesticides, and irrigation water); or they can be direct impacts
aimed at correcting or preventing negative effects of existing re-
sponses (for example, the environmental component of the EU’s
Common Agricultural Policy).

In the context of food provisioning, we examine responses
which can be associated with: (1) impacts on human well being;
(2) the evolution of the economy and its institutions, including
issues such as globalization, trade agreements, food related poli-
cies, and the design of agricultural policies; (3) knowledge and
education related to food production and consumption; (4) tech-
nological change; and (5) impacts on the resource base (for exam-
ple, water, fisheries).

The responses represent interrelated economic/financial, in-
stitutional, technological, social, and legal interventions covering
the whole spectrum of the MA typology. By affecting food provi-
sion and food security, these responses have a direct impact on
human well-being as well as the functionality and viability of eco-
systems and ecosystem services. Actors initiating the response are
mainly the state or international bodies, while the scale of opera-
tion ranges from local to global. Examples of the wide variety of
responses impacting upon food supply and consumption are listed
in Table 6.1.

6.3.1 Recognition of Gender Issues

Women play an essential role in achieving food and water secur-
ity. (See Box 6.1.) While women play a critical role and have
multiple responsibilities within the household and communities
in securing healthy nutrition, their realties are often ignored at
all levels of decision-making. Women farmers account for some
60–80% of food production in many developing countries.
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Women often spend more then nine hours a day fetching water
and fuelwood and preparing food. They produce more than half
the world’s food and own 1% of the land. Response polices need
to be gender sensitive and designed to empower the women by
providing knowledge and ensuring access and control of resources
toward achieving food security. This needs to be based on a sys-
tematic analysis of gender dynamics and explicit consideration of
relationships between gender and food and water security.

6.3.2 Globalization, Trade, Domestic and
International Policies on Food

Changes in world food production and international trade, as well
as the conditions of access to world markets offer both obstacles
and opportunities to developing countries. Different approaches
to trade and production have opened huge gaps within the devel-
oping world in terms of productive capacity and international
marketing (Stallings 1995). Some developing-country businesses
have become foreign investors (for example, from the East Asian
newly industrialized countries) while others cannot even sell in
domestic markets without protection (Asia, South Africa, much
of Latin America). As protection declines in the process of global-
ization, the situation of the latter countries becomes more precar-
ious.

Regarding food and nutrition, in many cases, advocates of
globalization favor export-oriented agriculture, often from large-
scale operations, and modern food marketing methods including
the use of packaged foods. On the other hand, excessive reliance
on global markets entails dangers for poor countries (which are
price takers and concentrate on a few exportable food commodi-
ties) when world markets become weak.

Another related issue is that increased global food production
does not guarantee adequate access to food at either the house-
hold or the national level. The World Food Summit (in 1996)
identified access to food—rather than the globally produced
amount of food—as the key issue for food security.

Over the years, a complicated web of government policies has
been developed around food production. Among the main goals
of these policies are the support of domestic farmers’ income,
the support of domestic production, provision of research and
development, security of food quality, and—more recently—
protection of the environment. While some of these policies
could have positive welfare effects, the traditional policies that
subsidize agricultural production do have adverse effects. This
section aims at tracing some of the effects of commonly used eco-
nomic policies on food provisioning, human well-being, and the
ecosystems. The most commonly used instruments of agricultural
policy are listed in Table 6.2.

Figure 6.1 shows total support policies by type in the OECD
countries for the period 2000–2002. The policies could have ad-
verse economic, social, and environmental effects, that is, nega-
tive effects on sustainable development. On the economic side,
they impose an extremely high cost. In 2002, this cost totaled
$235 billion in OECD countries, of which $100 billion was ac-
counted for by the European Union and $40 billion by the
United States (OECD 2003b). They also distort market forces by
diverting resources from their most productive utilization and
lead to overproduction. Furthermore, they distort the terms of
trade, reducing the profitability of agricultural production in de-
veloping countries. Finally, they promote overuse of certain in-
puts such as fertilizers and pesticides.

On the social side, they make farmers overly dependent on
taxpayers for their livelihood, and they change wealth distribution
and social composition by benefiting large corporate farms to the
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BOX 6.1

Case Study on Gender and Agriculture (www.fao.org/gender)

Often the most fundamental problem in policy and planning for the food ally provided the only source of income to many poor, landless women,
and agriculture sector is to get those in decision-making positions to agree particularly widows and divorcees. The introduction of mechanical hullers
that there is a gender issue. Decision-makers either consider that ‘‘gen- reduced the labor input from 270 hours per ton of rice to 5 hours per ton,
der’’ is not a useful category for the purpose of economic policy and thus freeing some 100,000 to 140,000 women (in relation to some 700
planning or refer to the lack of gender-disaggregated information and data mills) for other lucrative work.
as preventing the incorporation of gender in analytical work. Agricultural extension programs ensure that information on new tech-

In developing countries, rural women are the main producers of staple nologies, plant varieties, and cultural practices reach the farmers. How-
crops like rice, wheat, and maize. These crops often provide up to 90% ever, in the developing world, extension and training services are primarily
of the food intake of the rural poor. The contribution of the women in directed toward the men. Female farmers receive only 5% of all agricul-
secondary crop production, such as legumes and vegetables, is even tural extension services worldwide, and only 15% of the world’s extension
greater. Grown mainly in home gardens, these crops provide essential agents are women. In Egypt, for example, women account for 53% of
nutrients and are more often than not the only food available during the agricultural labor but only 1% of Egyptian extension officers are women.
lean seasons or if the main harvest fails. Also, once the harvest is in, The resulting lack of information undermines women’s productivity as well
rural women provide most of the labor for post-harvest activities, taking as their ability to safeguard the environment by using natural resources in
responsibility for storage, handling, stocking, processing, and marketing. a sustainable way.

In the livestock sector, women feed and milk the larger animals, while Communication is a force for change. Information targeted at rural
raising poultry and small animals such as sheep, goats, rabbits, and farmers can help them increase the quantity and improve the quality of
guinea pigs. In many countries, it is mostly the women who are engaged the food they produce. Just as important is the information collected from
in inland fishing and aquaculture. They perform most of the work of feed- them. Many development efforts fail women in particular, because plan-
ing and harvesting fish, as well as processing and marketing the catch. ners have a poor understanding of the role women play in farming and

FAO studies demonstrate that while women in most developing coun- household food security. They do not take the time to learn more about
tries are the mainstay of the agricultural sectors—the labor force for the the activities and needs of the women from the women themselves.
farm and food systems—they have been the last to benefit from, or in Actions that can enfranchise and empower women in agriculture include:
some cases have even been negatively affected by, the prevailing eco-
nomic growth and development processes and policies. Gender bias and • reform of inheritance and land tenure laws that limit ownership and
gender blindness persist: farmers are still generally perceived as male by use of land by women;
policy-makers, development planners, and agricultural service deliverers. • mobilizing banks and credit institutions to lend to women even if
As a result, women find it more difficult than men to gain access to valu- they are constrained by lack of collateral of property and land;
able resources such as land, credit, agricultural inputs, technology, exten- • training of women agricultural extension agents and targeting exten-
sion, training, and services. These are the very resources that could sion services to women farmers;
enhance their productive capacity. • expanding and strengthening education programs directed toward

Technology does not always benefit women. All too often, technology girls and women;
developed in response to the needs of commercial farmers—who are • incorporating the needs and priorities of women in agricultural re-
mostly men—actually works to the disadvantage of those who are already search and technology programs; and
disadvantaged, especially women from poor or landless families. In Ban- • facilitating membership of women in agricultural cooperatives and
gladesh, milling rice with a foot-operated mortar and pestle had tradition- farmer’s organizations.

detriment of smaller family farms. While a primary aim of support
polices is to support the income of farmers, in fact, only some
23% of the total expenses in price supports translates into addi-
tional income for farm households, as Figure 6.2 illustrates
(OECD 2003c).

Table 6.2. Commonly Used Instruments of Agricultural Policy

Market price supports application of tariffs on imports
(minimum prices on selected purchasing predetermined quantities at
products) minimum price

Payments to support based on farmers’ output
agricultural income based on area planted/animal numbers

based on historical entitlements

based on input used

based on input constraints

based on overall farming income
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In the context of policies affecting food provisioning and sus-
tainable agriculture, research and development is of critical im-
portance. Although in the past, public sector investment in
agricultural research and development was significant, in recent
years private sector investment is gradually increasing.

The problems of biodiversity loss and biosafety are related to
the intensification of agriculture (including fishery, forestry, and
animal husbandry), the increased role of the private sector in de-
fining the research agenda, and the lack of regulatory mechanisms.
Loss of biodiversity results in two ways. Directly, since industrial
agriculture promotes the use of a selected small number of species
on which all research is concentrated, and indirectly through the
destruction of habitat and land conversion (FAO 2002b). It is well
observed that, especially for the most commercial crops (such as
rice, wheat, and peas), a small number of varieties account for a
relatively large share of the total production, leading to a rapid
decline in genetic diversity. The problem is intensified by the fact
that the majority of subsidies and support systems are directed
toward particular crops and livestock. Thus subsidization needs to
be reduced and diversified, while investment in R&D need to
be directed to support not only industrial agriculture, but also
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Figure 6.1. Composition of Agricultural Support Policies
(OECD 2003)

alternative sustainable means of production that promote biodiv-
ersity.

The issue of biosafety in agriculture has become a very impor-
tant one since it could affect human health and have long-term
effects on sustainability of agriculture and food safety. Thus there
is an urgent call for public investment in assessing and monitoring
the possible effects of using genetically modified organisms in
agriculture.

The WTO Agreement on Agriculture, which is under devel-
opment, emphasizes the reduction of subsidy policies. Although
trade liberalization could have positive effects, its overall impact
on environment is ambiguous. Increased trade flows will affect
the scale of agricultural activities and the structure of production
in different countries, the mix of inputs and outputs, the produc-
tion technology, and finally the regulatory framework. These ad-
justments, in turn, will impact on the international and domestic
environment. International environmental effects include trans-
boundary spillovers (such as greenhouse gas emissions), changes
in international transport flows, and the potential introduction of
nonnative species, pests, and diseases alongside agricultural prod-
ucts. Domestic environmental effects include ground and surface

Figure 6.2. Allocation of Price Support (OECD 2003a)

PAGE 185

water pollution from fertilizer and pesticide runoffs, and changes
in land use that affect landscape appearance, flood protection, soil
quality, and biodiversity (Walkenhorst 2000).

In general, there are traditional conflicts between free trade
and environmental goals, and arguments are made supporting the
view that the contribution of agriculture to environmental degra-
dation could increase with trade liberalization. However, many
studies find that the majority of benefits from trade liberalization
in agricultural products will go to consumers in the industrial
countries (FAO 2002b). Thus economic policies and institutions
need to be developed in order to limit the adverse effects while
enabling collection of the benefits from trade liberalization. Box
6.2 provides a detailed case study of distortions in the sugar
market.

The Common Agricultural Policy is the most important and
the most comprehensive sectoral policy ever developed in the
European Union, and a forceful instrument of European integra-
tion. The CAP was developed with the aims of allowing free
competition between farmers in member countries, eliminating
as far as possible unequal treatment in different areas, and provid-
ing help in the modernization and development of European agri-
culture (European Commission 1997), although promotion of
free competition among EU farmers, and especially between EU
farmers and the rest of the world, has hardly been achieved. Box
6.3 discusses the CAP’s evolution, including its incorporation of
environmental goals.

6.3.3 Knowledge and Education

The food system of the world is going through a rapid and sub-
stantive transition. Knowledge and education are essential to
achieve a sustainable food system, ensuring that farmers can effi-
ciently produce food that is socially, economically, and environ-
mentally sustainable and that consumers can make informed
choices of food that is nutritious, safe, and affordable.

6.3.3.1 Sustainable Food Production Knowledge System

Historically, farmers produced food for their own needs and sold
any surplus in the domestic market. This is still the norm among
millions of poor farmers in the developing world. Local knowl-
edge of resource conserving farming practices aimed at producing
and harvesting different crop varieties, livestock, and fish to meet
the needs of the farmers and the local markets have been at the
core of traditional agricultural systems. These practices were in
equilibrium with the environment.

The unprecedented increase in population and income
growth during the last half-century led to increasing food de-
mand, with changing consumption patterns. National and inter-
national agricultural research efforts responded by developing
high-yielding crop varieties, intensifying livestock production
systems and freshwater and marine fishing. The high-yielding va-
rieties from the Green Revolution of the 1960s contributed to a
doubling of world food production. However, over time envi-
ronmental and social problems associated with high levels of in-
puts, monoculture systems, inefficient and polluting use of water,
and the inability to reach many small farmers have come to the
fore. Intensive livestock feeding systems have given rise to serious
food safety and health concerns. Some marine fish stocks are al-
ready under threat of extinction due to overfishing.

The ongoing trade liberalization and globalization of food sys-
tems and lack of progress in WTO agricultural negotiations is
contributing to widening disparities. Many producers in develop-
ing countries cannot compete against the large subsidy induced
production and exports of many developed countries. At the na-
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BOX 6.2

International Markets and Trade: The Case of Sugar Markets

The sugar market is one of the most heavily distorted agricultural markets.
EU and U.S. support policies are primarily responsible for this distortion.
The support policies not only fail to achieve their original intent of providing
support to local small farmers, but also impose high costs on local consum-
ers and taxpayers, and even higher costs on developing countries. The
case of the sugar markets is a clear demonstration of the problems created
by the agricultural support policies and illustrates in the most profound way
the unfairness of the international trade system in its current state.

Description of the world market
Sugar is produced in more than 100 countries; global production in the
year 2001 exceeded 130 million tons. More than 70% is produced from
sugar cane, and the rest from sugar beet. The cost of producing sugar
from beet is double that of producing it from cane. Brazil and India, both
producing sugar from cane, are currently the leading producers followed,
by the European Union of 15 countries. Figure A shows the main sugar
producers in 2001; in that year, the top ten producing countries accounted
for almost 70% of the total production. Production shares have little to do

Figure B. World Exports of Refined Sugar, Share of Markets 2000–with differences in cost of production among countries, since they are
2001 (Oxfam Briefing Paper 27, available at http://www.oxfam.org.uk/strongly influenced by support policies.
what_we_do/issues/trade/bp27_sugar.htm)

Through the price support system (intervention prices, import duties,
and export refunds) and its quota system, the European Union has man-
aged to insulate its production from the world market, so that the prices
received by EU producers for the quota production are two to three times
higher than the world prices. Furthermore, through a system of production
levies and export refunds, even production above the quota receives at
least twice the world market price, adding to the pressure on the world
market price. Tariffs for sugar imports are the highest in the European
Union, reaching up to 140%, or 419 per ton (EU 2003a), effectively block-
ing all free market imports. EU imports raw sugar for processing at the
high EU price on a preferential basis from a small number of developing
countries. This web of policies has allowed the European Union to be a
main player on the world sugar market, with a share of 12% of the produc-
tion, 12% of the consumption, 15% of the exports, and 5% of the imports
of the world (EU 2003a).

Figure A. World Production of Raw Sugar, 2001 (Statistical and Although the United States remains a net importer of sugar, it has
Economic Information 2002, available at http://europa.eu.int/comm./ managed through a set of support policies to increase its production and
agriculture/agrista/2002/table_en4321.pdf) as a result to restrict imports. The high support prices for internal produc-

tion and the tariffs on sugar imports that reach up to 150% have restricted
World market and support policies imports to just above 10% of the total demand in the United States. Cur-
Approximately 28% of the world’s sugar is traded in world markets. The rently, with world prices below 10 cents per pound on a raw basis, the EU
export market is very concentrated. The world’s top five exporters (Brazil, support price is in excess of 30 cents per pound for raw sugar, while in
the European Union, Australia, Thailand, and Cuba) supply approximately the United States the minimum support price is 18 cents per pound for
72% of all world free market exports. The main exporter of raw sugar is raw cane sugar and 22 cents per pound for refined beet sugar (Schmitz
Brazil, with 2% of world exports; followed by the EU-15 countries, with 2003). The support prices are expected to increase under the sugar pro-
15%, and Australia (10%), Thailand (9%), and Cuba (8%) (EU 2003c). gram in the 2002 U.S. Farm Bill. This program contains price supports,
While trade in raw sugar has been declining from the mid-1970s to the payments in-kind, tariff rate quotas, and storage facility loan programs.
mid-1990s, the trade in refined sugar has steadily increased. The Euro- The low U.S. imports add to the decrease in the world demand for sugar
pean Union is the main exporter of white sugar as Figure B illustrates. and thus to the decrease in the world price.

tional level, governments need to invest in facilitating participa-
tory and transparent utility-oriented knowledge systems that
empower farmers to adopt sustainable food production systems.
Agricultural knowledge systems should give particular attention
to integrating modern and traditional knowledge. The develop-
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ment in geographical information systems, including remote sens-
ing, offers opportunities to build natural resources databases,
critical for spatially relevant agricultural assessments. In many de-
veloping countries where agriculture is an important sector of the
economy, there is an urgent need for investments in education to
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Internal effects of support policies tries, such as Mozambique and South Africa, have the lowest cost of
The support policies in the United States, but most importantly in the production, sugar farming cannot guarantee a viable income to small farm-
European Union, receive strong criticism both domestically and interna- ers. These farmers cannot afford to harvest and transport sugar cane to
tionally. Domestically, the main points of criticism concern distributional the mills because of the extremely low world price and, as a result, are
issues, as well as the extremely high cost to consumers and taxpayers. forced to give up farming and live in poverty. Sugar farming plays a less
For example, the annual report of the European Court of Auditors men- important role in the economies of developed countries than in those of
tions the ‘‘. . . high cost to consumers and overproduction in the EU . . . developing countries. In the EU, employment through agriculture was just
that continue to exist despite the . . . successive renewals of the common over 4% in 2000 (OECD 2001), while in the developing world an average
market for sugar’’ (European Court of Auditors, 2002, p. 71). While con- of 50% of the people make their living from farming and agriculture
sumers and taxpayers bear the cost of the support policies, the benefits (FAOSTAT database, August 2001). Allowing for a more open world mar-
are reaped mainly by the highly concentrated sugar processing industry. ket for sugar will be very important for the successful development of, and
In eight out of the fourteen sugar-producing countries, there is just one subsequently reducing poverty in, some LDC countries.
company controlling the quota. Despite the fact that sugar beet is one of
the most profitable arable crops in the European Union, the quota system Potential changes
is such that it favors the larger sugar beet businesses. Small farmers Apart from the cost to the sugar producing LDC countries, the support
receive a relatively small portion of the total benefits. polices have negative effects on the economies of some of the low cost

producing countries. A number of these countries, namely Australia, Bra-
Environmental impact zil, and Thailand, have recently filed a request with the World Trade Orga-
Because of the support policies, sugar beet production is relatively inten- nization to determine whether EU sugar production and export subsidies
sive in Europe with negative effects on the environment. Sugar beet is are legal under existing trade treaties. This move puts pressure on the
commonly grown in rotation with other crops such as wheat, and it is European Union to change its support policies. Although, technically the
generally found in the most productive arable regions of the European European Union is within the bounds of the Uruguay round of agreements
Union. Production is highly mechanized. It involves a particularly high on agricultural products, it is quite obvious that its policies distort the
level of herbicide use compared to other major temperate crop types, international sugar market. This is unquestionable in the case of quota
which reduces the presence of weeds, and probably other wild species production, since the European Union exports the excess production at a
(Baldock et al. 2002; DEFRA 2002). The high levels of nitrates potentially price that is between one third and one half of the domestic guaranteed
released from the leaves of the plant pose a risk for the pollution of price. For example, in mid 2002, EU processors of white sugar were
groundwater and surface water (Baldock et al. 2002). Finally, the mecha- guaranteed a price of at least $620 while the world market price was just
nized harvesting of the sugar beet has led to high levels of soil loss from $180 (Oxfam 2002).
the land and some areas where beet is grown are also vulnerable to Similar arguments hold for the exports of white sugar, produced from
erosion by wind (DEFRA 2002). the import of cane sugar from developing countries, as well as for the

non-quota exports. Without the support policies, EU exports would most
Impact on developing countries likely be eliminated because of the high costs relative to its main competi-
The EU support policies have a positive effect on only the seventeen tors. Not only would EU exports be eliminated, but the European Union
countries that enjoy preferential access to the EU market. Of those coun- would also cover most of its demand from imports. In such a case, al-
tries, four—Madagascar, Malawi, Tanzania, and Zambia—are least devel- though production would shift to more efficient producers, the world price
oped countries and their quota is only 4% of the total EU imports. In would increase because the demand would be higher and the subsidized
contrast, 80% of the benefits go to just five non-LDC countries—Mauritius, production would not exist. However, because the market would be
Fiji, Guyana, Swaziland and Jamaica. Other sugar producing LDC coun- thicker, the world price would be more stable (van der Linde et al. 2000).
tries, such as Mozambique and Senegal, have no access to the EU mar- Although a major relaxation in U.S. and EU support policies is needed,
ket for raw sugar. At the same time, developing a sugar processing there is little evidence that it will be realized any time soon. The sugar
industry in these countries is not viable given the amount of EU exports. sector is the only one that was not affected by the 1992 reform process
EU support policies also create problems for a number of low-income of the EU Common Agricultural Policy. The CAP promoted competitive-
sugar producing countries such as Cuba and South Africa. The restricted ness by compensating institutional price cuts with direct income payments
access to the EU and U.S. markets and the reduction in the world price (EU 2003b). The failure of the ‘‘Everything but Arms’’ initiative of the
of sugar have had devastating effect on both the processing industries, European Union and the new Farm Bill in the United States provide an
as well as the farming business of these countries. indication that no major changes should be expected in the near future.

The support policies not only harm the economies of these countries Equally disappointing is the very slow movement in the current negotia-
as a whole, but they have a devastating effect at the community level tions under the Doha Round for an Agreement on Agriculture. However,
since the farmers in most of these countries are small producers with no changes under the CAP reform proposals could have some positive ef-
alternative source of income. Despite the fact that some of these coun- fects, if price supports are replaced by direct income payments.

produce a cadre of agricultural researchers, as well as provide
training of farmers and extension services personnel. Without this
capacity, agricultural development to provide livelihoods for a
substantial proportion of the populations in developing countries
cannot succeed. And in turn, without a strong agricultural foun-
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dation, many developing countries cannot develop other sectors
of the economy and services.

At the international level, the agricultural knowledge system
must facilitate the exchange and sharing of national-level informa-
tion and experiences. The international agricultural research sys-

................. 11430$ $CH6 10-21-05 14:10:11 PS



188 Ecosystems and Human Well-being: Policy Responses

BOX 6.3

The Common Agricultural Policy

The basic principles of the Common Agricultural Policy were set out in the dimension was incorporated into the Single European Act, which came into
Rome Treaty in 1957. The replacement of national agricultural policies effect in 1987, and provided the legal basis for environmental policy. It intro-
with a common one was looked upon as a way of combining efforts to duced three environmental policy objectives: (1) preserving, protecting and
secure the supply of agricultural products to the consumer and provide a improving the quality of the environment, (2) protecting human health, and (3)
better standard of living to the agricultural community. In this sense, and prudent and rational utilization of natural resources. It also introduced four
following the historical evolution of the CAP in association with the en- principles: precaution, prevention, rectification at the source, and polluter-pays.
largement and the integration processes in Europe, the CAP can be re- It is important to contrast these objectives and principles with the corre-
garded as a response with a major impact on human well-being and sponding objectives and principles of the CAP. The objectives of the CAP
poverty reduction in the EU countries. are: (1) increased agricultural productivity, (2) fair standard of living for

the agricultural community, (3) stabilization of markets, (4) availability of
Impacts on ecosystems supplies, and (5) reasonable consumer prices. The CAP principles are:
The CAP has contributed to a large degree to the modernization of agri- market unity, financial solidarity, and community preference.
culture in the European Union, but this modernization has been accompa- Since then, important statements issued by the Commission intro-
nied by damaging effects on the environment. In particular, the politically duced the idea of controlling agriculture and protecting the environment.
stimulated intensification of agricultural production has led to surpluses in The Maastricht Treaty (1993) recognized environmental policy as a com-
certain products and to environmental degradation. mon policy, endorsed the sustainability principle, and set as an obligation

An example of the impact of agriculture on the environment is the the integration of environmental requirements in all EU policies. In the
change in the ‘‘Kempen’’ landscapes. These are high diversity enclosed Fifth Environmental Action Program (1992–2000), agriculture is one of the
areas found in Flanders (Belgium), southern and eastern Netherlands, five target sectors, and a fundamental objective is the achievement of
North-Rhine-Westfalia (Germany) and Les Landes (France). They have a sustainable agriculture, through the conservation of natural resources
patchwork layout of woods, heath, swamps, mixed crops, scattered farm- such as water, soil, and genetic resources. CAP reform in 1992, by en-
steads and roads. Intensification of agriculture, use of fertilizers, manure couraging farmers to use less intensive production methods, provided a
disposal, and fragmentation of wild life habitats pressurized and increased way of reducing environmental pressures and unwanted surpluses. Fur-
the vulnerability of the ecosystems, by increasing the risks of soils dying thermore, it included direct agri-environmental and afforestation methods.
out and also of groundwater pollution. As for the structural aspects of CAP, environmental policy was recognized

The increased attention regarding environmental conditions in the last as a major component of the EU’s rural development policy. In 1993, the
decades resulted in attempts to introduce environmentally friendly policies assessment of environmental effects of activities was made compulsory.
in the CAP. These attempts marked the beginning of an ongoing process The specific environmental measures associated with the CAP can be
of integrating environmental concerns into agriculture and developing a found in all three aspects of the CAP: the Common Market Organization,
unified agri-environmental policy framework. the accompanying measures, and the structural measures. Regarding the

CMO, the set-aside program for cereals, oilseeds, and protein crops has
Environment and the Common Agricultural Policy direct environmental impacts. The set-aside program involves compensa-
The first attempts for environmental protection at the EU level started in tory payments to farmers. It is beneficial to the environment since it re-
1972, since there was no mention of environmental policy in the Treaty of duces pressures from farm activities. On the other hand, to prevent
Rome. During the 1970s and the 1980s, the member states adopted more negative environmental consequences, if land is left fallow, member states
than 200 measures aimed mainly at reducing vehicle emissions, industrial need to apply appropriate environmental measures. Under the set-aside
and agricultural emissions, and effluents and noise. The environmental and non-food production scheme, farmers are allowed to grow non-food

tem has a particular responsibility toward training and capacity
building in developing countries. This is particularly important
for new agricultural research and technology that not only re-
quires a long time horizon, but is also highly capital and knowl-
edge intensive.

6.3.3.2 Sustainable Food Consumption Knowledge System

The world’s food consumption system is also going through a
radical transformation. Consumers are increasingly separated from
the food production systems. They need the knowledge and edu-
cation to make informed food choices. This includes ethical,
moral, and welfare, as well as economic and environmental, con-
siderations.

Consumer concerns go well beyond basic human health. The
quality of food and how it is produced; animal welfare; modern
technology, and environmental, ethical, and cultural differences—
all feature in the growing public debates about food quality and
safety. Chemical and hygiene, as well as food security issues also
cause concern.. We are faced with the problems of under- and
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overconsumption and a growing trend toward consumption of
unhealthy processed foods. The emerging problems of overcon-
sumption of the wrong kinds of foods is more and more driven
by corporate food processing and marketing companies that use
the media to change peoples’ eating habits and taste. An example
of this is the rapidly increasing incidence of obesity and diabetes
due to consumption of high-sugar-content processed food com-
bined with lifestyle changes with little exercise and physical activ-
ity. Government budgets increasingly have to deal with such
health ailments and they have a responsibility to implement regu-
latory systems that ensure the availability of healthy and safe foods.
The future food crisis may well be one of poor nutrition and
related serious health issues.

The food consumption knowledge system needs to ensure
that:
• scientific research findings on the implications of food tech-

nologies for human health and for the environment are
presented clearly and underpin knowledge-based policy con-
siderations, while recognizing that scientific evidence is often
incomplete and equivocal;
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products on set-aside land while still receiving the set-aside premium. • the linkage of this payment to respect for the environment, food
These non-food products could have a positive impact on the environ- safety, animal and plant health and animal welfare standards, as
ment, since they can be used as biomass or biofuel raw materials like well as the requirement to keep all farmland in good agricultural and
fiber or ingredients for pharmaceutical products, thus reducing pressure environmental condition (‘‘cross-compliance’’);
on nonrenewable resources. Under the cropland set-aside and the long- • a strengthened rural development policy with more EU money, new
term environmental set-aside, introduced by the accompanying agri- measures to promote environmental quality and animal welfare, and
environmental measures, farmers could set aside land for twenty years in assistance to farmers in meeting EU production standards;
order to create biotopes or small natural parks. • a reduction in direct payments (‘‘modulation’’) for bigger farms to

The objectives of the agri-environmental measures, introduced with finance the new rural development policy;
the accompanying measures, are to combine beneficial effects on the • a mechanism for financial discipline to ensure that the farm budget
environment with a reduction in agricultural production, and to contribute fixed until 2013 is not overshot; and
to agricultural income diversification and rural development. In the context • revisions to the market policy of the CAP including asymmetric price
of these objectives, member states could provide aid for farmers who: (1) cuts in the milk sector; reduction of the monthly increments in the
reduce the use of fertilizers, or introduce organic farming, (2) change to cereals sector by half, with the current intervention price being main-
more extensive forms of crops, including forage production, (3) reduce the tained; and reforms in the rice, durum wheat, nuts, starch potatoes,
number of sheep and cattle per forage area, (4) follow environmentally and dried fodder sectors.
friendly farming practices, (5) ensure the upkeep of abandoned farmlands,
(6) set aside farmland for at least twenty years to establish biotope re- Conclusion
serves and natural parks, or to protect hydrological systems, and (7) man- The CAP constitutes a major response by the European Union aimed at
age land for public access and leisure activities. Examples of such securing food supply on the one hand, and enhancing the well-being of
measures in action are the management of salt marshes in coastal lands the rural communities on the other. The intensification of agriculture that
in the United Kingdom, the program for the protection of flower species in followed the introduction of the CAP undoubtedly created environmental
Germany, the reduction in use of nitrogen fertilizers in Denmark, and the pressures and degradation of European ecosystems. In response, the EU
maintenance of grassland areas for extensive livestock farming in France. introduced policies that affect the environment both indirectly, through the

Agricultural structural measures stress the environment as an essential land set-aside programs, and directly through agri-environmental mea-
part of sustainable rural development. These measures include horizontal sures, structural measures, environmental policy related to agriculture,
measures, such as promotion of organic farming and better use of by- and nature and resource conservation measures. It is expected that citi-
products and waste recycling. Specific regional measures promote objec- zens could thus enjoy a higher provision of environmental services and
tives such as water management, soil conservation, combating erosion, a greater variety of products obtained through environmentally friendly
biodiversity conservation, and landscape protection (see Leader initiative, practices.
European Commission 2003). Overall, the introduction of the environmental dimension into the CAP

The new fundamental CAP reform adopted by the EU farm ministers can be regarded as a direct recognition of the fact that the provision of
on June 26, 2003, addresses these issues. Its key elements include: food by ecosystems within a policy framework that attempts to protect

both consumers and producers might create undesirable environmental
• a single farm payment for EU farmers, independent of production; pressures. This policy framework design needs, therefore, to include ap-

limited coupled elements may be maintained to avoid abandonment propriate environmental policy objectives and measures for achieving
of production; them.

• food regulations including labeling are consistent with scien-
tifically defined risks to health and the environment. The sim-
ilarities and differences in regulation across countries need to
be analyzed in relation to rigorously defined and agreed stan-
dards; and

• governments, the scientific community, the private sector, and
civil society are transparent in presenting information on food
risks and in putting in place measures to address these risks.
The information and communication revolution has a sig-

nificant role to play in evolving national and international agricul-
tural knowledge systems. While a third to a half of the population
in the developed world has access to the Internet, in Asia and
Africa this proportion is 0.5% of the population. The Internet
provides a worldwide network for sharing of agricultural knowl-
edge systems and it is essential that the wide digital divide be given
priority attention.

It is not just a question of knowledge generation and transfer,
but also an interaction of knowledge networks involving multiple
stakeholders, namely the farmers, buyers, transporters, processors,
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distributors, retailers, and consumers. They all need to be in-
volved in the development of agricultural knowledge systems.

In the knowledge economy, agricultural research and technol-
ogy are as much social and economic activities as they are techni-
cal. Openly communicating with the broad public on an ongoing
basis about the flows of new knowledge, its utility and potential
socioeconomic implications, is essential. Given that future out-
comes of new knowledge cannot be fully anticipated in advance,
the agricultural knowledge system must be transparent and re-
sponsive and must foster trust.

6.3.3.3 Integrating Ecological and Socioeconomic Responses
The scientific and development policy community at the national
and international level must work expeditiously toward the goal
of achieving health-enhancing food systems that are socially, eco-
nomically, and environmentally viable and sustainable. This will
require multidisciplinary analytical capacity building, focusing on
a systemic combination of relevant sciences, including biological
and biochemical, agroecological and environmental, social and
economic, as well as informatics. (See Box 6.4.)
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BOX 6.4

Integrated Assessment: Agroecology, Economy, and Climate Change

The Food and Agricultural Organization of the United Nations and the climate change on the world food system includes quantification of scale
International Institute for Applied Systems Analysis have over the last two and location of hunger, international agricultural trade, prices, production,
decades developed integrated ecological and economic analytical tools land use, etc. The analysis assesses trends in food production, trade,
and global databases. The focus has been on multidisciplinary scientific and consumption, and the impact on poverty and hunger of alternative
research, analyzing the current and future availability and use of regional development pathways and varying levels of climate change.
and global land and water resources, in the face of local, national, and Following accession to the World Trade Organization, China is facing
super-national demographic, socioeconomic, international trade and glob- the challenge of defining transition strategies that maintain a socially sus-
alization, technological, and environmental changes, including climate tainable level of rural incomes and employment, meet the needs of rapidly
change and climate variability. growing urban populations, are environmentally sustainable, and meet

AEZ/BLS (Agroecological Zones/Basic Linked System) combines a international commitments. A detailed case study of China (the CHINA-
spatially explicit biophysical model of potential productivity of global land GRO project) takes into account two prominent trends: China’s increasing
resources with a 34-region, 10-sector general equilibrium model. The spa- international trade relations as a result of its accession to the WTO and
tial component allows a more detailed and realistic accounting for avail- the change in dietary patterns due to rapid per capita income increases
able land, its potential productivity, and the effect of future climate change and fast urbanization. The project analyses the impacts of these trends
on productivity. on the agricultural sector and on the livelihoods of the rural population

The AEZ methodology for land productivity assessments follows an depending on agriculture.
environmental approach; it provides a framework for establishing a spatial Specifically, one of the issues under study is whether, in light of the
inventory and database of land resources and crop production potentials. fast-rising demand for animal proteins by Chinese consumers, and the
This land-resources inventory is used to assess, for specified manage- sustained rural to urban migration, the country needs to aim at (1) self-
ment conditions and levels of inputs, the suitability of crops/and utilization sufficiency in cereals, protein feeds, and meat, including animal feed; or
types in relation to both rain-fed and irrigated conditions. It also quantifies (2) importing feed; or (3) importing meat. A second issue under investiga-
expected production of cropping activities relevant in the specific agroeco- tion is, not surprisingly, how the WTO accession, the Doha Round, and
logical context. The characterization of land resources includes compo- more generally China’s opening to world trade will affect the agricultural
nents of climate, soils, landform, and present land cover. Crop modeling economy of the country, and what feedbacks to the world market and
and environmental matching procedures are used to identify crop-specific hence consumers and producers in other regions can be expected. A third
environmental limitations, under various levels of inputs and management. issue is to assess the implications of major ongoing infrastructural proj-

Results of the AEZ/BLS integrated ecological–economic analysis of ects, in particular those aiming at redirecting water flows.

Agroecology has emerged as the integrated discipline that pro-
vides a holistic approach to manage agroecosystems and the sus-
tainable use of natural resources. It provides guidelines to develop
diversified agroecosystems—systems that take advantage of the ef-
fects of the integration of plant and animal biodiversity enhancing
complex interactions and synergisms and optimizes ecosystem
functions and processes, such as biotic regulation of harmful or-
ganisms, nutrient recycling, and biomass production and accumu-
lation. Agroecology is of particular relevance to small farmers,
emphasizing a development methodology that encourages partici-
pation, use of traditional knowledge, and adaptation of farm en-
terprises that fit local needs and socioeconomic and biophysical
conditions (Altieri 1996).

6.3.4 Technological Responses

The agricultural science and research challenge is to combine the
best of conventional breeding with safe and ethical molecular and
cellular genetics research and biochemistry, to develop nutrition-
ally enhanced and productive germplasm. (See Box 6.5.) The spe-
cific food crops of the poor, including coarse grains, roots and
tubers, and plantains and bananas should be given the highest pri-
ority. Considerable scope exists for environmentally sound fish
farming and intensive livestock production, with due consider-
ation to health hazards and animal welfare consideration.

Technological responses in agriculture have had a massive,
often regional, impact on the environment, human health, and
development in the past. Recent technological responses will
globally affect human health, food security, food safety, environ-
ment and environmental health, and socioeconomic and ethical
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issues. Food production systems have rapidly developed into
globalized trading systems. Technological responses are consid-
ered inevitable for future food security and adaptation to local
agroecological, socioeconomic, or ethical needs. Risk assessment,
risk management, and risk communications are central elements
in developments of the food production system. While risk assess-
ment is based on science, scientific evidence and analysis cannot
always provide immediate answers to questions posed.

6.3.4.1 Crop Breeding Strategies

Crop breeding strategies are highly dependent upon preservation
of diversity of crops and wild relatives. There is growing scientific
and public concern about a rapid decline of diversity, for example,
of land races. There are two major alternatives for the conserva-
tion of genetic resources: in situ and ex situ.

In situ conservation refers to the conservation of important
genetic resources in wild populations and land races, and it is
often associated with traditional subsistence agriculture. It is con-
cerned with maintaining the population of various species in the
natural habitats where they occur, whether as uncultivated plant
communities or in the fields of the farmers as part of existing
agroecosystems. In situ conservation of crop plants involves the
conservation on-farm of local crop cultivars (or landraces) with
the active participation of farmers.

If the focus is only on agricultural varieties, the approach is
only partially effective because traditional crop varieties, though
much more diverse than elite varieties, are themselves much less
diverse than wild populations and wild relatives. An attractive ap-
proach is to combine nature reserves focused on protection of

................. 11430$ $CH6 10-21-05 14:10:14 PS



191Food and Ecosystems

BOX 6.5

International Agricultural Research

The fundamental considerations include identification of the priority crops sponsors of the CGIAR—the World Bank, the Food and Agriculture Orga-
of relevance to the poor, what combination of public and private sector nization of the United Nations, the United Nations Development Pro-
science can be most efficient and effective, and also where research effort gramme, and the International Fund for Agricultural Development—and
can best be located. bilateral donors must give serious consideration to creating regional ag-

Developed countries traditionally provided generous support to na- ricultural research centers of excellence. This would also be of benefit to
tional agricultural research in that they created a wide and strong scientific these aid partners in terms of complementing their own individual develop-
capacity and produced products and innovations that were freely avail- ment efforts to reduce hunger and poverty.
able. The intensified development of private sector research, accompa- The CGIAR has a particularly important role to play in this. It started
nied by intellectual property protection and the trends in reduced public out some 30 years ago with a strategic core research focus on productivity
funding, calls for new research partnerships. enhancement. However, over time there has been a shift toward programs

Developing countries such as China, India, Brazil, etc., have the scien- of natural resource management, strengthening NARS, and policy re-
tific capacity and resources to research at the forefront of agricultural search. At present, productivity-increasing research accounts for only
science. However, for most developing countries the scientific research about a third of CGIAR’s annual expenditure of some $370 million. This
capacity is severely limited and establishing national agricultural research level of funding is disparately miniscule in comparison, for example, to
systems (NARS) is generally a non-viable proposition. The poorest devel- some $350 billion spent annually on agricultural subsidies by the devel-
oping countries have less then one scientist and engineer per 10,000 oped countries.
people, in comparison to about 70 in the United States and Japan. In the developed countries, agricultural research funding amounts to

A decentralized global agricultural research partnership would be an some $14 billion, comprising half in the public sector and half in the private
effective and efficient way forward to produce the necessary research sector. For the developing countries, the total expenditure is about $8
innovations of relevance to food-insecure countries. This could comprise billion. CGIAR funding is a minute share of these levels of expenditure
a network of regional agricultural research centers linked to advanced and yet this international public good research system has demonstrated
NARS institutions in developing and developed countries, as well as, the its major impact during the last 30 years and its beneficiaries have been
international agricultural research system, namely the Consultative Group farmers not only in developing countries, but also in the developed coun-
on International Agricultural Research. The multilateral institutional co- tries.

wild races and wild relatives with traditional agricultural practices.
However, we should not expect traditional farmers to forgo the
substantial economic benefits that may attend the switch to elite
varieties. Hence, this may require direct economic subsidy or
conservation of traditional varieties in some other way.

Ex situ conservation refers to the conservation of genetic re-
sources off-site in gene banks, often in long-term storage as seed.
A key international agreement, which comes up for renewal
every four years, governing many of the world’s most important
crop diversity collections was recently renewed for an additional
four years by 165 countries, ensuring that this diversity, which is
critical for crop improvement, will remain in the public domain
for the foreseeable future. Today, the Future Harvest Centers of
the CGIAR conserve more than 500,000 samples of seeds and
other plant parts in storage facilities called gene banks. The Cen-
ters do not own the material in the collections, but serve as trust-
ees or custodians for them on behalf of the world community.

However, seeds of many important tropical species are recalci-
trant, that is, difficult or impossible to store for long periods.
Many crop plants are clonally propagated. Storing seed does no
good, and tissue culture techniques for long-term storage are
poorly developed. New technologies require to be explored to
improve the possibilities for ex situ protection of diversity and in
situ conservation policy and methods are more critical for such
species.

6.3.4.2 Precision Agriculture

Precision agriculture or site-specific management refers to the dif-
ferential application of inputs to cropping systems or tillage opera-
tions across a management unit (field). Input applications may
vary either spatially or temporally within management units. The
methods involved include application via predefined maps based
on soil or crop condition or sensors that control application as
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machinery traverses the field. As monitoring systems, such as
global positioning systems, allow monitoring by square meters in-
stead of square kilometers, traditionally spatial changes across the
field allows precocious control of chemical, fertilizer application,
irrigation, or pest management.

Positive impacts on environmental quality will start to emerge
as tools become available to apply chemicals, fertilizers, tillage,
and seed differentially to a field, as well as tools to collect the
yield or plant biomass by position across the field. Remote sensing
technology will allow observation of the variation within a field
throughout the growing season relative to the imposed manage-
ment changes. Monitoring equipment to capture the surface
water and groundwater samples needed to quantify the environ-
mental impact through surface runoff or leaching is available.
Technology to capture the volatilization of nitrogen or pesticides
from the field into the atmosphere from modified practices exists
(Hatfield, 1991).

Until a few years ago, precision agriculture was thought to
have potential only in areas where technical facilities, as well as,
field structure were compatible. Farmers in sub-Saharan Africa,
however, have been practicing precision farming for centuries
(Brouwer and Bouma 1997). A better knowledge of field level
ecological variability, gained in part by making use of modern
statistical techniques, can help farmers and researchers increase
nutrient user efficiency through improved precision agriculture,
also in low-input, low technology situations (Brouwer and
Powell 1998; Voortman and Brouwer 2003; Voortman et al.
2004). It would also allow farmers to maintain, at least partially,
the spatial variability that can contribute to risk-reduction in their
production systems (Brouwer et al. 1993). Furthermore, adding
science to traditional knowledge and practices is relevant and im-
portant to optimizing systems for production and to sustain them.
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6.3.4.3 Genetically Modified Organisms in Agriculture

Modern methods of biotechnology include genetic modification
to enable the development of crops, animals, or bacteria that ex-
hibit traits which could not be introduced with classical breeding
methods.

Only products derived from a limited number of genetically
modified organisms (such as cotton, maize, oil seed rape, papaya,
potato, rice, soybean, squash, sugar beet, tomato, wheat, and car-
nations) have been approved as yet in some countries. From these
products, only a few products such as herbicide- and insect-
resistant maize (BT maize), soybeans and oil seed rape—are on
the international markets at present. During the six-year period
1996–2001, the major trait incorporated into genetically modified
organisms was herbicide tolerance, with insect resistance being
second. Major new developments include:
• in the near future, most market introductions of new trans-

genic crops will concern agronomic traits, especially herbicide
resistance and insect resistance;

• altered nutrition and composition (for example, Vitamin A or
iron deficiency);

• genetic modification of plants used to produce vaccines for
human and animal illnesses;

• salt tolerant and drought resistant crops;
• transgenic crops in which the introduced trait is active in only

one generation, so-called ‘‘Genetic Use Restriction Technol-
ogies’’;

• the first transgenic animal for food purposes that is likely to be
licensed is fast- growing Atlantic salmon. Other fish in which
genes for growth hormones have been introduced experimen-
tally include carp, trout, tilapia, and wolf-fish. It should be
emphasized that licensing of such transgenic species will
require assessment of impacts and risks to the aquatic environ-
ment, because of their connectivity and the relative competi-
tiveness of strains;

• most efforts in creating transgenic arthropods, such as insects
for food-related uses, are in the area of pest control (for exam-
ple, transgenic, sterile male plague insects have been produced
experimentally); and

• soil bacteria-promoting crop development.

6.3.4.3.1 The scientific gene modification debate and concerns about
biodiversity

While genetically modified organisms, generated following the
purposeful introduction of exogenous DNA into plants or ani-
mals, should in theory present no more risks than plants or animals
improved through selective breeding approaches, genetically
modified organisms have a better predictability of gene expression
than conventional breeding methods. Moreover, the transgenes
are not conceptually different than the use of native genes or or-
ganisms modified by conventional technologies. Today, extensive
areas have been planted with genetically modified crops in the
United States and China, without untoward effects.

Biotechnology may help achieve the productivity gains
needed to feed a growing global population; impart resistance to
insect pests, diseases, and abiotic stress factors; and improve the
nutritional value and enhance the durability of products during
harvesting or shipping. New crop varieties and biocontrol agents
may reduce reliance on pesticides, thereby reducing the crop pro-
tection costs of farmers and benefiting both the environment and
public health. Research on genetic modification to achieve ap-
propriate weed control can increase farm incomes and reduce the
time women farmers spend on weeding and thus allow more time
for childcare.
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Biotechnology would also offer cost-effective solutions to mi-
cronutrient malnutrition, such as vitamin A and iron. Research in
biotechnology on increasing the efficiency of utilizing farm input
could lead to the development of crops that use water more effi-
ciently and extract phosphate from the soil more effectively. The
development of cereal plants capable of capturing nitrogen from
the air could contribute greatly to plant nutrition, helping poor
farmers, who often cannot afford fertilizers. By increasing crop
productivity, agricultural biotechnology could help reduce the
need to cultivate new lands and conserve biodiversity. If the ap-
propriate policies are put into place, productivity gains could have
the same poverty-reducing impact as the Green Revolution,.

The debate over genetic modification has highlighted the po-
tential impacts on human health, environment, agrobiodiversity,
and economic aspects, stemming mainly from impacts from ran-
dom DNA integration into the genome of recipient organisms.

Human health: Impact on human health occurs through the
formation of new products with allergenic or other effects. Al-
though no direct risks for human health have been observed with
genetically modified foods, the concerns have resulted in the es-
tablishment of risk assessment measures, recently established in
CODEX guidelines on genetically modified foods (Haslberger
2003).

Environment: Impacts on the environment occur in several
ways—by direct competitive effects through faster growing
plants, animals or fish compared with wild species; by indirect
effects (such as insect- resistant genes incorporated into plants re-
ducing the activity or health of natural insect pollinators); by ef-
fects on wild relatives through the transfer of transgenes to wild
species causing some change in function (such as inducing herbi-
cide resistance in weedy species). There is however still contro-
versy among scientists, as different outcomes have been reported
on issues such as insecticide/pesticide use, yield increases, and en-
vironmental benefits (for example, Obrycki et al. 2001; Hilbeck
2001; Dewar et al. 2003). Different local agroecological condi-
tions may contribute to different outcomes in the use of such
crops; thus, their deployment may require careful case-by-case
consideration. Risks to the environment of the transboundary
movement of genetically modified organisms are being dealt with
under the Cartagena Protocol of Biosafety.

Agrobiodiversity: For crops, the process of seed trading and
transport can contribute to a potential spread of transgenes. Out-
crossing of recombinant DNA could result in a significant transfer
of recombinant DNA to wild or weedy plants, especially, in cen-
ters of origin of crops or in areas of high species diversity of plants
related to the crop plant. Genetically engineered insects, shellfish,
fish, and other animals that can easily escape, are highly mobile
and form feral populations easily. They are of concern, especially,
if they are more successful at reproduction than their natural
counterparts. For example, it is possible that transgenic salmon
with genes engineered to accelerate growth released into the nat-
ural environment could compete more successfully for food and
mates than wild salmon, thus endangering wild populations. Thus
particular guidelines, sterile release strategies, and other controls
will be necessary to fully exploit the potential production advan-
tages.

Economics: The mixing of genetically modified and unaltered
crop products make the produce impossible to sell in markets
unwilling to buy such products. This is currently the case as cus-
tomers in some regions differentiate GM foods as unethical or
unsafe, compared with agricultural products derived from plants
and animals improved through conventional breeding programs.

The biggest risk of modern biotechnology for developing
countries is that technological development may bypass poor
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farmers because of a lack of enlightened adaptation. It is not that
biotechnology is irrelevant, but research needs to focus on the
problems of small farmers in developing countries. Private sector
research is unlikely to take on such a focus, given the lack of
future profits. Without a stronger public sector role, a form of
scientific apartheid may develop, in which cutting edge science
becomes oriented exclusively toward industrial countries and
large-scale farming.

The focus of biosafety regulations needs to be on safety, qual-
ity, and efficacy. The need and extent of safety evaluation may be
based on the comparison of the new food and the analogous food,
if any. In relation to environment, one has to look at the interac-
tion of the transgenes with the environment. The potential of
recombinant technologies allows a greater modification than is
possible with conventional technologies. In most of the develop-
ing countries, there is no system in place to regulate the produc-
tion and use of genetically modified organisms. The management,
interpretation, and utilization of information will be an important
component of risk assessment, and determine the effectiveness
and reliability of this technology.

While modern biotechnology offers promise to increase pro-
ductivity and protect natural resources and ecosystems, the risks of
such events occurring need to be evaluated in a scientific manner.
Strategies (such as the production of self-limiting populations of
genetically modified organisms) need to be developed in the first
instance, to limit the spread/escape of new materials. Among the
measures needed:
• evaluations of risks need to be pre-planned and evidence-

based;
• communication strategies for the results of such trials need to

be developed for policy makers and for the general public and
implemented; and

• future policy needs to be formulated on the basis of evidence
and cost-benefit analyses, which include levels of estimated
risk.

6.3.4.3.2 Analysis and assessment

Precision agriculture and integrated agricultural systems are gen-
erally believed to have the potential for supportive effects on sus-
tainability, according to their use in specific agroeconomic
conditions (for example, farm scales). Modern biotechnology is
purported, from a technical perspective, to have a number of
products for addressing certain food security problems of develop-
ing countries (Conway 1999; Skerrit 2000). The availability of
such products could have not only an important role in reducing
hunger and increasing food security, but also the potential to ad-
dress developing world health problems. However, some govern-
ments believe the risks (safety, environmental, and/or economic)
associated with modern biotechnology far outweigh the benefits.

Modern methods of biotechnology, as well as molecular
methods for the preservation of germplasm diversity are generally
accepted as important tools for improved sustainability in agricul-
ture (Shah and Strong 2000).

The use of GM organisms in food production has developed
into a significant part of agriculture in some countries. Scientific
proof of advantages such as pest reduction can be shown for some
crops in some areas, but many scientific uncertainties about ad-
vantages or risks (for example, out-crossing) are still evident. Pres-
ent experiences suggest that it may not be possible to assess
advantages or risks of genetically modified organisms in food pro-
duction in general, but rather that they must be addressed case by
case for specific agroecological or even socioeconomic condi-
tions. Improved regulations, which allow a regional differentiated
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use of certain products in addition to a globalized trading system,
may be desirable.

6.3.4.4 Sustainable Food Production Systems and Organic
Farming

Improving the sustainability of complex food production systems
requires a thorough understanding of the relationships between
food consumption behaviors, processing and distribution activi-
ties, and agricultural production practices, as well as, a good un-
derstanding of the links between societal needs, the natural and
economic processes involved in meeting these needs, and the as-
sociated environmental consequences. The ultimate goal is to
guide the development of system-based solutions. Indicators cov-
ering the life cycle stages include origin of (genetic) resource; ag-
ricultural growing and production; food processing, packaging
and distribution; preparation and consumption; and end of life.

Current trends in a number of indicators threaten the long-
term economic, social, and environmental sustainability of the
food system. Key trends include: (1) rates of agricultural land con-
version, (2) income and profitability from farming, (3) degree of
food industry consolidation, (4) fraction of edible food wasted, (5)
diet-related health costs, (6) legal status of farm workers, (7) age
distribution of farmers, (8) genetic diversity, (9) rate of soil loss
and groundwater withdrawal, and (10) fossil fuel use intensity.
Effective opportunities to enhance the sustainability of the food
system exist in changing consumption behavior, which will have
compounding benefits across agricultural production, distribu-
tion, and food disposition stages (Heller and Keoleian 2003), as
well as alternative agricultural practices. One way of doing this is
by enhanced breeding methods enabling improved traits for spe-
cific socioecological situations. Another is integrated organic
farming.

6.3.4.4.1 Principles of organic farming and standardization

Organic farming management relies on developing biological di-
versity in the field to disrupt the habitat for pest organisms, and
the purposeful maintenance and replenishment of soil fertility.
Organic farmers are not allowed to use synthetic pesticides or
fertilizers. Organic farming represents an alternative and more ho-
listic view of agriculture and food production, and directly ad-
dresses the problems faced in many areas of conventional
agricultural practice. Concerns about the environment and na-
ture, livestock welfare, and food quality are thus essential elements
of the philosophy behind organic farming.

The special values and principles of organic farming stem from
the recognition that human society is an integrated part of nature,
and that—due to the complexity of the socioecological sys-
tems—we have incomplete knowledge of the far reaching and
future consequences of our actions. Based on these fundamental
assumptions, three general principles—the cyclical principle, the
precautionary principle, and the nearness principle of action and
development—can be set out.

There is a special conception of sustainability in organic farm-
ing, which has been termed ‘‘functional integrity.’’ Functional in-
tegrity corresponds to a systemic view, seeing agriculture as a
complex system of production practices, social values, and eco-
logical relations. The functional integrity of the system depends
on the use of cyclical processes and the reproduction of crucial
elements, such as soil fertility, crops, livestock, nature, and human
institutions. As a principle of action, this is sometimes expressed
in terms of the development of system’s harmony with nature.

There is also a special conception of risk decisions and preven-
tion in organic farming, which can be characterized in the form
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of the precautionary principle, which involves a self-reflective
awareness of the limits of knowledge and control, and strategies
for handling ignorance and uncertainty. The principle is imple-
mented by acting before conclusive scientific understanding is
available, and involves early detection of dangers through com-
prehensive research, and promotion of cleaner technologies.

6.3.4.4.2 Evidence for enhanced sustainability in organic farming

In a 21-year study of agronomic and ecological performance of
biodynamic, bioorganic, and conventional farming systems in
Central Europe, crop yields were found to be 20% lower in the
organic systems, although input of fertilizer and energy was re-
duced by 34–53% and pesticide input by 97 %. However, at the
global level, the scope for and adoption of organic agriculture is
likely to be very limited since, for example, a 20% decline in
crop yields would have serious consequences on food supplies.
Enhanced soil fertility and higher biodiversity found in organic
plots may render these systems less dependent on external inputs
(Maeder et al. 2002). A long-term project (1992–1997) in the
United Kingdom comparing conventional and integrated arable
farming systems found that, in terms of total energy used, the
integrated system appears to be the most efficient. However, in
terms of energy efficiency, energy use per kilogram of output, the
results were less conclusive (Bailey et al. 2003).

Results comparing data from organic or conventional farming
are mostly a matter of intensive debate because of various specific
or local aspects; while organic farming certainly shares many risks
with conventional methods (for example, mycotoxin residues),
the increase of organic farming has undoubtedly resulted in en-
hanced sustainability indicators as well as in an improved focus of
the public perception in these problems. According to an FAO
report (1999a), the unique aspect of organic farming is that almost
all synthetic inputs are prohibited. Crop rotations are mandated
and proper use and management of manure is essential. Organic
farming helps conserve water and soil on the farm. Reduction in
the use of toxic pesticides, which the World Health Organization
estimates poison 3 million people each year, is important with
regard to health risks of farm families.

In several developed countries, organic agriculture already
represents a significant portion of the food system. According to
a study the International Federation of Organic Agriculture
Movements (IFOAM 2004), currently more than 24 million
hectares of farmland are under organic management worldwide.
FAO (1999a) reported that in developing countries, under the
right circumstances, the market returns from organic agriculture
can potentially contribute to local food security by increasing
family incomes and some of the developing countries have begun
to seize the lucrative export opportunities presented by organic
agriculture.

The dramatic increase in the use of agrochemicals in develop-
ing countries in recent decades and concentration on cash crops
has often resulted in environmental contamination, severe health
problems, and unprofitable crop production. The need for
changes has resulted in a need for alternatives: crop production
systems which do not rely heavily on chemical inputs, but which
nevertheless produce economically viable yields while minimiz-
ing environmental impacts. Integrated pest management is one
such system that has been successfully implemented on a wide
range of crops and agroclimatic zones. Many aid and development
agencies have adopted IPM as the model for the agricultural de-
velopment they support, and the OECD Development Assistance
Committee encourages its member states to support IPM. (See
Box 6.6.)
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6.3.5 Water Management

Governments and water managers are faced with the need to in-
crease water supply to meet a still expanding population’s increas-
ing demand for food and water, while at the same time insuring
that the water supply is sustainable and that ecosystems contribut-
ing to that sustainability are protected. Although the total avail-
able fresh water of the world is considered, in the aggregate,
sufficient to satisfy today’s demand, the uneven distribution of the
world’s freshwater resources and the current mounting pollution
of many waterways and aquifers result in a situation where at
least 30 countries are considered water stressed (with freshwater
resources less than 1,700 cubic meters per capita); 20 countries
are water scarce (with less than 1,000 cubic meters per capita)
(Rosegrant 1995). In regions where water is already stressed or
scarce, meeting increasing demand for all water uses including
ecosystem protection becomes increasingly difficult and expen-
sive, particularly under the traditional approach of constructing
new water supply projects. However, there are many options for
providing the necessary water, many of which may be better and
cheaper than constructing new projects. Some response options
are listed below.

In terms of supply-side management, options include: construct-
ing additional water storage and distribution systems; making bet-
ter use of natural systems, such as wetlands and ground cover,
to reduce erosion, store and filter water, and recharge aquifers;
improving the efficiency of existing storage and distribution sys-
tems; improving water management techniques and institutions;
importing bottled water; and desalinating seawater.

Demand side management options include: increasing water pro-
ductivity; improving water pricing; importing more food rather
than growing it; applying water quotas; using economic incen-
tives to reduce withdrawals and pollution; improving water qual-
ity regulations; and initiating a pollution permits market.

6.3.5.1 Water Pricing in Irrigated Agriculture

Water pricing is one of the most important elements of recent
water management frameworks, because it is the basis for achiev-
ing efficient allocation of water resources. Conversely, inappro-
priate water prices could encourage inefficient use of water and
contribute to water shortages or depletion of water resources in
the long run and degradation of the environment and the ecosys-
tems (for example, Koundouri et al. 2003; Pashardes et al. 2002;
Chakravorty and Swanson 2002).

Efficient pricing is also very important in the management of
groundwater where, in addition to standard pumping and distri-
bution costs, there are costs associated with externalities. These
costs can be classified as (Howe 2002): (1) contemporary pumping
externalities associated with the fact that individual pumping affects
other groundwater users in the vicinity by lowering their water
table and increasing their pumping costs; (2) intertemporal externali-
ties stemming from the fact that pumping groundwater now af-
fects its future availability; and (3) groundwater quality externality
resulting when water has different quality characteristics in differ-
ent parts of the aquifer and when pumping causes salt water intru-
sion.

Typically water prices in agriculture, when they exist, cover
more or less the variable cost of water supply, while public au-
thorities cover fixed costs. Sometimes prices are set according to
some notion of farmers’ ‘‘ability to pay.’’ The structure of water
pricing systems usually takes one of the following forms (Tsur and
Dinar 1997): standard volumetric and fixed tariffs, area-pricing,
tiered or block-rate pricing, land betterment levy pricing or pas-
sive trading, volumetric pricing with bonus, or water markets.
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BOX 6.6

Integrated Pest Management

Definitions of IPM cover a range of approaches: from safe use of pesti- cluding calendar spraying of pesticides. It builds on the knowledge of-
cides to elimination of virtually all pesticide use. The presence of pests women and men farmers of crop, pest, and predator ecology, to increase
does not automatically require control measures, as damage may be in- the use of pest-resistant varieties, beneficial insects, crop rotations, and
significant. A system of non-chemical pest methodologies needs to be improved soil management. Supportive agricultural research, training of
considered before a decision is taken to use pesticides. Suitable pest extension workers and farmers, and farmer participation in pest manage-
control methods should be used in an integrated manner and pesticides ment solutions, are key elements. IPM programs encourage access to
need to be used on an as-needed basis only, and as a last-resort compo- information on non-chemical alternatives. Government adoption of IPM,
nent of an IPM strategy. In such a strategy, the effects of pesticides on as part of its agricultural policy, will move IPM from the level of individual
human health, the environment, and sustainability of the agricultural sys- projects to a more common approach, and will bring national benefits.
tem and the economy need to be carefully considered. IPM programs are IPM programs involve farmers and field staff from national and local
designed to generate independence and increased profits for farmers, and government units and nongovernmental institutions, enhancing ecological
savings on foreign imports for governments. awareness, decision-making and other business skills, and farmer confi-

IPM enables farmers to make informed decisions to manage their dence. IPM thus has long-lasting socioeconomic benefits far beyond the
crops. Successful IPM programs replace reliance on most spraying, in- field of plant protection.

Pesticide Problems Avoided with IPM

Hazards to Health Hazards to Environment Crop Production Problems

Acute poisoning: 3 million poisonings includ- Contamination of drinking water and ground Pesticide resistance: 520 species of insects
ing 20,000 unintentional deaths occur annu- water and mites, 150 plant diseases, and 113
ally (WHO) weeds are resistant to pesticides (FAO)Water contamination kills fish
Symptoms of acute poisoning include severe Resistance can create a treadmill syndrome,Soil contamination
headaches, nausea, depression, vomiting, as farmers use increasing inputs to little ef-

Wildlife and domestic animals can be killeddiarrhea, eye irritation, severe fatigue, and fect, while elimination of beneficial insects
by spray drift or by drinking contaminatedskin rashes causes secondary pest outbreaks
water

Chronic ill-health problems can affect women High costs of pesticides can lead to falling
Exposure may also cause infertility and be-and men, girls and boys exposed to pesti- incomes for farmers: newer products are
havioral disruptioncides whether because of their occupation or often safer, but more expensive
Persistence in the environment and accumu-because they live near areas of use. Such Farming communities lose knowledge of good
lation in the food chain leads to diverse envi-problems can include neurological disorders, horticultural practices and become dependent
ronmental impactscancers, infertility, birth defects, and other re- on expensive external inputs

productive disorders Loss of biodiversity in natural and agricultural
environments

Water markets have become an increasingly important mech-
anism for efficient and flexible water allocation. (See Box 6.7 for
selected examples.) Water markets and tradable water rights give
water a value separate from land and provide incentives to use
water more efficiently, since water saving can be sold for extra
revenues or can be used to further increase production. Water
markets are promoted by international organizations such as the
World Bank and have been pursued within many developing
countries (Thobani 1997).

In developing countries, the practicality and true ecological
and livelihood impact of water pricing and markets is under scru-
tiny. Given this, a broader term of economic incentives will cer-
tainly be important. These could include positive incentives for
farmers to save water, rather than penalizing the rural poor when
it is often the urban wealthy who benefit from low food prices
and could better afford the cost of dealing with negative externali-
ties. (Box 6.8 shows how one system works.)

In addition to the issue of efficient water use, attention must
be paid to the possible negative effects of irrigation (FAO 2002b).
Irrigation of farmlands in areas with water scarcity could cause
degradation of water-based ecosystems, such as wetlands and for-
ests. Regional transfers of irrigation water could cause problems
both in the withdrawal and the receiving regions. Intensive irriga-
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tion farming in arid and semiarid areas leads to water pollution
through chemical runoff into surface water or percolation into
groundwater. Overirrigation also often results in soil salinity prob-
lems, for example, the Indus Basin in Pakistan.

6.3.5.2 Responses to Water Pollution

6.3.5.2.1 The nature of agricultural non-point source pollution

Agriculture is the single largest user of water resources. Except for
water lost through evapotranspiration, agricultural water is recy-
cled back to surface water and/or groundwater. However, agri-
culture is both a cause and a victim of water pollution. It is a cause
through its discharge of pollutants and sediment into surface and/
or groundwater; through net loss of soil from poor agricultural
practices; through salinization and water logging of irrigated land;
and through salt water intrusion in coastal aquifers due to over
pumping. It is a victim through use of wastewater and polluted
surface and groundwater, which contaminate crops and transmit
disease to consumers and farm workers. This section examines
responses related to the regulation of agricultural water pollution,
which is probably the most representative of the so-called non-
point source pollution problems.
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BOX 6.7

Experience with Water Markets (Bjornlund and McKay 2002)

Water markets have emerged in both developed and developing coun-
tries. Some examples are:

• In Mexico, permanent and temporary water trading took effect in
1994 with a new Water Act. Water transfers can be freely made
and at low cost within water users’ organizations, and on a com-
munal basis. Inter-district transfers require government approval.

• Informal water markets have operated within irrigation districts in
India and Pakistan, often illegally. Payment for water takes place
through arrangements involving two-way share farming, where
one party supplies water and the other supplies the land, and all
other costs and profits are shared. Another possibility is the
three-way share farming, where one party supplies land, one
water, and one labor, and all other costs are shared. These infor-
mal markets have increased water availability and supply reliabil-
ity, and promoted more socially equitable outcomes from irrigated
farming within the community.

• In the United States, most water trade involves transfers from
agriculture to urban users, or to industrial users, such as mining
and power generation. Many water sources are organized within
mutual companies providing water through networks of canals.
Irrigators own shares in the company, giving them rights to a
certain volume of water. Shares and the associated water are
freely transferable within the area. Water banks, which prioritize
buyers and facilitate sale of large volumes of water, have also
developed in some western states. The U.S.US experience
shows that the more well defined property rights are, the more
water markets develop; and the larger the trading area and the
more diverse the users groups, the more efficient they are.

• In Chile, the water code established in 1981 separated water
rights from the land, made these rights freely transferable, and
distinguished between consumptive and non-consumptive rights,
the latter mainly for power generators.

The significance of non-point-source-type pollution is indi-
cated by the fact that part of the degradation of many of the
world’s lakes and reservoirs can be traced to this type of pollution.
(See Box 6.9 for a case study examining the Aral Sea.) Degrada-
tion is caused by a number of factors including nutrient loading
due to intensive farming practices; toxic substances entering the
water bodies as agricultural runoff along with forestry drainage,
which includes a range of toxic pesticides and herbicides; acceler-
ated sedimentation caused by farming on fragile soils and steep
slopes, forestry activities, construction activities and urban drain-
age; acidification of aquatic systems from emissions of sulfur diox-
ide and nitrous oxides due to acid rain or through leaching from
affected land. In a non-point source pollution problem, an envi-
ronmental regulator can measure the ambient pollution at specific
‘‘receptor points,’’ but cannot attribute any specific portion of the
pollutant concentration to a specific discharger. Therefore, the
problems that characterize a non-point-source pollution problem
are mainly informational; Braden and Segerson (1993) have iden-
tified two broad classes of problems: those related to monitoring
and measurement, and those related to natural variability.

6.3.5.2.2 Regulation
The inadequacy of the standard instruments of environmental
policy to deal with NPS pollution has led, in recent years, to
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the development of policy schemes appropriate for NPS pollution
problems (Xepapadeas 1997, 1999). These schemes can be di-
vided into two broad categories: (1) ambient taxes where the
scheme is based on the observed ambient pollution, and (2) input
based schemes, where the policy scheme consists of taxes applied
to observable polluting inputs.

Actual policies against water pollution that are common in
many countries (OECD 1994) include user charges for sewerage
and sewage treatment, water effluent charges, and charges in agri-
culture, along with a number of more specific policies. These
are general policies that do not readily conform to the stylized
characteristics of the NPS pollution instruments discussed above;
nevertheless there are features that attempt to address the non-
observability of individual emissions.

Charges in agriculture are a more profound case of input-
based schemes. Charges on fertilizers as applied in many countries
are based on the nitrogen and phosphorus content of fertilizers,
which are the main contributors to NPS pollution in surface
water. A number of off-farm management methods also exist for
reducing phosphorus runoff such as vegetation buffer stripes, ri-
parian zones, and dredging of the lake sediment.

More specific policies aimed at addressing NPS pollution
problems, especially in relation to agriculture also exist. For ex-
ample, in Austria there are groundwater protection zones in
which, if the water quality is reduced, farmers have to comply
with certain management practices or change land use. Spain has
zonal programs for reducing fertilizers, the Netherlands has a ma-
nure and ammonia policy, England and Wales have codes, which
give farmers guidance on maintaining good agricultural practices.
Ireland has a voluntary scheme for farmers to follow a specific
nutrient management plan.

6.3.6 Fisheries Management

As described in this chapter and MA Current State and Trends,
Chapter 18, capture or wild fisheries have been overexploited
(and habitats damaged) to the extent that current global catch
levels are stable or are actually reducing. A conundrum that has
helped mask effective global action so far is that apparent global
stability in the catches does not highlight severe regional instances
of overfishing, or the reduction of sizes and trophic levels of the
fish being caught. Shortfalls in capture fisheries and price increases
have led to ill-advised exploitation of ‘‘new’’ fisheries (sometimes
of long-lived fish like orange roughy which reproduce slowly).
These have gone through rapid boom and bust cycles and exacer-
bated the global decline.

In addition to effects on the structure of fisheries, further envi-
ronmental effects are being noted, for example, on sea beds as a
result of trawling, and damage to habitats such as tropical coral
reefs through overfishing and destructive fishing practices. Cap-
ture fisheries are associated with large government revenues
through taxes and exports, and employment (often for poorer
communities and coastal areas). Individual national responses to
overfishing have been frequently insufficient, or actively protec-
tionist of the industry through subsidies and poor enforcement of
existing regulations. (See Box 6.10.) As a result, global fishing
capacity is far in excess of what is economically viable. Probably
the most important causes of fishery collapse have been poor
decision-making and lack of political will. Of late, there is a
growing awareness that the traditional approach to managing
fisheries, which considers the target species as independent, self-
sustaining populations, is in need of revision. The need to imple-
ment ecosystem-based fisheries management is now being em-
phasized (FAO 2002a).
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BOX 6.8

Water and Mixed Crop–Livestock Systems

Mixed crop–livestock production characterizes most irrigation and rain-fed systems, available water supports agricultural production, non-agricultural
agriculture in developing countries. Pure crop production is largely re- human needs and ecosystem services. Water used for food production
stricted to developed countries. Discussed here are rain-fed mixed crop– competes with other uses. Water that does not leave farming systems is
livestock systems, but livestock are a fundamental and overlooked stored and available for future use. Water that has been used but does
component of most irrigations systems in developing countries. not leave these systems remains available for re-use provided that its

Water accounting tools enable understanding of water use in mixed quality has not been reduced to unacceptable levels. Losses of water also
crop–livestock production systems (see Figure below). Although the geo- include evaporation, discharge, and contamination. Transpiration is the
graphic scale of analysis is largely arbitrary, water enters into and exits most essential form of agricultural water use that drives both agricultural
from farming systems, agroecosystems, and river basins. Within these production and maintenance of wild biodiversity.

Water Accounting Framework Showing Relationships among Water Supply, Water Loss, Water Storage, and Livestock and Crop Production
in Mixed Crop–Livestock Production Systems (modified from Molden et al. 2003)

Water discharged from upstream food producing systems affects producing transpiration pathways. Demand management also requires
downstream users. Excessive run-off causes downstream flooding while improving land management practices that promote groundwater and soil-
upstream food production can make water less available to downstream moisture recharge through practices such as controlled grazing, maintain-
users. Yet upstream increases in infiltration can provide improved quality ing vegetation cover, terracing, and conservation agriculture. This ap-
and a seasonally available downstream supply. Thus changing water use proach helps in retaining water for use in dry periods and reduces
and productivity in one place may have both adverse and beneficial im- undesirable flooding downstream.
pacts elsewhere. In developing countries, in contrast to industrial countries, livestock are

Farmers, planners, and policy-makers have many options for promot- not just productive commodities. They play a much larger role through provi-
ing a more efficient use of water. On the supply side, investments are sion of farm power and in many communities they represent wealth assets.
possible in infrastructure to import water, and in development of water Overgrazing is often blamed for high rates of soil erosion, run-off, and
storage facilities such as ponds, dams and tanks. In addition, any land flooding particularly in steep lands. Evidence from Ethiopia suggests
management activities or agricultural practices that encourage ground- strongly that the primary cause has been the replacement of grazing land
water and soil-moisture recharge contribute toward storing or maintaining with annual cropland requiring better integration of water management
available water. On the demand side, water management is an important with crop and livestock production. Options for improvement include ter-
strategy to improve water use in mixed farming systems. This requires racing, conservation agriculture, and de-stocking of livestock populations
coherent policies, practices, and technologies that promote an optimal mix accompanied by action to increase the productivity of each animal. The
of plant species that are collectively responsible for enabling beneficial framework provided in figure shows a framework that can help increase
outputs, including animal and plant production and ecosystems services. understanding of the interactions among people, water, crops, and live-

Choice of plant species serves to re-allocate water through benefit- stock, and identify options to improve agricultural water productivity.
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BOX 6.9

Agricultural Water Pollution Case Study: The Aral Sea Disaster

The Aral Sea lies in Central Asia; its basin includes Southern Russia, Uzbe-
kistan, Tajikistan, Kazakhstan, Kyrgyzstan, Turkmenistan, Afghanistan, and
Iran. The Aral Sea has no outlet, but equilibrium had been reached between
the inflow and evaporation. In 1960, the Aral Sea was the fourth largest lake
in the world, fed by the Amu Darya and Syr Darya rivers. The population of
the area was 23.5 million in 1976 and has risen since then.

In the 1920s, the former Soviet Union started transforming the area into
a major cotton producing area and used the river waters to irrigate the dry
lands upstream from the Aral Sea. During the 1960s, the effects of the water
diversion to massive irrigation schemes started to appear. The Aral Sea
began to shrink, the shoreline retreated, and the salt concentration increased
dramatically. The desiccation of the Aral Sea, derived from satellite remote
sensing data, is shown here for the period 1960 to 2010 (projected).

Typhoid 29-fold increase

Viral hepatitis 7-fold increase

Paratyphoid 4-fold increase

Hypertonia, heart disease, gastric and duodenal ulcers up 100%

Increase in premature births up 31%

Morbidity and mortality
(Karakalpakia, 1981–87)

Liver cancers up 200%

Gullet cancers up 25%

Oesophageal cancers up 100%

Cancer in young persons up 100%

Infant mortality (1980–89) up 20%

Agriculture is considered to be the root cause of the Aral Sea disaster
(UNEP 1993). In particular, the agricultural practices resulted in effects
such as: increase in irrigation area and water; withdrawals; use of unlined
irrigation canals; rising groundwater; extensive monoculture and excessive
use of persistent pesticides; increased salinization and salt runoff leading
to salinization of major rivers; increased frequency of dust storms and salt
deposition; discharge of highly mineralized, pesticide-rich return flows to
main rivers; and excessive use of fertilizers.

UNEP responded to Russia’s request to address the problem (World
Bank 1997). Initial studies indicated that it was not possible to restore the
Aral Sea. It is important to notice here that agricultural practices led to an
irreversible change in the ecosystem. The Aral Sea Basin Program
launched 19 projects in eight thematic areas for the purpose of attaining
partial remedies. The main issues tackled include water and salt manage-
ment, wetland restoration, and immediate project impact.

Water and salt management: Water management includes mainly
water sharing as a transboundary issue, since there are five independent
states involved, with the upstream states requiring water for electricity
generation, and the downstream states requiring water for irrigation. Salt

1960 1985 1986 1987

1988 1989 1990 1991

1992 1993 1994 1995

1996 1997 1998 2010
management is the most pressing problem, the land is losing productivity
due to salinization and might be out of production, and salinity jeopardizesThe Aral Sea has lost more than 60% of its area and approximately
drinking water resources.80% of its volume (until 1998). The sea level has dropped about 18 meters

Wetland restoration: The purpose is to restore part of the Sea or toin the same time period. Historical data indicate that the inflow to Aral Sea
rehabilitate some ecosystems on the Sea’s perimeter.was 56 cubed kilometers per year prior to the intervention. During the

Immediate impact: The aim is to alleviate suffering in the disaster zone,period 1966–70, the inflow fell to 47 cubed kilometers per year; during
by helping to provide clean water and fishing opportunities in the deltas,1981–85, it was 2. There was a huge increase in the salinity. In Uzbe-
health care for people living near the Sea, and repair of the infrastructurekistan, for example, the salinized area in 1982 was 36.3% of the total
(for example, schools, hospitals). Due to the size of the problem, addi-irrigated area; by 1985 it had risen to 42.8% of the total irrigated area.
tional joint action was taken by the World Bank, UNDP, UNEP and theThe major ecological and water quality impacts include: salt content of
European Union, all of which call for a synergy of the current efforts inmajor rivers exceeds standard by factors of two to three; contamination of
the region and offer a wide opening for further initiatives.agricultural products with agrochemicals; high levels of turbidity in major water

Developments in the Aral Sea since the 1960s represent one of thesources; high levels of pesticides and phenols in surface waters; excessive
greatest environmental disasters ever recorded with major social, eco-pesticide concentrations in air, food products, and breast milk; loss of soil
nomic, and ecological impacts. The Aral Sea provides a catastrophic ex-fertility; induced climatic changes; major decline and extinctions of animal,
ample of how responses aimed at increasing production of the agriculturalfish, and vegetation species; and destruction of commercial fisheries.
sector can generate feedbacks that devastate a once-productive region.These developments have had a devastating impact on public health,

The combined quantity-quality water degradation proved to be devas-as seen in this table showing public health impacts in the Aral Sea area
tating for the whole ecosystem. It is important to note here that agriculturalsince the 1980s (Ongley 1996).
pollution led to an irreversible change in the ecosystem; furthermore the
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change was fast, indicating the existence of threshold effects. Quantity- In summary, the response of adopting massive agricultural develop-
quality interactions, irreversibilities, and fast change after threshold points ment plans, without any precaution for detrimental side effects, created a
are issues discussed in theoretical models of pollution accumulation, and major negative impact on human well-being and poverty in Central Asia.
in this sense the Aral Sea disaster can be regarded as constituting a real This in turn, seriously impeded the attainment of goals such as security,
life example of theoretical modeling. basic material for a good life, health, and good social relations.

BOX 6.10

The Collapse of the Newfoundland Cod Fishery

Combined stock and regulatory fluctuations, leading to eventual col-
lapse, have been observed in fisheries. The Canadian cod fishery off
the east coast of Newfoundland experienced its boom-bust phase in
the mid-1950s. With the appearance of a new breed of factory-fishing,
countries such as Germany (East and West), Great Britain, Spain, Por-
tugal, Poland, the Soviet Union, Cuba, and countries in East Asia had
legally fished to within 12 miles of the eastern Canadian and New
England (U.S.) seaboards. Canada (and the United States), concerned
that stocks were being reduced to almost nothing, passed legislation
in 1976 to extend their national jurisdictions over marine living re-
sources out to 200 nautical miles. Catches naturally declined in the
late 1970s and stocks started recovering after the departure of the
foreign fleets. However, national regulation did not set catch quotas at
the late 1970s levels, and furthermore, new technology in the form of
factory-trawlers, or draggers as they became known, became the main-
stay of Canada’s Atlantic offshore fishing fleet. As a result, the northern
cod catch began a steady rise again, with a corresponding decline in
stocks (MA Current State and Trends, Chapter 18).

By 1986, the stock decline was realized, and by 1988, there were
scientific opinions recommending that the total allowable catch be cut
in half. Possibly because of delayed regulatory response, by 1992, the
biomass estimate for northern cod was the lowest ever measured. The
Canadian Minister of Fisheries and Oceans had no choice but to de-
clare a ban on fishing northern cod. For the first time in 400 years, the
fishing of northern cod ceased in Newfoundland. The fisheries depart-
ment issued a warning in 1995 that the entire northern cod population
had declined to just 1,700 tons by the end of 1994, down from a 1990
biomass survey showing 400,000 tons (Greenpeace 2003).

This collapse illustrates the vulnerability of fish stock. It is a story
that has been repeated in many other fisheries, including the California
and Japanese sardine fisheries, and the Southwest African pilchard
and North Sea herring fisheries.

Aquaculture has developed rapidly, particularly in Asia, but
also in key countries in Europe, the United States, and Latin
America to increase supplies. Over the past three decades, aqua-
culture has become the fastest growing food production sector in
the world; it has increased at an average rate of 9.2% per year
since 1970—an outstanding rate compared to the 1.4% rate for
capture fisheries or the 2.8% rate of land-based farmed meat prod-
ucts (FAO 2002a; Kura et al. 2004).

In 2001, aquaculture produced 37.9 million tons of fishery
products, nearly 40% of the world’s total food fish supply and
valued at $55.7 billion (FAO 2002a; Vannuccini 2003). Aquacul-
ture production is expected to continue to grow in the future to
meet the increasing demand for fish and fishery products. Aqua-
culture has become such a rapidly increasing sector by expanding,
diversifying, and intensifying production, as well as by technolog-
ical improvements in its operations.
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However, the initially unregulated expansion of the fish farm-
ing industry has led to inappropriate land and water use in some
cases, and breaks on potential levels of productivity through pol-
lution, contamination, and disease losses. Although a more mature
industry is developing, several issues must be addressed for aqua-
culture to start to balance losses in capture fisheries in a way that
does not simultaneously damage the environment. Food safety
and trade issues in aquaculture products mirror those for livestock
products and have severe implications for developing countries
that exploit fisheries for trade and also for food security purposes.

This section examines two types of responses, one related to
the management of capture fisheries and the other related to
aquaculture.

6.3.6.1 Capture Fisheries

6.3.6.1.1 The international framework for improving fisheries
management

Much of the current depletion of marine fish stocks derives from
the fact that oceans for hundreds of years have been managed as
open access resources. These resources are highly vulnerable to
overexploitation because there is no incentive for individual
fishers to restrain their harvest (MA Current State and Trends,
Chapter 18).

The United Nations Convention on the Law of the Sea pro-
vides coastal countries sovereignty over marine resources within
200 nautical miles of their coast so that the responsibility to man-
age coastal fisheries in a sustainable manner is squarely in the
hands of coastal nations. Not all nations have adequate fisheries
management plans and laws in place. Even when they do, imple-
mentation and enforcement often fall short, and fisheries are still
subject to overfishing. Also, distant water fleets from industrial
countries have been able, through payment of various fees, to
access the exclusive economic zones of developing countries in
many cases and rapidly deplete their resources

The FAO Code of Conduct for Responsible Fisheries pro-
vides voluntary guidelines according to the following principles:
• manage stocks using the best available science;
• apply the ‘‘precautionary principle,’’ using conservative man-

agement approaches when the effects of fishing practices are
uncertain;

• avoid overfishing; prevent or eliminate excess fishing capacity;
• minimize waste (discards) and bycatch;
• prohibit destructive fishing methods;
• restore depleted fish stocks;
• implement appropriate national laws, management plans, and

means of enforcement;
• monitor the effects of fishing on all species in the ecosystem,

not just the target fish stock;
• work cooperatively with other states to coordinate manage-

ment policies and enforcement actions; and
• recognize the importance of artisanal and small-scale fisheries,

and the value of traditional management practices.
More than 150 countries have formally embraced the Code

since it was introduced in 1995 (FAO 1995b). To augment the
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general provisions of the Code, the FAO has issued a number of
‘‘technical guidelines for responsible fisheries’’ that look at certain
important subjects in depth and interpret the Code with greater
specificity. For example, the FAO has issued technical guidelines
on applying the precautionary principle, integrating fishery man-
agement into coastal area management, developing aquaculture
responsibly, and applying an ‘‘ecosystem approach’’ to fisheries,
among other topics (FAO 2001a). In addition, it has overseen the
development of four International Plans of Action, which consist
of a set of recommendations on how nations should cooperate to
track a given problem, assess its magnitude, and develop individ-
ual national plans of action to address the problem. So far, IPOAs
on reducing seabird bycatch, conserving shark fisheries, reducing
fishing capacity, and reducing illegal, unreported, and unregulated
fishing have been approved by FAO member nations (FAO
2002a).

The elaboration of the principles in the Code and their
general acceptance as norms by nations provides the important
framework for more sustainable fishing. However, the Code of
Conduct and the IPOAs are all voluntary agreements, free of legal
mandates or enforcement mechanisms. Global action is under-
mined by nations that fail to fully implement or enforce them
(Kura et al. 2004). Clearly, elaborating and implementing national
plans in accordance with the Code of Conduct for Responsible
Fisheries, including provision for traditional and small-scale fish-
eries in different countries, is a continuing requirement.

6.3.6.1.2 Tools currently exploited to manage fisheries

Fishery management generally aims at preventing stock depletion
and securing the standards of living in the fishing sector. In the
future, achieving the necessary reduction in fishing capacity will
require fishers and vessels to leave fishing, and thus establishment
of alternative livelihoods. As a consequence, economic support
programs will become an integral part of future management
strategies.

A number of fishery management methods and practices have
been developed to reduce or restrict the capacity of fleets. Those,
such as the imposition of total allowable catch for the fishery,
vessel catch limits, mesh and size restrictions on gear, license limi-
tation, individual effort quotas, and buy backs of vessels or licenses
to reduce fleet numbers can all be considered as limitations of
fishing capacity. They contrast with methods that seek to adjust
the incentives for fishing. These seek to provide individual or
group incentives and market mechanisms for meeting output tar-
gets, with greater flexibility of operation. Various responses are
sketched in Table 6.3. In practice, a mixture of input and output
controls appropriate to the individual fishery is the best way of
managing it (World Bank 2004).

While designed to manage fishing, the above responses some-
times have inadvertent effects or incite perverse behaviors in rela-
tion to resource exploitation and sustainability. For example, the
allocation of licenses to fishers or fishing vessels, entitling them to
harvest from one or more stocks, is the most widely used system
for controlling the fleet capacity (Cunningham and Gréboval
2001). However, licensing programs are insufficient on their own
to control a fleet’s overcapacity. A major limitation is that they do
not prevent licensed fishers from expanding the capacity of their
vessels or adding new technology to increase their catch.

The most common application of catch controls is the total
allowable catch. If set at the right level (no higher than the fish-
ery’s maximum sustainable yield), TACs can effectively reduce
the direct pressure on a fish stock. However, TAC systems give
fishers the incentive to fish as quickly and intensively as possible
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Table 6.3. Main Policies for the Management of Open-access
Fisheries

Policy Description

Fishing effort regulation In this policy, one of the inputs in the index
for fishing effort is restricted (for example,
number of days at sea).

Decommissioning schemes The purpose of this policy is to bring the
capacity in line with catch potentials. This is
done by reducing the fleet capacity through
subsidized buy backs.

Marine protected areas The aim of this response is to protect some
fragile parts of a marine area by banning fish-
ing within these areas. Some examples of use
of this regulatory instrument are the Shetland
box and the Norway pout box (Holden 1996).

Total quotas or total In this policy, a total quota is imposed on the
allowable catches fishery and when this quota has been filled,

the fishery is closed (Clark 1990). The total
quota is often recommended to be set at a
level where maximum sustained yield is
reached. Total quotas have in some cases
been used in conjunction with individual quo-
tas (for example, in the case of Iceland and
New Zealand).

Rations Under a rations policy, the total quota is dis-
tributed in short time intervals on vessels
reflecting seasonal variations in catch possi-
bilities. Rations are used for some species in
Denmark. However, the system of rations cre-
ates huge information requirements.

License systems A license system normally specifies how
much can be caught and the weight of this
catch. The purpose is to control the catch of
each individual vessel.

Individual quotas This policy sets a non-transferable individual
annual quota that cannot be changed during
the year and may, therefore, be thought of as
a property right. Indeed, property rights regu-
lation is very popular within fisheries; more
than 55 fisheries in the world are regulated by
property rights.

Individual transferable Under this policy, individual quotas are made
quotas transferable between fishermen; ITQs are

used in, for example, Iceland, the Nether-
lands, and New Zealand.

Taxes or landing fees In this policy, either fishing effort or catch is
used to compile the tax. In practice taxes are
not popular among fishermen and there are
severe implementation problems.

to maximize their share of the allowable catch. This competition
often leads to overfishing and high bycatch rates (for species not
specified in the TAC). To combat this, individual fishing quotas
have been introduced, where a specific proportion of the TAC
may be allocated to individual fishers to harvest at their own pace.
In many instances, fishers are allowed to treat these individual
transferable quotas as personal assets, with the legal right to buy
or sell them. The theory behind ITQs is that fishers are more

................. 11430$ $CH6 10-21-05 14:10:32 PS



201Food and Ecosystems

likely to use sustainable practices if they hold a long-term interest
in the fishery in the form of a guaranteed percentage of the har-
vest. The introduction of ITQs has indeed brought benefits in
some fisheries. Iceland and New Zealand both have comprehen-
sive ITQ programs that are generally considered successful in re-
ducing overall fishing effort and improving the efficiency of the
industry as a whole (Hannesson 2002).

But individual transferable quotes still rely on setting a total
allowable catch,, and suffer from the same scientific difficulties in
determining a reliable estimate of sustainable yield. ITQs give
fishers an incentive to ‘‘high-grade,’’ or substitute larger (and
more valuable) fish caught later in the day for smaller fish caught
earlier. The smaller fish are usually discarded overboard—dead or
dying. If these management rules are imperfectly implemented it
is difficult for fisheries managers to follow the precautionary ap-
proach to protect fish stocks. The stability of the quota system is
built on setting the TAC in advance of the fishing season, and
not altering it as the season progresses (Copes 2000), therefore,
managers have little flexibility to change if they realize mid-season
that the TAC is too high and overfishing can result. ITQs may be
appropriate to cold water, single species fisheries but they are
unlikely to be useful in multi-species tropical fisheries where mul-
tiple TACs and ITQs would make the system impractical. Man-
agement by areas and output monitoring may be more sensible in
this case.

6.3.6.1.3 Time and area closures

Time and area closures can be effective management tools for
fisheries, but are usually combined with other regulations be-
cause, on their own, neither will reduce the overall pressure.
Closed seasons are used to protect stocks at critical times in their
lifecycle—such as when they are spawning—or as a way of lower-
ing the total catch. A major disadvantage of establishing a closed
season is that fishers will have an incentive to race for fish during
the open season. Closed areas are used to help depleted stocks re-
cover, or to protect biologically critical areas such as spawning
grounds or juvenile nurseries. However, if taken in isolation, this
approach does not necessarily decrease the overall fishing pres-
sure, as fishers simply move to an adjacent open space, increasing
fishing pressure there. Establishing marine reserves—one type of
‘‘marine protected area,’’ where fishing and other human activi-
ties are restricted—is one approach that limits fishing effort in
certain areas. Given the proven ability of marine reserves to nur-
ture stocks within their boundaries, there is a growing expectation
that they will also enhance commercial stocks in surrounding wa-
ters and beyond.

The biological benefits of marine reserves for organisms and
ecosystems within the reserves are well documented. But their
benefits to commercial fisheries outside the reserves are still the
subject of debate (Ward et al. 2001). Part of the problem is that
few marine reserves have been strictly protected and monitored
for long enough to determine the effect of potential benefits in
surrounding waters. In addition, monitoring and demonstrating
the spillover effect is no easy matter, and documenting benefits to
distant waters is even more difficult. Nonetheless, there is some
evidence to support the idea that reserves can benefit fish stocks
outside their borders. Case studies and research in localized reef
systems show that the recovery that comes from the establishment
of a reserve can affect areas immediately adjacent to the reserves
(Ward et al. 2001; Polunin 2003). Similarly, after a five-year clo-
sure of about 25% of the George’s Bank, stocks of several species
have increased, including scallop, haddock, and flounder
(Murawski et al. 2000). These improvements are now beginning
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to spill over into waters outside the closed areas (Paul Howard,
New England Fishery Management Council, personal communi-
cation, cited in Gell and Roberts 2003).

There is still much we do not know about marine reserves or
how to maximize their benefit. The rate and nature of recovery
of different fish species within reserves is likely to vary consider-
ably. On the other hand, an understated strength of marine re-
serves is that they provide a clear example of one type of
ecosystem-based approach to fisheries management, since they
protect both fish and the ecosystem where they live. This may
be especially useful in the tropics, where many species may be
commercially exploited in one fishery. Recognizing the wide-
ranging benefits of an ecosystem approach to managing fisheries,
some countries have started testing the concept of a marine re-
serve with a commercial fisheries goal in mind.

6.3.6.1.4 Future requirements for better governance

An institutional framework for improved governance of the fish-
eries sector requires international collaboration in the following
(see World Bank 2004):
• the fisheries management system;
• the monitoring, control and surveillance system;
• the fisheries judicial system;
• an institutional framework linking different types of stake-

holders, including small-scale fisheries;
• a system of allocation of user rights (to counteract the unregu-

lated nature of open access fisheries);
• control and development instruments (to ensure equitable de-

velopment, as many aspects of fishing rights, etc., tend to be
appropriated by large scale entrepreneurs);

• establishment of protected areas where appropriate and fol-
lowing multiyear research;

• managing exploitation patterns (through regulation of fishing
operations by the means discussed above);

• fishing vessel and effort reduction programs;
• restocking (as and when feasible and appropriate);
• promoting aquaculture (discussed below);
• food safety and ecolabeling; and
• promotion of alternative livelihoods to fishing.

At the World Summit on Sustainable Development in 2002,
many countries made a commitment to replenish overfished ma-
rine stocks by 2015 to sustainable levels, reflecting the increasing
belief that fishery resources must be managed and used in sustain-
able ways taking the ecosystem that nurtures them into account.
There is growing recognition that principles, policies, and mecha-
nisms for prioritizing and allocating uses of aquatic areas must be
put in place so that the impacts of fisheries on other sectors and
vice versa are taken into account. Traditional approaches to man-
aging fisheries, which tend to consider the target species as inde-
pendent and self-sustaining populations, have proven to be
insufficient. The need to implement ecosystem based fisheries
management is currently being emphasized (FAO 2002a), al-
though how to achieve this remains a continuing challenge to
research and applied management.

6.3.6.2 Aquaculture

There are many different kinds of aquaculture and each system
has its own strengths and weaknesses, which may positively or
negatively affect overall productivity and the environment (Kura
et al. 2004). Aquaculture as an integrated farming practice has the
possibility of augmenting nutritional and income security for
small farmers. However, many forms of aquaculture involve trans-
forming land, coastal, and freshwater ecosystems, with serious
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ecological consequences for ecosystem integrity, and thus the de-
livery of other ecosystem services. For example, the replacement
of mangroves to establish shrimp aquaculture facilities has been
responsible in a major way for the loss of the mangrove habitat,
particularly in Southeast Asia and Latin America (Boyd and Clay
1998). The destruction of hundreds of thousands of hectares of
mangrove forests reduces crucial coastal protection and filtering
functions. Box 6.11 discusses fish farming in Bangladesh.

Intensification of aquaculture leads to the emergence of issues
that parallel the intensification of terrestrial livestock production.
High stocking densities, poor water quality, and poor seed quality
can lead to outbreaks of disease, which then spread to other ponds
through water exchange. Increased movements of live aquatic an-
imals and products as the industry grows have made the accidental
spread of disease more likely. Effluent from aquaculture and pens
is often released directly into surrounding waterways, causing pol-
lution problems stemming from fertilizer, undigested feed, and

BOX 6.11

Shrimp Farming in Bangladesh

Bangladesh is one of the least developed countries in the world, with
a per capita income of $350 (World Bank 2002a). Agriculture including
fisheries contributes about 30% to the gross domestic product of the
country (BBS 2000). The contribution of the fishery sector to GDP was
slightly over 5% in the year 1998–99. The fish industry, and particularly
shrimp, plays a major role in nutrition, employment, and foreign ex-
change earnings of the country. In Bangladesh, about 51% of animal
protein is supplied by fish (see Figure below).

Contribution of Fish to Total Supply of Animal Protein in
Bangladesh (Kura et al. 2004)

In recent years, there has been a marked increase in the contribution
of fish to the total animal protein supply. About 1.2 million people are
directly and indirectly employed in the fisheries sector, while another
11 million are indirectly employed (Vannucinni 1999). Bangladesh is a
net exporter of fish and fishery products, which account for about 12%
of the total of Bangladesh exports. Contribution of shrimp to total fish
and fishery products is about 86%.

Loss of biodiversity is another important concern. According to
Barkat and Roy (2001), the largest source of shrimp fry in commercial
farming is wild fry. Using this process, thick nets are used to collect
wild fry, following which the shrimp fry are sorted out and all the rest
abandoned. In this crude process, millions of wild fry of other aquatic
flora and fauna are lost, leading to reduced fish populations and eco-
logical imbalances in the coastal region.
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biological waste in the water. This effluent can contribute to eu-
trophication of downstream waters, harm benthic communities,
and cause damage to water and soil quality (Funge-Smith and
Briggs 1998). Disease can then lead to pond abandonment and
land degradation. Antibiotic drugs and other pro-biotics can sig-
nificantly degrade the surrounding, local environment, and even
have health effects on humans.

In addition, farmed fish that escape into the wild can threaten
native species by acting as predators, competing for food and hab-
itat or interbreeding and changing the genetic pools of wild or-
ganisms. Traits bred into farmed fish are often different from those
that confer reproductive fitness in the wild, and interbreeding be-
tween escaped farmed fish between escaped farmed fish and wild
fish may result in the loss of important local adaptations (such as
home river returning capacity in wild salmon). The risk is greatest
for small populations that are already threatened. The majority of
these effects, including disease (ectoparasite) transmission, have
been documented in large-scale salmon rearing operations. Es-
caped fish are intrinsically harder to monitor and control than
vegetable crops or terrestrial animals.

Nearly one third of the world’s fish caught in the wild, such as
small pelagic fish like anchovies and menhaden are not consumed
directly by humans but rather ‘‘reduced’’ to fish meal and fish oil
and consumed by farm-raised animals, such as chickens, pigs, and
carnivorous fish in some aquaculture systems. Aquaculture con-
sumes more fishmeal so far than terrestrial livestock and poultry, as
these have increasingly switched to vegetable-based meals. Wild-
caught fish are also used as seed fish in some developing-country
aquaculture operations, posing risks to wild fish stocks by remov-
ing juveniles from the population, although this is expected to
diminish with research on closing life-cycles in culture.

6.3.6.2.1 Future regulation of aquaculture

The major challenge regarding aquaculture will be to maintain
the balance between support for further development of the sec-
tor and regulation to prevent potential adverse environmental and
social impacts. Because the aquaculture industry has expanded so
rapidly, the legal and political frameworks for maintaining it as a
sustainable business have lagged behind. Article 9—Aquaculture
Development—of the FAO Code of Conduct for Responsible
Fisheries adopted in 1995, sets principles and guidelines for the
sustainable development and management of aquaculture (Kura
et al. 2004). Following these principles, many countries have
started to implement national regulatory guidelines that address
the environmental and social impacts from aquaculture in order
to ensure its sustainability (FAO 2003d). Canada, for example,
has developed a comprehensive Aquaculture Action Plan, which
provides clear guidelines for applying regulatory responsibilities to
aquaculture under the existing legislation (DFO 2001). The
World Bank, Network of Aquaculture Centers, WWF, and FAO
have initiated a process to provide guidelines for shrimp aquacul-
ture and the environment (World Bank 2002b). These trends
should be encouraged and unified.

Despite such progress, aquaculture-producing countries still
face enormous challenges to support responsible practices. (See
Box 6.12.) While there are examples of environmentally sound
practices, one of the limiting factors is the lack of financial re-
sources for some countries to take advantage of the advanced
technology that lessens the impact of aquaculture on the sur-
rounding environment (Emerson 1999). Thus national govern-
ments and development donors could assist through supporting
formulation of comprehensive strategic development and zoning
frameworks for aquaculture in coastal and inland settings. Integra-
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BOX 6.12

Aquaculture in Africa

Aquaculture was introduced in much of the African continent around the transfer. Secondly, when results were lower than anticipated, completely
1950s as an innovation that would improve the economic and nutritional new technologies and/or culture species were sought, when in fact the
well-being of producers. In the former Belgian Congo, fishponds were built initial technology had the capacity to produce more. In most cases, poor
in mining areas to produce high protein food to feed miners (Moehl 1999). harvests were a result of poor management.
Fishponds were seen as an ideal component of integrated farming sys- In spite of aquaculture’s modest growth in Africa, the past three dec-
tems, as a fish crop was grown using by-products from the home and ades have not been without some tangible results. Aquaculture is now
farm. Indeed, from Kenya to Sierra Leone, thousands of ponds were built, known throughout Africa, having evolved into a well-known, if not well-
many to be abandoned after a few years of meager production. understood, production system. Fishponds are now an accepted compo-

In 1986, UNDP, FAO and the Norwegian Ministry of Development and nent of farming systems on most of the continent (Moehl 1999).
Co-operation undertook a thematic evaluation of aquaculture. The evalua- Based on past experiences, the following lessons should be noted and
tion recommended that future efforts should focus on a specific combina- incorporated into national development policies (Entsua-Mensah et al. 1999):
tion of species and aquaculture systems; identify geographical regions
which correspond to specific species/systems combinations that should • Major government fish culture stations should be given financial au-
receive priority attention; pay close attention to recipient governments’ tonomy and put under good management.
effective commitment to aquaculture; and ensure systematic monitoring • Public infrastructure should be ultimately self-supporting.
and evaluation of impact generated assistance provided. • Farming inputs should not be distributed free to farmers, but should

In 1993, FAO, assisted by other collaborators, assembled a series of have at least a subsidized price.
twelve national aquaculture reviews from countries responsible for 90% of • Technology should not be based on imported commodities (for ex-
the region’s aquaculture production (Coche 1994). The major constraints ample, hormones, feed, etc.)
identified by these reviews on the continental level were that (1) there • Selected culture species should be reproducible by the farmers
were no reliable production statistics; (2) limited credit was available for themselves. On-station research to support small-scale aquaculture
small-scale farmers; (3) the technical level of the fish farmers was very development should be based on inputs available to farmers and
low; (4) local feed ingredients were unavailable; (5) there was a lack of should be farmer-driven through joint activities.
well-trained senior personnel; (6) transport costs were prohibitive; and (7) • Sociocultural surveys should be conducted before introducing a new
there was a lack of juvenile fish for pond restocking. technology to a region.

Today, Africa’s fish and shellfish aquaculture production is slightly over
110,000 tons. It is only about 0.4% of the world’s total production (Moehl There is, at present, a need for aquaculture policies (national development
1999). In spite of the region’s rich endowments, including untapped land, plans); national aquaculture information systems; demand-driven research
water, and human resources, African aquaculture remains undeveloped. that includes the socioeconomic aspects of research and development;
The problems with regard to aquaculture in Africa are mainly institutional reinforced linkages between research and development; adapted research
and technical. Institutional problems stem from frequently changing institu- on brood stock development; regional and sub-regional research and/or
tional homes for aquaculture and over-reliance on donor funds. Technical training centers involving NGOs in training and development; and training
problems exist on two levels. Technologies were presented to farmers with at all levels including practical training of farmers, technicians and exten-
little appreciation for what the farmers’ needs are—a top down technology sionists (Entsua-Mensah et al. 1999).

tion of aquaculture and water management for complementary
uses will help regulate environmental quality and resource shar-
ing. Agencies can control and implement other environmental
standards, guide species selection and effective hatchery opera-
tion, and help manage inputs and technical standards of safety
in operation (for example, governing escapees) and the health of
products (World Bank 2004).

Market incentives, such as certification for sustainably farmed
products are leading to the development of guidelines. These
guidelines are being promoted by producer organizations in in-
dustrial countries. This needs to be expanded, especially to devel-
oping countries, in order to promote the use of best practices to
reduce the impacts of aquaculture.

6.3.6.2.2 Technological progress

Selective breeding approaches (as with crops and livestock) have
been successful at creating improved breeds of fish for aquaculture
(for example, salmon, tilapia, and carp), which will increase the
yield and overall efficiency of aquaculture production (both for
intensive as well as more extensive forms of aquaculture). Genetic
transformation technologies may also be useful in the future for
breed improvement. However, particular care must be taken in
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the use and release of genetically modified fish because of compe-
tition effects and ease of mixing with wild stocks in aquatic envi-
ronments. Successful deployment of such strains may depend
upon the successful extrapolation of sterile animal techniques that
do not allow reproduction breed if they escape (Bartley 2000;
Bartley et al. 2001). There is active research on protein feeds and
biotechnologies that may increase the opportunities for develop-
ing non-fish-based aquaculture feed alternatives.

Advances in hatchery technology have raised the possibility of
replenishing wild fisheries (restocking) from such sources (Munro
and Bell 1997). Unfortunately, much of the research into stocking
marine species is still at the experimental stage (Bartley and Casal
1999), and positive effects on augmenting fish populations are
limited to a few specific examples. Restocking with alien species
for the purposes of augmenting fisheries production can have di-
sastrous effects on local biodiversity and need to be avoided from
an environmental standpoint. The case of perch in Lake Victoria
illustrates how the introduction of a non-native species for the
purpose of increasing food production can lead to an ecological
disaster. (See Box 6.13.) However, restocking of artificial reser-
voirs (with low indigenous biodiversity) can provide means for
enhancing the production of fish for food.
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BOX 6.13

Introduction of Non-native Species: The Case of Lake Victoria

Lake Victoria, with a surface area of 68,000 square kilometers and an is sold to processing plants built along the Kenyan and Ugandan shore
adjoining catchment of 184,000 square kilometers, is the world’s second by investors from Asia, Europe and Australia. The fish is filleted, frozen,
largest body of fresh water (after Lake Superior), and the largest in the boxed, and loaded on trucks headed for the port of Mombassa, Kenya,
developing world. It is relatively shallow, with an average depth of 40 where it is shipped to Europe and the Far East.
meters and a maximum depth of 80 meters. About 85% of the water The traditional ways of the local people have been severely disrupted.
entering the lake does so from precipitation directly on the lake surface, They have moved to squatter camps near the fish-processing factories
with the remainder coming from rivers draining the surrounding catch- and are left with the scraps of Lates from the food-processing factories.
ments. The most important of these rivers is the Kagera River, which The fleshy heads and tails are fried and sold to the local people as they
contributes 7% of the total inflow. Tanzania, Uganda, and Kenya control are the only fish most local people can afford (Rabi 1996). Lake Victoria’s
49%, 45%, and 6%, respectively, of the lake’s surface. Nile Perch Fishery generates as much as $400 million in export income,

Fishing pressure on Lake Victoria began to intensify in 1905 when the but few villagers around the lake benefit from it. While tons of perch find
British introduced flax gill nets, which soon replaced papyrus nets and fish their way to restaurants in Europe, scientists have documented protein
traps used by the local villagers. The most important fish species were malnutrition around the lake (WRI 2001).
the haplochromines (a type of cichlid) and the two endemic tilapias Oreo- The revenues generated by the Nile perch fishery are much greater
chromis esculentus and Oreochromis variabilis. than those realized from the lake’s native species. The distribution of

By the 1960s, officials were actively stocking the Lake Victoria with wealth resulting from the Nile perch fishery is also different from the origi-
Nile perch. Up until 1978, the Nile perch Lates niloticus accounted for less nal artisanal fishery. Most of the local fishers are actually worse off, while
than 2% of the lake’s fish biomass and the haplochromines accounted for large-scale operations that exploit the introduced species for foreign cur-
80% of the biomass. Between 1974 and 1978, there was hardly any stock rency are doing well.
assessment done in the Lake. In the 1980s, an abrupt change was noticed

Conclusionsin Kenyan waters, and later on in Ugandan and Tanzanian waters also.
An estimated 30 million people depend on Lake Victoria, a lake whoseThe Nile perch suddenly jumped up to 80% of the lake’s fish biomass,
natural resources are under increasing stress (Fuggle 2001). The popula-while the haplochromines dropped to 1%.
tion on the shore has grown fast over the past century, with corresponding

Ecological disaster increases in the demand for fish and agricultural products. Following the
Before the 1970s, Lake Victoria had more than 350 species of fish from introduction of gill nets by European settlers at the beginning of the twenti-
the cichlid family, of which 90% were endemic. However, the introduction eth century, populations of indigenous fish species declined. Many were
of the Nile perch and tilapia caused a collapse in the lake’s biodiversity. It specially adapted to eat algae, decaying plant material, and snails that
also resulted in deforestation since wood was needed to dry the oily host the larvae of Schistosomes, which cause bilharzias in humans. As
perch, while the haplochromines and other native cichlids could be sun the lake started to eutrophicate, people became more vulnerable to dis-
dried. Forest clearing in turn increased siltation and eutrophication in the ease.
lake, putting in jeopardy the Nile and tilapia fishery (WRI 2001). A fishery As fish catches declined, non-native species were introduced, causing
that once drew on hundreds of species, mostly endemic, now relies on further stress to indigenous fish. The greatest impact resulted from the
just three: a native pelagic cyprinid, Rastrineobola argentea, the intro- introduction of the Nile perch (Lates niloticus) in the 1960s as the basis
duced Nile perch Lates niloticus, and tilapia Oreochromis niloticus (Rabi of commercial freshwater fisheries. This had repercussions on the local
1996). fishing economy and distribution of wealth. Local people who had pre-

viously met most of their protein requirements from the lake began to
Socioeconomic impact suffer from malnutrition and protein deficiency. Although 20,000 tons of
At first, official concern was for the problems the Nile perch posed on fish are exported annually to European and Asian markets, local people
shore. The fish was big and could grow to nearly 2 meters, thus fishers can only afford fish heads and bones from which the flesh has been
needed bigger gear to deal with it. Also the villagers did not know how to removed.
cook the oily fish and could not sun-dry it. There were no markets for the Wetlands around the lake have been converted to grow rice, cotton,
fish, prices were low, and most of the fish was left on the beach to rot sugarcane, and their original function as natural filters for silt and nutrients
(Rabi 1996). Using U.N. funds, a Kenya Marine Fisheries Research Insti- has been lost. Run-off now carries soil and excess nutrients from the
tute (team toured lakeside villages and Nairobi hotels, demonstrating how cultivated areas straight into the lake. The resulting algae growth clouds
to fillet, freeze, smoke, and cook the fish. Foreign aid groups and investors the surface water and reduces oxygen availability, seriously affecting the
moved in with processing plants and refrigerated trucks. The price for Nile habitat of endemic fish species, which prefer clear waters, while their
perch soared and the local people could not afford the high prices. Shoes, predator, the Nile perch, thrives in such murky waters. This further aggra-
belts, and purses were made from tanned perch hide and the dried swim vates food insecurity in lakeside communities.
bladder was sent to England for filtering beer and to Asia for making soup Increased nutrients, much of which are in the form of sewage, have
stock. stimulated the growth of the water hyacinth (Eichornia crassipes), one of

Before the introduction of the Nile perch, the native fish of Lake Victoria the world’s most invasive plants. This has seriously affected water trans-
were harvested by small-scale fishers and processed and traded by port and paralyzed many local fisheries. By the end of 1997, the 70%
women for local consumption. With the introduction of the Nile perch, decline in economic activity reported at Kisumu port was attributable to
large boats began to haul out the perch in tons on the open lake, where water hyacinths choking the port and fish landings. The dense cover of
local fishers could not take their canoes. Many rich investors see the water hyacinth also stimulated secondary weed growth and provided habi-
perch as being economically useful because it brings in dollars. The fish tats for snails and mosquitoes.
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Stock enhancement (to increase yields over normal levels) has
been carried out in marine systems (notably for species of scallop),
but is limited as a general approach by the economics of produc-
tion, ability to harvest stocked individuals as adults, and returns
on yields.

6.3.6.2.3 Marine reserves

Marine reserves have been proposed as a remedy for overfishing
and declining marine biodiversity, but concern that such reserves
would inherently reduce yields has hampered their implementa-
tion. However, some research has demonstrated that marine re-
serves deliver fishery benefits beyond their own boundaries
because species inside the reserve rapidly increase in numbers,
grow larger, and have more reproductive potential. Part of the
population (as larvae or as adults) migrates outside the reserve,
increasing yields for fishermen in the surroundings (Gell and
Roberts 2003). The positive effects have been shown for resident
and more mobile populations, but a wider application of the eco-
system and precautionary approaches is essential.

According to current research, the effectiveness of marine re-
serves in recovering fish stocks is influenced by a number of con-
ditions, including the size, design, and location of the reserve,
the life history and behavioral pattern of target fish species, how
depleted the fish stock is when restoration begins, how much
fishing has contributed to the decline of the fish stock, and how
long the reserve remains closed to fishing (Ward et al. 2001).

Unfortunately, much remains unknown about marine reserves
or how to maximize their benefit. We do not yet know if it is
feasible to establish a network of reserves sufficient to recharge
stocks and sustain the modern fishing industry at the same time,
given that modeling studies indicate that as much as 20–50% of
the range of a target fish population might have to be protected
from all exploitation in order to sustain the fish stock over the
long term (Ward et al. 2001). With this level of uncertainty, it
will undoubtedly be very difficult for many politicians and fishers
to support the kind of large and long-lasting closures in heavily
fished waters, which fish recovery via a marine reserve system
would call for. On the other hand, conventional fishery manage-
ment approaches, such as quota systems and seasonal closures, also
do not guarantee fish recovery and require concessions from
fishers too. Moreover, the commitment nations made at the Jo-
hannesburg Summit to restore stocks is too ambitious to rely on
these traditional approaches only, adding pressure to explore the
marine reserve option further.

6.3.7 Livestock Management

The demand for livestock and livestock products has led to an
intensification of livestock production systems, first in industrial
countries and more recently in developing countries. Intensive
(factory-farming) systems for dairy production and beef are most
common in North America, while intensive poultry and swine
production is common worldwide. The intensification of systems
in developed countries has led to several concerns. These include
nutrient pollution, rapid transmission of infectious disease agents,
food safety, and animal welfare concerns. This section examines
responses related to livestock production and their impacts on
regional and global ecosystems.

6.3.7.1 Industrial or Intensive Livestock Production Systems

Environmental impacts of industrial or intensive livestock pro-
duction are varied and important, mostly related to the disposal
of manure. In the developing world, these systems are found
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mostly near urban areas in Asia and Latin America. Impacts in-
clude (de Haan 1997):
• Excretion of nitrogen and phosphate. Pigs and poultry excrete

65–70 % of their nitrogen and phosphate intake. Nitrogen can
evaporate in the form of ammonia with toxic effects. Much of
it is lost to the atmosphere as nitrous oxide, a greenhouse gas.
Nitrates are leached into the groundwater posing human
health hazards. Phosphorus saturation can also lead to eutro-
phication.

• Excretion and digestion of protein. Pigs excrete 70% of the
protein in their feed, and chickens 55%. Ammonia from the
digestion of protein acidifies the soil, causes acid rain, etc.

• The application of manure can cause N and P loss, N leaching
into the water as nitrates, and contamination of surface waters
leading to eutrophication.

• Anaerobic decomposition of manure releases large amounts of
methane when stored in liquid form.

• Biodiversity may be reduced because of: (1) high demand for
concentrate feed may create a need to clear more land for feed
production, (2) the effect of waste on terrestrial and aquatic
systems, and (3) requirement for uniform animals in large op-
erations.

• In addition to these environmental problems, human health
can be affected by zoonoses common in intensive production
systems.

6.3.7.2 Mixed Crop–Livestock Systems: Increased Efficiency or
Nutrient Mining?
The transfer of nutrients between soils, crops, and animals is an
important environmental issue of modern agriculture. Animals
harvest nutrients from the environment through the intake of
feed, forages and crop residues. In time, some of those nutrients,
whether metabolized or in their natural form, are recycled back
to the ecosystem. The type of production system heavily influ-
ences the degree of interaction between crops and livestock, and
the nature of nutrient cycling. Sere and Steinfeld (1996) classify
livestock production as industrial, mixed farming or grazing sys-
tems. As systems transform from grazing to industrial, the extent
of nutrient transfer between soil, crops/pastures and animals
moves beyond the farm level to a national, regional and even
global scale. In addition, the environmental impact of nutrient
cycling by crop–livestock interactions is also determined by the
state of nutrient balances in agricultural land. At a global scale,
nutrient-deficient and nutrient-surplus regions are identified. Ag-
ricultural areas with serious nutrient depletion are widespread in
Africa, Latin America, and marginal lands of Asia (Stoorvogel et
al. 1993; Craswell et al. 2004). In contrast, nutrient-surplus re-
gions are found in Western Europe, some areas of Eastern Europe,
in the eastern and mid-western United States, in Southeast Asia
and the large plains of China (Steinfeld et al. 1997; Craswell et al.
2004).

Thus in general terms, it is in industrial countries that nutrient-
surplus areas are more common, and where more intensive indus-
trial livestock production takes place, and in the developing world
where drastic nutrient depletion of soil occurs and grazing and
mixed farming systems are widely spread. It should be noted,
however, that many of the environmental impacts of industrial-
type livestock systems could also be found in large cities of devel-
oping countries with large concentrations of animals in peri-urban
farms.

6.3.7.2.1 Industrial systems and use of manure in nutrient-surplus
regions
A common feature of industrial systems is that the locations of
feed production, livestock feeding, and manure and urine disposal
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are not geographically contained within the same farming system.
Thus nutrients are exported from feed-producing regions and im-
ported to the soils where manure is applied. Inappropriate manure
application in nutrient-surplus areas can produce excess nitrogen
and phosphorus, which leaches or runs off, polluting groundwa-
ter, aquatic, and wetland ecosystems, or leaves high levels of ni-
trates, phosphates. and potassium in the soil (Steinfeld et al. 1997;
Zaccheo et al. 1997; Chamber et al. 2000; Craswell et al. 2004).
Furthermore, deficient management of excessive amounts of ma-
nure/slurry can increase the production of volatile ammonia
(Chamber et al. 2000) and methane (Yamaji et al. 2003).

6.3.7.2.2 Mixed farming/grazing systems and use of manure in
nutrient-deficient regions

Due to the nature of mixed farming and grazing systems, nutrients
voided in urine and manure have the potential to be recycled
within the farming system. Several authors agree that manure ap-
plication can be a valuable means of improving the characteristics
of nutrient-poor soils; it has been reported that manure increases
soil fertility, organic matter, pH, and water-holding capacity
(Olsen et al. 1970; McIntosh and Varney 1973; Mugwira 1984;
Fernández-Rivera et al. 1995; de Haan et al. 1997; Ehui et al.
1998). Urine can account for 40–60% of total N excretion, and
although urinary-N is rapidly available for plant use, it is also eas-
ily lost through volatilization and leaching. Fecal-N on the con-
trary, is released in the soil at a slower rate, providing a sustained
N supply that is better synchronized with crop demands. The
amount of phosphorus voided in feces is relatively high and its
excreted form is easily available for plant growth. Where soils are
P-deficient, as is the case for most soils of sub-Saharan Africa,
manure application on agricultural land improves P-availability
for crops.

In grazing systems, most of the nutrients are recycled in situ,
as urine and manure are spread in the areas where animals graze,
although some of the nutrients are brought into the farm when
animals are penned at night. While some volatilized N has the
potential to return to the landscape after combining with rainfall,
most P is not redistributed to grazing areas, but builds up where
livestock is kept (Augustine 2003). Manure collection and man-
agement is easier in mixed farming than in grazing systems and
enables farmers to make decisions on the use of manure—usually
concentrating manure in the fields with valuable crops. With this
practice, nutrients are exported from one field to the other and
fertility gradients across fields within the same farm are generated
(Prudencio 1993; Ramisch 2004).

Most of the plant material available for feeding cattle in mixed
farming systems of the developing world is crop residue with poor
nutrient content. In this case, feeding low-quality forage to live-
stock and subsequently using the manure as fertilizer helps to
maintain the viability and sustainability of the system. In general,
the lower the quality of the feed, the more beneficial the applica-
tion of manure over the raw plant material (Delve et al. 2001). It
is important to consider that, in the context of the sustainability
of crop–livestock systems, the long-term benefits of manure ap-
plication for soil characteristics are far more important than its
short-term role as a nutrient provider (Murwira et al. 1995).

6.3.7.2.3 Nutrient cycling by crop–livestock interactions: policy and
research for the future

The current state of agriculture and its global effects have focused
increased attention on the way human-induced activities are al-
tering the recycling of nutrients between soils, crops, and live-
stock. Crop–livestock interactions, which transfer nutrients
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through the collection, storage, and application of manure are
causing an impact beyond the limits of the farming system, and
their nature largely depends on regional economic characteristics.

Agriculture in developed countries, where nutrient-surplus
regions prevail, is producing and adopting better guidelines for
the storage and application of manure (Chambers et al. 2000; Sa-
lazar et al. in press). Some countries are enforcing the adoption of
nutrient accounting schemes at the farm level (Breembroek et al.
1996; Craswell et. al. 2004), environmental costs are moving to
the center of the debate of nutrient cycling, and legislation on
water pollution and waste disposal is put in place. The interna-
tional trade of feed and livestock products and their influence on
national nutrient balances has also entered the global economic
and environmental debate (for example, Lindland 1997; McCalla
and de Haan 1998).

The panorama is quite different for the developing world
where it has been forecast that the demand for livestock products
will double by the year 2020 (Delgado et al. 1999), and that the
intensification of crop–livestock systems in these countries is the
path to meet this demand (McIntire et al. 1992; Steinfeld et al.
1997). As the intensification of mixed farming systems increases,
the role of manure as the means to recycle nutrients will become
essential. In some nutrient-deficient regions, however, manure
itself cannot restore the fertility of soils that have been nutrient-
mined continuously for many years. In these cases, calculations
show that the amount of manure necessary to compensate for soil
nutrient losses is, in practice, unattainable (Murwira et al. 1995).
Research in crop–livestock systems in developing countries is fo-
cusing on better understanding of the use of manure and its inter-
action with other organic and inorganic fertilizers to enhance the
viability of current production systems (for example, Thorne and
Tanner 2002; Sanginga et al. 2003; Chikowo et al. 2004).

6.3.7.3 Pastoral Ecosystems of the Developing World: Causes,
Change Processes, and Impacts

A suite of strong pressures within and outside pastoral systems are
currently driving change in these systems in the developing
world. Pastoral land use and the extent of rangelands around the
world are contracting, principally through conversion to other
land uses (croplands principally, but also into protected areas and
urban land-use), but also because of a hypothesized loss in func-
tion of the remaining rangelands (Niamir-Fuller 1999). However,
in Central Asia, the removal of the policy of collectivization has
resuscitated traditional pastoralism in the last decade as pastoralists
are no longer supplied with inputs like fencing and veterinary
care, and thus the advantages of settled life are gone (Blench
2000). Globally, the tenure in pastoral systems is increasingly be-
coming privatized and customary political and management sys-
tems are becoming weaker (Galaty 1994; Niamir-Fuller 1999),
limiting pastoral access to crucial key resources (swamps, deltas,
riverine areas) in much of Africa and in Central Asia (de Haan
1999).

Some national governments invoke policies to settle pastoral-
ists in villages (Galaty 1994). In Africa, several decades of drought
(Nicholson et al. 1998) have coincided with high human popula-
tion growth, adding further pressure on pastoral lands, especially
those with higher potential for cultivation in the semiarid zone
(Galaty 1994). In North Africa and West Asia, the expansion of
irrigation has pushed pastoralists into very arid ecosystems, but
this is not irreversible: the very opportunism inherent in pastoral-
ism means that if the skills are not lost, pastoral systems can be
revived (Blench 2000). Livestock development projects are also
driving change in pastoral lands by opening up remote pastures
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with the spread of bore hole technology, and fragmentation of
rangelands by veterinary cordon fences, particularly in southern
Africa.

The impacts of the changes are numerous and include changes
in land use, overgrazing, competition and synergies between live-
stock and grazing, carbon sequestration, and dust formation.

Changes in land use (expansion of cultivation and settlement):
Expansion of cultivation fragments rangeland landscapes when
farmers convert rangeland into cropland (Hiernaux 2000), leading
to strong wildlife and vegetation losses (Serneels and Lambin
2001). Fragmentation can also occur when fence lines are built to
prevent the spread of disease or to prevent wildlife from foraging
in enclosed pastures. Often, fences exclude all domestic and wild
grazers from key resources like swamps, riverine areas, and other
productive areas.

Overgrazing: Overgrazing is the loss of ecosystem goods or ser-
vices through heavy livestock grazing (over-trampling is implic-
itly included). Heavy livestock grazing occurs where livestock
concentrate: around pastoral settlements, around water points,
along animal tracks (Hiernaux 1996), and in open access pasture.
If driven by cultivation, this overgrazing occurs in the wet season,
when rangelands are most sensitive to grazing (Hiernaux 2000).
In the Sudan, this concentration of livestock leads to loss of vege-
tative cover and accelerates erosion (Ayoub 1998). By contrast,
heavy livestock grazing around pastoral settlements in arid areas
(169 millimeters rainfall) of Namibia had minor impacts on
woody vegetation and biodiversity, with impacts confined within
the settlements themselves (Sullivan 1999). In the Kalahari, over-
grazing around settlements often converts grassland into bush land
within about two kilometers of the settlement (Dougill and Cox
1995). Across southern Africa, woody vegetation has replaced pal-
atable grass species in heavily grazed areas (bush encroachment),
caused by grazing pressure rather than climate (Perkins 1991;
Skarpe 1990).

Competition and synergies between livestock and wildlife: By con-
trast, the impacts of heavy grazing on wildlife may be exactly the
opposite of that on vegetation: greater impacts in drier than wet-
ter ecosystems. Wildlife appears to avoid heavily grazed areas
completely in arid northern Kenya (De Leeuw et al. 2001) but
livestock mix more closely with wildlife in semiarid rangelands in
southern Kenya. Around Samburu pastoral settlements in these
arid lands, Grevy’s zebra graze away from the settlements during
the day, but move close to them during the night (Williams
1998). Disease transmission is a potential issue where livestock
keeping and wildlife overlap)

Carbon sequestration: It is not clear whether current changes
in rangelands (land-use change, overgrazing, fragmentation) are
causing a net release or net accumulation of carbon, both above
and below ground. Expansion of cultivation into rangelands
probably strongly reduces carbon below ground, but may increase
carbon above ground if farmers plant significant numbers of trees.
If overgrazing converts grassland to bush land, then above-ground
carbon will increase, but below ground carbon may decrease. In
addition, rangelands are a significant carbon sink (IPCC 2000),
but the potential of these areas for further sequestration may be
difficult to realize (Reid et al. 2003).

Dust formation: Livestock grazing may be partly responsible for
the dust plume that forms in the Sahel and moves west over the
Atlantic Ocean each year (Nicholson et al. 1998), but this is un-
known. The generation of dust in different land use types and in
different geomorphologic positions needs to be measured to assess
how livestock affects this source.
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6.3.7.4 The Role of Livestock Production in Deforestation
around the Globe

Pasture creation and cattle ranches have been blamed as major
driving forces behind deforestation in Latin America, particularly
in Brazil (Hecht 1985; Downing 1992; Kaimowitz 1996; Walker
et al. 2000). The amount of land that has been converted from
tropical rain forest to pasture, as well as the rate of conversion, is
under reconsideration as the higher quality and resolution of new
satellite imagery is aerially revealing more details of the extent
of deforestation and clearance of secondary forests. Nevertheless,
estimates are that approximately half of the deforestation in the
Amazon is due to pasture generation.

Above and beyond the global environmental consequences,
the conversion of land from humid tropical forest to pasture
would appear to be inherently unsustainable given the low soil
fertility and abundance of invasive weeds and woody species. The
presence of the invasive, sometimes toxic species necessitates fre-
quent burning. These factors behind pasture degradation reduce
stocking densities and restrict the long-term use of the land for
ranching (Walker et al. 2000). Heavily degraded land is difficult
and uneconomic to recuperate, so the clearing for pasture often
condemns the land to waste; it is estimated that half the area
cleared in the Amazon for pasture has been abandoned (Hecht
1989; Faminow 1998). Despite the environmental implications
and limitations, ranching continues to be profitable and conver-
sion of forest to pasture continues (Arima 1997).

Intensifying production on the agricultural frontier may re-
duce the pressure to clear further forest. However, the assumption
that intensifying productivity on the frontier will reduce defores-
tation might not hold (Hecht 1989; Angelson and Kaimowitz
1999). Increasing productivity on the forest edge may well prove
to be an attractant, pulling new migrants to the area. Labor saving
or income generating technologies may simply reduce production
constraints allowing households to put more land under produc-
tion, leading to additional land clearance. Perhaps most impor-
tantly, improved technologies do not address the underlying
forces behind deforestation, such as migration push and pull fac-
tors, government programs, and the desire to clear land in order
to claim ownership.

6.3.7.5 Livestock and Greenhouse Gas Emissions

The primary greenhouse gases emissions from agriculture are car-
bon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).
Livestock contribute to emissions of these gases in several ways.
At the animal level, rumen fermentation creates methane gas,
which is 24.5 times more powerful as a greenhouse gas than CO2

(IPCC 1995). Livestock emit 16% of all methane globally (IPCC
1995). Most of these emissions come from ruminants: cattle,
sheep, and goats. Methane contributes 30% of the global warming
potential of all agricultural emissions (Kulshreshtha et al. 2000).
Besides livestock, the other main source of methane in agricul-
tural systems is rice paddies (IPCC 1995). Livestock are responsi-
ble for about 110 million tons CH4 per year, while rice paddies
contribute about 60 million tons.

Methane production from livestock is controlled both by the
level of productivity per animal and the quality of the feed. More
productive animals emit less methane per unit product because a
lower proportion of methane produced is used for maintenance
(de Haan 1997). Methane production in livestock is also sensitive
to diet quality and to the timing and amounts of forage fed (feed
management strategies). Higher quality feed allows more efficient
operation of the rumen and thus more efficient digestion; this
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results in more output per unit input (meat, milk) and reduced
methane emissions per unit intake (Kurihara et al. 1999).

At the field level, improved forage for livestock has a role in
reducing methane emissions, but may also function as a carbon
sink. Fodder trees and shrubs sequester significant carbon above
ground and store more carbon below ground than cereal-based
cropping systems (IPCC 2000).

Another greenhouse gas, N2O, with 320 times the warming
strength of CO2, is emitted during storage of liquid manure, pro-
duced either by ruminants or non-ruminants (IPCC 1995). Liq-
uid manure is usually stored in highly intensified livestock systems
for later use or sale. On the other hand, livestock can also reduce
N2O emissions by the substitution of manure for inorganic fertil-
izers. These fertilizers are a major source of N2O emissions, and
thus more substitution with organic manure is an important ave-
nue for emission reduction.

At the landscape-level, the largest impact of livestock on
greenhouse gas emission is through deforestation. Tropical forest
systems are of great concern because they hold more than half of
the world’s above ground carbon (IPCC 2000). In the forests of
Brazil, Peru, Cameroon, and Indonesia, pastures and grasslands
hold 1% of the above ground carbon stocks of primary forest, less
than short-term fallow cropping systems (Palm et al. 1999). These
same pastures contain only 20% less carbon below ground com-
pared with forests. Improved pastures do not improve carbon se-
questration substantially over short fallow and degraded pasture
systems (Palm et al. 1999).

Livestock also contribute to greenhouse gas emissions in
rangelands, although conversion of rangeland to cropland is a
large source. As rangelands contract and are converted to crop-
land, 95% of the above ground carbon can be lost and more than
50% of the below ground carbon (calculations based on IPCC
2000 figures). Within rangelands, overgrazing is the principle
cause of loss of soil carbon (Ojima et al. 1993). Thus improved
grazing management can have direct and substantial effects on soil
carbon pools (IPCC 2000). In addition, heavy grazing and
changes in fire regimes can convert grassland systems to bush land
systems. This conversion may increase carbon above ground
(Boutton et al. 1998), but it is not clear how carbon below
ground is affected.

Lastly, the projected doubling of demand for livestock prod-
ucts over the next 20 years (Delgado et al. 1999) is likely to
strongly increase the emissions of greenhouse gases into the atmo-
sphere. Even though improvements in nutrition will likely lead to
reduced emissions from livestock, the sheer increase in numbers
necessary to meet demand will probably overwhelm any reduc-
tions in gas production through nutrition. The predicted rapid
expansion of industrial livestock systems will create the potential
for strongly increased production of nitrous oxide from excessive
manure. Further, demand for livestock products is also likely to
fuel more clearing of natural vegetation for ranching in the rain
forest and to produce concentrate feed for burgeoning livestock
populations.

6.4 Conclusion
The challenge of food and ecosystems in the twenty-first century
will require comprehensive assessments and knowledge at the
local, national, and international level of agroecological and socio-
economic conditions, in order to ensure that farmers can produce
food in a manner that is environmentally, economically, and so-
cially sustainable and that consumers have the opportunities to
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make choices regarding food that is nutritious and healthy, safe
and affordable.

The scientific challenges of producing the food needs of the
world will require targeted and prioritized agricultural research
with the participation of farmers.

Specific research focusing on the differential vulnerability of
farmers, as well as, ecosystems will be required. Additionally, the
threats of global environmental change, for example, agricultural
impacts of climate change, will need to be explicitly considered
in mobilizing agricultural research efforts. This is especially true,
since a long time horizon is required from initiation of research
to local farm level implementation. The scientific challenge ahead
is a formidable one and can only be met through national and
international commitments to use the opportunities that science
must provide in the coming decades.

In the second half of the twentieth century, the Green Revo-
lution substantially reduced the risks of mass starvation and fam-
ines in the developing world. The international agricultural
research efforts over two decades from the 1940s on focused on
breeding high-yield dwarf wheat that increased yields two to
threefold. In the following three decades (1960s to 1990s), this
Green Revolution enabled world cereal production to increase
threefold on about the same land acreage. Without this success,
world farmers would have had to increase cereal harvested land
area from 650 million hectares to over 1,500 million hectares,
with all the environmental consequences of forest clearance and
loss of biodiversity.

Beyond the main cereal crops, high yielding varieties of millet,
sorghum, cassava, and beans among others were also developed
in partnerships between national agricultural research systems in
developing and developed countries together with CGIAR.

The scientific and technological experiences of the last half
century, including the remarkable progress in science-based con-
ventional breeding, will need to be combined with safe and ethi-
cal biological sciences—genomics and molecular genetics,
physiology, and informatics research, as well as improved crop
and land management systems, caring and environmentally sound
livestock production, and fish farming. The developments in geo-
graphical information systems, including remote sensing and the
increasing quality and coverage of sub-national, national, and
global resource databases of soils, climate, land cover, etc., to-
gether with methodologies for crop, livestock, and fish produc-
tivity assessment and mathematical modeling tools need to be
systemically integrated to ensure spatial sustainability. The consid-
eration of a number of other issues, such as the increasing privati-
zation of agricultural research and patenting, will also be critical
to ensure that the millions of poor farmers are not bypassed by
the new breakthroughs in agricultural science and technology.

The national and international agriculture research system
faces a formidable challenge to harness the power of science, in-
cluding:
• Using science responsibly. The emerging scientific tools of cellu-

lar and molecular biology can shorten the time and cut the
costs required to develop innovative food varieties. Biotech-
nology tools can introduce genes that counter soil toxicity,
resist insect pests, and increase nutrient content. Still, the
questions of determining appropriate levels of risk and the
ethics and societal acceptance of manipulating genetic material
need to be resolved before the potential of biotechnology and
genetic engineering can be fully realized.

• Ensuring ecological sustainability. New scientific tools will need
to be combined with knowledge about natural resources in
order to ensure sustainable and productive use and avoid inef-
ficient water use, loss of arable lands and productivity declines,
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deforestation, pollution and destruction of ecologically critical
watersheds, loss of biodiversity, and health and environmental
risks of intensive livestock production and fish farming.

• Harnessing the Information Revolution. The phenomenal po-
tential of the information and communication revolution
including the Internet, remote sensing, GIS, etc., can enable
interactive global agricultural research systems combining the
best of science with traditional knowledge.

• Integrating ecology and socioeconomy. The progress in understand-
ing the functioning of ecological systems; the compilation of
agricultural resources databases at sub-national, national, and
global levels; and the development of analytical and mathe-
matical modeling tools will be critical to enable spatially rele-
vant application of the results of agricultural research to ensure
that the best choice are made at the sub-national level in the
context of national needs within a world food economy.
The poor need the deliverance of the promise of science, and

without a global partnership and responsible commitment to pro-
ductive and sustainable agriculture, there can be little progress
toward reducing hunger, poverty, and human insecurity.

Governments, civil society, and the private sector around the
world must provide the means for mobilizing science and research
for food and agriculture. A participatory worldwide effort, build-
ing on the lessons and experiences of the last Green Revolution
combined with the best of new agricultural sciences can enable
the next agricultural revolution to meet world-wide food needs
in the twenty-first century, with environmental, economic, and
social sustainability.

One of the main lessons learned from the analysis of the re-
sponses is that the impacts on ecosystems from attempts to in-
crease food production have been realized mostly as secondary
effects, and as such they often represent negative externalities of
agricultural production. These externalities have been ignored by
small-scale agents, like individual farmers, in their decision-
making processes, but also by governments in their effort to attain
primary targets regarding food production. Externalities have also
been ignored in non-cooperative situations emerging in interna-
tional competition or in the presence of transboundary or global
problems. Since these impacts have had a profound effect on the
current state of well-being, but hold the potential for even more
dramatic negative impacts on the capacity of the ecosystem to
provide future services, it is essential that proper measures be un-
dertaken in the present time.

Because the quantification of some of these impacts is uncer-
tain, the design of policies could consider the precautionary prin-
ciple, by taking into account ‘‘worst-case’’ scenarios and potential
irreversibility in ecosystems, such as those experienced for exam-
ple, in the Aral Sea disaster and the collapse of the Newfoundland
Cod Fishery. New analytical approaches of decision-making
under deep uncertainty, such as robust control methods, might
prove helpful in designing policies following the precautionary
principle.

The need to mitigate impacts on ecosystems and sustain their
capacity for future generations makes necessary the introduction
of appropriate regulatory frameworks at all levels from local to
global, that will control for the externalities affecting the capacity
of ecosystems to sustain their food provisioning services. Regula-
tion is not without cost, but this cost basically represents the cost
of using the services of the ecosystems for producing food. This
service is currently largely unpaid, due to well-known reasons
associated with missing markets and lack of well-defined property
rights. Water pricing is an example of how governments are com-
ing to grips with the valuation of scarce resources and essential
environmental services. Other environmental services must be
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similarly valued and paid for to ensure their appropriate exploita-
tion and the sustainability of production systems. If this cost is
ignored, as has thus far generally been the case, then the capacity
of ecosystems to maintain or even enhance their food provision-
ing services is at risk.
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Main Messages

Fresh water can make a greater contribution to human well-being if soci-
ety improves the design and management of water resource infrastruc-
ture, establishes more inclusive governance and integrated approaches
to water management, and adopts water conservation technologies, de-
mand management, and market-based approaches to reallocation that
increase water productivity. Rising human population and levels of socioeco-
nomic development have led to a rapid rate of water resource development
and the replacement of naturally occurring and functioning systems with highly
modified and human-engineered systems. Meeting human needs for fresh-
water provisioning services of irrigation, domestic water, power, and transport
has come at the expense of inland water ecosystems—rivers, lakes, and wet-
lands—that contribute to human well-being through recreation, scenic values,
maintenance of fisheries and biodiversity, and ecosystem function.

The principal challenge is to balance these competing demands by ac-
quiring the necessary institutional and financial resources and applying
existing technologies, processes, and tools in order to increase the over-
all productivity of water for society. Agreement on rights and responsibilities
with respect to the allocation and management of freshwater services is essen-
tial to reconcile diverging views on the degree of public and private participa-
tion. As agriculture comprises the major use of water resources globally, the
choices between market reallocation and public/private investments in conser-
vation will largely determine whether timely and cost-effective solutions will be
found. The potential for climate change to alter availability and distribution of
water supplies could be a further complicating factor.

In order to balance competing demands, it is critical that society explic-
itly agrees on ecosystem water requirements (environmental flows). De-
termination of ecosystem water requirements involves a societal decision of
the desired condition of an ecosystem informed by data on the relationship
between hydrology and ecosystem services, and followed by a cognitive or
technical response to determine the water quantity and quality necessary to
meet articulated objectives. This process is likely to be most successful when
it is a collaborative one involving scientists, natural resource managers, and
other stakeholders influenced by changes in the availability of the services
provided by an ecosystem. Success in achieving outcomes is likely to take
time to occur and measure. Any decision on ecosystem water requirements
needs to be supported in national and regional water management policies
and implemented through an adaptive management approach.

The shift from development of new supplies to emphasis on the realloca-
tion of existing supplies, and integrated water resources management is
fundamentally an issue of governance, which provides an entry point for
broader policy reforms, as it implies the need to evaluate trade-offs
among multiple and often conflicting uses across sectors, within the con-
text of the entire flow regime. Key challenges in governance of freshwater
services include democratic decentralization of decision-making processes and
recognition or establishment of appropriate forms of property rights and re-
sponsibilities, which enables stakeholders to be adequately represented and
to hold decision-makers accountable, which can make a difference in whether
or not objectives are achieved. Appropriate forms of governance are also nec-
essary to ensure equity, which is a fundamental enabling condition in the use
of regulatory and/or market-based incentives for protecting freshwater ser-
vices. River basin organizations can play an important role in facilitating coop-
eration and reducing transaction costs of large-scale responses.

Given the diversity of conditions in river basins, the more effective kinds
of arrangements may be those that have evolved in response to site-
specific conditions and extreme events, as these raise awareness of im-
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pacts and provide an opportunity to open policy debates. A key constraint
will be negotiating with those who have vested interests in existing arrange-
ments and who are resistant to change. Such reforms may be difficult and
have high transaction costs, but may gain momentum from broader-scale so-
cial, economic, and political changes from which they may be inseparable,
such as occurred after the fall of apartheid South Africa. They may also have
added benefits—of strengthening democratic institutions and contributing to
political stability, as occurred in the Danube Basin following the cold war pe-
riod. Quality of information, obtained through independent and transparent as-
sessment, is critical for increasing stakeholder confidence and, therefore,
willingness to pay or otherwise cooperate in responses, and for identifying
specific barriers to implementation.

Economic incentives have the potential to unlock significant supply- and
demand-side efficiencies while providing cost-effective reallocation be-
tween old (largely irrigation) and new (largely municipal and instream)
uses. Historic allocations of water have rarely taken account of its scarcity
value or of the economic value of alternative uses. Payments and incentives
for water conservation can increase water availability, just as pricing water at
its full marginal cost can reduce demand. Functioning water markets can pro-
vide price signals for reallocation between different uses and also signals to
guide conservation activities. Temporary trades have dominated experience
with markets in developing and industrial countries alike. Experience with per-
manent transfers in Chile suggest that laissez-faire free markets without ade-
quate consideration of third-party impacts will lead to adverse social and
environmental consequences. Conversely, U.S. experience suggests that too
much emphasis on water as a public and local resource is likely to greatly limit
market activity, particularly permanent transfers. This will greatly constrain the
achievement of economic efficiencies and ecosystem restoration. The Austra-
lian experience shows the potential of markets for reallocation to higher value
uses. However, it demonstrates the need to be explicit about instream needs
and to properly plan for the reintroduction of ‘‘unused’’ water that accompanies
market development if environmental objectives are also to be met.

Key challenges in the development of payments for watershed service
initiatives are to build capacity for place-based monitoring and assess-
ment, to identify services in the context of the entire flow regime, to
consider trade-offs and conflicts among multiple uses, and to make un-
certainty explicit. Payment arrangements for ecosystem services provided by
watersheds have been narrowly focused on the role of forests in the hydrologi-
cal regime, they should instead be developed in the context of the entire flow
regime, which would include consideration of the relative values of other kinds
of land cover and land uses, such as wetlands, riparian areas, steep slopes,
roads, and management practices. The value placed on watershed services
will depend on stakeholder confidence in the effectiveness of proposed man-
agement actions for ensuring that the service continues to be delivered and
that those who pay the costs will have access to the stream of future benefits.
A precise determination of costs and benefits and their distribution presumes
the ability to link actions and outcomes, so as to be able to demonstrate trade-
offs. However, watershed processes are inherently variable and uncertain.
Market mechanisms, on the other hand, tend to be more effective when uncer-
tainty is low, because buyers like to know that they are getting what they pay
for. Initiatives have often been based on myths and inappropriate generaliza-
tions about land and water relationships. While this may work in the short term,
making uncertainty explicit is likely to be critical in managing buyer expecta-
tions and maintaining their cooperation in the long term.

A variety of public/private partnerships will have a role to play in financ-
ing water infrastructure for the provision of fresh water. There is a clear
mismatch between the high social value of freshwater services and the re-
sources that are being allocated to manage water. Insufficient funding to ex-
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pand water infrastructure is one manifestation of this mismatch. Both inherent
characteristics of the water sector (high fixed cost, low returns, long payback
periods) as well as institutional problems (political interference, inadequate
legal frameworks, poor management structures) explain the gap in funding
infrastructure. A single-minded focus on large-scale privatization as a means
of improving efficiency and cost-recovery has proven a double-edged political
strategy—price hikes imposed by multinationals or acquisition of control over
available resources have led to controversy and, in some cases, failure and
withdrawal. To actually acquire ‘‘new’’ monies for investment, a fundamental
change is required. At a national level, legal frameworks have to provide more
certainty to the parties of long-term commitments. The water sector has to
establish its priorities in a clear way and produce programs that include the
definition of financing needs and sources. Finally, at the agency level, cost
recovery must be improved and managerial and technical capacities en-
hanced.

New development of water infrastructure and technologies must observe
best practices to avoid past problems and inequities; however, it is the
reexamination and retrofitting/refurbishment of existing infrastructure
that offers the most opportunity in the short and medium term. In regu-
lated freshwater ecosystems, the optimal use of environmental flows will often
require altered management of water infrastructure, supported by institutional
arrangements across scales and actors. Once an environmental flow regime
has been identified, management of freshwater ecosystems is likely to change.
In highly modified and regulated systems, this may require decommissioning
of dams or mitigating and altering dam operations and other water resource
infrastructure, for example, managed flow releases. This predominantly re-
quires an institutional response to facilitate these changes and may be accom-
panied by technological changes to retrofit infrastructure.

7.1 Human Well-being and Fresh Water
Ecosystem services are the benefits provided to people, both di-
rectly and indirectly, by ecosystems and biodiversity. In the Mil-
lennium Assessment, fresh water is a ‘‘provisioning’’ service as it
refers to the human use of fresh water for domestic use, irrigation,
power generation, and transportation. (See Table 7.1.) However,
fresh water and the hydrological cycle also sustain inland water
ecosystems, including rivers, lakes, and wetlands. These ecosys-
tems provide cultural, regulating, and supporting services that
contribute directly and indirectly to human well-being through
recreation, scenic values, and maintenance of fisheries. Fresh
water also plays a role in sustaining freshwater-dependent ecosys-
tems such as mangroves, inter-tidal zones, and estuaries, which
provide another set of services to local communities and tourists
alike. This chapter explores how the trade-offs between these dif-
fering uses of fresh water and inland water systems can be bal-
anced in the midst of increasing demand for all types of human
benefit derived from fresh water.

7.1.1 Conditions, Trends, and Direct Drivers in
Freshwater Services and Inland Water Ecosystems

In the past century, increasing human population and advancing
levels of social and economic development have led to a rapid
increase in the demand for freshwater provisioning services. In its
natural state, fresh water varies considerably in terms of its avail-
ability in time and space. Water resources development—the con-
struction of dams and irrigation channels, the construction of river
embankments to improve navigation, drainage of wetlands for
flood control, and the establishment of inter-basin connections
and water transfers—has the aim of reregulating the natural hy-
drograph to meet human needs.
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Table 7.1. Ecosystem Services Provided by Fresh Water and
the Hydrologic Cycle. Many of the provisioning, regulatory, and
cultural services can be enhanced through development of water
resources (large-scale navigation can be increased by creating
slackwater systems using dams); however, there are often off-setting
losses or trade-offs between these service categories, such as loss
of rapid transport downstream to locals or those seeking recreation.

Provisioning Services Regulatory Services Cultural Services

• Water (quantity and • Maintenance of • Recreation (river
quality) for con- water quality (natu- rafting, kayaking,
sumptive use (for ral filtration and hiking, and fishing
drinking, domestic water treatment) as a sport)
use, and agriculture • Buffering of flood • Tourism (river
and industrial use) flows, erosion con- viewing)

• Water for noncon- trol through water/ • Existence values
sumptive use (for land interactions (personal satisfac-
generating power and flood control in- tion from free-
and transport/ frastructure flowing rivers)
navigation)

• Aquatic organisms
for food and medi-
cines

Supporting Services

• Role in nutrient cycling (role in maintenance of floodplain fertility), primary
production

• Predator/prey relationships and ecosystem resilience

This has resulted in the replacement of naturally occurring and
functioning systems with highly regulated and modified human-
engineered systems. These ‘‘developed’’ systems have typically
been designed solely for the satisfaction of the major human con-
sumptive uses (irrigation or municipal and industrial use) or non-
consumptive use (hydropower and navigation).

These structural and capital-intensive responses—particularly
large dams—have greatly augmented the natural availability of
freshwater provisioning services. In the last 20 years alone, more
than 2.4 billion people have gained access to water supply and
more than 600 million have gained access to sanitation (World
Water Commission 1999). At the same time, these supply re-
sponses have themselves become direct drivers of ecosystem deg-
radation.

The impacts of water resource development are two-fold: less
water remains in the ecosystem and the distribution and availabil-
ity of the remaining water often has a different pattern from that
present under natural conditions. It is estimated that the amount
of water withdrawn from inland water systems has increased by at
least 15 times over the past two centuries. (See MA Current State
and Trends, Chapter 7, for a discussion of water withdrawals.) As
a result, humans now control and use more than half of the conti-
nental runoff to which they have access. The impact of withdraw-
als, though, is not evenly spread and it is estimated that about 80%
of the global population is living downstream of only 50% of
Earth’s renewable water supplies. (See MA Current State and
Trends, Chapter 7.) Changes to the hydrograph and related physi-
cal, chemical, and biological processes have substantially degraded
the condition of inland water ecosystems globally. (See MA Cur-
rent State and Trends, Chapter 20.)

A related consequence of water resource development has
been reduced water quality. Caused through the pollution of in-
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land water ecosystems, this has occurred in parallel with the
growth of urban, industrial, and agricultural systems. The major
pollutants affecting water quality include nutrients, which drive
eutrophication; heavy metals; nitrogen and sulphur based com-
pounds, which cause acidification of freshwater ecosystems;
organic compounds; suspended particles, both organic and inor-
ganic; contaminants such as bacteria, protists, or amoebae; and
salinity. According to the World Water Commission, more than
half of the major rivers of the world are seriously polluted (WWC
1999). The presence of these pollutants depletes the capacity of
rivers and associated inland and coastal ecosystems to provide
clean water for social and economic uses.

Changes in the condition of freshwater and associated inland
water ecosystems have also occurred at the hands of other direct
drivers such as species introductions, land use change, and climate
change. (See Table 7.2 and MA Current State and Trends, Chapters
7 and 20.)

7.1.2 Indirect Driving Forces

Most water-related problems, although caused by direct drivers
such as water abstraction and pollution, are ultimately a product
of indirect drivers. The development of water resources over the
past century has been largely a result of the need to supply ex-
panding populations with food, energy, and domestic and indus-
trial water supplies and to facilitate opportunities for transport.
Economic growth has further served to enhance the demand and
consumption of freshwater services.

However, given the public as well as private good characteris-
tics of fresh water, most water-related problems are ultimately a
product of indirect drivers associated with the economic nature
of fresh water in all its guises—and the manner in which this

Table 7.2. Summary of Direct Drivers (Postel and Richter 2003)

Human Activity (Direct Driver) Impact on Ecosystems Services at Risk

Dam construction alters timing and quantity of river flows. Water tem- provision of habitat for native species, recreational
perature, nutrient and sediment transport, delta re- and commercial fisheries, maintenance of deltas
plenishment, blocks fish migrations and their economies, productivity of estuarine

fisheries

Dike and levee construction destroys hydrologic connection between river and habitat, sport and commercial fisheries, natural
floodplain habitat floodplain fertility, natural flood control

Diversions depletes stream flow habitat, sport and commercial fisheries, recreation,
pollution dilution, hydropower, transportation

Draining of wetlands eliminates key component of aquatic ecosystem natural flood control, habitat for fish and waterfowl,
recreation, natural water purification

Deforestation/land use alters runoff patterns, inhibits natural recharge, fills water supply quality and quantity, fish and wildlife
water bodies with silt habitat, transportation, flood control

Release of polluted water effluents diminishes water quality water supply, habitat, commercial fisheries, recre-
ation

Overharvesting depletes species populations sport and commercial fisheries, waterfowl, other bi-
otic populations

Introduction of exotic species eliminates native species, alters production and nu- sport and commercial fisheries, waterfowl, water
trient cycling quality, fish and wildlife habitat, transportation

Release of metals and acid forming alters chemistry of rivers and lakes habitat, fisheries, recreation, water quality
pollutants into the atmosphere

Emission of climate altering air pollutants potential for changes in runoff patterns from in- water supply, hydropower, transportation, fish and
crease in temperature and changes in rainfall wildlife habitat, pollution dilution, recreation, fisher-

ies, flood control
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nature is accommodated or not by the institutional arrangements
that govern the production, allocation, distribution, and con-
sumption of freshwater services. The economic characteristics of
fresh water, when combined with the dynamic nature of the hy-
drological cycle, present special challenges in the case of fresh
water.

The potential for fresh water or ecosystems to have multiple
uses, some of which will be private goods and others of which
will either be perfect public goods or variations such as common
pool or toll goods, creates this management challenge, as each
type lends itself to a different management regime (Ostrom et al.
1993; Aylward and Fernández-González 1998). The market fail-
ure associated with public good characteristics suggests a need for
mechanisms of social coordination in the form of institutional ar-
rangements that can define, and adaptively manage, the level of
provision and allocation of these goods and services that is desired
by society.

Governance and the role of economic incentives are therefore
critical indirect drivers with respect to balancing competing de-
mands for freshwater. The inadequate governance associated with
water resource development, particularly a single-minded, engi-
neering-economic approach to the ecosystems services that inland
water systems provide, has led to significant social and environ-
mental impacts—impacts that have disproportionately affected the
rural poor that rely on the natural functioning of inland water
ecosystems (WCD 2000).

In the last two decades, increased attention has been paid to
the importance of considering water as an economic commodity
(Cosgrove and Rijsberman 2000). This has provoked consider-
able concern and controversy with respect to financing water
infrastructure and water pricing, noticeably with regard to privati-

................. 11430$ $CH7 10-21-05 14:10:54 PS



218 Ecosystems and Human Well-being: Policy Responses

zation of municipal water supply, as well as with the application
of market approaches, particularly with respect to the develop-
ment of water markets and the use of payment systems for water-
shed services.

The discussion above highlights that water is in fact a resource
that is often multifunctional and heterogeneous in nature. It is
therefore not amenable to simple classification as either a public
good or a private good. While water may be managed more suc-
cessfully when its ‘‘economic’’ characteristics are recognized, due
to its public good attributes, the solution will not be to treat it as
a unidimensional commodity. Conversely, simply assuming fresh
water is a public good in all contexts and uses is equally likely to
lead to ruin. Rather, there is a need to respond to the inherent
complexity of fresh water and work in an adaptable fashion
toward site-specific solutions that accommodate the attributes and
uses of fresh water in the local context.

7.1.3 Future Freshwater Challenges

While water resources development has increased the contribu-
tion of freshwater resources to human well-being, this is not to
say that human needs for provisioning services are met today.
Global figures indicate that 1.1 billion people do not have ade-
quate access to good quality drinking water, 2.6 billion people
lack access to sanitation, 800 million people do not have enough
to eat, and 2 billion people do not have access to household elec-
tricity (UNESCO 2003; WHO and UNICEF 2004).

The International Food Policy Research Institute and the In-
ternational Water Management Institute examined the impact of
the world’s growing human population on water and food (Rose-
grant et al. 2002). With a global population of 8 billion people—a
2 billion increase—and a business-as-usual scenario, an overall in-
crease in water withdrawals of 22% over 1995 levels is expected
by 2025; this includes increases of 17% in the demand for water
for irrigation, 20% in the demand for water for industry, and 70%
in the demand for water by municipalities. Under a crisis scenario,
a 37% increase in overall withdrawals is forecasted, while under a
sustainability scenario, significantly less water—20%—is actually
consumed in meeting future needs. Increased efficiency actually
improves environmental flows and reliability of supply to agricul-
ture.

The United Nations Millennium Development Goals set out
ambitious targets with respect to human nutrition, education, and
health, as well as for the environment. A target of halving the
number of people who cannot access safe drinking water is the
only explicit water-related MDG. Still the full range of freshwater
ecosystem services will come into play—directly or indirectly—in
achieving these goals (UN World Assessment Program 2003).
The role of water in agriculture in meeting future demand and
the MDGs is critical, and the ability to realize increased water
productivity (getting more food for every drop of water) in irri-
gated and rain-fed agriculture will be of particular importance if
water is to be freed up for ecosystems and other uses (Molden and
Falkenmark 2003).

Meeting these provisioning needs will come at a significant
cost. The report of the Camdessus Group to the Third World
Water Forum in Kyoto, 2003, suggests that in developing coun-
tries, current spending on water services of $75 billion a year
needs to be increased to about $180 billion if the water and sanita-
tion MDGs are to be met (World Panel on Financing Water Infra-
structure 2003). The food, water, and environment assessment
currently being undertaken by the International Water Manage-
ment Institute should yield additional information on the chal-
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lenges and investments required with respect to agriculture and
water (IWMI 2002).

Although needs and demands for provisioning services will
continue to rise, it is increasingly accepted that any management
response will need to deal with the potential for trade-off between
the levels of different services provided by freshwater and associ-
ated inland water ecosystems. For example, the World Commis-
sion on Dams recently concluded that, although large dams have
made an important contribution to development, this contribu-
tion has come at too high a price—referring to the high eco-
nomic, social, and environmental costs (WCD 2000).

Efforts to ‘‘mitigate’’ the adverse impacts of traditional engi-
neering responses to increasing supply are now the norm in most
countries and, in many countries, efforts are now made to avoid
these impacts in the first place by opting for other alternatives,
including nonstructural approaches that dampen demand. At the
same time, changing preferences in developed economies in favor
of cultural and supporting services of inland water systems—such
as tourism and recreation—imply that the balance of current ef-
fort is on ecosystem restoration rather than increasing provision-
ing services (for example, through new dams).

7.1.4 Optimizing Freshwater Ecosystem Services

Fresh water is a finite resource that cannot be distributed such
that all the ecosystem services that it provides are maximized. This
is the lesson of the environmental impacts observed across the
world from water resource development. Ultimately, any devel-
opment of water resources will involve a trade-off between provi-
sioning, and the cultural, regulating and supporting services. In
the past, the tendency was to sacrifice supporting, regulating, and
cultural services in return for augmenting provisioning services.
Increasing recognition of the consequences of such an approach
has led to initiatives at all levels to address this issue and redress
the balance.

However, current trends are likely to lead to a continued im-
balance (see MA Current State and Trends, Chapters 7 and 20).
Current trends to continue favoring provisioning services should
reduce poverty. Nevertheless, due to the linkage between ecosys-
tems and their cultural, regulatory, and supporting services, it is
expected that poverty can only be reduced so far before feedback
loops from ecosystem degradation will cascade back through these
services, thereby reducing well-being, particularly for the poorest
members of society. For example, in the Aral Sea, the benefits
initially gained from increased agricultural productivity have been
outweighed by the loss of fisheries and the impacts on human
health, such as pulmonary diseases, from salt on the exposed sea-
bed. Figure 7.1A shows the effect of these trends on freshwater
ecosystem services that contribute to human well-being using a
spider diagram.

An alternative is to strengthen the implementation of existing
protective measures for the ecosystem. For example, full imple-
mentation of many conventions, laws, and rules would radically
reverse ecosystem degradation and biodiversity loss. However, it
is equally likely that full protection would greatly limit opportuni-
ties for meeting the continuing and growing needs for freshwater
provisioning services with the probable consequence that poverty
would increase. This scenario is shown in Figure 7.1B.

The alternative, of course, is to attempt to balance the services
by optimizing across their full range. Figure 7.1C portrays such a
generic scenario. Neither provisioning services nor the cultural,
regulatory, and supporting services will themselves be maximized,
but the overall effect would be to maximize welfare—subject to
the constraint of targeting poverty reduction.
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Figure 7.1. Balancing Trade-offs between Services and Impacts on Poverty

Clearly, with the challenges outlined above—both in terms of
the demand and the need for appropriate institutional arrange-
ments—the use of the term ‘‘optimizing’’ is very optimistic. In
many contexts, efforts will be aimed at making the best of a diffi-
cult situation, striving for improvement and balance rather than
optimization. Yet it is important to acknowledge, at least concep-
tually, that trade-offs among services present the possibility of op-
timization. While the responses selected to work in this direction
will vary, it will be important to recall that the overall objective is
to increase the overall productivity of all freshwater services and
ecosystems.

One of the difficulties in assessing future needs is that there
are many responses that are available. For example—as in the
aforementioned IFPRI and IWMI forecasts—estimates of in-
creases in the demand for water for agricultural purposes are
highly variable due to differing assumptions about the productiv-
ity of water in agriculture (Molden and de Fraiture 2004). Raised
to a higher level, the same concept applies. Inertia and difficulties
in the governance of water is a significant problem, but if head-
way can be made, then there is at least the hope that existing
technological and market approaches can reduce crisis estimates
of the gap between supply and demand.

7.1.5 Selection of Responses for Assessment

With world population expected to stabilize in the middle of the
next century, it is likely that the pressure on freshwater resources
and inland water systems will never be greater than in the coming
decades. In other words, it is critical that responses undertaken in
the next 25–50 years accommodate increasing pressure for provi-
sioning services, yet protect ecosystems, biodiversity, and their
services. If provisioning services are consumed at the expense of
ecosystems, the transition to a sustainable population will take
place with a greatly reduced stock of natural capital with respect
to freshwater services and inland water ecosystems.

A wide range of potential responses to the provision of fresh
water and associated ecosystem services exist. Following on the
typology presented in Chapter 2 of this volume, a rather exhaus-
tive list of responses can be derived. (See Box 7.1.) This chapter
distills responses from this broad list into those relating to gover-
nance and supply and demand management based on an identifi-
cation of the key drivers that occur now and are expected in the
future. A key message of this assessment is that underlying the
selection of any responses must be recognition and consideration
of the trade-offs implicit in selecting various response options.

The responses examined are outlined in Table 7.3. They in-
clude more traditional techniques, including supply-driven engi-
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neering responses and ways of applying these to yield more
technically efficient, socially equitable, and environmentally re-
sponsible solutions. Alternatives are also examined that aim to in-
crease the technical and economic efficiency of existing responses,
rectifying inequities of past developments and restoring water
quantity and quality of freshwater systems, as well as their diver-
sity. The responses selected for assessment are intended to address
a number of the critical future needs of policy- and decision-
making as identified above and in the MA user needs analysis.

The responses were selected to illustrate different, but often
complementary and mutually reinforcing, approaches. As a result,
except for purposes of discussion, the responses are not always
separate and discrete, but instead are often nested, one within the
other or at different scales. Thus the choices made with respect
to arrangements for property rights may determine the types of
economic approaches that are used, which, in turn, may influence
whether and what type of technology is ultimately applied in im-
proving water resource management.

For example, improving the effectiveness of governance and
developing appropriate institutional arrangements is an important
response in itself, and is also an enabling condition for most, if not
all, other responses. This is illustrated by market-based mecha-
nisms, which would not work unless there are defined property
rights and confidence that contractual agreements will be en-
forced. They may also rely on regulations that establish caps on
water abstraction or pollutant emissions, and thereby create an
incentive to use such approaches so as to reduce the costs of com-
pliance.

While the limitation of responses that have proven inadequate
in the past are covered, this is mostly to provide a context for the
main focus, which is on what is being learned from new kinds of
responses. These often require the development of new kinds of
knowledge and other social capacities, and may present a whole
different set of problems, not necessarily better or worse. For ex-
ample, payments for watershed services have generated much en-
thusiasm, as they are seen as a more straightforward and direct
approach to creating incentives for conservation that also helps to
alleviate poverty, than integrated conservation and development
projects, whose limitations are discussed extensively in Chapter
15; integrated responses often have numerous conditions that
must be met for success. However, payments for watershed ser-
vices, even if an improvement, present a different set of challenges
and numerous unanswered questions as to their actual transaction
costs.

We begin with issues of governance, which includes the chal-
lenges of determining ecosystem water requirements, rights, and
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BOX 7.1

Response Options for Fresh Water and Related Services from Inland Water Ecosystems

Legal and regulatory interventions include: • private sector participation, and
• ownership and use rights at different administrative levels, • institutional capacity building (for example, for regulatory agencies).
• regulation of pollution,
• regulation of environmental flows and artificial flood releases, Technological interventions include:
• legal agreements for river basin management, and • water infrastructure projects (such as dams, dikes, water treatment
• regulations related to ecosystem and species conservation and and sanitation plants, desalinization),

preservation. • soil and water conservation technologies (such as physical and veg-
etative measures for soil and water conservation),

Economic interventions include: • end-use and transmission efficiency options (such as drip irrigation
• markets and trading systems for flow restoration and water quality and canal lining/piping),

improvements, • demand management/technologies for higher end-use efficiency
• payments for ecosystem rehabilitation, (such as low-flow showerheads, energy conservation programs/
• point source pollution standards and fines/fees, taxes, incentives), and
• demand management through water pricing, and • research into water-saving technologies and breeding crops for
• payments for watershed services. drought tolerance.

Governance interventions include: Social, cultural, and educational interventions include:
• participatory mechanisms (for example, watershed/catchment coun- • environmental education and awareness,

cils and farmer-based irrigation management systems), • making explicit the value of non-provisioning water ecosystem ser-
• river basin organizations (international or regional scale), vices, and
• integrated water resource management and basin planning, • research into land–water interactions in a watershed context.

responsibilities in the provision of fresh water, increasing the ef-
fectiveness of public participation, river basin organizations, and
the role of regulation. Experience with the use of economic in-
centives for supply and demand management is then examined
with particular reference to reallocating fresh water and conserv-
ing watershed hydrologic function, as well as mobilizing financing
for the development of water supply infrastructure through
public-private partnerships. Finally, supply infrastructure and
technologies are covered briefly, with assessments of two in
particular: a well-established response (large dams) and a new re-
sponse (wetland restoration and mitigation). Other chapters
address responses to issues of climate change (see Chapter 13)
and issues of increasing the productivity of food production
(Chapter 6).

Table 7.3. Response Options for Optimizing Human Well-being from Freshwater and Associated Inland Water Ecosystems

Governance Supply Management Demand Management

Defining ecosystem water requirements Economic incentives for reallocation and new supply Economic incentives for consumers
• partnerships and financing • water pricingProperty rights
• water markets • payments and subsidies for on-farm and

Participation in decision-making • cap and trade systems household water conservation
• payments for watershed servicesRiver basin organizations and Water conservation technologies

transboundary management Infrastructure • on-farm water efficiency and management
• large dams improvementsRegulatory
• levees • municipal and industrial water measurement and
• locks and canals savings devices

Technologies
• wetland restoration
• agricultural water conservation
• desalinization
• rainwater harvesting
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7.2 Governance: Institutions for Managing
Shared Waters
The objective of achieving a reasonable balance between the pro-
visioning of fresh water and maintaining the underlying ecosys-
tem processes that support fresh water and related ecosystem
services implies a fundamental shift in water management ap-
proaches. This shift is from an emphasis on the continued devel-
opment of new sources of water supply toward the reallocation
of water among various uses and management of demand; recov-
ery of costs of conservation management and research activities;
and operations and maintenance of systems for delivery of water
and sanitation services. This new emphasis is consistent with the
integrated water resources management approach defined by the
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Global Water Partnership (2000), which talks of managing water
so as to advance a country’s social and economic development
goals in ways that do not compromise the sustainability of vital
ecosystems, by taking into account the broader ramifications of
sectoral actions.

Integrated water resources management is a challenge of gov-
ernance as well as of economics and of obtaining adequate scien-
tific knowledge, as it requires making decisions regarding the
trade-offs among the multiple and often conflicting uses and in-
terests that often accompany changes in policy objectives and
management practices. Implementation also requires the develop-
ment of appropriate and effective institutional arrangements that
provide stakeholders with the incentive to cooperate and comply
with management plans.

Because of the vital importance of water to human society,
problems in water management also reflect more general weak-
nesses in governance, and provide a point of departure for broader
policy reforms, and vice versa. This is explicitly recognized, for
example, in the European Water Framework Directive, which
requires harmonization with policies in other sectors. The Water
Framework Directive Common Implementation Strategy gives
priority to achieving consistency of agriculture, transport, energy,
internal markets, development, fisheries, and marine policies,
with WFD water policy objectives. Conversely, events such as
the fall of apartheid in South Africa made possible major reforms
in water policy. In the Danube Basin, cooperation on basin-wide
management issues only became possible with the end of the Cold
War, where efforts to achieve consistency with the Water Frame-
work Directory are intertwined with the development of demo-
cratic institutions.

As is pointed out in the World Water Development Report
of the United Nations World Water Assessment Program
(UNESCO 2003), there has been a significant expansion, over
the past 20 years, of international programs and institutions that
pertain to fresh water, beginning with Agenda 21, and these in-
clude:
• new national water laws,
• international agreements,
• the formation of river basin organizations,
• the establishment of the World Water Council, which spon-

sored the two World Water Forums and an independent
World Water Commission to produce a World Water Vision,
and

• establishment of the Global Water Partnership to form local
and regional partnerships.
While these bodies have contributed to broader awareness of

water problems and solutions, there is also a general acknowl-
edgement that there is a wide gap between formal policies and
actual practices. For example, as stated in a report regarding wa-
tershed management in Peru, while there has been an evolution
of the concept of watershed management, toward more inte-
grated and participatory approaches, which encompass social as
well as environmental aspects over larger spatial areas, these are
taken up more easily in international discourse than in actual wa-
tershed management practices (Bellido 2003). Continued effort to
support more effective on-the-ground implementation is always
useful, particularly if placed within a structured framework for
learning and adaptive management.

Perhaps the most significant methodological challenge is to
develop the capacity for a place-based approach to assessment,
which is necessary to identify ecosystem functions that support
the provision of valued ecosystem services in a specific context,
and to select feasible and appropriate institutional arrangements.
This requires consideration of the entire flow regime, which pro-
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vides a framework for considering the full range of interests in the
context of the specific ecosystem functions that support them,
and for identifying trade-offs, including uncertainties. It can be
regarded also as an institutional challenge in that impacts on liveli-
hoods and other aspects of well-being are easily overlooked in the
absence of effective participation and recognition of the rights of
the various stakeholders.

The responses to the challenge of developing effective institu-
tions addressed in this section include (1) determining ecosystem
water requirements, (2) determining rights to freshwater services
and responsibility for their provision, (3) increasing the effective-
ness of public participation in decision-making, (4) developing
river basin organizations, and (5) regulatory responses.

7.2.1 Determining Ecosystem Water Requirements

In middle-income developing and industrial countries, where
basic needs for food, water, power, and transport have largely
been met by past water resource development, attention is refo-
cusing on the regulating, supporting, and cultural services that
well-functioning inland water ecosystems can provide. Given the
history of development of land and water resources, this often
requires efforts to restore the natural function of watersheds, riv-
ers, and wetlands. There has also been a push in some developing
countries to consider ecosystem water requirements before install-
ing water resource infrastructure and associated allocation systems.
(See Box 7.2.)

The desire to determine ecosystem water requirements can be
driven by anecdotal observations of a decline in certain ecosystem

BOX 7.2

The Lesotho Highlands Water Project (Brown and King 2003)

The Lesotho Highlands Water Project is aimed at regulating water re-
sources across the headwaters of the Senqu River system in Lesotho
through the establishment of large dams and weirs. River regulation is
considered economically valuable for Lesotho and downstream in
South Africa’s Vaal region. The Lesotho Highlands Water Commission,
a bi-national body, oversees the project.

In 1986, a treaty was signed to initiate the project, which included
provision for renegotiation after 12 years. Renegotiation of the terms
of the project were delayed in 1998 so that an assessment could be
undertaken to predict the biophysical, sociological, and economic re-
sponses of major infrastructure works, as well as mitigation and com-
pensation costs for affected subsistence groups that use the river. This
was done using the Downstream Response to Imposed Flow Transfor-
mations (DRIFT) approach by examining responses under different
flow regulation scenarios.

The major potential water conflict issues were the impact of regula-
tion on the 39,000 subsistence users downstream of the dam sites and
the potential impact on ecosystem services such as ecotourism. In
general, it was predicted that the more water released downstream of
storage, the less the change in river condition and associated socio-
economic impacts to riparian people, but the greater the impact on
system yield, and hence, potential for revenue through development
opportunities.

The result of the application of DRIFT was that flow releases from
some of the major dams and weirs have been altered and the design
and operation of news dams will be modified (as at the Mohale Dam),
particularly to facilitate environmental release in the form of seasonal
releases or small floods.
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features and functions or by the results of applied analysis spawned
by observation. A change in condition may be detected by local
communities (for example, the decline in catch size of native fish
and the change in vegetation composition on floodplains) or
through government-sponsored surveillance monitoring pro-
grams conducted as a legislative requirement. Determining
ecosystem water requirements may also be undertaken for unde-
veloped water resources, although this is uncommon given that
most available water resources across the globe are already devel-
oped to some degree.

Many of the services provided by inland water ecosystems are
supported by natural variability in spatial and temporal patterns in
the distribution, abundance, and quality of water and the interac-
tion between the basin, climate, geology, topography, and vegeta-
tion of which they are a product (Poff et al. 1997; King and
Brown 2003). Other processes central to ecosystem functioning
are also sustained by flow such as sediment and nutrient transport
(Whiting 2002). The development of water resources, while
often benefiting provisioning services, has modified these patterns
and deleteriously impacted regulating, supporting, and cultural
services. (See MA Current State and Trends, Chapters 8 and 23.)

Components of the flow regime are the natural patterns of
variation in the quantity and timing of the flow of a river, includ-
ing the natural disturbances associated with these flow patterns
(Poff et al. 1997). The need to maintain adequate quantity and
quality of water in inland water ecosystems is captured by the
notion of ecosystem water requirements and management, which
are referred to in much of the literature on river ecology, where
this concept has the greatest currency as ‘‘environmental flows.’’

Put simply and based on concepts developed for rivers, envi-
ronmental flows are the water that is left in a river ecosystem, or
released into it, for the specific purpose of managing the condi-
tion of that ecosystem (Brown and King 2003). Applied more
liberally, ecosystem water requirements can be taken to mean the
water left in an inland water ecosystem, or released into it, for the
specific purpose of meeting objectives with regard to the balance
of services provided by that ecosystem. This could apply equally
to coastal systems dependent on freshwater supply. While the
definition of ecosystem water requirements provided here is
broad, their determination has been developed almost entirely for
riverine ecosystems.

A failure to determine and allocate water for ecosystems may
not only result in the loss of the natural functions of the parent
system, as has been observed following water resource develop-
ment on the Colorado, Ganges, Nile, and Yellow rivers (Postel
2000), but also cause degradation of dependent ecosystems, as for
example in the loss of biotic production in the Sea of Cortez at
the mouth of the Colorado River (Baron et al. 2002). These and
other examples from across the world have led to the recognition
that the ecological sustainability of inland water ecosystems is
threatened by the hydrologic alterations carried out by humans
(Poff et al. 2003).

Defining ecosystem water requirements targets the direct
drivers of resource consumption in the form of water abstraction
and the reregulation of the timing of flows, the objective being
to determine the quantity, quality, and timing of water that should
remain ‘‘instream’’ or within an ecosystem for the variety of regu-
latory, supporting, and cultural services it sustains. Given the site-
specific nature of what might constitute ecosystem water require-
ments, a wide range of approaches exist for implementing these
flows. (See Box 7.3.)

The institutions involved in undertaking ecosystem water re-
quirement determinations are usually those that have the required
governance and technical capacity. These are principally govern-
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BOX 7.3

Approaches to Implementing Environmental Flow Regimes

In rivers and streams, restrictive flow management—where abstrac-
tions and diversions are controlled—can be used to achieve an envi-
ronmental flow, for example, the Murray-Darling Basin cap (Acreman
and King 2003, see Box 7.5). Depending on abstraction levels and the
identified needs of the system, water recovery may also be required,
which can be achieved through reducing allocations for consumptive
uses such as irrigation (Postel 2000). In this instance, active flow man-
agement may be necessary and involve management of ‘‘environmen-
tal water’’ through practices such as managed floods. This method is
gaining support among river managers globally and has been imple-
mented in rivers such as the Senegal, Phongolo, and Kafue in Africa
(Acreman et al. 2000), Colorado in the United States (Webb et al.
1999), and the Murray in Australia (Siebentritt et al. 2004).

ments looking to inform natural resource management policy-
making, or not-for-profit groups wanting to inform advocacy po-
sitions. The process will typically occur at a catchment scale, but
will require the involvement of actors from a local through to a
regional and national scale.

There are essentially two steps in most techniques used to
define ecosystem water requirements: the setting of objectives and
the definition of the water (quantity and quality) required to meet
those objectives supported by technical advice on the condition
of the river system under various flow regimes (Acreman and
King 2003).

7.2.1.1 Defining Ecosystem Condition: A Balance between
Ecosystem Services
Maximizing human well-being in freshwater dependent ecosys-
tems requires a decision involving all the stakeholders on the de-
sired condition of an ecosystem (Poff et al. 2003). Such a decision
needs to balance human aspirations for water resource develop-
ment for provisioning services, with the indirect water require-
ments needed for other ecosystem services (Acreman 2001).

Historically, an indirect and unconscious decision was made
on the amount of water required to sustain an ecosystem. For
example, damming a river and diverting water for irrigation prior
to the development of our current understanding of flow ecology
relationships effectively represented a decision to not supply water
to other ecosystem services. The process of determining ecosys-
tem water requirements aims to make a conscious and intentional
decision on how water is distributed among different services.

Invariably a variety of views exist among stakeholders on what
the desired level of ecosystem services should be and the trade-offs
that are acceptable in improving human well-being. For example,
reduced water for abstraction may mean less irrigation, but this
may provide more water to achieve desired levels of fishing, boat-
ing, ecosystem resilience, and scenic values. Setting this balance
has sparked debates across the world. Decision-makers responsible
for water allocation may seek the minimum flow that must re-
main in a river to maintain the environment. This approach en-
compasses the notion of resilience, which refers to the thresholds
within which changes to natural flow regimes can be adjusted.
However, such thresholds below which the ecosystem abruptly
degrades are very illusive and may not exist in reality (Acreman in
press).

7.2.1.2 Methodologies for Defining Ecosystem Water
Requirements
Recognition of the need for adequate quantity, quality, and tim-
ing of flows in river systems has led to the development of over
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200 methodologies to determine ecosystem water requirements
(Tharme 2001). Many of these originated in the United States,
South Africa, and Australia (Postel and Richter 2003). All make
the assumption that aspects of flow are critical for maintaining
certain ecosystem features.

Methods vary from those with a focus on defining minimum
instream flow requirements for a few high-profile species to more
recent efforts to describe the full spectrum of flow characteristics
needed to maintain the ecosystem condition (that is, the flow
regime), including low flows, higher flows, large floods, specific
rates of rise and fall in water levels, and annual variability in dis-
charge (Poff et al. 1997; Postel and Richter 2003). In this context,
the flow regime provides a framework for considering the full
range of interests in the context of the specific ecosystem func-
tions that support them, and for identifying and quantifying the
trade-offs associated with various scenarios, both in biophysical
and socioeconomic terms.

Despite the large number of methods, each of which is unique
in some regard, many methods are broadly similar (Dunbar et al.
1997) and aim to draw links between hydrological and hydraulic
features with ecological responses, whether of individual species
and populations, or their habitats. (See Table 7.4.) Further differ-
entiation can be made between bottom-up approaches that build
a flow from a base of mandatory low flows and then add freshets
and floods (Arthington et al. 1998) and top-down down method-
ologies that determine the maximum acceptable departure from
natural flow conditions (Brizga 1998).

The current trend is toward more holistic approaches that in-
corporate a number of flow assessment methods and examine all
aspects of the ecosystem. Application of these methods requires
multiskilled teams, including hydraulic engineers, hydrologists,
ecologists, and geomorphologists, as well as those with skills from
the social sciences (Postel and Richter 2003). Where expertise is
minimal, more interactive approaches may be considered that
draw on local and traditional knowledge.

Table 7.4. Advantages and Disadvantages of Different Methods
and Characteristics of Setting Environmental Flows

Method Type Advantages Disadvantages

Look-up table inexpensive, rapid to use not site-specific
once calculated hydrological indices are

not valid ecologically

ecological indices need
region-specific data to be
calculated

Desk top site-specific long time series required

limited new data no explicit use of ecologi-
collection cal data

ecological data too time-
consuming to collect

Functional analysis flexible, robust, more expensive to collect all
focused on whole eco- relevant data and to em-
system ploy wide range of

experts

consensus of experts
may not be achieved

Habitat modeling replicable, predictive expensive to collect
hydraulic and ecological
data
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One example of such an approach is the Downstream Re-
sponse to Imposed Flow Transformation framework (see Box
7.4), which can inform a decision on the desired condition of an
ecosystem through assessment of scenarios. The DRIFT frame-
work differs from other approaches such as the Instream Flow
Incremental Methodology and the Catchment Abstraction Man-
agement Strategy in that it explicitly considers the socioeconomic
implications of different scenarios (Acreman and King 2003).

Public participation to allow consideration of stakeholder
views is central to the determination of ecosystem water require-
ments and was incorporated into the Murray-Darling Basin Com-
mission’s ‘‘The Living Murray’’ initiative (Murray Darling Basin
Commission 2003). This involved a coordinated process of com-
munity engagement combined with socioeconomic and biophysi-
cal assessments to determine the desired condition of the River
Murray, expressed as ecological objectives and outcomes for ‘‘sig-
nificant ecological assets’’ from across the river system. (See Box
7.5.) In November 2003, this led to a decision to take a ‘‘first
step’’ in recovering up to 500 gigaliters of water to support meet-
ing these objectives.

Definition of the stakeholders to be included in assessments of
water requirements will influence greatly the effectiveness of pub-
lic participation efforts, and satisfaction of stakeholders with the
outcomes of this process. There are arguments to suggest that in
general (inter)national non-users should have a role in regional/
local decision making, especially when important, non-replaceable
features of an ecosystem are involved. Ultimately the solution to
this issue is a definition of the boundary conditions and the de-
grees of freedom for debate among stakeholders.

7.2.1.3 Effectiveness

A common conclusion of practitioners in this field is that there is
no single best method for determining ecosystem water require-
ments. Instead, application of flow assessment methodologies
should be tailored to the unique set of ecological, water develop-

BOX 7.4

DRIFT Flow Assessment Methodology

The DRIFT (Downstream Response to Imposed Flow Transformations)
methodology is an interactive and holistic approach for advising on
environmental flows for rivers targeted for water-management activi-
ties. The methodology employs experienced scientists from a range of
biophysical disciplines and, where there are subsistence users of the
river, engages a number of socioeconomic disciplines. It produces a
set of flow-related scenarios for water managers to consider, which
describe a modified flow regime; the resulting condition of the river or
species; the effect on water resource availability for off-stream users;
and the social and economic costs and benefits. The process involves
one or more multidisciplinary workshops, attended by a range of af-
fected stakeholders to develop agreed biophysical and socioeconomic
scenarios.

The development of scenarios requires an assessment of biophysi-
cal, social, and economic data and may draw on results from other
predictive models that assess the responses of specific biota to flow
(as in the physical habitat simulation model or PHABSIM). DRIFT
should run parallel with two other exercises that are external to it: a
macroeconomic assessment of the wider implications of each scenario,
and a public participation process, whereby people other than subsis-
tence users can indicate the level of acceptability of each scenario.

................. 11430$ $CH7 10-21-05 14:11:03 PS



224 Ecosystems and Human Well-being: Policy Responses

BOX 7.5

The Murray-Darling Basin Cap
(Murray-Darling Basin Commission 2003)

In June 1993, the Murray-Darling Basin Ministerial Council directed
that a study be undertaken into the issue of altered flows and their
consequences for the rivers of the Murray-Darling Basin. This led to
an audit of water use, which confirmed increasing levels of diversions
and associated declines in river health. In response, the Council intro-
duced an interim cap on water diversions in the Basin in 1995. This
was established as a permanent cap on July 1, 1997. In agreeing to
the implementation of the cap, the Council essentially made a decision
about the balance between the social and economic benefits derived
from development of the Basin’s water resource and the water needs
of the riverine ecosystem. Implementation of the cap is the responsibil-
ity of the member states of the Murray-Darling Basin Initiative. Water
audit monitoring reports are prepared annually to insure state water
use is consistent with the cap and an independent audit group reviews
progress on its implementation.

ment, and socioeconomic conditions in a river basin (Postel and
Richter 2003). This is because of the variation in enabling condi-
tions and binding constraints between each method and the pre-
vailing conditions in a river basin.

The major issues when applying a methodology are the data
required, technical capacity, funding, and time available to com-
plete assessments (Arthington et al. 1998; Tharme 2001). The
current shift toward more holistic methods brings with it a greater
reliance on detailed ecological, hydrological, and hydraulic data.
In the absence of hydrological data, computerized simulation
models may be used to synthesize estimates of natural flow (Postel
and Richter 2003). However, where the link between ecology
and flow is unknown, predictions are more likely to call on expert
opinion. Reliance on expert opinion is encapsulated in the Expert
Panel Approach, which has been used widely across the eastern
states of Australia with considerable success (Brown and King
2003).

The need for expert opinion highlights the often imperfect
knowledge of the relationships between the ecology and hydrol-
ogy of an ecosystem, perhaps the greatest source of uncertainty in
determining ecosystem water requirements. This uncertainty will
be less where the focus is on a single species or ecosystem compo-
nent; but where a range of ecological and flow relationships are
integrated, uncertainty will rise.

Various assessment techniques embrace uncertainty within
their design. In the Lesotho Highlands Water Project, uncertainty
was managed through the use of severity rankings, enabling scien-
tists to indicate within a range how great each described change
would be; where uncertainty surrounded predictions, the range of
severity ranking was expanded (King and Brown 2003). Another
method of expressing certainty in data quality was used in the
Murray Flow Assessment Tool (based on an Environmental Flows
Decision Support System; see Jones et al. 2003), whereby the
quality and source of ecological data used for the assessment were
recorded and open to interrogation by all users.

Time and money also influence the choice of method and
approach. Expert panel methods are often rapid to carry out
(Brown and King 2003), and because little to no additional data
collection is required, cost is largely a function of the time of the
experts. In contrast, more interactive approaches that require data
collection across ecological, hydrological, and socioeconomic dis-
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ciplines require more time and money. For example, an applica-
tion of DRIFT could take up to three years (as in the Lesotho
Highlands Water Project; see King and Brown 2003) and cost at
least $1 million.

More recent environmental flow assessments have involved a
broader array of stakeholders, including greater representation of
community representatives and those who possess local or tradi-
tional knowledge—often these are the people who may be most
directly impacted upon by upstream developments such as dam
construction and water abstraction. Therefore, another binding
constraint on the success of determining ecosystem water require-
ments is the extent to which public participation is embraced by
local, regional, and national governing bodies.

In many countries where ecosystem water requirements are
determined, a strong and effective regulatory framework and ca-
pacity for environmental protection exists. This framework serves
to insure that additional ‘‘development’’ takes account of social
and environmental issues (that is, through environmental impact
assessment), can be used by activists to halt projects that threaten
scarce environmental resources (for example, endangered species
legislation), and provides for environmental standards and redress
for specific environmental pollutants (for example, clean water
legislation). Such a regulatory framework may be effective for
restraining the environmental excesses of development; however
it is often not sufficient to provide for a proactive response to
restore degraded systems.

The effectiveness of the process for determining environmen-
tal flow regimes is influenced by the ability of practitioners to
choose the right method following consideration of the enabling
conditions and binding constraints for each application. Hence,
this part of the process is effective provided an appropriate ap-
proach and mix of methods is adopted. The real test of the effec-
tiveness of determining ecosystem water requirements lies in their
allocation or implementation and the ability of the resulting flow
or water regime to achieve its predefined objectives.

Where objectives are simple, such as minimum stream flows,
they may be easy to measure and achieve. However, where the
objective is to maintain a desired condition for a number of eco-
system components, the task is more difficult. In many instances,
ecological response will be slow. Mitsch and Wilson (1996) sug-
gest that it may take 15–20 years before monitoring can reveal the
success (or lack of it) of large-scale wetland restoration projects.
Determining the success of environmental flow regimes against
economic, social, and environmental goals at the scale of the eco-
system, river basin, or even catchment may take considerably
longer.

The success of changed river management to meet aspects of
ecosystem objectives can, however, be judged somewhat by re-
sponses measured over the short term, as for example in reforming
the sand bars in the Colorado River in the United States (Webb
et al. 1999) and the expansion of the native perennial grasses on
the Murray floodplain in Australia (Siebentritt et al. 2004) and
on the Logone floodplain in Africa (Scholte et al. 2000). These
responses, although not evidence of meeting objectives for the
entire ecosystem, do indicate that responses are possible and con-
sistent with broader objectives.

In the absence of the desired response, care needs to be taken
in differentiating between a failed flow regime (the expression of a
certain combination of ecosystem water requirements), a delayed
response, and the presence of a system that is not capable of re-
sponding. The latter may occur if the system has been too severely
degraded or if other factors are having a mitigating effect. With
regard to the latter, patterns of water quantity and quality are
rarely the sole drivers of degradation. Others include habitat mod-
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ification, reduced longitudinal and lateral connectivity, saliniza-
tion, and eutrophication. As such, the allocation of ecosystem
water requirements should form part of wider river basin manage-
ment strategies, of which they may be a cornerstone.

7.2.1.4 Findings and Conclusions

There is growing support for the conclusion that there is no single
best method for determining ecosystem water requirements
(Acreman and King 2003). Instead, selection needs to be informed
by site-specific factors that match a flow assessment technique
with the enabling conditions and binding constraints relevant to a
particular location/site and application.

With respect to success thus far with determining ecosystem
water requirements, where the objectives set are purely hydrolog-
ical and relate to setting minimum flows, there are numerous
examples of success. However, there would seem to be few exam-
ples of the effectiveness of the more recent trend toward holistic
approaches that set objectives for a range of features of the flow
regime and the ecosystem, and social responses to ecosystem
change. This is largely a function of the long lead times for
ecosystem-scale response.

Through incorporation of an adaptive management approach,
the effectiveness of a flow regime designed to meet certain ecosys-
tem objectives may be improved through time. Adaptive manage-
ment is an integrated response option that provides a way to build
on a base of imperfect knowledge. Active flow management
through the use of environmental water ‘‘allocations’’ provides an
ideal opportunity to learn more about the functioning of fresh-
water ecosystems and their water requirements. Such events can
be treated as experiments to test management hypotheses.

7.2.2 Rights to Freshwater Services and
Responsibilities for their Provision

As discussed above, freshwater services may span the range from
public to private good. Due to their public good attributes, the
value placed on freshwater services by actual or potential benefi-
ciaries depends not only on demand, but also on whether they
have confidence in the effectiveness of proposed management ac-
tions and institutional arrangements needed to insure that the ser-
vice is actually delivered, and that they will have access to the
stream of benefits. Access to benefits is determined by property
rights, which refer not only to private individual rights, but are
defined more broadly as ‘‘the capacity to call upon the collective
to stand behind one’s claim to a benefit stream’’ (Bromley 1989),
and may include common property rights of communities and
public as well as private forms (Ostrom 1990). Absence of en-
forceable rights is defined as a condition of ‘‘open access.’’

Rather than a pure concept of ‘‘ownership,’’ this broader con-
cept of property refers to overlapping bundles of rights held by
individuals, groups, or the state, which will depend on the charac-
teristics of the resource and on valued uses. For example, some
individuals may have use rights to bathe in a river or water their
animals; a water users’ association may have control or decision-
making rights to divert some of the water (management) or ex-
clude others from using it; and the state may claim the alienation
rights to transfer the water.

Although the state may define property rights over these re-
sources, in fact, there are multiple sources of land and water rights
that need to be considered, including those that derive from:
• international law or treaties (the Ramsar Convention, for ex-

ample, which affects rights and uses of wetlands);
• state (or statutory) law, which may in itself have many differ-

ent rights defined for various uses and users;
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• religious law and principles, such as Islamic principles of the
‘‘right to thirst’’ for humans and animals;

• regulations of particular development projects; and
• customary law and local norms.

Each type of property right is only as strong as the institution
that stands behind it. While in some cases, the government has a
very strong influence, it does not operate alone. In many cases,
customary or religious law may be more influential. Because of
this complexity, changes in state law alone do not automatically
translate into changes in property rights on the ground (Meinzen-
Dick and Pradhan 2002).

Instead, as the above suggests, changes in property rights gen-
erally occur as a result of contested processes between different
kinds of overlapping and competing claims. Outcomes will inevi-
tably depend on the political and economic power of those who
stand to gain or lose, on scientific and technological advances that
reduce transaction costs of controlling access to the service, the
ability to transfer rights, and changes in social values as new kinds
of problems emerge that threaten future provision of the service.
For example, in the United States, riparian rights, which limited
uses of water to levels that did not impair the natural flow (which
was valued for supporting the operation of power mills), was re-
placed by rights to reasonable use needed to enable the higher
consumptive uses required for irrigation, municipal, and industrial
uses, thereby curtailing rights to natural flows and often to aquatic
resources that rely on them (Sax 1993; Tarlock 2000). Because of
new social goals of protecting the ecosystem, rights are again
being contested and redefined (Fahrenthold 2004; Santopietro
and Shabman 1990).

Depending on the outcome, this process of making and con-
testing claims on freshwater services can lead to the renegotiation
of new kinds of rights and responsibilities in which the uses of
land, water, and other natural resources are limited to those uses
that do not impair service provision. They may also help to insure
that those who pay the costs of management practices have access
to their benefits through various forms of compensation. Without
some form of entitlement, land users will not be in a position to
enter into contractual agreements regarding land uses and man-
agement practices, nor will they have access to benefits from in-
vestments made in such practices, or be in a position to trade
rights to fresh water for other goods and services (Tognetti 2001;
Swallow et al. 2001).

The rise in values of these services may further disadvantage
those who lack rights by leading to regulatory restrictions on their
uses of water and land, and sometimes to their displacement,
without any corresponding access to benefits. For example, a case
study in Thailand suggests that dry season flows have diminished
primarily because of a dramatic increase, both downstream and
upstream, in dry season cultivation and irrigation of soybeans by
those who own paddy fields. However, the focus of regulation
intended to address the problem has been on the more vulnerable
farmers, who are dependent on rain-fed slopes in areas where
significant forest cover remains, who have the least significant im-
pacts on hydrology, and who are regarded as guardians of re-
sources rather than as legitimate users (Walker 2003). In many
cases, protection of watersheds has been used by governments as
justification for centralized control of land and water resources
and regulatory conservation policies that exclude upland commu-
nities. This approach tends to be resisted by local populations
using various means such as fire, which further reduce the effec-
tiveness of regulatory approaches (Swallow et al. 2001; Blaikie
and Muldavin 2004).

A key issue in defining rights and responsibilities is the extent
to which land users should be compensated for the costs of man-
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agement practices by those who directly benefit from them, and
the extent to which such practices should be required through
regulations, based simply on a responsibility not to pollute and
not to harm others. In the former case, land users are paid for
the costs of conservation management practices needed to insure
continued provision of valued freshwater services, in addition to
marketable agricultural and timber products. In the latter, to the
extent there is compliance, the ability of farmers to stay in busi-
ness will depend on the extent to which they are able to pass their
costs on to consumers in the form of prices.

7.2.2.1 Effectiveness

The process of changing or redefining rights and responsibilities,
so as to reflect new values placed on freshwater services, is primar-
ily constrained by transaction costs. These are costs associated
with the development and enforcement of rules or institutional
arrangements that can effectively control access to specific ser-
vices, monitoring the conditions of watershed processes that sup-
port the production of services, and the resolution of conflicts
between new and existing multiple uses and values, as services
become scarce.

The costs to develop and enforce rules, and monitor water-
shed processes, are largely related to the site-specific biophysical
characteristics of the hydrological cycle as well as to those of the
users and their social and economic context. These have implica-
tions for the kinds of arrangements that will be feasible and effec-
tive, the information needed to support management decisions,
and the technical and institutional capacities that may need to be
developed. For example, because of the relatively large size of
upper watershed areas, conservation management practices may
be necessary over large areas, well beyond the level of individual
plots, before a significant change can be detected in the provision
of services. It will also be necessary to target marginal and unpro-
ductive areas that contribute disproportionately to off-site im-
pacts—steep slopes, gullies at the base of escarpments, river banks,
forest margins, and paths and roads, for example. Given that these
areas provide little if any return to individual landowners on in-
vestments in conservation practices, individual private property
rights generally do not provide a sufficient incentive for landown-
ers to make such investments. In the absence of a set of enforce-
able rules, such areas are, in effect, ‘‘open access’’ areas (Swallow
et al. 2001). Emphasis on the registration of formal private rights
also carries risks of overlooking informal rights found in existing
practices and social norms for managing the water and land uses
by which it is affected, of placing at a disadvantage those with less
education and who have fewer social connections, and of increas-
ing uncertainty by creating new rules without developing the ca-
pacity and willingness to enforce them (Meinzen-Dick and Bruns
2003).

A key factor in overcoming the above constraints and gener-
ally reducing transaction costs is to strengthen forums for negotia-
tion of rights and responsibilities, which, particularly at smaller
scales, are better suited than rigid legal frameworks for creating
access rules that are responsive to site-specific and constantly
changing conditions (Meinzen-Dick and Bruns 2003). Given that
there are normally large differences in the relative power of vari-
ous stakeholders, collective action may also be necessary just to
enable marginalized stakeholders to obtain rights or even recogni-
tion of existing informal rights. By providing a space for regular
patterns of interaction, such forums can also facilitate the develop-
ment of trust—the social capital that enables stakeholders to collab-
orate and engage in the collective action needed for monitoring
and stewarding large and marginal upper watershed areas. This
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may take the form of user associations and watershed councils that
can negotiate on behalf of numerous users of water and land, as
well as provide technical assistance in the preparation and imple-
mentation of joint management plans. This process may gain mo-
mentum from broader social and technological changes and fom
effective decentralization of resource management; these are fur-
ther discussed in subsequent sections.

A promising approach that has been identified in Indonesia
and the Philippines is where upland populations are granted ten-
ure that is conditional upon compliance with land management
plans and co-management agreements (Swallow et al. 2001; Ro-
sales 2003). In Indonesia, this approach only became possible with
the fall of the Suharto regime, which enabled local populations to
voice demands for change in the property rights regime and to
resist coercion by the forestry department and commercial inter-
ests. The result is a current trend toward decentralization in which
management rights are being granted in exchange for adhering to
agreed upon management plans (Swallow et al. 2001).

A general area of conflict that will undoubtedly have implica-
tions for the outcomes of future initiatives is between efforts to
recover costs of both delivery and conservation of fresh water
through pricing and privatization, and the recognition of water as
a more universal kind of human right, consistent with objectives
of poverty alleviation. Both objectives, for example, are found in
the fourth Dublin Principle, which recognizes water as an eco-
nomic good, but states also that ‘‘within this principle, it is vital
to recognize first the basic right of all human beings to have access
to clean water and sanitation at an affordable price.’’ This di-
lemma is embodied also in the South African constitution and
water law. Whether or not water pricing and privatization have
enabled governments to expand services to poor and previously
unserved populations addressed below. However, the approach is
severely constrained by the ability to pay, and has been actively
resisted through protests in a number of countries, including
South Africa and several Latin American countries.

Among the better known was a protest in Cochabamba, Bo-
livia, where water privatization was brought to a halt after it led
to monthly water bills that were double or triple what they had
been previously and that, for many, amounted to 20% of their
salaries (Rothfeder 2003). Full-cost pricing was also the subject of
controversy during the development of the EU Water Frame-
work Directive, which, in its final form, only required that envi-
ronmental costs be taken into account in determining water prices
(Kaika and Page 2002). In South Africa, this issue was addressed
by designing price structures that distinguish between different
uses so as to reflect policy priorities of providing for basic human
and environmental needs. However, as the case of South Africa
shows, the major challenge lies in implementation. (See Box 7.6.)

7.2.2.2 Findings and Conclusions

The legitimacy of various conflicting claims to freshwater services
will depend on the outcome of negotiation and conflict resolu-
tion. Establishing such a process is central to sustainable manage-
ment of freshwater services because it allows for the more flexible
and adaptive responses needed to cope with the complexity and
uncertainty of watershed processes than formal and rigid legal
frameworks.

Both public and private ownership of fresh water, and also of
the land resources associated with its provision, have largely failed
to create adequate incentives for provision of services associated
with it because upland communities have generally been excluded
from access to benefits, particularly when they lack tenure secur-
ity and have resisted regulations regarded as unfair. Public and
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BOX 7.6

Water as a Human Right and an Economic Good in South
Africa

The constitution of South Africa guarantees access to sufficient water
and a safe environment as fundamental human rights, contingent on
the availability of resources on the part of the state. The state has a
duty to take reasonable legislative and other measures to achieve the
progressive realization of the right. Under the South African water law,
a minimum quantity of water is reserved for both human and ecological
needs prior to allocation to other uses, and is provided free of charge
to municipal water authorities (DWAF 1999). However, the municipali-
ties still charged users for distribution costs, by requiring the use of
pre-paid cards to obtain water from meters. This practice led to an
outbreak of cholera when those who could not pay obtained water from
polluted puddles and canals (Thompson 2003). The government now
provides a minimal ‘‘lifeline’’ of free water, equivalent to half of the
minimum standard established by the World Health Organization.

Uses of water beyond the amount reserved for human and ecosys-
tem needs must be registered and, with some exceptions for some
existing uses, licensing and fees are required for stream flow reduction
activities; irrigation, industrial, mining, and energy uses; and water ser-
vices authorities. Exceptions for existing uses, and tensions with users
not exempted, suggest that whether licensing can truly serve as a
reallocation mechanism may depend less on formal changes in the law
than on the strength of public participation. This implies the need to
provide users with information about the distribution of costs and bene-
fits and to build institutional capacity so as to strengthen the bargaining
power and negotiation capacity of the poor (Schreiner and van Koppen
2000).

private ownership have also failed to create incentives for control
of off-site impacts of land use practices. With the absence of the
recognition of common as well as private and public forms of
property rights, there is likely to be insufficient incentive for prac-
tices needed to insure continued provision of freshwater services.

Given that property rights are intended to provide security,
and cannot arbitrarily be taken away, they do not change easily.
Conversely, attempts to recognize or redefine rights will generally
be a source of conflict. Such changes are often linked to political
momentum generated by extreme events such as droughts, floods,
chemical spills, and broader social and political changes, which
create opportunities to open up policy debates, and to redefine
rights and responsibilities.

Effective property rights institutions with clear and transparent
rules can increase stakeholder confidence that they will have ac-
cess to the benefits of freshwater services and, therefore, willing-
ness to pay for them. Their development can be facilitated by an
analysis and recognition of existing rights, both formal and infor-
mal, which is indicated by the assets to which various stakeholders
have access. This will be more evident in the response to extreme
conditions. The development of a feasible strategy for protecting
freshwater services will also require an identification of antici-
pated transaction costs.

Special attention should be given to broad social changes and
structural reforms, as these may provide special opportunities for
changes in property regimes that are no longer relevant in the face
of rapid global changes and the new kinds of problems that are
associated with environmental degradation. Post-armed-conflict
situations may present special opportunities for changes in policies
and rights because such situations reflect a complete breakdown

PAGE 227

of legal and political systems that were inadequate to begin with.
Increased dependence on natural resources in the face of such
collapse can also heighten awareness of the role of freshwater and
other ecosystem services in human well-being. As was suggested
by Professor Kader Asmal, who chaired the World Commission
on Dams (2000), in spite of conflicts that have been inherent in
the management of increasingly scarce water resources, and the
rhetoric of ‘‘water wars,’’ the negotiation of water agreements
have ultimately been a catalyst for peace and cooperation (Asmal
2000). One reason is that negotiations regarding management of
water are rooted in specific water projects, found in a local and
site-specific context, which gives them more weight than vague
and undefined agreements that have broad scope, and provide a
point of departure for a bottom-up decision-making process.

In the face of conflicting claims, allocation of water and devel-
opment of water-related infrastructure tends to give dispropor-
tionate influence to those with the more tangible and dominant
economic interests compared with livelihood and environmental
concerns. Such differences in power are often difficult to over-
come in the short term, even through collective action. There-
fore, the process of defining rights to the benefits of freshwater
services, and responsibilities for actions needed to insure contin-
ued provision, should be regarded as long-term and on-going.

7.2.3 Increasing the Effectiveness of Public
Participation in Decision-making

Stakeholder participation may improve the quality of decisions
because it allows for a better understanding of impacts and vulner-
ability, the distribution of costs and benefits associated with trade-
offs, and the identification of a broader range of response options
that are available in a specific context. If poverty alleviation and
sustaining livelihoods are the primary objectives, it is also essential
that stakeholder concerns be a starting point for determining what
the specific objectives are, and in the development of responses
to freshwater degradation.

An important distinction in participatory processes is between
those who allow for effective participation and those who only
give an appearance of participation in decisions that have, in ef-
fect, already been made. Ultimately, the effectiveness of stake-
holder participation depends on whether it makes any difference
in decision-making, whether it contributes to the establishment
as well as the achievement of objectives, and whether it provides
an opportunity to work through difficult issues rather than avoid
them. It should also provide stakeholders with an opportunity to
learn, and to reconsider the values they place on freshwater ser-
vices. As the Great Lakes water quality agreement illustrates (see
Box 7.7), whether or not stakeholders are able to have an active
role in the process can also have implications for whether or not
goals are achieved (Sproule-Jones 1999).

7.2.3.1 Effectiveness

Principle 10 of Agenda 21 defines participation to include access
to information, participation, and justice. It may be limited by
factors such as: geographic isolation, common in upper watershed
areas; language and educational barriers; access to information that
is timely and relevant; whether participation is made possible in
the early phases of a process (planning and defining problems);
whether the decision process provides an opportunity for deliber-
ation and learning; and legal frameworks that define rights (land
tenure, for example) and provide measures of recourse, all of
which determine the relative bargaining power of various stake-
holders.
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BOX 7.7

Implementation of the Great Lakes Water Quality
Agreement

The Great Lakes Water Quality Agreement was implemented by devel-
oping separate remedial action plans for each of 43 areas of concern.
A comparison of the process of developing the plans in each area
suggests a strong relationship between success in the restoration effort
and the active involvement of stakeholders both in development and in
oversight of implementation. Conversely, failure was associated with
agency indifference or hostility toward the participatory process. In
most cases, agencies regarded the planning process as a source of
new resources and public support for traditional concerns, rather than
as an incentive for new approaches. In some cases, stakeholder fo-
rums were held after the agencies had written the initial reports. In one
exception, Hamilton Harbour, more active participation by stakeholders
in the development of the plan, and attempts to make the document
legally binding, became a source of conflict with the Ontario govern-
ment (Sproule-Jones 1999).

Conflict played a positive role in improving the plan because it pro-
vided an opportunity to work through the more difficult issues and avoid
lasting polarization. A low level of conflict in another area, the Saginaw
Bay, is attributed to the limited focus of the steering committee, which
limited its task to data review and avoidance of difficult issues. Stake-
holder input was also done in a way that limited interaction among
stakeholders and therefore the opportunity for an iterative learning
process (MacKenzie 1996).

In sum, it was the decentralized nature of the overall program that
allowed for different strategies to be pursued within the common do-
main of the planning framework, and for many lessons to be learned.
The process of prioritizing plan recommendations also demonstrated
their role in the overall basin-wide strategy, and led to greater interac-
tion among governmental agencies.

The nature and quality of participation, and who participates,
will be closely related to the scale and institutional context in
which it takes place. This may range from informal community-
based initiatives to more formal watershed councils and inter-
organizational partnerships typically found at smaller scales, to
river basin organizations found at larger scales, which often cross
national boundaries. Smaller scales provide opportunities for more
direct participation and face-to-face interactions among those
who share relationships to a specific place, and who often have
greater understanding rooted in local knowledge. Larger scales
present the greater challenges of achieving adequate representa-
tion of sub-basin interests as well as of providing information.
Both present challenges of accountability and of providing ade-
quate measures of recourse.

A key enabling condition, without which participation is un-
likely to be sustained, is effective decentralization of authority for
management of freshwater services. This implies the transfer of
authority in the form of constitutionally protected rights, down-
ward accountability to those who are represented, and access to
the benefits of natural resources (Ribot 2002). This can increase
the capacity of local authorities to respond to the variability of
site-specific conditions because it enables them to make decisions
regarding the allocation of resources, which can also be a source
of the financial autonomy that is needed to exercise authority
(Kaimowitz and Ribot 2002).

One barrier to democratic decentralization is a widespread
perception that local authorities do not have the capacity to man-
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age freshwater resources. However, in the absence of the author-
ity to actually do so, and access to the benefits of natural resources,
they have not had the opportunity or the incentive to either gain
experience or to demonstrate capacity (Ribot 2002). Learning
will therefore be an important part of the process. In many cases,
however, farmers and users have built and have been managing
their own water sources for centuries, displaying considerable
technical skill. The trick is getting this recognized by government
agencies, and linking these local understandings to basin-scale
management. Access to benefits is discussed more specifically in
subsequent sections that pertain to financing and the development
of economic incentives.

Broader participation in public policy decisions is mandated
in a number of relatively recent international water agreements
and in legislative initiatives. Recent years have also seen a prolifer-
ation of various kinds of river basin organizations, which are dis-
cussed further in the next section, as a more specific institutional
form for participation. Among the more far-reaching initiatives is
the EU Water Framework Directive, which requires public par-
ticipation in the development of management plans for all river
basin districts in EU countries. This trend toward a shift in water
management policies, from command-and-control regulations
under the authority of states, toward more integrated approaches
that transcend their boundaries, is also leading to the creation of
new institutional entities or rules of the game that engage different
sets of actors.

This shift raises a number of unanswered questions as to the
degree of representation reflected by those who participate, to
whom they are accountable, and, ultimately, of the legitimacy of
the process (Kaika and Page 2002). Governments at national levels
tend to have geopolitically driven interests that often conflict with
the well-being and livelihood interests of many of their citizens,
to whom they are not always accountable. Local governments are
not necessarily any more representative of or more accountable
to local stakeholders than are more centralized ones. Independent
voices such as those of NGOs may play an important role in sup-
porting community-based efforts and in developing innovative
policy approaches, but usually represent narrower interests and
are not designed or intended to represent all stakeholders or to
create substitutes for democratic processes. Given the scope of the
topic, it is not possible to draw general conclusions. However,
there are some lessons that can be drawn from selected case
studies.

Although decentralization is an inherent goal of many basin-
level initiatives, these are often implemented such that pre-
existing top-down centralized structures remain in place. For ex-
ample, in a case study of the state of Madhya Pradesh in India,
plans supposedly developed by local watershed committees estab-
lished for purposes of local participation tend to follow blueprints
created by upwardly accountable technicians. These blueprints
were driven by the need to meet tangible physical targets and
deadlines that had already been decided upon (such as the number
of trees planted, number of compost pits dug, hours of volunteer
labor) and to obtain the approval of technical committees. Selec-
tion of sites for implementation of watershed conservation proj-
ects tended to be based on administrative expedience. As a result,
areas of tenure dispute on the steeper slopes, where conservation
efforts were most needed, tended to be avoided altogether (Bavi-
skar 2002).

Recognition of the limitations of managing irrigation by way
of centralized government, and the inadequacy of building irriga-
tion infrastructure without corresponding local management ca-
pacity, has led to a trend toward institutional reform in irrigation,
in which responsibilities for operations and maintenance of irriga-
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tion systems are devolved to user associations (Vermillion 1999).
Although, in many cases, these transfers have been incomplete, or
responsibilities have been transferred without corresponding
rights, they provide a considerable base of experience and a basis
for identifying elements that are critical for the success of such
initiatives. In general, comparative case studies of the more com-
prehensive devolution programs have shown a reduction of costs
to government, an increase of costs to farmers, an increase in fees
collected, increased cost recovery, and variable impacts on pro-
ductivity. However, some benefits were observed even in less
comprehensive devolution programs. For example, in one case,
acquiring water through a user association resulted in the reduc-
tion of costs to users even though fees were doubled because it
eliminated other costs associated with numerous informal transac-
tions, such as the need to pay bribes in return for receiving water
allocations (Vermillion 1999).

7.2.3.2 Findings and Conclusions

Degradation of freshwater and other ecosystem services generally
have a disproportionate impact on those who are, in various ways,
excluded from participation in the decision-making process. Ef-
fective participation may therefore require concerted political
pressure to overcome resistance by those in positions of power
and authority, which may be brought about through various
forms of collective action by stakeholders.

Whether or not initiatives to increase broad-based participa-
tion have a lasting impact will depend on the extent to which
participation is institutionalized in democratic local government
as a constitutional right (Ribot 2004). As discussed in the earlier
section on rights and responsibilities, in the absence of momen-
tum that may be generated by periods of crisis and broader social
change, or other special opportunities for reform, this is generally
a process of institutional development that may take time. How-
ever, even partial transfers of authority can have benefits. A focus
on implementation provides an opportunity for adjustment as les-
sons are learned.

In the meantime, a key focus for improving participatory
processes is to help level the playing field through measures to
increase the transparency of information; improve the representa-
tion of marginalized stakeholders; engage them upfront in the es-
tablishment of policy objectives and priorities for the allocation of
freshwater services, with which specific projects should be consis-
tent; and create a space for deliberation and learning that accom-
modates multiple perspectives.

7.2.4 River Basin Organizations

Recognition that there are trade-offs among multiple interests and
uses of fresh water provided by river basins, has led to a trend
toward the formation of river basin organizations as a vehicle for
basin-wide assessment, planning, management, and conflict reso-
lution. RBOs may be formed to manage basins within individual
countries as well as in an international transboundary context,
which presents an added layer of management challenges and
gives rise to sovereignty considerations.

Pivotal concerns for basin-wide organizations are typically is-
sues of water allocation among multiple and often conflicting
uses. Decisions about infrastructure development such as dams,
reservoirs, and navigation canals are critical because these modify
and divert flows of water that make possible agricultural irrigation
and urban development, and are therefore a major driver of land
use change. They also block flows of sediment that maintain
downstream river channels and coastal areas. Other key concerns
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at the basin level are with cumulative impacts of land use changes
and inputs of pollutants that are detectable over long distances.

A river basin focus was formally recommended at the Interna-
tional Conference on Water and the Environment held in Dublin
in 1992, and also endorsed in the 1992 Rio Declaration and
Agenda 21 (particularly Chapter 18). However, such organiza-
tions are not entirely new. Among the better known early exam-
ples are the Tennessee Valley Authority, a regional river basin
authority formed in 1933, and the French system of water man-
agement, organized around river basins, which was established in
1964. The Mekong Committee, predecessor of the Mekong
River Commission, was created in 1957, one of the earliest for-
mal RBOs in the developing world (Ratner 2003). The TVA
served as a model for several RBOs in other parts of the world,
including regional development corporations in Latin America,
river basin commissions in Mexico established toward the end of
the 1940s and the beginning of the 1950s (Barkin and King 1986;
Garcia 1999), and the Damodar Valley Authority in India. Glob-
ally, the International Network of River Basin Organizations lists
133 members in 50 countries at present. The trend is driven in
part by donors such as the Inter-American Development Bank,
which has already financed, or is likely to finance, more than 20
projects at the basin management level in Latin America and the
Caribbean.

RBOs range in type from those that have the authority to
plan, promote, and enforce their plans, to those that lack authority
but play important roles in an advisory capacity in the assessment
needed to inform planning, priority setting, stakeholder negotia-
tions, and decision-making. Examples of the former include the
TVA (see Box 7.8), the Murray-Darling Basin Commission, and
the French system of water management, which is carried out by
river basin committees, and, at sub-basin tributary levels, by local
water committees, consistent with national water policies. The
recently adopted EU Water Framework Directive also requires a
comprehensive basin approach in which the territories of all Eu-
ropean countries are assigned to river basin districts that have the
authority for implementing the directive. Other countries that
currently provide legislative mandates for a nation-wide basin ap-
proach are South Africa, Brazil, and Mexico.

In an alternate model, which can be considered an adaptive
approach, many RBOs have evolved from a narrow and sectoral

BOX 7.8

The Tennessee Valley Authority

The Tennessee Valley Authority was formed during the Great Depres-
sion, and became a model of comprehensive river basin development
to meet multiple objectives in support of economic development. The
TVA was granted broad powers under which it developed a system of
multipurpose dams for purposes of flood control, power generation,
navigation, recreation, and maintenance of flows necessary for mainte-
nance of water quality and aquatic habitat. An equally important mis-
sion in the earlier period was a program for multi-resource conservation
and development, to protect the natural resource base that was recog-
nized as essential for regional economic development (as, for example,
by planting trees on eroded lands) and generally to promote human
welfare in a poverty-stricken region. However, in the post-World War II
period, power generation became the dominant mission, as it was
largely self-financing. Although the TVA had had a number of suc-
cesses and much popular support for its natural resource programs,
these have been more vulnerable because they depend on Congres-
sional appropriations for their budget (Miller and Reidinger 1998).
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focus on water bodies and point sources of pollution, to a focus
on entire watersheds based on inter-sectoral approaches, to the
extent that interested parties are able to reach agreement and co-
operate. Capacity building thus tends to occur as needed, in re-
sponse to recognition of new types of problems that are beyond
existing response capacities, or in response to extreme events that
expose structural weaknesses and bring problems to broad public
attention more rapidly, thereby enabling the development of new
agreements and policies needed to resolve conflicts among multi-
ple and diverse uses. Regulatory authority tends to rest with exist-
ing agencies and political jurisdictions, which may need to be
politically compelled to effectively participate, or offered some
form of incentive.

This kind of RBO tends to play an intermediary role by activ-
ities such as convening interested parties for purposes of strategic
planning, management, and conflict resolution, preparing master
plans, reviewing project proposals, proposing policies, creating an
information system, and coordinating monitoring efforts. One
well-known example of this is the Chesapeake Bay Program. (See
Box 7.9.) A basin-wide entity that evolved in a similar fashion
after the failure of attempts to create a basin-wide planning agency
is the Laguna Lake Development Authority in the Philippines,
which was given expanded regulatory powers step by step, as its
focus shifted from fisheries promotion to watershed-level pollu-
tion control (FAO 2002).

Given the absence of an overarching legal authority and the
need to rely on voluntary agreements among countries that oc-
cupy a basin, this alternate model also tends to be found in trans-
boundary initiatives. A well-known example is the International
Commission for the Protection of the Rhine, which was estab-
lished in 1950 to address concerns about pollution. Over time,
however, and in response to specific events, the ICPR began to
also address ecosystem concerns, and to develop an integrated ap-
proach to river management that considers land use and spatial
planning so as to begin to restore floodplains and wetlands, and
thereby mitigate flooding by ‘‘making space for the river’’ (Wier-
iks and Schulte-Wülwer-Leidig 1997). In what may be the begin-
ning of a more proactive approach, studies are also investigating
the management implications of climate change, which is ex-
pected to bring about significant changes in the availability of
water (Middelkoop et al. 2000).

A challenge that is particularly pronounced in transboundary
water management, to which this section offers special attention,
is the strengthening of provisions for various aspects of public
involvement, which includes access to information, public partic-

BOX 7.9

The Chesapeake Bay Program (Hennessey 1994)

The Chesapeake Bay Program has origins in an agreement made be-
tween two key states (Maryland and Virginia) in response to conflicts
between oyster fisheries and discharges from urban areas. This was
the beginning of a trend toward more inclusive inter-jurisdictional
agreements that now cover most of the basin. Given the resistance of
existing authorities to the creation of a new regional authority, the pro-
gram adopted a multistate and federal cooperative governance struc-
ture. As concerns extended from the main water body to reduction of
nutrient inputs from the upper basin areas, the agreement was ex-
panded to include local governments, who retain responsibility for land
use decisions and whose cooperation is needed to meet nutrient reduc-
tion targets.
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ipation, and access to justice or legal recourse. An important tool
for public involvement is the development of a process for trans-
boundary environmental impact assessment (Cassar and Bruch in
press).

7.2.4.1 Effectiveness

RBOs are constrained or enabled primarily by the extent to
which all of the relevant stakeholders participate, are able to agree
on objectives and management plans, and cooperate in their
implementation. In a transboundary situation, the capacity to
implement agreements and plans will depend on the level of com-
mitment of individual countries to integrated river basin manage-
ment and to ecosystem management, whether they have mutual
or complementary interests, and relative bargaining power. Top-
down governmental and institutional mechanisms need to be bal-
anced with bottom-up considerations of transparency, public par-
ticipation, and accountability. It also helps to have specific and
measurable goals, such as the cap on water diversion in the Mur-
ray Darling Basin in Australia.

An illustrative case is the Mekong River Commission, whose
member countries do not include China, which holds 22% of
the basin area and is actively building dams. Using its superior
bargaining power, it has been negotiating agreements to improve
navigation with neighboring states independently, and has
avoided joint review of the impacts of its dam-building program
on the livelihoods of those in downstream areas, particularly in
Viet Nam and Cambodia, which rely on the flooding patterns that
sustain fisheries and production of rice, and also control seawater
intrusion. China’s perspective is that the regulation of the upper
Mekong will benefit people by supporting navigation and irriga-
tion activities, flood control, and dry season power generation,
and also by containing erosion. Downstream countries have not
been given the opportunity for an independent assessment. How-
ever, it is important to keep in mind that Thailand and Viet Nam
have also been constructing dams and have found ways to avoid
the joint review of water diversions that have already created
problems downstream. Cambodia, which is the most dependent
on freshwater services to support livelihoods, is also the poorest
and has the least bargaining power (Ratner 2003).

In the case of the Danube, where the basin states have greater
mutual interests and incentive to participate, transboundary man-
agement practice has even contributed to political stability—as
demonstrated by efforts to establish a river basin agreement that
were sustained even during the period of war between 1991 and
1995 (Murphy 1997). Implementation of that agreement, a jointly
developed strategic action plan, and efforts to achieve consistency
with the EU’s Water Framework Directive are also playing an
important role in the economic development and strengthening
of democratic institutions in Eastern Europe (World Wildlife
Fund 2002).

A key enabling condition is access to information and cooper-
ation in the assessment process itself. An important planning tool,
developed in recent years, is the transboundary environmental
impact assessment (TEIA), which can be utilized to enhance the
cooperation and management of shared waters in a transboundary
context. A key difference between the TEIA and the EIA is that
the TEIA can facilitate cooperation and dialogue across borders.
If utilized effectively, it has the ability to provide local people and
under-represented interests an opportunity to be heard and to
participate in decision-making that affects their environment and
livelihoods across borders where otherwise they would be ex-
cluded. TEIA is more challenging to implement than domestic
EIA because it increases the need for institutional coordination,
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sensitivity to sovereignty, public participation across borders,
varying domestic EIA standards, and cultural differences between
involved parties.

Europe has developed the most authoritative, binding com-
mitments to TEIA and several other countries are in the process
of developing agreements. In 1991, the UNECE convened the
Convention on Environmental Impact Assessment in a Trans-
boundary Context, also known as the Espoo Convention
(UNECE 1991), which is arguably the most authoritative and
specific international legal codification of TEIA. The Conven-
tion’s strength lies in the specific codification on issues such as
harmonization of national laws, and on the negotiation of more
specific bilateral agreements between states, that leave little doubt
as to what is required to implement a TEIA. The overall objective
is to enhance cooperation between states over shared water
courses, harmonize individual EIA procedures between states, and
advance nondiscrimination to insure that all affected people have
the opportunity to participate equally (Knox 2002). Optimally,
TEIA should accord the same protections and access to informa-
tion to the public of neighboring states as to individuals within a
country’s own borders. The future development of TEIA will
most likely be driven by example, and unfortunately, examples
are scant at present. As more TEIAs are undertaken, experience
in implementing these will increase (Cassar and Bruch in press)

A pattern often observed is the tendency for basin-level man-
agement to be dominated by the more tangible and economically
dominant interests. For example, in the case of the Tennessee
Valley Authority, which was intended to meet a broad range of
multiple objectives related to both conservation and develop-
ment, emphasis eventually shifted toward provision of hydro-
power and flood control. This was criticized for providing
disproportionate benefits to populations concentrated in large
downstream urban areas (Barrow 1998). A similar pattern is evi-
dent in a review of basin-level initiatives in five African countries
(Barrow 1998). In Central America, watershed management con-
cerns go back to the early part of the last century, but did not get
placed at the top of political agendas until they were seen as
threats to higher priority interests downstream—such as the sedi-
mentation of large hydroelectric dams or the Panama Canal (Kai-
mowitz 2004).

7.2.4.2 Findings and Conclusions

Effectiveness of basin-level organizations will depend on the kinds
of development paths made possible by water allocation decisions,
acceptability of the resulting distribution of costs and benefits
among stakeholders, whether these help to achieve objectives of
poverty alleviation, and maintenance or restoration of at least
those ecosystem processes that support the provision of desired
services.

Given that conflicts often exist between basin-wide interests
and those at local scales, at which impacts of management activi-
ties are experienced and tend to have direct livelihood implica-
tions, effectiveness of RBOs will also depend on whether sub-
basin and community-level interests are adequately represented
and are able to effectively participate in basin-scale decision-
making. Sub-basin level organizations such as watershed councils,
land-care groups, village level catchment committees, and associ-
ations of users and farmers play important roles in addressing
problems associated with land and water relationships that are dif-
ficult to detect at larger scales, in the promotion of new land use
practices, and in the direct involvement of stakeholders in face-
to-face settings. In contrast, basin-scale actors tend to be represen-
tatives of interested parties, which may include government agen-
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cies, NGOs, and associations of resource users. So far, there is
little evidence of successful scaling up from village to basin levels
(Swallow et al. 2001).

Given that many problems in river basin management are the
result of unanticipated consequences, and may not be obvious
because they disproportionately affect marginalized stakeholders
with little voice in decision-making, a key to RBO effectiveness
will be in whether there is an independent and transparent process
of assessment in the implementation phase, the relevance of such
assessments to actual stakeholder concerns, and the ability to learn
from them and to improve on past practices.

Ultimately, whether or not RBOs achieve the multiple objec-
tives of integrated water resources management will depend on
how particular initiatives are implemented in practice, an assess-
ment of which will also require stakeholder insights. Other aspects
of effectiveness, discussed in other subsections, include decentral-
ization of decision-making processes and use of appropriate regu-
latory and financial instruments to create appropriate incentives
and provide some measure of financial autonomy to RBOs.

Given environmental heterogeneity; embeddedness in social,
economic, and political frameworks; different stages of socioeco-
nomic development; and different management capacities and
technical expertise, no single institutional model is likely to be
equally applicable in all basins. RBOs are actually a mosaic of
overlapping institutions.

Regional authorities, based on blueprints, tend to have many
of the same weaknesses they were intended to address, such as
centralized authority, domination by special interests, and applica-
tion of sectoral approaches to multiple sectors. They may also be
a response to trends among donor organizations toward financing
basin-level projects rather than the most pressing problems. The
more successful approaches have no blueprints, but tend to evolve
in response to site-specific conditions, trends, and extreme events.
A key factor, addressed in a previous section, is the democratic
decentralization of authority, as it can enable responses more ap-
propriate to their context.

An important enabling condition is that river basin organiza-
tions are inclusive of sub-basin level interests. This can at least
potentially be achieved by supporting and reinforcing successful
community-level initiatives—allowing them to ‘‘scale up,’’ and
further building a community-level response capacity through
provision of information that enables them to effectively partici-
pate in responding to larger-scale threats.

Access to information is an important aspect of integrated river
basin management that has been increasingly incorporated into
water resources management policy and regulation, and is a main-
stay of many IRBM policies. Likewise, public participation is
being increasingly incorporated into IRBM policies. Access to
justice is less commonly incorporated. Many institutions, includ-
ing the Nile River Basin Initiative and the Mekong River Com-
mission, have embraced principles of transparency and public
participation in environmental decision-making. However, while
these principles are increasingly common in institutional man-
dates governing transboundary waters, specific measures to
achieve these goals often require more elaboration for implemen-
tation to be fully effective. Strengthening the institutional mecha-
nisms to do this is increasingly recognized as the way forward
to improve the management of shared water in a transboundary
context. One of the ways this is being done is through the devel-
opment of a process for transboundary environmental impact as-
sessment.

7.2.5 Regulatory Responses

Command-and-control regulatory responses applied to freshwater
services include technological, end-of-pipe controls and discharge
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permits that have been applied to point sources of pollution, regu-
lation of non-point sources through instruments such as the estab-
lishment of total maximum daily loads under the U.S. Clean
Water Act, and restrictions on land use for purposes of watershed
protection. (Non-point sources are more thoroughly discussed in
Chapter 6 of this volume.) Regulations also play important roles
in creating cap-and-trade systems that serve to limit pollution or
resource uses (discussed below). Regulatory approaches also gen-
erally support market-based approaches and other instruments by
defining the ‘‘rules of the game.’’

7.2.5.1 Effectiveness

Regulatory approaches have generally been considered effective
for reducing pollution loads from the more significant point
sources. However, by itself, this approach is generally regarded as
inadequate for addressing numerous small-point sources and non-
point sources because it would require more extensive enforce-
ment capacity, as well as site-specific information and authority
for controlling land use (NAPA 2000). This is a problem even in
countries with well-developed regulatory infrastructure. How-
ever, it is perhaps most dramatically illustrated in the Danube
Basin, where the privatization in Eastern European countries that
followed the end of the Cold War increased the number of eco-
nomic actors and pollution sources, while the capacity for inspec-
tion and enforcement remained low, given the lack of local-level
institutions (Koulov 1997).

Key limitations on regulatory instruments with respect to dif-
fuse non-point sources are the lack of flexibility, the information
base, and the capacity needed to address the site-specific nature of
watershed problems. Regulatory bodies also often lack specific
kinds of legal authority as well as the capacity needed to control
the diverse kinds of land use activities associated with non-point
sources, as this tends to be an authority exercised through local
government planning processes, and in which individual land-
owners retain significant levels of discretion. For example, the
U.S. Clean Water Act requires states to establish total maximum
daily loads as a basis for allocating the burden of reductions among
non-point source emitters. Given that federal agencies have no
direct authority for regulating uses of land that result in non-point
source emissions, or for water allocation, this provision may be
the only source of authority through which such reductions can
be legally compelled, and may be useful as an incentive for emis-
sion reductions. However, it is also regarded as unwieldy from a
technical and administrative perspective, and as having the poten-
tial to paralyze efforts by citizens groups with paperwork (NAPA
2000).

TMDLs have been criticized both for the lack of criteria for
determining whether objectives have been achieved, and for the
lack of independent assessment. A key limitation is that uncer-
tainty in watershed models used to link pollutant loads with water
quality so as to demonstrate the effectiveness of required actions
for meeting standards makes TMDLs vulnerable to court chal-
lenges. It is also difficult to determine whether water quality stan-
dards themselves have been achieved, given the variation in
standards across states; the lack of a consistent, nationwide set of
data on water quality; and the lack of consistent protocols for
gathering such data (NAPA 2000). However, it should be kept in
mind that, given the heterogeneity of environmental conditions,
sources of pollution, and end uses, no single standard approach
would be possible or desirable.

Establishment of protected areas in upper watersheds is also a
form of regulatory control over land use, as is illustrated in the
case of the Hindu Kush Himalaya region. (See Box 7.10.) Such
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regulatory abrogation of formal or informal property rights is gen-
erally regarded as ineffective because it fails to recognize the rights
of local populations who have depended on such areas to support
their livelihoods, and excludes them from access to benefits (as
discussed above).

7.2.5.2 Findings and Conclusions
Regulatory approaches that involve market-based incentives such
as damages for exceeding pollution standards are particularly
suited to the point discharge of pollutants into water bodies. Reg-
ulatory approaches that simply outlaw particular types of behavior
can be more unwieldy and ultimately burdensome, as they may
fail to provide an incentive for finding more effective ways of
achieving protection of freshwater services, as a way to avoid
them. For example, if not paralyzed by procedures and technical
requirements, efforts of citizens groups can complement TMDLs,
when they are able to foster stakeholder agreements on actions
to be taken and on funding priorities. An alternative to absolute
regulatory land use controls is to provide some form of compensa-
tion to cover the cost of conservation practices, an approach dis-
cussed in the next section.

Non-point sources and small, scattered point sources are dif-
ficult to respond to adequately under both regulatory and eco-
nomic approaches to water management because they require
extensive monitoring. It is difficult, for example, to assess quanti-
ties of nitrates leaking from a given field, as it depends on rainfall,
management practices, and other site-specific conditions. Because
of the uncertainty with regard to non-point source emissions,
regulatory measures may be more effective than economic instru-
ments in controlling them. Where appropriate, they may also be-
come more effective as scientific and technological advances
make it cheaper to gather and disseminate information.

7.3 Economic Incentives for Supply and Demand
Management
Typically, water as a resource has been undervalued and under-
priced, while infrastructure projects for water resources develop-
ment have been heavily subsidized. This disconnect has led to
water being managed ineffectively for people and ecosystem ser-
vices (Johnson et al. 2001). Economic incentives generally refer
to the use of market-based instruments, incentive payments, and
pricing strategies to alter the economic return from the use of
scarce resources to better reflect the environmental and social im-
pacts.

These strategies are being applied to manage fresh water in at
least four different ways:
• using markets to reallocate water from existing, low-value

uses to new, higher-value uses, such as from agricultural to
urban or instream uses (water transfers and water banking, for
example);

• developing cap-and-trade systems to avoid overexploitation
of water resources, improve water quality and mitigate for
ecosystem degradation (nutrient trading, groundwater mitiga-
tion banking, wetland mitigation banking);

• using incentive payments and water pricing to provide water
and watershed managers with incentives to conserve water
quantity and improve water quality as it is conveyed to the
point of use, thereby providing a way to meet additional uses
with the same amount of water (such as incentives for agricul-
tural water conservation); and

• developing public/private partnerships for the financing of
new supply infrastructure and technologies, particularly for
municipal and industrial purposes.
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BOX 7.10

Causes of Environmental Degradation in the Hindu Kush–Himalaya Region

A widely accepted theory in the 1970s was that accelerated erosion, sedi- Given the differences of scale, it is not at all clear that changes in
mentation of river beds, and increasingly severe downstream flooding in the upstream management practices would detectably or significantly reduce
Hindu Kush–Himalaya region was driven by population growth, ineffective sedimentation of dams or distant downstream flooding, though it may
agricultural technologies, cultivation of steep slopes, forest clearance, over- significantly reduce more localized flooding. Although it is difficult to gener-
grazed pastures, and unsustainable use of forests for fuelwood and fodder. alize the reasons for the extent to which land use practices and deforesta-
This theory of Himalayan environmental degradation was found to be largely tion contribute to the flooding in the foothills, there is not much doubt
unacceptable by international experts on the grounds that such impacts were regarding the absence of convincing ecological links of such upland deg-
not significant when compared to the high rate of mass wasting and natural radation with the regular monsoon floods in the distant deltaic plains, such
erosion, which delivers large amounts of sediment to river systems in episodic as in Bangladesh. According to a recent case study, neither the frequency
events (Bandyopadhyay and Gyawali 1994); the experts said there were nor the volume of flooding has increased in Bangladesh over the last 120
more complex root causes (Jodha 1995; Kasperson 1995). years. The study also found that following a period of heavy rainfall and

Nevertheless, the concept that accelerated erosion was largely due to catastrophic flooding along a tributary of the Ganges in Nepal, there was
unsustainable practices and population growth retain significant influence only an insignificant fluctuation of water levels in the Ganges itself, which
on policy-making in Asia. For example, in the mountains of India and could have been associated with local rainfall (Hofer 1997).
China, the concept provides justification for government efforts to increase An alternate explanation for the flooding in Bangladesh is rainfall within
access and control over watershed forests, and to manage them in a Bangladesh itself, and in the Meghalaya Hills in the Brahmaputra Basin,
way that supports national-level interests such as revenue generation and which are located in India, north of Bangladesh, a place known for some
prevents sedimentation of dams. In India, watershed management is for of the highest rainfall in the world. It also has shallow soils and rocky
the stated purpose of preventing accelerated erosion, flooding, and desic- surfaces, which leads to immediate runoff (Hofer 1997). Regulatory re-
cation of water supplies, and has been carried out through conservation strictions on land uses that support local livelihoods also do not address
policies that had excluded local populations from access to benefits that root causes of degradation that may be more significant, such as land use
support livelihoods, although there is now greater emphasis on more par- intensification to support a shift to production for markets rather than for
ticipatory modes of forest management (Vira 1999). In China, logging local consumption, and conflicts associated with the nationalization of for-
bans and grassland enclosures were adopted in response to large floods, ests, privatization of common property, and development of roads and
and to prevent siltation of the Three Gorges Dam, as well as to restrict industries, which are in conflict with livelihood interests (Jodha 1995;
indigenous land use practices of shifting cultivation and nomadic pastoral- Kasperson 1995).
ism, which are seen as the culprits (Blaikie and Muldavin 2004).

These strategies may be used to manipulate the economic in-
centives affecting the production, allocation, or consumption of
freshwater services. Direct payments for watershed protection
change the incentive structure for management of upland areas
with resulting changes on downstream availability and quality of
water. The existence of functioning water markets places a finan-
cial opportunity cost on the holding of water rights and, there-
fore, makes the allocation of water rights more responsive to the
economic values associated with different uses of water. Direct
incentives for household or on-farm water conservation cause
consumers to adopt water-saving technologies that reduce the
overall demand on water delivery systems and their natural
sources.

Financing for these strategies may involve a mix of public and
private monies. When the benefits can be limited to those who
pay for them, consumers of freshwater services or entities that
generate power or distribute water often pay directly for these
services. Acquiring ownership rights to use water or manage lands
for watershed services through land and water markets, paying
others to conserve water or improve land management, or acquir-
ing mitigation credits through a cap and trade system (effectively
trading one service for another) are examples of permanent and
temporary ways to acquire access to freshwater services. Public
financing can be used to provide freshwater services through these
pathways, but often, its primary route is through the more direct
route of funding water resource development that increases water
supply to consumers or water and watershed conservation activi-
ties that improve water supply and quality. Public ‘‘funding’’ may
also be obtained for actions to restore freshwater services through
tax incentives to companies and individuals. Clearly, another im-
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portant public role is to provide the enabling environment
(property rights and regulations) for markets and cap and trade
systems.

Nongovernmental entities and other private/public interme-
diaries also often play a role in gathering funds from service con-
sumers, public sources, and philanthropists, and then disbursing
funds to farmers and households. These intermediaries can help
to reduce transaction costs inherent in establishing arrangements
among numerous stakeholders spread out over large and remote
areas, who may lack clear title to land or access to water by facili-
tating agreements among them, negotiating on their behalf and
providing various kinds of legal and technical assistance, and as-
sessing and disseminating appropriate information. Financing ar-
rangements in practice often consist of a combination of sources
and may finance not just freshwater services, but also a number of
other ecosystem services.

As the scarcity of fresh water has increased relative to demand,
attention has intensified across all the approaches and methods
listed above. Considerable innovation has occurred in the last
decade in the area of cap and trade systems (in water and other
environmental services). Although these tools hold promise, it is
still too early to assess their effectiveness. Box 7.11 reviews a
number of the innovative ways that these created markets can
affect resource use and environmental degradation or restoration.
As cap and trade systems lead to the creation of markets, a proxy
for their effectiveness is the extent to which water markets—
which have a long history—have functioned in the reallocation
of water rights. A thorough examination of water markets is,
therefore, provided below.
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BOX 7.11

Cap-and-Trade Systems for Water and Watersheds

Cap-and-trade systems have been applied effectively in controlling point ing costs of regulatory compliance, and reducing delays for development.
source air pollution, but are relatively new as a tool for provisioning water As documented later in this chapter, criticism exists in the form of uncer-
and watershed services. Where ecosystem maintenance or restoration tainty about engineers’ and biologists’ expertise to recreate the intricate
goals are well-defined, the employment of cap-and-trade systems may be functions of a wetland and that the new wetlands may not be anywhere
an appropriate response. The cap-and-trade approach involves three near the original wetlands. For example, in 2002, the New Jersey Depart-
steps: (1) determination of the cap, or the level of resource use or pollution ment of Environmental Protection released a study that concluded its miti-
that is allowable, (2) the allocation of use permits or pollution credits, and gation banking program, which had targeted two acres of restoration to
(3) the development of a market for the exchange of permits or credits every one acre lost, had actually resulted in a 22% net loss of wetland
between willing buyers and sellers. Key issues in designing these systems acreage and created only 45% of expected acreage (NJDEP 2002). While
include the initial method for allocating rights and rules for transferability. most wetland mitigation banks are federally supported, there is growing
Limits on transferability may be used to prevent concentration of rights in entrepreneurial interest and the first private bank was chartered in Decem-
the hands of a few or to maintain rights within a particular community. ber 2002. The major markets that have been identified as targets for wet-
However, such limits may also reduce efficiency by reducing the pool of land mitigation banking include commercial land developers, airports,
buyers and sellers (Rose 2002). Cap-and-trade systems also require a departments of transportation, oil and gas transmission line companies, and
strong regulatory infrastructure to insure that the caps are met. electric utilities (Zinn 1997). According to the U.S. Environmental Protection

These systems are being applied increasingly to the management of Agency, roughly 100 mitigation banks are in operation in the United States.
groundwater, surface water, wetlands, and water quality. Nutrient Trading: Water quality trading is another response emerging

Groundwater Credit Trading: In basins where streams are fed largely in the United States to meet total maximum daily load regulations under
by groundwater, once surface waters are fully allocated, additional the Clean Water Act. Under the Act, waterways must not exceed certain
groundwater withdrawals can have adverse affects on stream flow. Once nutrient levels and states must develop plans for remediating the water-
a limit is placed on total groundwater withdrawals, groundwater pumping ways back to established TMDL levels. Trading is limited to the immediate
credits are created and traded so as not to further impair surface water watershed in which the TMDLs are specified, though there are some ex-
flows. Such a system is in use in the Edwards Aquifer of Texas, where it ceptions. The Connecticut Nitrogen Exchange Program is one example of
has led to an active market in credits (Howe 2002). a nutrient trading program that emerged to reduce hypoxia in the Long

Groundwater Mitigation, Credit Trading, and Banking: Another ap- Island Sound. In 1990, Connecticut, New York, and the EPA agreed upon
proach is to use a cap and trade system to achieve conjunctive manage- a Comprehensive Conservation and Management Plan to reduce the level
ment, which is the integrated management of surface and groundwater. of dissolved oxygen in the Sound by 58.5% between 2000 and 2015
The further development of groundwater sources can then be off-set, not (USEPA 2003). To meet its commitment, Connecticut chose to implement
just by reducing other groundwater withdrawals, but also by restoring a trading system among point and non-point sources, requiring 79 munici-
stream flow or recharging aquifers. In 2002, the state of Oregon devel- pal, publicly owned treatment works to reduce nitrogen discharge by 64%
oped a mitigation cap-and-trade system for the Deschutes Basin, which from 2000 levels. The exchange is expected to save $200 million over 14
has led to the development of markets for both temporary and permanent years; in its first year of operation, the program reduced nitrogen dis-
credits (see www.wrd.state.or.us). charges by 15,000 pounds, or 50% of the target reduction (Rell 2003;

Wetland Mitigation Banking: Wetland mitigation banking was devel- Johnson 2003).
oped in the United States by the U.S. Environmental Protection Agency Nutrient trading has also developed in effluent, stormwater, and ag-
in order to provide a more cost-effective and efficient option to meet regu- ricultural runoff. For example, in Australia’s Murray-Darling Basin, efforts
lations under Section 404 of the Clean Water Act. Mitigation banks may are under way to develop markets for salinity trading. The Basin’s Salinity
be established where a wetland has been ‘‘restored, created, enhanced, Debits and Credits Management Framework allows states that have con-
or (in exceptional circumstances) preserved’’ and the credits created can tributed to the cost of projects to reduce salinity, thereby creating salinity
later be applied to areas in which wetlands are removed by development credits, to implement measures that might increase salinity within agreed
(USEPA 2003). Advantages include eliminating the temporal gap between limits, employing salinity debits. Credits may be traded and are tracked
when a wetland is created and one is eliminated by development, reduc- through a Salinity Register (Murray-Darling Basin Commission 2001).

An important aspect of freshwater services provisioning is the
conservation of existing supplies. There are substantial savings to
be gained from improvements in municipal, industrial, and ag-
ricultural systems around the world (Gleick 2000). For example,
in California, the potential for water conservation and efficiency
improvements in just the residential, commercial, and industrial
sectors is 33% (Gleick 2003). However, as the single largest use of
water in the world, irrigated agriculture has been estimated to be
only about 40% efficient on average and, therefore, a prime target
for conservation measures (Postel 1997). The remaining 60%, lost
through leaky or unlined canals, overwatering of crops, and inef-
ficient technology, is often considered wasted (Molden and de
Fraiture 2004). Gleick notes that as of 2000, only 1% of the
world’s irrigated land was under micro-irrigation; 95% had effi-
cient drip irrigation or micro-sprinklers (Gleick 2003).
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While significant savings exist through irrigation efficiency
improvements, many studies suggest there may not be as much as
often thought (Molden and de Fraiture 2004, p. 9). For example,
the lost water typically returns to a waterway or recharges
groundwater and is subsequently used downstream, either by
other irrigators or ecological uses instream. Therefore, water pro-
ductivity at a basin-wide level is likely much higher than when
estimated at the irrigated agriculture level (Gleick 2000). In fact,
improvements in irrigation efficiency may even harm down-
stream users as savings are used upstream of where they used to
be available (Molden and de Fraiture 2004). While improvements
in irrigation efficiency will be necessary to improve water pro-
ductivity, they will not be sufficient to meet environmental, mu-
nicipal, or other needs since savings, particularly in water-tight
areas, will likely provide incentive for irrigators to increase inten-
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sity or production. Therefore, regulations or other means will be
needed to ensure that savings are allocated to other uses as well as
agriculture (Molden and de Fraiture 2004).

An international research program known as the Comprehen-
sive Assessment of Water Management in Agriculture is currently
under way, to be completed in 2006, and will provide a thorough
assessment of a number of topics including that of conservation
and management of water in irrigation. Pending the results of that
Assessment, this section on payment approaches takes up an area
of increasing innovation internationally, that of making payments
to landowners for the watershed (hydrological) services that well-
managed lands can provide to downstream users and communi-
ties.

The focus of this economic incentives section shifts, then,
from rural land, water, and agricultural water management issues
to economic incentive issues surrounding the need to provide
water supplies to communities for domestic and industrial pur-
poses. Even with greatly improved management of ecosystems
upstream, there will still be an enormous unmet and increasing
need in coming decades to provide the physical infrastructure to
bring water to communities. A critical issue here is the financing
that will be required to implement these upgrades and new sys-
tems and what will be the roles of the public and private sectors
in carrying out this task.

A general recognition that regulatory approaches are, by
themselves, inadequate for ensuring the continued delivery of
fresh water has led to the recent interest in applying these market-
based institutional arrangements. In part, this also reflects societal
changes in attitudes and an increasing willingness of beneficiaries
to pay for these services (Landell-Mills and Porras 2002). Efforts
to develop such arrangements can also be considered part of a
global trend of institutional change in water resources manage-
ment aimed at improving the recovery of costs—both the opera-
tional costs of delivering basic water supplies and sanitation, as
well as the costs of conservation and research activities (Saleth and
Dinar 1999).

7.3.1 Water Markets

Bjornlund and McKay offer three compelling reasons to consider
the use of markets for the provision of fresh water (Bjornlund and
McKay 2002). First, tradable water rights create a value for water
that is distinct from land and, therefore, able to be preserved in its
own right. Second, full cost recovery pricing incorporates exter-
nalities associated with inefficient use and encourages inefficient
users to leave the market. Third, the use of market forces rather
than government intervention to facilitate reallocation reduces
transaction costs and delays. While markets clearly respond to ef-
ficiency objectives, they have their limitations, particularly with
regard to the importance of equitable solutions (Johnson et al.
2001). Water is often viewed as at least partially a public good
(Thompson 1997). As a result, purely unfettered markets are not
only unlikely to evolve, but probably undesirable. The support
for market approaches is typically circumscribed by the require-
ment that these markets take place within a carefully constructed
policy and regulatory framework (Howe 2002).

As countries develop, water transfers, and leasing and trading
programs have emerged to address the need to reallocate water
from traditional uses (primarily agriculture) to new and growing
uses (municipal and environmental). The establishment of mar-
kets for the transfer of water depends on a number of enabling
conditions that largely have to do with creating private property
rights that are transferable. Institutional approaches to enhance
transferability include water exchanges, water banks, and instream
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acquisitions programs. Cap-and-trade systems are more novel, but
are rapidly being applied to resource and environmental issues
related to water management. A description and context for each
of these aspects of water markets is provided below, followed by
an assessment of the effectiveness of markets as a reallocation and
supply response.

While the attempt here to distinguish between various forms
of market-based responses is useful for the purpose of analysis, in
practice, one response may borrow from or encompass another,
and some operational issues such as price discovery may apply
across the board.

7.3.1.1 Water Transfers: Property Rights and Enabling
Conditions

Globally, the range of systems that regulate the allocation and
manage the use of water is broad, with the primary distinction
being the degree to which the user has a private right to the use
and ownership of water. In systems where water is owned as a
public resource and use occurs only upon the issuance and re-
newal of a temporary permit, the use of markets to reallocate
water is an unlikely response. In these systems, water allocation
is achieved through regulatory control, government policy, and
administrative process.

On the other end of the spectrum are systems where rights to
use or ownership are extended to users and are tradable. The abil-
ity to trade in these rights will typically depend on their transfer-
ability and validity. In cases where water rights are not clearly
defined and allocated, trading will be limited if it occurs at all. For
example, in some basins in the western United States, water rights
are not fully adjudicated or prior Indian reserve rights exist that
have not been adjudicated or settled. Lack of clear property rights
limits the transferability of these rights and can increase the risk to
those engaging in water rights transfers.

The validity of the intended use on a transfer is another im-
portant consideration. Many countries and states manage water
under a ‘‘beneficial use’’ doctrine, whereby water not beneficially
used is lost to the user or right-holder. A notable exception is
Chile, whose free-market Water Code no longer contains a re-
quirement for beneficial use. The result of this policy was a pro-
longed and unsuccessful effort in the mid-1990s by the state
governmental water agency to pass a tax on unused water rights
(Bauer 2004). However, the more unfortunate result was that the
large hydropower companies were able to file for large water
rights on some rivers, thereby establishing monopoly rights on
those rivers.

Where the beneficial use test applies, a key enabling condition
for the use of markets in reallocation is the statutory provision
that the ‘‘new’’ uses are beneficial. This is particularly the case
where markets are used to reallocate surface water from out-of-
stream uses to instream uses. For example, since the 1980s, the
Pacific Northwest states of Oregon, Idaho, Montana, Washing-
ton, and California in the United States have adopted laws and
regulations that allow water to be transferred instream as a bene-
ficial use, in some cases even adopting instream water rights that
reflect minimal needs for fish and wildlife (Landry 1998). A num-
ber of U.S. states also recognize recreation, aesthetics, and pollu-
tion mitigation as beneficial uses. Prior to these statutory changes,
it would not have been possible to transfer the character of use to
an instream use.

Ownership of instream rights is a further complicating issue.
When water is reallocated to an agricultural or municipal user,
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the owner is clear. This may not be the case when water is reallo-
cated to an instream use. Despite much interest in the creation of
private ‘‘trusts’’ to hold these water rights, western U.S. states
allowing instream beneficial uses have preferred to adopt a public
trust doctrine, whereby these rights are held exclusively by the
relevant state agency upon transfer. The buyer interested in re-
storing instream flow must therefore purchase the water right and
transfer it instream by, in effect, turning it back to the state. Diffi-
culties with this approach exist as conflict may develop between
the roles of the state as administrator and as property right holder,
and constraints on state budgets may impair efforts to insure that
the instream flow rights are monitored and enforced as against
out-of-stream rights (Aylward 2003).

Depending on the context, permits and rights may also be
transferable on a temporary basis. Where water is leased in this
manner, the ownership or use returns to the original user upon
termination of the lease. With water that is leased instream, the
buyer may become the lessee, but the leased right is often still
held by the state for the duration of the lease.

7.3.1.2 Water Exchanges

Water exchanges vary in size and activity from full service opera-
tions offering brokerage, water rights information, and consulting
services to small, nearly virtual bulletin board systems providing a
place for buyers and sellers to connect. Bulletin board systems are
pervasive wherever there is an agency (such as an irrigation district
or company) that provides centralized services (in particular water
delivery) to water users. However, it is in the Murray-Darling
Basin of Australia where water exchanges have seen the most
rapid pace of institutional development for trades between water
users. Two distinguishing features of the exchanges in the Murray-
Darling Basin are that they serve to transfer water outside of the
traditional confines of a specific administrative or geographic area
and they have pioneered the use of electronic auction techniques.
These exchanges operate for the purpose of easing the transfer
process and facilitating short-term trades that might not take place
otherwise. While most trades that take place are temporary—and
in some cases nearly instantaneous—the exchanges are beginning
to place a few permanent trades (Bjornlund 2002).

Water exchanges emerged in Australia in response to a cap
placed on water use within each state of the Murray Darling
Basin. The cap was established in 1997 and limited surface water
usage to 1994 levels, but left it up to the states to decide how to
achieve the reduction. Trading has been active since 1997, par-
ticularly in drought years when all allocations are cut back
(Bjornlund 2002). While water exchanges do not require a cap-
and-trade system per se, it is worth emphasizing that, ultimately,
markets evolve only in the presence of scarcity. With respect to
water resources, scarcity may evolve in response to a cap on fur-
ther appropriation or it may evolve due to a physical scarcity of
water. In the western United States, water rights are allocated
according to the prior appropriation doctrine of ‘‘first come, first
served.’’ No cap on appropriation of surface water rights is neces-
sary to drive a water market in this case. ‘‘New’’ appropriations
will be of little value when stream flow is already fully appro-
priated—in this case, there will be a natural tendency for new
needs to be met by the reallocation of existing prior uses (pro-
vided of course that priority is conveyed along with the property
right).

7.3.1.3 Water Banks

The term ‘‘water bank’’ has many interpretations but, in general,
refers to an institutional arrangement for temporarily moving
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water from one use (or user) to another that involves the partici-
pation of an intermediary. Water banks are a feature of the Ameri-
can West most notably in Idaho, Texas, California, Oregon, and
Washington (Clifford et al. 2004). The first formal rental pool in
Idaho was set up in 1937, following a decade of informal water
leasing between agricultural users (Howe 1997). The term
‘‘bank’’ may well reflect the fact that most large water banks are
based on water stored in a reservoir. The water is therefore
‘‘banked’’ or stored until such time as it is purchased and used.

Water banks have become a preferred option in the western
United States, as they operate within a confined area—often an
irrigation district—and the water is unlikely to travel very far.
Since irrigation districts have a vested interest in retaining the
right to delivery water and, therefore, ensuring their customer
base, they are more likely to find the temporary and limited na-
ture of water banking an amenable option for storage manage-
ment. The distinguishing feature between water banks and
exchanges is that an exchange simply brokers water rights,
whereas a bank will either hold rights or retain a role as a lessee
of the rights.

7.3.1.4 Instream Water Acquisition Programs
The acquisition of water for instream flow restoration on the part
of state agencies and local water trusts and conservancies has be-
come a popular tool in the western United States, where rivers
are affected drastically by summer withdrawals for irrigation,
which often leads to the listing of species as threatened and endan-
gered under federal law. (See Box 7.12.) Water leasing is particu-
larly popular with water right holders because it avoids the
permanent dedication of the water right instream. It may also be
useful in extending the lifetime of a water right given that if a
water right is not being put to a ‘‘beneficial’’ use, it can be subject
to forfeiture (typically after five years). Leases also provide consid-
erable flexibility as they may take many forms, including fixed
terms, dry year options, forbearance agreements, conservation
off-sets, and exchange or barter agreements. As in general with
efforts to ‘‘purchase’’ water for instream flow restoration, leasing
is typically found off main stems and may be particularly useful in
small tributaries where a small quantity of water may make the
difference between a stream that goes dry and a minimum flow
level to support fish and recreational uses.

Instream flow acquisition is an attractive alternative in prior
appropriation systems because many streams and upper tributaries
are over-appropriated. This means that even if a ‘‘senior’’ water
user does not choose to use water in a given year, there will be a
‘‘junior’’ user who will divert the water. Only if an ‘‘instream’’
water right is created that is of sufficient seniority to ensure that
the state can protect the water from junior users can instream
flows be assured. Ultimately, in order to ensure environmental
flows sufficient to maintain habitat and species, permanent in-
stream transfers of water rights will be necessary.

7.3.2 Effectiveness of Market Approaches

Water trading has a long but narrow history (Howe 2002). Water
auctions were held in Spain as far back as the sixteenth century
and water trading has occurred in Chile and the United States for
over a century (Howe 2002). In the United States, the Carey
Act in the early twentieth century provided incentives for the
formation of private companies to appropriate and develop water
resources in the American West. Transfer and leasing of water
between agricultural users began shortly thereafter.

Reallocation of agricultural rights to other uses—particularly
municipal uses—also has a long history, but a contentious one.
Water trading in California in particular has an infamous history
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BOX 7.12

The Deschutes River Conservancy
(http://www.deschutesrc.org)

The Deschutes River Conservancy is a partnership initiated by Envi-
ronmental Defense, the Confederated Tribes of the Warm Springs Res-
ervation, and irrigation districts in central Oregon in the United States.
DRC founders recognized the need for a private organization with eco-
system-determined goals and methods based on positive incentives,
consensus, and local governance. Since approximately half of the Ba-
sin’s land area is managed by federal agencies, it was clear that such
a private organization would need the capacity to partner on projects
with the federal agencies to be truly ecosystem- and basin-wide in
scope. In March 1996, Senator Hatfield introduced S. 1662, authorizing
federal agencies to work with this private nonprofit organization on
ecological restoration projects using Bureau of Reclamation funds on
a 50–50 cost-share basis.

The DRC mission is to restore streamflow and improve water quality
in the basin through the use of voluntary market-based economic in-
centives with the aim of enhancing the quality of the region’s natural
resources and adding value to its economy. The DRC’s Water Acquisi-
tions Program uses instream provisions under Oregon water law to
acquire and protect water rights instream. In nearly six years of opera-
tion, the DRC has increased local awareness and appreciation for the
value of water rights through payments to irrigation districts for water
conservation projects and providing a market for temporary and perma-
nent instream transactions for water right holders. These programs
have trebled flows in the main stem Deschutes and restored 50% of
target flows for fish and wildlife in critical dewatered tributaries. The
DRC also operates a full range of brokerage and administrative ser-
vices, including fee-for-service assistance to private clients, a ground-
water mitigation bank, and water banking services to irrigation district
and municipal partners to more effectively and equitably manage water
resources in the Basin.

DRC efforts to improve water quality are directed through its Ripar-
ian Habitat Restoration Program. Since 2002, the DRC has partnered
with the Climate Trust of Oregon on an innovative water quality and
carbon sequestration program. The Climate Trust is providing the DRC
with $780,000 to help landowners in the Deschutes Basin restore ripar-
ian areas while reducing greenhouse gases in the atmosphere. The
DRC is matching the Climate Trust’s funding with federal and founda-
tion funds. Additional support comes from leveraging U.S. Department
of Agriculture Conservation Reserve Program funds. In the first year of
the program, a large-scale restoration project in the headwaters of the
Trout Creek Watershed replanted 100 hectares of contiguous riparian
buffer with 71,000 native plants (willow, red osier dogwood, mountain
alder, and ponderosa pine, among them). A 52-year conservation
easement and monitoring plan now protects 10 kilometers of one of
the principal remaining steelhead runs in the Deschutes Basin.

(Reisner 1986). The Owens Valley water ‘‘grab’’ by the Los
Angeles Metropolitan Water District in 1905 presages the worst
fears of those opposed to a free market in water. By quietly pur-
chasing most of the water rights in the Owens Valley, the District
severely curtailed agricultural activity in the valley. The action
had immediately devastating effects on the local economy and
way of life, but even longer-lasting negative impacts on the Mono
Lake ecosystem and its migratory waterfowl. The assessment
below begins by checking the extent to which water markets have
led to significant reallocation and how these transfers have af-
fected third parties.
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7.3.2.1 Efficacy of Markets in Reallocation

Several countries have experimented with creating water markets
for irrigation water, most notably the western United States,
southeastern Australia, Mexico, and Chile (Bjornlund and McKay
2002). With the most laissez-faire system, Chile has relied largely
on the natural evolution of markets. Australia and the U.S. states
have tried to stimulate markets through the creation of water ex-
changes, water banks, and instream flow acquisition programs.
Evidence of market activity, the balance of trade between perma-
nent and temporary reallocation, pricing, and institutional inno-
vations to facilitate trading are covered below.

7.3.2.1.1 Chile: The free market

In Chile, a formal water policy for markets (declared in 1976) and
laissez-faire Water Code (1981) has promoted a free market in
water rights largely unfettered by public interest concern (Bauer
2004). Despite the extensive nature of the system, temporary
trades between farmers on the same canal are still the most fre-
quent trades that take place, although these are often informal
trades that do not depend on the Water Code (Bauer 2004,
Bjornlund and McKay 2002).

A study of four areas in central and northern Chile, selected
because they were expected to have active water markets, showed
that in fact there was very little trading of water rights in three of
the four study areas, with the exception being the Limarı́ area
(Hearne 1995). The principal explanation for the lack of activity
was that the rigid canal infrastructure made it costly to change
water distribution, particularly among farmers. Further work in
the Santiago, Chillán, and Bulnes water registries found annual
trading to vary from 0.6% to 3% of total allocations (Rosegrant
and Gazmuri 1994). In the Santiago registry, which had the high-
est level of activity, only a small amount of the water (3%) moved
from agricultural to municipal use.

A later study of the Limarı́ water market found that the market
operated efficiently and provided important benefits for both
buyers and sellers (Hadjigeorgalis 1999). In Limarı́, there is abun-
dant evidence that water has been frequently reallocated to
higher-value uses within the reservoir system. In addition, the
market has provided farmers with the flexibility to manage some
of the risks caused by uncertainties in water supplies and in ag-
ricultural markets. Poor farmers, for example, have been able to
lease their water rights to other farmers during drought years,
when water prices are high and income from irrigation is uncer-
tain. Much of the temporary trading occurs informally between
farmers on the same canal system and numbers are not available
on the size of this market (Brehm and Quiroz 1995). However,
Romano and Leporati note that the market has had negative dis-
tributive impacts, especially with regard to peasant farmers who
have little bargaining power (Romano et al. 2002).

The Chilean experience thus suggests that the freedom to buy
and sell water rights has led to the reallocation of water resources
to higher-value uses only in certain areas and under certain cir-
cumstances (Bauer 2004). Brehm and Quiroz (1995) argue that
lack of activity may simply suggest a close to optimal initial alloca-
tion of rights. Still, studies have identified a number of factors
limiting market activity in Chile, including:
• constraints imposed by physical geography and rigid or inade-

quate infrastructure (limiting cross-canal transfer);
• legal and administrative uncertainty over the validity of water

rights;
• cultural and social reluctance to conceptualizing water as an

economic good;
• inconsistent and variable price signals; and
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• concurrent subsidies for efficiency improvements (Bauer
2004; Bjornlund and McKay 2002; Brehm and Quiroz 1995).
Despite the lack of market activity, the principal benefit of

Chile’s Water Code is that secure private property rights have led
to significant investment in the water sector for both agricultural
and infrastructure development (Bauer 2004; Hearne and Easter
1995; 1997).

7.3.2.1.2 The United States: Water banks and instream flow
acquisition

Permanent transfers of water have long occurred in western part
of the United States. Allocation and overallocation of stream
flows in the late nineteenth century in many areas of the West,
combined with the application of the prior appropriation doc-
trine, enabled a market for transfers. Few historic measures of
market activity exist; however. One investigation of transfers in
the period 1975–84 in several states suggests widely varying activ-
ity. Only three transfers were found in California, where federal
and state projects do not allow transfers outside of such projects.
In Colorado and New Mexico, where markets are most devel-
oped, approximately 1,000 transfers were found, largely from ag-
ricultural to non-agricultural users.

Temporary transfers are far more prevalent and often facili-
tated by water banks. These banks, known as ‘‘officially sanc-
tioned arrangements for short-term transfer,’’ were first operated
in Idaho in the 1930s (Howe 1997). Over the years, water bank-
ing on the Snake River, based on storage, has seen continued
development. In the 1980s, much of the water was transferred
from agriculture to power generation, with annual traded vol-
umes in the range of 185 to 370 million cubic meters. As the
price was set administratively ($2 per cubic meter during the late
1980s) and did not account for water availability, large supplies
(with little demand) were obtained in good water years and mini-
mal supplies in dry years (with high demand). This lack of a re-
sponsive pricing mechanism has been a major problem with this
bank, as well as the Boise and Payette River banks, also operating
in Idaho (Howe 1997).

California operated a ‘‘drought’’ water bank in 1991–92 and
1994. The principal purpose of the bank was to transfer water
from irrigation to municipalities. In 1991, the bank bought over
1 billion cubic meters of water (largely stored water) without hav-
ing a ready buyer, ending up with 505 million cubic meters of
unsold water that year (MacDonnell 1994). Half the water came
from fallow land, and the remainder from substituting ground-
water for surface water and from storage. The bank paid $0.10
per cubic meter, and sold the water for $0.14 per cubic meter
(Howe 1997). In effect, the bank acted as a speculator by holding
water across seasons and may have actually competed with its cus-
tomers. In subsequent years, the price was reduced significantly,
with buying occurring at $0.04 and selling at $0.58 per cubic
meter.

Despite the obstacles encountered with the drought banks,
water marketing and trading has become an institution in Califor-
nia. It accounts for approximately 3% of all water use in the state,
with agricultural districts from the Central Valley, Imperial, and
Riverside counties supplying 75% of the water. Market drivers
have not been municipal users, as is the case elsewhere, but rather
changing environmental regulations (Hanak 2003). Trade is bal-
anced between agricultural, environmental, and municipal de-
mands, with direct environmental purchases for instream and
habitat restoration (resulting mostly from federal and state pro-
grams) growing from 12% to 30% of demand between 1994 and
2001. As much as 50% of demand now comes from agricultural
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demand growth in the San Joaquin Valley and the remainder from
municipal demand, which has actually declined in importance
since 1994. However, municipal demand accounts for the longer
term and permanent purchases—approximately 20% of the total
(Hanak 2003).

There is some consensus on the conditions required for suc-
cessful water banking efforts. Establishing a spot market (perhaps
through an auction) is important in conveying necessary informa-
tion on trades occurring in known quantities of available water
(MacDonnell 1994; Landry 1998). Second, expected future flows
should be sold in volumetric terms (something that is rarely
done). Third, water rights may be leased, and in doing so, the
delivery risk falls on the lessee, something that is commonly prac-
ticed in irrigation districts (MacDonnell 1994). Other factors that
weigh heavily on the design and operations of a water bank are
the homogeneity of the water rights, the ability to hold water
over time (in storage, for example), and thinness of the market
(MacDonnell 1994, pp. 4–15).

Although water banks in the United States have typically been
devised as a means of shifting water to urban and power users,
they have also been used to meet ecosystem needs. In 1993, the
Bureau of Reclamation made the first purchase from the bank for
the purposes of salmon restoration, acquiring 250 million cubic
meters for this purpose (MacDonnell 1994). In the 1990s, explicit
programs of water acquisitions for instream purposes and ecosys-
tem needs were initiated, and programs to develop the institu-
tional capacity for such efforts are now under way in a number of
states, including one multistate program in the Pacific Northwest.
(See Box 7.13.) In Australia, the realization that markets have not
spurred instream flow restoration led to proposals for the creation
of a large state-sponsored fund to acquire water rights for this
purpose.

Instream leases are found to be very effective in situations
where timeliness, low transaction costs, or temporary intermittent
restoration is needed, or when water right holders choose not to
exercise their water rights. In addition, leases serve to introduce
water right holders, state agencies, and interested participants to
the process of instream transfers. Between 1990 and 1997, over
2.5 million cubic meters of water was leased instream in the west-
ern states, constituting 84% of total water placed instream, includ-
ing purchases and donations (Landry 1998). However, leasing
constituted only 61% of total expenditures, confirming that leas-
ing is a less costly method of placing water instream.

7.3.2.1.3 Australia: Murray-Darling markets and water exchanges

Permanent and temporary trading was introduced in the state of
Victoria in the 1989 Water Act. Following finalization of regula-
tions in 1991, the first transfers began in 1992. In South Australia,
a moratorium on new water licenses in 1969 was followed by a
period of readjustments to water rights to reflect actual or com-
mitted use such that all resources were allocated by 1976. Trading
was subsequently introduced in 1983, first outside of large irriga-
tion districts and then in 1989 to these districts. The Irrigation
Act of 1994 permitted trade between districts and non-district
areas. A cap of 2% of total entitlement limits movement of water
out of districts (Bjornlund and McKay 2002).

The Australian experience reveals the predominance of water
banking to facilitate temporary trades rather than permanent real-
location. Studies of permanent transfers in the Goulburn-Murray
Irrigation District in the state of Victoria and River Murray show
annual trades as a percentage of total allocated volumes ranging
from 0.35% to 1.7% (Bjornlund and McKay 2002). The annual
number of transfers in 1995–96 (the last two years of the study
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BOX 7.13

Financing Flow Restoration in the Pacific Northwest of the
United States (www.cbwtp.org)

In the Pacific Northwest, the public trust model as developed first by
land trusts was extended to water rights through the Oregon Water
Trust in 1993 and further extended in subsequent years to the Wash-
ington and Montana Water Trusts. These organizations have raised
millions of dollars from members and interested foundations for the
purposes of engaging in projects and transactions that return water
rights to the public trust, that is, the water rights are dedicated instream
either permanently or for a period as a lease. The Oregon Watershed
Enhancement Board created by the state governor in 1996 as a means
of heading off federal Endangered Species Act actions has funneled
state funds (including revenues from vehicle license tags bearing a
salmon insignia) to restoration efforts. Similar concern in the state of
Washington over Endangered Species Act listings and other regulatory
action prompted the state to begin providing its Department of Ecology
with millions of dollars in public funds to undertake similar actions in
2000.

More recently, in 2003, the Bonneville Power Administration initi-
ated a Columbia Basin Water Transactions Program to explore innova-
tive strategies, including water rights transactions for environmental
flows, as part of its obligations under the National Marine Fisheries
Service Biological Opinion on the Columbia River System. In 2003 and
2004, the first two years of what was initially proscribed to be a five-
year program, funds of up to $2.2 million and $4.2 million, respectively,
were allocated. The Bio-Op calls for annual funding to reach at least
$5 million, which would be a significant portion of the larger BPA Fish
and Wildlife Program responsible for expenditure of $140 million annu-
ally. As administered by the National Fish and Wildlife Foundation,
11 local entities from Oregon, Washington, Montana, and Idaho have
qualified to participate in the program. Although the funds are techni-
cally federal (BPA is effectively a federal parastatal agency), they are
sourced from ratepayers, as BPA earns its revenues by producing and
selling electricity in the Pacific Northwest states.

period) averaged 120–150 in each of the areas on annual traded
volumes of 4,000 to 7,500 cubic meters. Subsequent increases in
trading activity in the period 1997–98 in the GMID show 350
transfers and 25,000 cubic meters of permanent water trades,
while there where 4,500 trades of 250,000 cubic meters of tem-
porary water (Bjornlund and McKay 2002). Analysis confirms that
the market for temporary water increases when allocations are
tight (100%, for example)—up to 16% of the allocation was
traded in 2001. In years with surplus water and large allocations
(200%, for example), the percentage of water transferred tempo-
rarily is closer to 3–5% of allocations (Bjornlund 2002).

Price dispersion is noted in both markets, though it has de-
creased in the Murray over a ten-year period, suggesting a degree
of market maturity (Bjornlund and McKay 2002). Prices for per-
manent transfers are consistently in the range of US$ 0.70 per
cubic meter (AUS$ 0.99 per cubic meter) in that market. Tempo-
rary trades in 2000 and 2001 ranged from US$ 0.03 per cubic
meter (AUS$ 0.04 per cubic meter) to US$ 0.14 per cubic meter
(AUS$ 0.20 per cubic meter), depending on the balance of supply
and demand (Bjornlund 2002).

Water exchanges now facilitate 10–40% of temporary trading
levels in the three Murray-Darling Basin states (Bjornlund and
McKay 2002). Further analysis of the GMID suggests that ex-
changes tend to be used for small and immediate transfers as well
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as transfers between distant parties, whereas private parties engag-
ing in large, perhaps permanent and more local, transfers tend
to prefer the business be done privately (Bjornlund and McKay
2002).

The temporary market can range from annual transfers to
weekly transfers, allowing water users to access water when they
need it and in response to timely information such as weather
forecasts. In the temporary market, the market driver is water
availability during the season, and the unit transferred is measured
volumetrically; its delivery virtually assured (Bjornlund and
McKay 2002). However, with permanent transfers, it is the water
right, rather than the actual water, that is being purchased. Conse-
quently, delivery is more uncertain and varies with the annual
allocation determination. There are other limiting factors to the
exchange as well, including alternatives and information require-
ments. The maximum price at which trades occur will be limited
by commodity prices and alternative inputs; at some point, it is
cheaper for farmers to buy grain than to buy water (Bjornlund
2002). Furthermore, the larger and more efficient an exchange
is expected to be, the more that effective participation requires
additional information inputs, which are not costless. (See Box
7.14 for a discussion of various pricing methods for water ex-
changes.)

There are specific conditions faced in the Australian case that
may contribute to the inability of the exchanges to facilitate per-
manent transfers. An overall trend toward reducing industrial cap-
italization, particular tax benefits to leasing as opposed to
purchasing or ‘‘investing’’ in water, the uncertainty over annual
allocations and thus fluctuations in the value of water rights
traded, and speculative interests create an environment in which
the risk and volatility of permanent trades is too high to justify
the investment (Bjornlund and McKay 2002).

7.3.2.2 Third-Party Impacts of Water Transfers

Third-party impacts include the full range of effects that a trade
between a buyer and a seller have on other (‘‘third’’) parties and
include impacts on other diverters of water on the canal or river,
as well as environmental, social, and regional economic impacts
(Gould 1988; Howe et al. 2003; Thompson 1997).

In the United States, impacts on other water users typically
are accounted for through transfer regulations (Howe 1997).
While the assessment of physical impacts is difficult, it is the de-
gree to which more diffuse impacts are dealt with that can affect
the workings of water markets (Gould 1988; Thompson 1997).
Efforts to facilitate the regulatory process have led to only mar-
ginal increases in water transfers. More significant obstacles in-
clude inconsistent legal rulings, opposition by government
entities that control water and conveyance systems, and concerns
of communities that export water (Thompson 1997). The con-
ventional view of water as strictly a public good that ought to be
controlled only by the public (like the government) is at odds
with a market approach and has hamstrung the development of
permanent transfers (Thompson 1997).

Viewed from another perspective, the result of a study by the
U.S. National Academy of Sciences concluded that third-party
impacts were inadequately addressed by state rules (particularly for
interest historically underrepresented in western water allocation)
and remain the primary impediment to water transfers in the West
(NRC 1992).

7.3.2.2.1 Environmental impacts

One perverse outcome of the implementation of water markets
in Australia has been the activation of volumes of water that were
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BOX 7.14

Pricing Methods for Water Exchanges and Banks

A key enabling factor in the success of water exchanges or banks is
the design of the pricing mechanism. The pricing methods that have
been used most predominantly are the sealed double bid and the bulle-
tin board approaches (Bjornlund 2002). In the sealed double bid ap-
proach, buyers and sellers submit price per unit and quantity bids. The
auction operator arrays buyers’ bids in descending price order and
sellers’ bids in ascending price order. One clearing price is determined
for the market, and this price is paid to all bidders such that no buyer
pays more than she is willing and no seller accepts less than she is
willing (Bjornlund 2002).

While the sealed double bid approach is expected to offer greater
efficiency benefits than the bulletin board approach, in practice, it has
not been as successful as expected. In its first year, the Southern
Riverina (Australia) Irrigation District Council’s Water Exchange tried
the sealed double bid approach only to have participants request a
bulletin board approach instead the next year. Since the exchanges
have been preferred for temporary trades, the bulletin board approach
offered more accurate market information and fluid, timely transactions
(Bjornlund 2002). Since 1950, the Northern Colorado Water Conser-
vancy District has maintained a bulletin board system in which short-
term rentals are mostly traded (MacDonnell 1994). However, a downfall
of the bulletin board approach is path-dependence—it matters who
meets whom first, and therefore the market is not as efficient as it
could be.

Other price discovery mechanisms that may be used in exchanges
or banks include the following (Howe 1997):

• standing offers to buy and sell at fixed prices,
• sealed bid double auctions (and repeated sealed bid double auc-

tions),
• live or sealed bid auctions for unique water rights,
• contingent water markets, including agricultural lease-outs. Parti-

cipants enter contracts where the execution is contingent upon
conditions at a certain time in the future. Two scenarios are nego-
tiated and execution of the agreement always occurs because
one of the scenarios (it rains, it does not rain) occurs. The bank
would facilitate bringing together buyers and sellers, and the at-
traction to this would be that the transfers would not be perma-
nent, and

• futures water markets.

previously unused (Isaac 2001). Seeking to dispel the ‘‘markets
are a panacea’’ myth, Isaac points out that the doubling of water
prices within four years denotes an improved efficiency of the
market, but only in the purely economic sense that more water is
now going to the highest and best use, including water that was
not previously used (Isaac 2001). However, this would appear to
be less a failure of the market than a failure of regulation. In set-
ting the cap, regulators apparently did not apply a look-back pe-
riod for beneficial use, as is done in the United States, to insure
that the water being traded had actually been used for a beneficial
purpose.

Implementation of an approach within a system where rights
are privately held may facilitate the transfer of water to instream
purposes according to the relative economic merits of water in-
stream and out-of-stream. However, a ‘‘free’’ market in water is
unlikely to be sufficient to reach environmental flow objectives,
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given the social and economic incentives that favor out-of-stream
uses (Aylward 2003). In fact, the free-market Chilean experience
bolsters this conclusion. In 1985, the Chilean government passed
a separate law to subsidize the development of small- to medium-
scale private irrigation projects, because the Water Code’s market
incentives had failed to stimulate private investment or water con-
servation initiatives (Bauer 2004). Instead, it is important to pro-
vide a regulatory framework that guides the reallocation of water
between in- and out-of-stream uses in the direction desired by
society (Bjornlund and McKay 2002).

The effectiveness of water markets in meeting water quality
concerns is also tenuous. One study found that in the GMID,
water was being sold from higher salinity soils to lower ones,
though this did not hold true in South Australia along the River
Murray. There, they found that due to changes in flow and dilu-
tion effects, salinity levels in the River Murray actually rose
(Bjornlund and McKay 2002).

Much of the recent activity, at least in the United States, for
acquisition of water rights instream has been for the protection of
endangered fish species (Landry 1998, p. 6). Therefore, it is im-
portant to determine whether there is evidence that water quan-
tity and water quality have improved as a result of market forces.
In the 1991 California Water Bank experience, transfers were
found to have both positive and negative environmental impacts,
though they are not quantified in a cost-benefit analysis (Mac-
Donnell 1994). Possible negative effects included damage to bird
and wildlife forage and habitat as a result of removing grain crops,
reductions in groundwater recharge from lack of seepage, reduc-
tion in groundwater quality, increased subsidence, and negative
impacts on fishery conditions in the Delta caused by increased
pumping. Potential positive impacts included improved surface
water temperature, quantity, and quality, and reduced fish entrap-
ment, though no conclusive evaluation was conducted on these
effects (MacDonnell 1994). Even more surprising is the fact that
measurement of the amount of water added to the system from
market activities was imprecise.

7.3.2.2.2 Socioeconomic impacts

The underlying premise of using markets to allocate resources is
that they result in efficient resource use. A study of the 1991
California Water Bank found that the Bank created net benefits
of $91 million, including $32 million in net benefits to the ag-
ricultural sector (Howitt et al. 1992, in MacDonnell 1994). Stud-
ies in two watersheds in Chile also suggest significant net gains
from trade as water moves from low to high value agricultural
uses (Hearne and Easter 1995). The distribution of these eco-
nomic impacts can be of concern, however, when they are con-
centrated in specific localities. Analysis of the California Water
Bank suggests that total adverse impacts can be reduced by spread-
ing acquisitions over a large geographic area (Howitt et al. 1992,
in Howe 1997).

For permanent transfers, another concern is the extent to
which a capital asset (water) is sold to finance recurring costs. In
an Australian survey regarding the motivation of buyers and sellers
to enter into transactions, it was found that in the Goulburn-
Murray Irrigation District, only 26% of sellers used the revenue
from sale of water to improve irrigation practices, while the rest
used the funds for general revenue or for debt reduction (Bjorn-
lund and McKay 2002). Similar results from the other districts
echo the fact that the money was used mostly for income genera-
tion rather than reinvestment in the land.

In Chile’s Limarı́ River Basin, the result of markets is that
many small farmers have sold their water rights to larger farmers
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or to agribusiness corporations. However, little research has been
carried out to assess whether this is an equitable result (Bauer
2004). In general, however, the Chilean experience suggests that
the imposition of an unfettered free market in water into a devel-
oping context with significant existing socioeconomic inequality
will lead to further inequities. (See Box 7.15.)

Thompson (1997) provides a response to these impacts by
questioning why the transitional impacts illustrated above seem to
be regarded as ‘‘special’’ in the water context. In general, in the
U.S. context, resources are not constrained from moving to meet
changing market demand. Federal or state assistance during such
a transitional period is typically available on an economy-wide
basis, and if such assistance programs are inadequate, it can be
argued that they should be increased across the board, regardless
of what causes the economic dislocation (Thompson 1997).

Other third-party impacts that have been considered with re-
spect to water markets include the land use and associated impacts
from transfers that lay land fallow. The California legislature has
rejected legislation three times to require compensation for com-
munities negatively affected by water transfers. Rather, the trend
has been to voluntarily incorporate funds for local communities
as part of transfer and land fallowing programs (Hanak 2003).

Effectiveness of market-based payment arrangements for de-
livery of water and watershed services will largely depend on
stakeholder willingness to pay for them. This, in turn, depends on
the level of confidence in the effectiveness of management actions
to provide the ecosystem services and institutional arrangements
needed to ensure access to benefits by those who pay the cost.
These governance issues are covered in greater depth earlier in
this chapter and important enabling conditions for markets of any
kind.

7.3.2.3 Findings and Conclusions
A survey of global experiences demonstrates a range of water mar-
ket tools used to reallocate water to new and higher value uses.

BOX 7.15

Third-party Impacts of Water Markets on the Chilean Poor
(Bauer 2004)

There are a number of reasons why the Water Code and water markets
in Chile have harmed poorer farmers. First, the military government did
not provide the public with information, advice, or help in adjusting to
the new law. Peasants and small farmers often learned about the new
rules and procedures for acquiring or regularizing water rights too late
to take advantage of them or to adequately protect themselves. Even
in cases in which poor farmers got to know about the procedures, they
were unable to use them without legal, financial, and organizational
assistance.

Second, poor farmers are generally unable to participate in the
water market except as sellers (if they are fortunate enough to have
legal title to water rights, which is uncommon). They lack the money or
credit needed to buy water rights. Their main hope for access to addi-
tional water is to benefit from the increased return flows that could
result from improved irrigation efficiency on the part of more prosper-
ous irrigators upstream. However, downstream users have no legal
claim to such unused surplus flows, which are therefore an unreliable
and insecure source of water.

Third, peasants and small farmers lack the economic resources and
social and political influence needed to defend their interests effectively
in the current laissez-faire regulatory context, in which private bargain-
ing power is crucial. This is a disadvantage in two areas: conflicts over
water use and conflicts over regularizing water rights titles.
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Historically, the explicit purpose of water markets has been to
improve resource efficiency, either within agriculture or among
agricultural, municipal, and hydroelectric power needs. However,
markets are increasingly coming to incorporate ecosystem needs
as well. Since the mid-1990s, efforts have been made in the
United States to explore the potential of water markets to meet
ecosystem needs. However, markets have developed slowly and
experienced limited activity, particularly of permanent transac-
tions, due to public concern over the importance of local control
of water resources (Thompson 1997).

The Australian experience shows the potential of markets to
reallocate water to higher value uses, but cautions that instream
needs are still mostly a public good, and therefore targets must be
explicit and properly planned for in order to be achieved. Simi-
larly, the Chilean experience demonstrates that a purely laissez-
faire approach to creating markets for water may fail to protect
the public good characteristics and have negative social and envi-
ronmental consequences (Bauer 2004). Furthermore, the Austra-
lian experience demonstrates the need to prevent an increase in
gross water use through the activation of previously unused water
as markets develop.

In order for ecosystem needs to be achieved through markets,
what is needed is either an explicit purchasing program for in-
stream purposes or a system to reduce water allocations (a cap-
and-trade mechanism whereby allocations can be ratcheted
downward, for example). Experiences in the United States, in-
cluding Oregon’s Klamath Basin and Colorado’s Arkansas River
Valley, with allocation reductions imposed by regulatory action,
demonstrate the conflict that can emerge when regulatory reduc-
tions are imposed, even if market mechanisms are used as a
method for the redistribution of allocations (Howe et al. 1990). A
more promising approach may be to provide direct governmental
funding for buying back water rights to be retired instream, as
implemented through the Bonneville Power Administration in
the U.S. Pacific Northwest and considered in the Australian case.

Because the benefits to improved stream flow and freshwater
ecosystems are still inherently public goods, the role of good gov-
ernance and complete property rights for water remain funda-
mental enabling conditions for well-functioning markets. While
there is a role for the use of markets to develop efficient water
allocations, there is also a role for governments to regulate in pro-
viding stable and appropriate institutions for these markets to op-
erate (Johansson et al. 2002).

7.3.3 Payments for Watershed Services

Economic incentives used to insure the delivery of watershed ser-
vices essentially consist of payments to landowners to alter land
management practices in the expectation of downstream benefits.
A review completed in 2002 identified 63 examples from around
the world of the application of market-based approaches to the
provision of watershed services (Landell-Mills and Porras 2002).
Key services paid for have included ensuring regular flows of
water, protection of water quality, and control of sedimentation.

The types of arrangement vary depending on the characteris-
tics of the service, the scale of relevant ecosystem processes, and
the socioeconomic and institutional context. These range from
informal, community based initiatives to more formal contracts
between individual parties, and to complex arrangements among
multiple parties facilitated by intermediary organizations. They
may also include a mix of market instruments, and regulatory and
policy incentives that are more likely to become necessary at
larger scales, when threats are beyond the response capacity of
individual communities, and a common set of rules may be re-
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quired for purposes of trade among a larger and more diverse
group of actors (Rose 2002). The instruments typically used to
pay landowners for improving land management and protecting
watershed services include transfer payments between govern-
ments and landowners, tradable development rights, voluntary
contractual arrangements, and product certification and labeling.
(See Box 7.16 for examples of each of these payment mechanism.)

The use of cap-and-trade mechanisms in managing upstream-
downstream pollutant and water quality issues, as well as in wet-
land mitigation is also increasing. The assessment below focuses
on transfer payment schemes. These schemes are perhaps the most
straightforward approach for a government to take in providing
economic incentives to landowners consistent with achieving wa-
tershed management objectives. They also offer the advantage of
being susceptible to implementation in a comprehensive fashion
covering large areas (or countrywide) and, therefore, have seen
the widest application to the provision of watershed services and
land management more generally.

7.3.3.1 Effectiveness
A key issue with respect to these upstream efforts at providing
freshwater and other ecosystem services is whether the payment

BOX 7.16

Payment Mechanisms for Watershed Services

Transfer Payments: Transfer payments tend to be used at the national La Esperanza Hydropower Company and the Monteverde Conservation
level, or over large areas and heterogeneous conditions. The best-known League in Costa Rica, which is the sole owner of the forested area up-
examples are the US Conservation Reserve Program and similar initia- stream from the plant (Rojas and Aylward 2002). Agreements among nu-
tives in some European Union countries. Under these programs, farmers merous parties require that more consideration be given to the
are compensated for conservation measures based on a number of crite- establishment of decision-making entities for purposes of allocating funds
ria, which include water quality and soil conservation. It is also the ap- to priority conservation measures. An example is a trust fund, such as the
proach used in the Costa Rica FONAFIFO program, which provides Fondo del Agua (FONAG), established in Quito, Ecuador, to protect two
payments to forest owners for multiple environmental services. Because upstream ecological reserves. This fund is overseen by a stakeholder
of the broad social benefits associated with multiple services, these are board. It allocates pooled funds and ‘‘in kind’’ support received from mu-
usually supported by taxes rather than user fees, but may still pool funds nicipal entities, NGOs, and private sources (Echavarria 2002).
from a variety of sources. In another example, in New South Wales, Aus- Payments for watershed services are often referred to as market-based
tralia, associations of farmers purchase salinity credits from the State For- approaches, and are sometimes confused with privatization, but in fact usu-
ests Agency, which in turn contracts with upstream landholders to plant ally consist of a hybrid package of instruments, both public and private,
trees, which reduce water tables and store carbon (Perrot-Maı̂tre and which accommodates the variability and uncertainty of services provision-
Davis 2001; State Forests of New South Wales 2001; Sundstrom 2001). ing. For example, transfer payments may be made through voluntary con-

Tradable Development Rights: Tradable development rights require a tractual arrangements between government and landowners who provide
strong planning and regulatory capacity to identify zones where develop- services, using funds derived from user fees voluntarily paid by downstream
ment is to be restricted or permitted, and to enforce those restrictions for water users. This set-up was used in Valle del Cauca in Colombia, where
the period of the agreement. A well-known example in the provision of such an arrangement was necessary because the Colombian government
freshwater services in the United States is in the New Jersey Pinelands. had developed plans for watershed management, but did not have the
The Pinelands Development Credit Program created credits for landown- ability to fund them. Funds were provided by associations of irrigation farm-
ers whose land uses were restricted as a result of zoning. The credits ers who voluntarily paid additional fees to support the provision of a reliable
may then be sold to developers in areas designated for development. The water supply during the dry season (Echavarrı́a 2002).
purpose of the program was to protect economic interests in the region Product Certification and Labeling: Another mechanism is product cer-
as well as a very large drinking water aquifer (Collins and Russell 1988). tification and labeling. In this case, landowners are rewarded for specified

Tradable development rights are also used in wetland mitigation banks management practices only indirectly—through the potential to use certi-
and conservation easements. Conservation easements involve the acqui- fication to increase their share of the market and possibly to obtain a price
sition of water and land rights and can be implemented quickly and for premium. Certification and labeling requires intermediary organizations to
any time period. It is one of many instruments used to implement the New establish standards for labeling and to certify practices. An example is
York City Watershed Agreement, in which the city invests in upstream the Salmon Safe initiative, which certifies and promotes wines and other
watershed protection measures to protect its water source, rather than agricultural products from Oregon farms and vineyards that have adhered
build a new filtration plant (Perrot-Maı̂tre and Davis 2001). to management practices designed to protect water quality and salmon

Voluntary Contractual Arrangements: Voluntary contractual arrange- habitat. This tool has seen only limited application to specific watershed
ments are often straightforward and may stand alone when negotiated services, but has general applicability to improvements in land manage-
among individual parties, such as the case of an agreement between the ment, one typical output of which is improved watershed services.
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promotes an activity that actually produces the intended end re-
sult downstream. The ability to demonstrate this is key to building
stakeholder confidence and willingness to pay for services. How-
ever, given the complexity of watershed processes, it is also a key
challenge.

In the tropics, the general presumption that maintaining for-
ests or reforestation is a superior land use, not just for watershed
services, but for biodiversity, carbon sequestration, and other eco-
system services, often has been sufficient to launch payments for
services programs. Thus a main concern has been to find buyers
able and willing to pay, rather than what is needed, to insure they
are provided, in a specific context (Pagiola 2002; Landell-Mills
and Porras 2002). Unfortunately, when it comes to the tropics,
the linkage between forest cover and downstream hydrological
function is not a simple matter (Bruijzneel 2004, Bonell and Bru-
ijnzeel 2004). Adding in the complexity of the linkage between
hydrological function and the ecosystem services that contribute
to the economic well-being of society makes it even more chal-
lenging to design effective interventions (Aylward 2004).

Recent reviews of the scientific knowledge base that has sup-
ported many watershed payment initiatives in Costa Rica suggests
that management is limited by the lack of reliable and precise
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information on forest water linkages (Pagiola 2002; Rojas and
Aylward 2003). Instead, most are based on conventional wisdom,
secondary sources of information, and selective references to liter-
ature reviews on forest hydrology. Regardless of the source mate-
rial, they tend to invariably support statements that protection of
forests will increase water yields (Rojas and Aylward 2003). In
some cases, such as in the Arenal Basin (Castro and Barrantes
1998) and in Heredia (Castro and Salazar 2000), the values of
watershed protection are calculated based on the opportunity cost
of returning cleared land to forest cover, with no attempt to
model and assess links between land use and hydrology, and to
estimate the marginal values of water in specific consumption and
production activities. Case studies from other regions also report
the general absence of the scientific data needed to support valua-
tion (Munawir et al. 2003; Geoghegan 2003; Rosales 2003; Echa-
varria 2004; The et al. 2004; Johnson and Baltodano 2004).

Given the diversity of the contexts in which payment arrange-
ments are being developed and applied, and the impossibility of
obtaining complete information that links causes with effects, and
management actions with outcomes, a key consideration is
whether a program is able to maintain the flexibility needed to
make adjustments as barriers to implementation are encountered,
and as lessons are learned. An example of an initiative that has
been allowed to evolve over time, and continues to make adjust-
ments, is the development of the Costa Rican FONAFIFO pro-
gram, which is designed to support the multiple services provided
by forests, of which fresh water is one. This program, which has
been in place for five years, was built on an earlier ten-year pro-
gram of payments for reforestation and the lessons already learned
regarding barriers to implementation, as well as institutional ar-
rangements already in place. Originally motivated by reduced
timber supplies, the program had already made several adjust-
ments over time, both to reflect the broader objectives of protect-
ing natural forests and to allow greater farmer participation
(Pagiola 2002). Additional adjustments were made in 2002 to in-
clude agroforestry and indigenous reserves in the program (Rosa
et al. 2003).

A recent assessment of the social impacts of the program in
the Virilla watershed found that this continuous institutional in-
novation has had significant benefits in terms of strengthened ca-
pacity for integrated management of farm and forest resources,
and has contributed to the protection of 16,500 hectares of pri-
mary forest, sustainable management of 2,000 hectares, and refor-
estation of 1,300,000 hectares, which have had spin-off benefits
for the protection of biodiversity and prevention of soil erosion.
However, there are also high opportunity costs, particularly for
smaller landowners, who tend to rely more heavily on small areas
of cleared forest, and to combine forestry with other activities
such as shelter for cattle and shade coffee. Those with larger tracts
received a greater advantage from the program because they were
able to maintain a higher proportion of the land in forest (Miranda
et al. 2003).

Most initiatives have focused on links between upper water-
shed land use practices and downstream urban water supplies, sed-
imentation of hydropower dams, and irrigation canals. Although
it has generally been found difficult to provide economic justifi-
cation for interventions at this scale, little attention has been given
to the more local level impacts within micro-watersheds, where
land and water relationships can be better understood and stake-
holders can be more directly engaged. Although the values placed
on improvement of water quality are modest, it has been sug-
gested that land use interventions for this purpose may be justifi-
able as part of an integrated community resource management
strategy (Johnson and Baltodano 2004).
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Because of the difficulties discussed, current trends are toward
just such small-scale pilot initiatives that may have the potential
to be scaled up to address problems at larger scales as capacity is
developed. The PASOLAC program, which is engaged in 10 pilot
initiatives, works to improve land and water management by
small producers in the hillsides of Nicaragua, El Salvador, and
Honduras, and is helping to develop markets for watershed ser-
vices through the local municipalities. As of 2003, there were
agreements in place between upland producers and downstream
organizations in San Pedro del Norte in Nicaragua; Tacuba, El
Salvador; and Campamento and Jesús de Otoro in Honduras
(Pérez 2003).

This kind of bottom-up approach is generally expected to
help insure that regional scale organizations are more representa-
tive of and accountable to local livelihood interests. Many current
initiatives are also developing action research and learning ap-
proaches that can support capacity building as well as the ex-
change of knowledge (IIED 2004; RUPES 2004).

7.3.3.2 Findings and Conclusions

Given the heterogeneity and constant change in ecosystems and
in human institutions, the site-specific nature of watershed proc-
esses, which are dominated by randomly timed and extreme
events, and the difficulty of linking multiple causes and effects,
or predicting outcomes, an adaptive approach to management is
required, which implies the need for on-going assessment to sup-
port decision-making. However, preliminary assessments based
on generalizations can provide some thumb rules and working
hypotheses from which to begin. Perhaps the most significant
challenge in such initiatives is to develop the capacity for a place-
based approach to assessment, which is necessary to identify eco-
system functions that support provision of valued ecosystem ser-
vices in their landscape context, and to select payment and
institutional arrangements that are feasible and appropriate to that
context. To be effective, market-based initiatives also need to be
viewed as part of a long-term process of building appropriate in-
stitutions, and in the context of broader issues of structural reform
and social change.

Effectiveness of market-based payment arrangements for de-
livery of watershed services will ultimately depend on stakeholder
willingness to pay for them. This in turn depends on their confi-
dence in the effectiveness of management actions for providing
valued services, and that of institutional arrangements needed to
insure access to benefits by those who pay the cost, both of which
require greater attention.

The use of market arrangements does not automatically pro-
tect ecosystems, insure provision of their services, achieve an eq-
uitable distribution of costs and benefits, or reduce poverty. These
objectives need to be made explicit and addressed in the design of
economic interventions, which are as much an issue of gover-
nance as of economics. Intermediary organizations, governmental
and otherwise, often play important roles in leveling the playing
field and reducing barriers to market access by the poor. They can
also help to reduce the transaction costs inherent in establishing
arrangements among numerous stakeholders spread out over large
and remote areas, and who may lack clear title to land, by facilitat-
ing agreements among them, negotiating on their behalf, and pro-
viding various kinds of legal and technical assistance, as well as
through assessment and dissemination of appropriate information.

Given that land and water relationships are more detectable
at the scale of micro-watersheds, it has been difficult to provide
economic justification for interventions at the larger scales needed
to insure the delivery of freshwater services to hydropower facili-
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ties and large municipalities. Emphasis is shifting toward much
smaller-scale initiatives where causes and effects can be better un-
derstood and stakeholders may become more directly engaged.
This provides a better point of departure for development of the
capacity to respond to larger-scale problems in a way that is more
representative of and accountable to livelihood interests.

7.3.4 Partnerships and Financing

In order to meet growing and as yet unmet demand for freshwater
provisioning services in a sustainable fashion, a number of tasks
related to physical infrastructure and the supplying ecosystems
need to be performed. These tasks include building, operating,
and maintaining infrastructure; information gathering; weather
forecasting; managing ecosystems; controlling pollution; and pre-
venting erosion. Unfortunately, most of these tasks, most of the
time, are underfunded (especially in the developing world).

The use of economic incentives in managing terrestrial and
aquatic ecosystems that provide fresh water are covered above.
This section examines critical issues in the financing of water in-
frastructure, largely for domestic and industrial use. Investing in
water resource development may produce enormous social re-
turns (if it is well designed), but the financial returns are slow and
low compared to the financial returns of investment in such other
sectors as energy and telecommunications.

This section provides answers to the following questions:
How has water infrastructure been financed? Why is water infra-
structure financing prone to so many problems? What have been
the trends in public-private partnerships? What are the binding
constraints and enabling conditions that affect long-term financ-
ing of infrastructure needed to manage and use freshwater re-
sources in a sustainable way?

7.3.4.1 Water Infrastructure Financing

Financing infrastructure means using funds to acquire long-term
physical assets. The costs of developing and using water resources
are eventually paid by either water users or taxpayers, or aid do-
nors. However, financing can come from several sources. Table
7.5 shows the main sources for financing, the instruments or
means they use, and their performance in the recent past. Sum-
mary information on financing sources for water infrastructure in
2002 suggests that 69% of financing is from the domestic public
sector, 17% from external aid, and the remaining 14% from the
private sector.

There is not much ground for optimism that these sources
will increase their funding of water infrastructure in the future,
considering that reliable long-term financing requires sources to
be reimbursed. This reimbursement can only come from one of
three groups: donors, taxpayers, or water users. The good news
has come from the aid sector. Aid money is likely to increase in
view of all the recent international agreements in development
financing motivated by the setting of global social, economic, and
environmental goals (the Millennium Development Goals, for
example). At the 2002 United Nations Conference on Financing
for Development in Monterrey, Mexico, donor governments and
international agencies committed themselves to increasing their
aid by 25%. However, the other two reimbursement sources (tax-
payers and water users) will have more difficulties in rising to the
challenge. Only a small proportion of local water systems recover
their full operating and maintenance costs, let alone investment
costs. Money from taxpayers and water users is not likely to in-
crease unless the institutional problems that beset the fiscal and
water sectors of most developing countries are solved.
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Three features of the water sector that make cost recovery
from water users very difficult. First, fixed costs constitute a very
large proportion (around 90%) of total costs. This means that
water agencies can operate (once the infrastructure is there) even
with very low budgets. Second, water distribution is locally a nat-
ural monopoly (an industry in which technical factors—like the
requirement of a network of pipes—preclude the efficient exis-
tence of more than one producer). Third, decisions on water tar-
iffs are politically sensitive in most of the developing world. When
taken together, these conditions imply that local water systems
can operate (in the short run) with very low budgets, they do
not face competition, and are politically constrained to implement
changes that would allow them to recover costs.

The problem gets more complicated when funding is pro-
vided in foreign currency and the revenues are in local currency.
Most of the loans that have to be repaid in foreign currency have
suffered from this problem. Existing cost recovery contracts and
financial instruments do not provide water systems with enough
coverage to deal with this risk, especially in the case of massive
devaluations, such as the peso devaluation in Argentina. These
problems may beset water agencies whether they are operated by
private companies or by public agencies, or by a mix of public
and private organizations.

Furthermore, many national governments have devolved the
responsibility for providing water services to regional or local
agencies. However, these agencies usually have a very limited
ability to raise finance on their own. Most of them need the sup-
port of the national government, as, for example, in guaranteeing
loans. In some countries, sub-national levels of government are
not allowed to raise money themselves. Even when they are al-
lowed to do so, they tend to be short of expertise in financial
management.

There are important constraints in fiscal resources, too. The
fiscal weakness of many developing countries is the most obvious
constraint, but not the only one. The fiscal relationship between
the national and the sub-national levels of government is unclear
and unpredictable in several countries. Under these conditions,
long-term commitments are not likely to arise or be successful.

Problems have affected projects from the private and public
sectors. Public scandals, accusations of corruption, tariff increases,
allegations of failure to deliver the promised capital investments,
and claims of failure to increase services to poor communities
have plagued private sector participation in the water sector.
However, the public water sector is not immune to these prob-
lems either. Allegations of failure to reform, improve efficiency
and financial sustainability, limit political patronage, or expand
access to as well as quality of services are common in many parts
of the world. Unfortunately, the debate has been polarized be-
tween those who see private sector participation as a panacea and
those who want to ban it completely because they think that the
private sector cannot play a positive role in the water sector.
These rapidly diverging views have increased the political risk and
uncertainty associated with private sector participation and have
led to an impasse among stakeholders on how to improve access
to and the quality of water and sanitation services. The remainder
of this section assesses the need, scope, constraints, and enabling
conditions in order to better understand the potential role of pri-
vate sector participation in the water sector, based on work un-
dertaken by OECD (2003b).

7.3.4.2 The Need for Public-Private Partnerships

Governments around the world face difficult economic and polit-
ical choices posed by the urban water sector. Securing safe, reli-
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Table 7.5. Financing Sources and Means

Sources Means Observations

Water users through tariffs or by developing their own lack of access to large volumes of finance constrain
infrastructure this source

Public water authorities and utilities from user charges, loans, and subsidies resistance to cost-recovering tariffs constrain this
source

Private water companies from user charges, loans, subsidies, and equity resistance to cost-recovering tariffs constrain this
source; the pool of companies has shrunk

National and sub-national governments through subsidies, loan guarantees, and proceeds of by far the largest source, but lack of coherent water
bond issues strategies and weak fiscal conditions of national and

sub-national governments in developing countries
constrain it

Financial institutions (domestic, offering loans low private yields and long return periods discourage
international, and multilateral) commercial lending; additionally, bank lending has

declined because banks are more averse to lending to
emerging markets; in some sectors (such as irrigation
and hydropower), hostility to large storage projects has
constrained this source

Bilateral and multinational aid agencies through grants or soft loans international aid for water and sanitation fell in the last
few years (from $ 3.5 billion in 1996–98 to $ 3.1 billion
in 1999–2001)

Local communities, self-help and through community participation, micro-credits, and knowledge gap (project design and financial aspects)
nongovernmental organizations application of low-cost technologies

able, reasonably priced water and sanitation services for all is one
of the leading challenges facing sustainable development. Many
governments—local or national—have failed to recognize that,
once it is piped, water for domestic and industrial use is a finite
natural resource and an economic good. Instead, they have sub-
sidized its use through a long history of underpricing and
opposition to full cost recovery. Recently, the South African gov-
ernment has chosen to see domestic water as a basic right and to
treat it as a public good, and is providing a base amount of domes-
tic water free to the population at large.

Unfortunately, the long-term consequence of not setting a
market price reflecting the cost of water provision and its true
value to society has been a failure to recover costs, which, when
combined with insufficient general funds, has led to water systems
that are often operated inefficiently and, where services are unre-
liable, lack coverage, regular maintenance, and good design. With
88% of the 1.1 billion increment in global population through to
2015 likely to live in urban areas, there is a serious need to not
only repair ailing systems, but build and operate new ones (WHO
and UNICEF 2000).

Many towns and cities in developing countries have unreliable
piped water systems and experience regular supply interruptions.
Furthermore, the quality of services provided by existing systems
is deteriorating, mainly because of the high capital costs of infra-
structure, low user charges, and diminishing government re-
sources for addressing urban water issues. The lack of investment
in water supply and wastewater treatment threatens the quality of
the services provided to citizens mostly in developing countries,
provokes the decline in environmental and health standards, and
contributes to poor demand management. Revenues and income
for water companies are generally insufficient and unpredictable
(OECD and World Bank 2003).

If the Millennium Development Goals on water and sanita-
tion are to be met, current spending on water services of $75
billion a year needs to be increased to $180 billion (World Panel
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on Financing Water Infrastructure 2003). However, this target
will be difficult to meet with public funds alone, as both govern-
ment budgets and overseas development assistance have shown
decreasing trends recently. Some governments are therefore in-
creasingly looking to a range of private sector partners to provide
access to two key resources: (1) improved management systems
and technical options, and (2) private investment funds.

In OECD countries, investment needs also will increase sub-
stantially over the next few years, requiring greater efficiency
through better management and the use of new sources for in-
vestments. For instance, in the European Union, about $5 billion
per year are currently spent on water and wastewater services, and
capital investment is predicted to increase by 7% a year for the
foreseeable future (Owen 2002).

7.3.4.3 Public–Private Partnerships

Since the mid-1990s, an important approach that has been gradu-
ally introduced in the water sector is the notion of partnerships
between public and private agents. Public-private partnerships
correspond to any form of agreement (partnership) between
public and private parties. These should not be confused with
privatization, where the management and ownership of water in-
frastructure are transferred to the private sector. There is a wide
range of approaches for involving the private sector as a partner
in improving the performance of water and sanitation systems.
(See Table 7.6.) Some options keep the operation (and owner-
ship) in public hands, but involve the private sector actors in the
management, operation, and/or financing of assets. A common
point of all these options is that the government always retains
responsibility for setting and enforcing performance standards—
regardless of the form of private involvement chosen. The fact
that the water sector is one of the natural local monopolies means
that a strong regulatory role is required to insure that performance
standards are met and the interests of consumers protected.
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Table 7.6. Allocation of Public/Private Responsibilities across Different Forms of Private Involvement in Water Services. Cell
shading in the table is to be interpreted as follows: dark grey � public responsibility; light grey � shared public/private responsibility; white
� private responsibility. (Analysis of the authors based on OECD 2000)

Oversight of
Form of Asset Capital Design and User Fee Performance Typical
Involvement Ownership Investment Build Operation Collection and Fees Duration

Design and —
construct contracts

Service contracts 1 to 3 years

Management 3 to 5 years
contracts

Lease contracts 8 to 15 years

Joint ventures

Build, operate, 15 to 25 years
transfer

Concession 20 to 30 years
Contracts

Passive public —
investment

Fully private —
provision

There is no universal ‘‘right answer’’ on how to use private
investment to help improve water services. Ultimately, govern-
ments need to devise arrangements that fit the local context, and
some may decide that public-only is best. Where the private sec-
tor is hesitant to engage itself, it might be suitable to start with
methods that involve low risk for the private operator (as in ser-
vice contracts), moving only later toward more ambitious forms
of involvement, if considered appropriate (OECD 2003a). The
degree of risk-sharing will be an important determinant of private
sector participation.

The most commonly cited advantages of private sector partic-
ipation are that it brings technical and managerial expertise to the
sector, improves operating efficiency, entails injections of capital
and greater efficiency in its use, and increases responsiveness to
consumer needs and preferences. It is often assumed that the pri-
vate sector has significantly better access than governments to
capital flows and to the technical know-how that is essential in
the provision of critical water services.

In some OECD countries, public-private partnerships have
existed in the water sector for more than a century, as in France;
and in most other OECD countries, they have existed for more
than a decade. The options range from limited private investment
to full divestiture, predominantly in England and Wales. (See
Table 7.7.) Water supply in France is in public ownership, but
management is a mix of public and private systems. The French
municipal authorities act as an economic regulator. In the United
Kingdom, the ownership and management are private, but the
economic regulator (Office of Water Services) is an independent
body. The United States has a part public and part private owner-
ship structure, but is dominated nevertheless by the public sector.
There is a growing tendency in OECD countries for water sys-
tems to be managed by groupings of municipalities so as to orga-
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Table 7.7. Share of Public–Private Partnerships in Key OECD
Urban Markets (OECD 2003b, based on BIPE 2001)

Public Sector Private Sector
Management Management

(percent of population (percent of population
Country served) served)

Germany 96 4

France 20 80

United Kingdom 12 88 (100 in England)

The Netherlands 100 —

United States 85 15

nize supply at a larger scale. Other forms of consolidation have
also been occurring. An example of this is the case of the Nether-
lands, which reduced the number of water boards from 210 in
1950 to 15 in 2002 (van Dijk and Schwartz 2002). These devel-
opments are likely to attract additional private sector interest for
water due to the increased project size and potentially associated
economies of scale.

In the developing world, while the 1990s saw a significant
increase in private sector participation in the water sector it is
estimated that only 3% of the population in poor or emerging
countries is provided with drinking water through private opera-
tors (Owen 2002). As shown in Figure 7.2, since 2000, the num-
ber of projects has decreased substantially. In effect, the important
peaks in certain years correspond to the large concessions that
took place in Buenos Aires in 1993, in Manila in 1997, and the
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Figure 7.2. Number of Projects with Private Participation in Developing Countries, 1990–2001 (World Bank 2003)

privatization of the Chilean water utilities in 1999 (World Bank
2003b).

According to the World Bank, public-private partnerships are
most common in Latin America, followed by East Asia and the
Pacific, and Europe and Central Asia. While the nature of private
sector participation may range from partial financing of invest-
ments to an increasing role in the operation of services, most
countries have opted for the concession approach, in which the
private sector participates in managing some services, but the pub-
lic sector retains ownership of the system.

It is important to bear in mind that many examples of effi-
ciently managed public water and sanitation utilities exist, and
that the characteristics of the public sector differ among countries.
Thus in many countries, it is not necessarily the public sector per
se, but factors such as faulty incentive structures, politicization of
appointments and management, and other bureaucratic weak-
nesses that contribute to poor performance. Despite widespread
belief in the potential for efficient use of the private sector in
some areas of service provision, empirical evidence of the relative
merits of private and public management in the water sector is
relatively limited (OECD 2003a).

7.3.4.4 Effectiveness

Recent experience with the involvement of the private sector
mainly in non-OECD countries suggests that there are major ob-
stacles that significantly hinder greater private sector participation
in urban water services. Despite high hopes that private sector
participation might help overcome the financing gap for achiev-
ing international goals for access to water and sanitation, an in-
creasing number of water sector projects with private sector
participation appear to be in crisis, often due to the difficult eco-
nomic situation in the host country. The number of such projects
has been decreasing and investment flows have been slowing over
the last four years. This has triggered recognition by both public
and private actors of a number of systemic problems in the design
of projects, for which solutions need to be found. These include
weak regulatory set-ups, lack of political support for private sector
participation, need for long-term debt finance, low returns on
investment, fragmented deal size, poor creditworthiness of local
governments, poor contract and project design, and a frequently
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inappropriate allocation of risks between involved parties. Some
of these key issues are highlighted below.

Regulatory frameworks in host countries are often insufficient
and unstable. This generates significant uncertainty about future
cash flows for the private operator, since essential cost elements
(such as waste water treatment requirements) as well as revenues
(such as tariffs) cannot be anticipated. This situation, together
with the often weak levels of contract enforcement, is among the
key reasons for the low use of public-private partnerships in many
emerging market economies and developing countries. Technical
assistance from donors can help to remove many of these obstacles
by providing support for capacity building and institutional re-
form, but ultimately, political commitment is also needed (OECD
and World Bank 2002).

Political commitment to public-private partnerships at all rele-
vant government levels is essential, since water is perceived to be
more than a simple good by both consumers and many politicians.
This has sometimes been overlooked, leading to the rapid loss of
political backing as soon as the projects encountered initial diffi-
culties (OECD and World Bank 2002).

Networked water systems have extremely high capital costs,
well in excess of other infrastructure services. They are mostly
financed with debt, for as long a term as is commercially available.
Given the high initial costs, extremely long pay-back periods are
necessary, and it is essential that revenue streams be as secure as
possible. Urban water services are also a business with relatively
low rates of return on investment. Due to these sectoral specifici-
ties, private operators are particularly sensitive to the quality of
the investment climate and the level of risk, which is an important
obstacle to public-private partnerships in many regions of the
world. Furthermore, in the last couple of years, the risk aversion
in the infrastructure market in general has increased because of
several events, including the September 11, 2001, attacks, the re-
cent corporate bankruptcies, the reduced number of strategic in-
vestors, and the rating downgrades (OECD and World Bank
2002).

Finally, many public-private partnerships have encountered
difficulties due to insufficient attention being paid to the social
consequences of involving the private sector as they often implied
tariff increases due to a move towards the full recovery of opera-
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tion and maintenance costs through tariffs. Another reason is the
popular mistrust of institutions involved in such projects. Unless
continued access to water services of the poorest sections of the
population is insured at a reasonable cost, and sufficient levels of
transparency in decision-making insured, major social resistance
must be expected to public-private partnerships. Making sure that
social protection schemes are being developed prior to or in paral-
lel with public-private partnerships is therefore a crucial success
factor (OECD and World Bank 2002).

Even if these obstacles are overcome, it must be recognized
that such partnerships are not a panacea. Public-private partner-
ships involving international private sector operators cannot solve
all the problems in the water sector, nor can they be applied
everywhere. Clearly, the private sector will only operate where
certain profitability requirements can be met, which considerably
limits the scope for public-private partnerships.

First, for some of the reasons mentioned earlier, major invest-
ment in such partnerships in the water sector is likely to focus on
OECD and emerging market economies, where the environment
for foreign investors is most favorable. This has been so in the past
and is unlikely to change significantly in the future. Most of the
applications have been in high- and middle-income countries,
leaving least developed countries uncovered. For instance, less
than 0.2% of all private sector investments in the water and sanita-
tion sector of developing countries went to sub-Saharan Africa
(United Nations Millennium Project 2003).

Second, there are only a limited number of international water
operators, and their human and financial capacities allow for the
management of only a limited number of projects. The three
largest private operators account for more than 50% of the global
market. Public-private partnerships in non-OECD countries,
therefore, focus on urban areas that are likely to yield the most
substantial revenue flows and offer the best opportunities to
achieve significant economies of scale—typically large cities with
populations of 500,000 or more.

While the potential arena of operation of international private
operators is limited, opportunities for the involvement of new
entrants may exist. This is particularly the case of domestic private
sector companies in developing countries. The mobilization of
these actors may help enlarge the scope of public-private partner-
ships.

7.3.4.5 Findings and Conclusions

There is a clear mismatch between the high social value of fresh-
water services for domestic use and the resources that are being
allocated to manage water. Insufficient funding to expand water
infrastructure is one manifestation of this mismatch. Both inher-
ent characteristics of the water sector (high fixed cost, low returns,
long pay-back periods) as well as institutional problems (political
interference, inadequate legal frameworks, poor management
structures) explain the gap in funding infrastructure. No single
source will be able to bridge this gap on its own. There are several
sources of funding water infrastructure and all have a role to play.
In addition to a more creative use of existing financial instruments
and the development of new ones, changes at different levels are
needed in order to unleash financing sources. At a national level,
legal frameworks have to provide more certainty to the parties
of long-term commitments. The water sector has to establish its
priorities in a clear way and produce programs that include the
definition of financing needs and sources. Finally, at the agency
level, cost recovery must be improved and managerial and techni-
cal capacities, enhanced.
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In the future, public-private partnerships should take into ac-
count the following priorities. Governments should be clear on
their strategies and priorities for the water sector, and plan accord-
ingly. There must be an effort to optimize the use of existing
financial vehicles and introduce new ones. Finally, a long-term
sector strategy should be adopted in order to achieve more effi-
cient urban water management (OECD and World Bank 2003).

The enabling conditions for adequate long-term financing of
the infrastructure needed to manage and use freshwater resources
in a sustainable way go well beyond the conditions of financial
markets. Apart from having access to resources, the financial
strength of the water sector requires clear and transparent priority
setting as well as developing programs to meet these priorities.
Some actions that would facilitate these tasks include establishing
priorities as well as service standards in a transparent and clear
way, developing and implementing programs and actions to meet
those goals, and obtaining access to the resources that will allow
the implementation of programs and actions.

7.4 Supply Infrastructure and Technologies
As discussed earlier, the demands for fresh water have grown dras-
tically over the last few centuries and provided the stimulus for
the emergence of physical infrastructure that regulates the natural
flow characteristics of free-flowing rivers. In terms of infrastruc-
ture for the enhancement of storage, a large number of dams have
been constructed all over the world. ‘‘In North America, Europe,
and the former Soviet Union, for example, three-quarters of the
139 largest river systems are strongly or moderately affected by
water regulation resulting from dams, inter-basin transfers, or irri-
gation withdrawals’’ (Gleick et al. 2001, p. 22). In addition, hun-
dreds of thousands of kilometers of dikes and levees have been
constructed with the purpose of river training and flood protec-
tion. While these structures have clearly provided increased sup-
ply of fresh water for many uses, as well as flood control, all too
often, they have had debilitating effects on the surrounding eco-
systems, their naturally occurring services, and their biodiversity.

A number of other well-developed and documented technol-
ogies are available for improving efficiency and water resource
management (World Commission on Dams 2000):
• micro-watershed level conservation of rainwater through

physical or vegetative land management;
• rooftop rainwater harvesting;
• water recycling and reuse;
• desalinization for domestic water supplies (in coastal areas);
• on-farm agricultural water conservation, such as sprinklers and

drip irrigation;
• crop selection and irrigation management based on meteoro-

logical conditions;
• improving crop productivity (with same or lower water use)

through technological inputs;
• improvements to irrigation and municipal system manage-

ment and conveyance;
• household water-saving devices, such as low-flow shower-

heads and water efficient toilets;
• managed flood releases from reservoirs to simulate historic

flooding and impacts on downstream landscapes and ecosys-
tems; and

• improved reservoir management and technologies for reduc-
ing evaporation loss.
Another technology that may come into play in coming dec-

ades is that of inter-basin transfers, particularly large, mega trans-
fers between major river systems. For example, in India and
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China, transfer projects costing hundreds of billions of dollars are
proposed. These projects do not recognize ecosystem water needs
and downstream consequences (Bandyopadhyay and Perveen
2004).

In this section, brief assessments are presented of three very
different response options from the infrastructure and technology
field: large dams, wetland restoration and mitigation projects, and
desalination. To some degree, these represent the predominant
past approach to water development, a current ecosystem ap-
proach to ecosystem restoration (or at least maintenance), and a
promising new supply technology

7.4.1 Large Dams

A common response to water supply augmentation is the con-
struction of large dams, which are defined by the International
Commission on Large Dams as those with a height greater than
15 meters from the foundation or those that are 5–15 meters high
with a volume of more than 3 million cubic meters. More than
45,000 large dams exist worldwide (WCD 2000).

Large dams can be used to regulate, store, and divert water for
agricultural production and consumptive use in urban and rural
areas. They were seen as integral components of the Green Revo-
lution and were promoted widely in this period. Over half of the
world’s large dams have been built for irrigation and water supply
purposes. Beyond water supply augmentation, large dam use also
includes hydroelectric power generation and flood control (WCD
2000).

Large dams have proved especially useful for providing greater
security in the face of water scarcity and variable supplies of water,
a feature of countries with semi-arid catchments, where flow is
highly variable and characterized by periodic drought such as
South Africa, Spain, and Australia (WCD 2000).

7.4.1.1 Effectiveness

A full assessment of a few trillion dollars worth of infrastructure is
beyond the scope of the current assessment. Instead, the experi-
ence with large dams is briefly summarized, based on the results
of the World Commission on Dams, a multistakeholder interna-
tional assessment, which recently spent three years and over $10
million dollars to carry out just such a task.

The benefits attributed to large dams include water supply to
growing populations; increased food production; electric power
for domestic, industrial, and other uses, as well as navigation and
flood control. However, the environmental and social impacts of
large dams are also well-known and have led to the very contro-
versy and stalemate that resulted in the call by different parties to
the debate over dams for an independent commission.

The WCD report identified a number of central issues in the
dam debate, including: performance (costs and benefits), environ-
mental impacts and sustainability, social impacts and equity, eco-
nomics and finance, and governance and participation.

Of particular relevance to ecosystem health and human well-
being are the environmental, social, and economic issues raised in
the report. Environmentally, the impact of large dams on fresh-
water ecosystems is widely recognized as being more negative
than positive. The impacts include, amongst others: changes in
flow and sedimentation patterns; irreversible loss of species and
populations, such as upstream and downstream fisheries; loss of
habitat and associated biodiversity and ecosystem services from
floodplains, wetlands, and estuarine and marine ecosystems; and
greenhouse gas emissions from decaying organic material in the
flooded basin.
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The direct social impact of large dams is striking—they have
led to the displacement of 40–80 million people worldwide and
terminated access by local people to the natural resources and
cultural heritage in the valley submerged by the dam (WCD
2000). The perennial freshwater systems established by large dams
also contribute to health problems. For example, epidemics of
Rift Valley fever and bilharzias coincided with the construction
of the Diama and Manantali dams on the Senegal River (World
Bank 2003a). Aside from the direct impacts of large dams, the
benefits of their construction have rarely been shared equitably—
the poor, vulnerable, and future generations are often not the
same groups that receive the water and electricity services and the
social and economic benefits from dams (WCD 2000).

Large dams were also found wanting from an economic and
financial perspective. Pre-construction studies are typically overly
optimistic about the benefits of projects and underestimate the
costs. In a sample of 248 dams compiled by the WCD, the average
cost overrun was a full 50% of the originally estimated costs. Fur-
ther, the simplistic economic cost-benefit analyses applied often
fail to adequately integrate the social and environmental impacts
into the planning cycle.

As a result of these findings, the WCD concluded that, ‘‘The
positive contribution of large dams to development has, in many
cases, been marred by significant environmental and social im-
pacts which are unacceptable when viewed from today’s values’’
(WCD 2000, p. 198). The construction of large dams remains a
viable option for augmenting water supply, but the conclusions of
the WCD report suggest that the large dam option is one that
needs to be carefully examined given past experience.

An underlying principle in the WCD approach is the recogni-
tion of stakeholder rights and a negotiated decision-making proc-
ess. The publication of the Report of the World Commission on Dams
served to bring to light many of the social and ecological costs of
major water infrastructure. The report implicitly suggests the need
to replace the traditional engineering view of dams and develop-
ment with a new and more widely acceptable approach (Bandyo-
padhyay et al. 2002). The core of this approach is based on the
newfound strategic importance and economic significance of the
ecosystem services provided by rivers and watersheds.

7.4.1.2 Findings and Conclusions

The construction of large dams started in the early twentieth cen-
tury and peaked during 1960–70. For various reasons, including
resistance by people’s movements, changing trends in project fi-
nance, and growing concern over the environmental and social
impacts, the level of dam construction during 1990–2000 fell to
almost the level of all the dams constructed during 1901–50.
Many proposed dams have been postponed or canceled in the last
two decades (Gleick et al. 2001, p. 22). Since the WCD process
concluded in 2000, a number of new large dams have moved
forward or been proposed (Three Gorges in China, and Kárahnjú-
kar in Iceland, to name two), and a number of large projects have
run into difficulties (such as Bujugali in Uganda and Nam Theun
II in Laos). Given the long lead time necessary to plan, finance,
and build large dams and the continued controversy over the
WCD report, it is too early to say what impact the report will
ultimately have on the future of large dams. All that can be said at
this point is that the report has been widely circulated and dis-
cussed, and that it has enhanced the legitimacy of the position
that continued reliance on a supply-driven engineering approach
is not sufficient to overcome the challenges ahead (Bandyo-
padhyay et al. 2002).

................. 11430$ $CH7 10-21-05 14:11:28 PS



250 Ecosystems and Human Well-being: Policy Responses

7.4.2 Wetland Restoration and Mitigation

Wetland restoration is a broad response category. In a strict sense,
wetland restoration refers to the process of inducing and assisting
the abiotic and biotic components of an ecosystem to return to
their original state (Bradshaw 1997). However, definitions of res-
toration also encompass (1) actions to improve the condition of a
site that may not necessarily be in the direction of pre-existing
conditions (Bradshaw 1997), and (2) mitigation projects that seek
to create wetlands to replace those that may have been lost from
human interventions (Zedler 2000). This assessment considers
wetland restoration in its broadest sense and is thus consistent with
the Ramsar Convention definitions of this term.

Wetland restoration approaches are numerous and include en-
gineering solutions such as backfilling canals and the removal of
contaminated groundwater, biological interventions including
controlling the impact of feral fish and reestablishing wetland
plants, through to hydrological management to increase the effec-
tive inundation across floodplains and reintroduction of drying
cycles.

7.4.2.1 Effectiveness

Mitsch et al. (1998) suggest that wetland restoration has become
controversial in part because of the uncertainty about what is nec-
essary to create and restore wetlands, that is, what combination of
processes leads to the establishment of a desired combination of
wetland structure and function. Such understanding would in-
clude the germination requirements, seed viability, and seedling
growth characteristics of target wetland plants (van der Valk et al.
1999). However, imperfect knowledge regarding ecosystems can
produce unexpected outcomes, as demonstrated in the uncer-
tainty shown in models used to predict changes in wetland struc-
ture and function (Klotzli and Grootjans 2001).

With respect to the restoration community’s understanding of
the influential factors, it can be confidently said that the outcome
of restoration projects is influenced by variables such as landscape
context and site selection, hydrological regime, the rate of devel-
opment of ecosystem attributes, nutrient supply rates, disturbance
regimes, seed bank condition, invasive species, and life-history
traits (Zedler 2000).

One of the major disagreements among wetland scientists is in
relation to the role of abiotic conditions, especially hydrology,
versus life-history traits in determining wetland structure and
function. Mitsch et al. (1998) suggest that restoring the hydrologi-
cal regime, or more generally abiotic conditions, is sufficient to
reestablish structural features, particularly vegetation (the self-
design approach). This is in contrast to Galatowitsch and van der
Valk (1996), who suggest that at least in prairie potholes, dispersal
is likely to be more limiting.

These approaches have implications for the restoration tech-
niques applied—self-design is likely to focus on recreating hydro-
logical features where the design approach will see engineering
and replanting strategies as important. While this represents a
major area of debate, it does not undermine wetland restoration
as a response to wetland degradation, rather it places greater em-
phasis on understanding the factors that limit the rehabilitation of
a site.

Perhaps of greater importance than the process of restoration
is the actual restorability of a site. This has been highlighted in
recent studies with the finding that it simply may not be practical
to restore some wetlands because of the extent of degradation.
This is an issue predominantly relating to abiotic factors such as
wetland soils, the composition of which may have been irrevers-
ibly altered through changes in pH and nutrient status. Even if
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the changes are reversible, the time taken might be decades to
centuries (Zedler 2000).

Cost is also an issue for wetland restoration and will reflect the
extent of degradation and the objectives for restoration. Where
the drivers of degradation operate at a local scale and are easy to
identify and rectify, the cost may only be in terms of the voluntary
time and effort provided by community groups. In contrast,
where degradation is due to a multitude of factors operating at a
regional or catchment scale, the cost may be in hundreds of mil-
lions of dollars (as in the $685 million Florida Everglades restora-
tion project; Young 1996). This is certainly the case for large-scale
environmental flow projects that aim to restore large wetland
areas.

The success of wetland restoration is ultimately determined by
the ability of a project to meet its original goals. In this regard, it
has been noted on a number of occasions that wetland restoration
projects suffer from poorly stated or unstated goals and objectives
(Zedler 2000). An example of a poorly stated goal is one that is
too generic to meet the original intent of the project, for example,
the increased diversity of wetland plants within five years. This
may be achieved with little movement toward reference condi-
tions or more detailed aspects of structure and function.

The setting of well-stated goals must form part of a broader,
comprehensive, and rigorous process for planning, developing,
implementing, and evaluating restoration projects. This is widely
accepted among wetland management practitioners as a key to
success. In this regard, numerous frameworks for designing wet-
land restoration projects have been articulated, much of which
has been synthesized in Ramsar’s Principles and guidelines for wetland
restoration (www.ramsar.org). Consistent with these frameworks
is an adaptive management approach discussed in more detail in
Chapter 15 of this volume, which allows for iterative learning and
a chance to build on imperfect knowledge.

Although there is no definitive answer as to the ingredients of
a successful wetland restoration project, it can be said with high
confidence that there is a positive correlation between successful
restoration and (1) a clear identification of the drivers of degrada-
tion, (2) where a small number of drivers are active, (3) when
drivers operate at a local scale, (4) where drivers are inexpensive
and easy to mitigate, (5) where the trade-offs required to mitigate
the drivers are minimal, and (6) where the degradation of the
wetland is reversible.

Despite meeting some of these criteria, where functional
equivalence to an original state is the goal of restoration, success
may be difficult to measure. For example, Mitsch and Wilson
(1996) reported that where goals are specific and relate to aspects
of wetland functioning, the time required to measure success
could be 15–20 years. This is consistent with van der Valk’s
(1981) work on prairie pothole wetlands indicating that succes-
sion in wetlands may occur in 25-year cycles. Mitsch and Wilson
(1996) suggest that in the case of restoring or creating forested
wetlands, coastal wetlands, or peat-lands, it may require even
more time.

7.4.2.2 Findings and Conclusions

Achieving functional equivalence is important when creating new
wetlands to replace those that are destroyed. The question asked
often is: ‘‘Does the structure and function of the new wetlands
replace that of the old?’’ As for restoring degraded natural wet-
lands, this is hampered by uncertainty in the role of different abi-
otic and biotic factors and the observation that each wetland is a
product of the unique contributions of these factors. The conclu-
sion of numerous studies is that created wetlands rarely perform
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the same functions or house the same biodiversity as the original
site.

For this reason, it is unlikely that created wetlands are going
to structurally and functionally completely replace destroyed wet-
lands. This may be equally the case for degraded natural wetlands
and is reflected by the Ramsar Convention, which notes that ‘‘the
maintenance and conservation of existing wetlands is always pref-
erable and more economical than their subsequent restoration’’
and that ‘‘restoration schemes must not weaken efforts to con-
serve existing natural systems.’’

7.4.3 Desalination

Desalination is the production of fresh, low-salinity potable water
from saline water source (seawater or brackish water) via mem-
brane separation or evaporation. The mineral/salt content of the
water is usually measured by the water quality parameter total
dissolved solids in milligrams per liter or parts per thousand. The
World Health Organization and the U.S. Environmental Protec-
tion Agency, under the Safe Drinking Water Act, have established
a maximum TDS concentration of 500 mg/L as a potable water
standard. This TDS level can be used as a classification limit to
define potable (fresh) water. Typically, water of TDS concentra-
tion higher than 500 mg/L and lower or equal to 15,000 mg/L is
classified as brackish. Natural water sources such as sea, bay, and
ocean waters that usually have TDS concentration higher than
15,000 mg/L are generally classified as seawater. For example,
Pacific Ocean seawater along the U.S. west coast has a TDS con-
centration of 33,500 mg/L, of which approximately 75 % is so-
dium chloride.

Approximately 97.5% of the water on our planet is located in
the oceans and, therefore, is classified as seawater. Of the 2.5% of
the planet’s fresh water, approximately 70% is in the form of polar
ice and snow, and 30 % is groundwater, river and lake water, and
air moisture. Even though the volume of Earth’s water is vast, less
than 10 million of the 1,400 million cubic meters of water on the
planet are of low salinity and are suitable for use after applying
conventional water treatment only. Desalination provides a means
for tapping the world’s main water resource—the ocean.

7.4.3.1 Effectiveness

By 2004 over 17,000 desalting units with a total production ca-
pacity of 37.75 million cubic meters per day (10 billion gallons
per day) have been installed in approximately 120 countries
(Wangnick 2004). Desalination techniques predominantly use ei-
ther thermal or membrane processes (Buros 2000). Thermal de-
salination technologies use a variety of forms of distillation,
including multiple effect distillation, multistage flash distillation,
or vapour compression distillation. Membrane separation is typi-
cally accomplished by reverse osmosis or electrodialysis technolo-
gies. (See Box 7.17.)

Most of the large seawater desalination facilities built in the
past 10 years or currently undergoing construction are delivered
under public-private partnership arrangement using build-own-
operate-transfer method of project implementation. The BOOT
project delivery method is preferred by municipalities and public
utilities worldwide because it allows cost-effective transfer to the
private sector of the risks associated with the number of variables
affecting the cost of desalinated water, such as: intake water qual-
ity and the often difficult to predict effects on plant performance;
permitting challenges; start-up and commissioning; fast-changing
membrane technology and equipment market; and limited public
sector experience with the operation of large seawater desalina-
tion facilities (Voutchkov 2004a).
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BOX 7.17

Reverse Osmosis: Removing Salt using Semi-permeable
Membranes

Reverse osmosis separates solutes from saline water by forcing it
through a semi-permeable membrane under pressure. Unlike distilla-
tion no heating is required with most of the energy used to pressurize
the saline feed water. The basic system components are pre-treatment,
high-pressure pumps, membrane assembly, and post-treatment. Be-
yond its use for desalting, reverse osmosis can also be used for re-
moval of other impurities and contaminants such as iron, lead, nitrate,
endocrine disruptors, arsenic, disinfection by-products, bacteria, vi-
ruses, and other pathogens and emerging contaminants. The first RO
membrane was first developed at the University of California at Los
Angeles in the early 1960s by Loeb and was used to produce drinking
water from seawater. This relatively thick membrane was made from
cellulose acetate and required feed pressures in excess of 2,000
pounds per square inch (psi). Today RO membranes used to desali-
nate seawater are made of thin-film composite plastic materials and
require about 800 to 1,200 psi, while brackish water applications may
necessitate feed pressure ranging from 100 to 600 psi. The feed pres-
sure required depends primarily on the total dissolved solids (TDS)
concentration and the temperature of the water—lower TDS levels and
warmer waters requiring lower feed pressures.

The largest RO membrane desalination plant worldwide in continu-
ous operation today is located in the United Arab Emirates (Taweelah)
and has capacity of 227,000 cubic meters per day. The largest plant in
construction is the Ashkelon seawater desalination facility in Israel; this
plant will be operational in the spring of 2005 and will have capacity of
395,000 cubic meters per day. The Yuma desalting plant in Arizona is
the largest U.S. reverse osmosis brackish water desalination plant and
can produce about 275,000 cubic meters per day. The largest seawater
desalination plant in the United States is the Tampa Bay, Florida, facil-
ity, which has potable water production capacity of 95,000 cubic meters
per day.

Up until the 1970s, desalination was predominately performed using
distillation techniques, with some commercial units capable of pro-
ducing up to 8,000 cubic meters per day. Subsequent technological
improvements have seen an expansion in the use of membrane proc-
esses, especially reverses osmosis. Currently, multistage flash distilla-
tion only accounts for 36.5% of total installed desalination capacity
worldwide, down from 51.3% a decade ago. By contrast, plants using
RO have risen from 32.7% in 1993 to 47.2% today (Wangnick 2004).
The increasing popularity of RO membrane desalination is driven by
remarkable advances in the membrane separation and energy recov-
ery technologies, and associated reduction of the overall water produc-
tion costs.

Other less commonly used techniques for desalting water in-
clude ion-exchange methods, freezing, membrane distillation,
and solar and wind driven systems (Buros 2000). Solar systems
include solar stills, which heat and vaporize water from a ground
level basin and then collect vapor from a sloping glass roof. This
technique faces drawbacks such as high capital costs, vulnerability
of glass to weather damage, and the large collection areas required
(Gleick 2000). An alternative to these systems is to use wind and
solar generated electricity to drive more traditional desalting proc-
esses.

The developments in seawater desalination technology during
the past two decades, combined with transition to construction
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of large capacity plants, co-location with power plant generation
facilities and enhanced competition by using the BOOT method
of project delivery have resulted in a dramatic decrease of the cost
of desalinated water. Recent large reverse osmosis desalination
projects in the United States, Israel, Cyprus, Singapore, and the
Middle East have installed costs of approximately $0.50 per cubic
meter, down from $1.50 per cubic meter in the early 1990s
(Voutchkov 2004b).

7.4.3.2 Findings and Conclusions

There is no single best technique for desalination. The selection
of a desalination process depends on site-specific conditions, eco-
nomics, the quality of water to be desalinated, the purpose of use,
and local engineering experience and skill (Gleick 2000). Operat-
ing and capital costs in particular are influenced by the capacity
and type of desalination plant, the quality of feed water and the
energy required to drive the process (Buros 2000). Water from
desalination is generally expensive, although costs have decreased
in recent years to such an extent that in some areas of the United
States desalting brackish water is cheaper than alternative measures
such as piping conventionally treated water (Buros 2000).

Although, no major technology breakthroughs are expected
to bring the cost of seawater desalination further down dramati-
cally in the next several years, the steady reduction of desalinated
water production costs coupled with increasing costs of water
treatment driven by more stringent regulatory requirements, are
expected to accelerate the current trend of increased reliance on
the ocean as an environmentally friendly and competitive water
source. This trend is forecasted to continue in the future and to
further establish ocean water desalination as a reliable drought-
proof alternative for many communities in the United States and
worldwide.
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Main Messages

Strategies to address the impacts of forest product use on ecosystem
health and human well-being are strongly affected by actions outside the
forest sector. Some responses to problems related to forest products are
achieving far more impact than others. Outcomes tend to be shaped as much
or more by policies and institutions related to trade, macroeconomics, agricul-
ture, infrastructure, energy, mining, and a range of other ‘‘sectors’’ than by
processes and instruments within the forest sector itself. The objectives of
some sectoral responses might be better achieved by non-forest measures; for
example, land reform might benefit poor communities more than collaborative
forest management. When considering responses, it is important to understand
the degree to which each may be undermined or overridden by driving forces
beyond the forest sector and the degree to which each can engage with and
influence such forces.

Forest product trade tends to concentrate decision-making power over
(and benefits from) forest management in the hands of powerful interest
groups, rather than spreading it to include poorer and less powerful play-
ers. It ‘‘magnifies’’ the effect of governance, making good forest gover-
nance better and making bad forest governance worse. This threatens
prospects for long-term sustainability. Both increased trade and trade restric-
tions can make impacts worse if underlying policy and institutional failures are
not tackled. Trade liberalization can stimulate a ‘‘virtuous cycle’’ if the regula-
tory framework is robust and externalities are addressed.

International forest policy processes have made some gains within the
forest sector. Attention now needs to turn to integration of agreed forest
management practices in financial institutions, trade rules, global envi-
ronment programs, and global security decision-making. The last decade
saw many intergovernmental and civil society ‘soft’ policy responses to define
sustainable forest management and to produce guidelines that could be inter-
preted locally. These responses included the United Nations Conference on
Environment and Development, the International Tropical Timber Organization,
and the Convention on Biological Diversity; they have both enabled much local
progress and linked forest debates between local and global levels. Much
critical intergovernmental policy work within the sector has been done. National
policy and the interpretation and implementation of international policy at the
national level are increasingly influenced by extra-sectoral policy and planning
frameworks. Forest sector frameworks will have to adjust to more directly serve
these wider goals or their influence will diminish.

Forest governance initiatives and country-led national forest programs
are showing promise for integrating ecosystem health and human well-
being where they are negotiated by stakeholders and strategically fo-
cused. Multilateral and bilateral accords to combat illegal logging, its associ-
ated trade, and the governance frameworks that might prevent it are becoming
important venues for developing action plans and agreements. National forest
programs are now being strongly promoted on the understanding that they
follow a country-led approach. To be most effective, these programs should
have multistakeholder involvement in forest decision making; be a means for
cooperation, coordination, and partnership; promote secure forest resource ac-
cess and use rights; involve research and traditional knowledge; and be built
upon the study and policies on underlying causes of deforestation and degra-
dation. In addition, they should include codes of conduct for business. They
should have built in monitoring, evaluation, and reporting on their progress and
effectiveness. To date, the new breed of national forest programs, although
quite widespread, shows more promise than tangible results.

Local responses to problems of access and use of forest products have
proliferated in recent years. They are collectively more significant than
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efforts led by governments or international processes but require their
support to spread. A wide range of local responses have emerged ‘‘spontane-
ously’’ over the last decade, each with locally appropriate organizational forms
and proven or potential impact in improving the contribution of ecosystems to
human well-being and poverty alleviation. They often have a strong emphasis
on gender equity. These include campesino forestry organizations in Central
America, forest user groups in Nepal, the National Council of Rubber Tappers
in Brazil, people’s natural resource management organizations in the Philip-
pines, and the Landcare movement in Australia. Policy frameworks could better
assist such groups to build on what they are already doing and to enable new
partnerships. Multistakeholder poverty-forests learning processes could be fos-
tered with codes of conduct for supporting local initiatives. These could be
integrated into national forest programs and poverty reduction strategies.

Government-community collaborative forest management can be highly
beneficial but has had mixed results. Most collaborative management has
promoted arrangements that maintain and even extend central government
control. Local people generally have better legal access to forests and some
have higher incomes but many have lost access and benefits. As a result the
‘‘co-management’’ response is shifting. Management increasingly involves not
just a local group and the government but a range of stakeholders, and ac-
knowledges overlapping systems of management and diverse interests. Local
people are able to win more benefits for themselves where they have strong
local organizational capacity and political capital to mobilize resources and
negotiate for better benefits. NGOs, donors, federations, and other external
actors also have a key role in supporting local interests. Where local groups
manage their own forests without state intervention, however, they are not
necessarily better off. Without government support, they often have difficulty
implementing or enforcing their decisions. Improved formal access to forests
has helped in many cases to protect a vital role of forests as safety nets for
rural people to meet their basic subsistence needs. The benefits to be gained
beyond the subsistence-level, however, are limited.

There is a widespread need for support to enable people in forest areas
to secure their rights and strengthen their powers to negotiate fair divi-
sion of control, responsibility, and benefits with other actors. Many gov-
ernments have realized that they cannot secure a balance of public and private
benefits from forests. Some have transferred control to private entities under
lease agreements requiring public benefits to be guaranteed. Others have
recognized, returned, or created rights for local communities to own forests,
manage them, benefit from them, and bear certain costs and risks. Such com-
munities often lack adequate recognition, powers, organization, capacity, and
information to make use of these rights. Ways to cover the transaction costs
of collective action are still sought. Checks and balances need to be in place
to ensure that no group, including the local elite, controls benefits and decision-
making. Processes are needed that acknowledge plural interests among the
different groups and give special attention to livelihood needs of the poor.
Culturally appropriate and technically sound cooperation between indigenous
and non-indigenous organizations to reinforce natural resource management
on indigenous lands is rare. This is much needed given the rapid growth in
areas over which indigenous peoples have control.

Where information, tenure, and capacity are strong, small private owners
of forests may deliver more local economic benefits and better forest
management than larger corporate owners. Individuals and families have
proven their potential to practice good forestry over the long term. However,
many conditions are required for this to be effective. These include good
knowledge, capacity to manage, market information, organization among
smallholders to ensure economies of scale, long-term tenure, and transfer
rights. Private ownership (or ‘‘family forestry’’) is common in Western Europe
and in the southern United States, and is increasingly common in Latin

................. 11430$ $CH8 10-21-05 14:10:56 PS



260 Ecosystems and Human Well-being: Policy Responses

America and Asia. It may lead owners to assume a greater sense of responsi-
bility and foster long-term thinking, prompting them to pursue sustainability,
partly for risk reduction. Experience in Nordic countries and in many continen-
tal European countries shows the positive effects generated by information
flow, education, and training and that it can be in the self-interest of owners to
‘‘do right.’’

Company–community partnerships can be better than solely corporate
forestry, or solely community or small-scale farm forestry, in delivering
benefits to the partners and the public at large. Companies may seek to
improve long-term survival and competitiveness. Communities may prioritize
gains such as secured land tenure or improved local infrastructure. Effects on
equity and rural development are mixed. Financial returns often have proven
insufficient to lift community partners out of poverty. Making the most of part-
nerships requires iterative approaches to developing equitable, efficient, and
accountable governance frameworks (at the contract level and more broadly),
raising the bargaining power of communities, particularly through association
at appropriate scales, fostering the roles of brokers and other third parties
(especially independent community development organizations), sharing the
benefits of wood processing as well as production, and working toward stan-
dards that give equal opportunities to small-scale enterprises.

Public and consumer action has resulted in some important forest and
trade policy initiatives and improved practices in some large forest cor-
porations. Public and consumer action has been key in the development of
forest and trade policy initiatives in ‘‘timber consuming countries’’ and in inter-
national institutions. The operating standards of some large corporations and
institutions, as well as of those whose non-forest activities have an impact on
forests, have been improved. Consumer campaigns have provided the under-
pinning for forest certification and served as a useful mechanism for bringing
public attention to, and engagement with, issues that are often geographically
remote. Such campaigns can potentially continue to play an important role
both in maintaining public awareness of forestry issues and in encouraging
improved forest management.

Forest certification has become widespread; however, most certified for-
ests are in the ‘‘North,’’ managed by large companies and exporting to
Northern retailers. The early drivers of certification hoped it would be an
effective response to tropical deforestation. There has been a proliferation of
certification programs to meet different stakeholders’ needs with the result that
no single program has emerged as the only credible or dominant approach
internationally. Many certification programs have developed group certification
of small growers, or certification of regions with a single management regime.
Stepwise approaches to certification, starting with legality verification, are now
emerging and hold promise for wider applicability and adoption in tropical re-
gions and Russia. National certification programs in Brazil, Malaysia, Indone-
sia, and elsewhere have increased adoption of this response in the ‘‘South.’’

Commercialization of non-wood forest products has achieved modest
successes for local livelihoods but has not always created incentives for
conservation. There has been significant growth in some NWFP markets.
This has followed extension of the market system to more remote areas; in-
creased interest in natural products such as herbal medicines, wild foods,
handcrafted utensils, and decorative items; and development projects focused
on production, processing, and trade of NWFPs. Few NWFPs have large and
reliable markets. Those that do have tend to be supplied by specialized pro-
ducers using more intensive production systems. Many other NWFPs are vital
to the livelihoods of the poor but have little scope for commercialization. Such
commercialization has achieved modest impacts for livelihoods through combi-
nations of technical and capacity-building interventions to improve raw material
production, processing, trade, and marketing, and through development of co-
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operatives, improved policy, and institutional frameworks. There are often prob-
lems, however, with stronger groups gaining control at the expense of weaker
groups and with overexploitation of resources. Increased value does not auto-
matically translate into effective incentives for conservation and can have the
opposite effect.

Sustainable natural forest management in the tropics should be focused
on a range of forest goods and services, not just timber, to be more
economically attractive. Low-cost new technology has made a difference to
some forest management functions. Diverse cultures can be expected to arrive
at local solutions to securing both wood supplies and forest environmental
services. While the ‘‘best practices’’ of global corporations are worthy of scru-
tiny, there is also much to be gained by exploring ‘‘what works’’ in traditional
forest management and the work of local (small) enterprises. Since the early
1990s, considerable interest has developed in the application of reduced im-
pact logging, especially in tropical forests, which lowers environmental impacts
and can also be more efficient and cost-effective.

Development of farm woodlots and large-scale plantations is an increas-
ingly widespread response to growing wood demand and as natural for-
est areas decline. Without adequate planning and management, the wrong
growers, for the wrong reasons, may grow forest plantations in the wrong sites,
with the wrong species and provenances. In areas where land degradation
has occurred, afforestation may play an important role in delivering economic,
environmental, and social benefits to communities and help in reducing poverty
and enhancing food security. In these instances, forests and trees must be
planted in ways that will support livelihoods, agriculture, landscape restoration,
and local development. There is increasing recognition that semi-natural and
mixed-species, mixed-age plantings can provide a larger range of products,
provide ‘‘insurance’’ against unfavorable market conditions, reduce the effects
and economic consequences of insect and disease attacks, harbor greater
diversity of flora and fauna, contain the spread of wildfires, and provide greater
variety and aesthetic value.

Fuelwood remains one of the larger outputs of the forest sector in the
South. If technology development continues, then industrial-scale forest
product fuels could become a major contributor to sustainable energy
sources. Consumption of fuelwood has recently been shown to be growing
less rapidly than earlier thought. This follows increasing urbanization and rising
incomes as users switch to more efficient and convenient sources of energy.
In some regions, including much of developing Asia, total fuelwood consump-
tion is declining. Efforts to encourage adoption of improved wood burning
stoves have had some impact in urban areas of some countries but little suc-
cess in rural areas due to cultural and economic obstacles to their adoption.
Recent attention to improved stoves has shifted from increasing efficiency of
fuelwood use to reducing damage to health from airborne particulates and
noxious fumes associated with the burning of wood and charcoal. In Northern
regions, as renewable options gather more momentum and the technology
becomes more fine tuned, it can be expected that dendro power options, using
wood to fuel electricity generation, will become more competitive and investor
friendly.

8.1 Introduction
This chapter assesses the impact on ecosystem health and human
well-being of actions taken to influence the production and use
of wood, fuelwood, and non-wood forest products (also known
as non-timber forest products). These actions are responses to the
ecosystem and human well-being conditions and trends associated
with forest products that are assessed in MA Current State and

................. 11430$ $CH8 10-21-05 14:10:57 PS



261Wood, Fuelwood, and Non-wood Forest Products

Trends (Chapters 9 and 21). The effectiveness of these responses is
also assessed in relation to the possible scenarios in MA Scenarios.

The chapter discusses (1) driving forces of change in eco-
systems that produce wood, fuelwood, and non-wood forest
products, and the problems and opportunities they create; (2) in-
terventions and actions to tackle the problems; (3) an assessment
of selected responses; and (4) lessons learned. Other chapters in
this and other MA volumes assess ecosystems and services closely
linked to the provision of wood, fuelwood and non-wood forest
products. Gaining a full picture of the state of forests and wood-
lands, the provisioning services of wood and NWFPs, and the
human actions taken to address problems linked to wood and
NWFPs requires looking at them as well. (See Chapters 5, 7, 15,
16, in this volume; MA Current State and Trends, Chapters 10, 13,
14, 17, and 24; and MA Scenarios, Chapter 10.)

8.1.1 Driving Forces of Change in the Ecosystems
that Provide Forest Products

There is a range of strong proximate (or direct) drivers of change
in the ecosystems that produce wood, fuelwood, and non-wood
forest products. Some of these drivers are natural phenomena.
Almost all interact in complex and unpredictable ways with
human activities to influence the ability of wildlands, forests,
plantations, and agricultural systems to produce wood, fuelwood
and non-wood forest products.

Fire is the most immediate and dramatic agent of ecosystem
change, and is an important process in many forest systems. Fire-
affected forests have developed under characteristic fire regimes,
ranging from frequent, non-lethal ground fires to infrequent, le-
thal, stand-replacing events (Pyne et al. 1996). Traditional socie-
ties used fire extensively to encourage the growth of food plants,
to encourage new growth and attract animals for easier hunting,
to control insects and disease, and to develop defensible space
around villages (Pyne et al. 1996). Traditional forest management
techniques stemming from Europe, combined with the fear of
fire damage to wooden houses, fences, and settlements, and the
desire to prevent the loss of valuable trees, led to increasingly
effective fire prevention efforts in many forested areas, including
North America, Europe, and Australia. These efforts, which often
had the effect of removing fire as an ecosystem process, created
significant ecological changes in many fire-adapted forests (Cov-
ington and Moore 1994). One result has been increasing concerns
with forest health and the changing nature of wildfire, with
greatly increased incidence of uncharacteristically large, intense,
and severe fire events. These events, which may consume 5–20
times as much fuel as historical fires in these systems, can perma-
nently damage soils (Giovannini 1994), alter ecosystem recovery
rates (Cromack et al. 2000), create significant air pollution and
human health impacts (Neuenschwander and Sampson 2000), and
threaten significant population centers (NCWD 1994).

Both native and introduced diseases, fungal infections, and insects
are important disturbance agents in forest ecosystems as well, and
often these vectors interact with fire (Harvey 1994). While epi-
demics can occur in healthy forest ecosystems, most often in con-
nection with periods of climate stress, they occur more frequently
in forests where the vegetation is stressed and unhealthy due to
overcrowding, lack of moisture or nutrients, or the invasion of
ill-adapted species (NCWD 1994; Pyne et al. 1996). Large areas
of uniform, mature forests in the boreal zone are similarly suscep-
tible. Where trees have been killed by insect or disease epidemics,
they are much more susceptible to large, uncharacteristic wild-
fires. Conversely, large areas of fire-killed timber are open invita-
tions to insect epidemics that can then advance into adjoining
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unburned forests (Harvey 1994). These interrelated forest health
problems are made worse in areas where forest management (or
the lack of it) has created large, unbroken tracts of forest that lack
age, structural, or species diversity (Sampson and Adams 1994).

Extreme weather, such as strong winds and floods can also be
dramatic. Anthropogenic climate change is likely to exacerbate
such weather events and to bring about more widespread shifts in
the ecosystems that provide forest products (see MA Current State
and Trends, Chapter 14). Unnatural changes such as simplification
of ecosystems, dam building, and heavy pesticide use can exacer-
bate the natural forces described above.

Movements and migration of people, rising consumption of
natural resources and land, changing human values, urbanization,
and many other shifts in human behavior are having a huge impact
on forests, farming, and use of wood. In many parts of the world,
such as Southeast Asia and Africa, demographic change puts in-
creasing pressure on land where wood is available or being pro-
duced. In wealthy countries, such as the United States and Japan,
per capita demand for wood products continues to grow and al-
ready is many times greater than in poor countries.

Land and resource management practices are shifting as wood and
related products are derived more intensively, such as through
large-scale plantations of genetically cloned trees that grow faster
than their natural ancestors. Ownership is shifting as large forestry
enterprises continue to consolidate globally to achieve greater
competitiveness through economies of scale, and as governments
recognize traditional forest managers such as native peoples in
South America. Protest is common from farmers groups, environ-
mentalists, communities, and others over who owns and controls
forest resources. Where violent conflict between political or eth-
nic groups occurs in rural areas, it often plays out in remote forests
and woodlands. In several countries, governments and insurgent
forces have used revenue from timber to finance military activi-
ties.

All of these proximate drivers of change are influenced by a
range of underlying, interconnected processes; some of these and
their possible impacts are examined here.

Globalization has impacts through trade liberalization, which
changes the key centers of demand and production and enhances
competition. This tends to concentrate wood and fiber produc-
tion on intensive, controllable, and accessible land (though own-
ership of the land may be disputed by local communities) where
costs of production are lower. Fewer, larger companies increas-
ingly control a larger portion of wood and fiber production, proc-
essing, and trade. Products are increasingly standardized in form
and quality. Meanwhile there is globalization of knowledge and
advocacy about what is ‘‘good’’ or ‘‘responsible’’ production and
awareness of issues associated with wood.

Governments still own much forest land, but privatization of
forest resource ownership, fiber production, and forest manage-
ment services, such as third-party certification, are dominant
trends. This may improve the efficiency of production and the
quality of products, but it also can result in declining access to
resources for some of the world’s poorest people.

Decentralization of authority and responsibility to local govern-
ment, communities, and the private sector is common in many
parts of the world, including in large forest-rich countries such as
Indonesia and Brazil. This shifts power closer to the people most
affected by local resource use and might improve management
where local institutions are adequate and accountable.

Changing patterns of wood consumption are emerging along with
new technologies, fashions, and substitutes. Engineered and more
highly designed wood products are replacing simple solid wood,
resulting in lower resource intensity for some uses such as home
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construction. Nonetheless, fuelwood continues to be the major
source of energy for many poorer and rural families. The geogra-
phy of consumption is also shifting as huge new import markets
emerge in China and India, set to rival Europe and the United
States as sources of growing demand.

Technology is changing the way wood is produced, processed,
and used. Biotechnology is given increasing emphasis in commer-
cial plantations with cloned trees to standardize production and
quality and to increase growth rates. Much experimentation is
done to develop new generations of ‘‘super trees’’ using genetic
modification. These modified trees are being criticized by interest
groups concerned about possible environmental impacts. Wood
engineering is allowing the use of more species and smaller pieces
of wood in processing. Wood-fiber-gasifying energy generators
are also being developed and could one day produce large
amounts of renewable electricity using trees harvested from fast-
growing plantations.

Food production and processing have a large impact on forests and
wood production. The dynamics that affect food production in
turn affect the forest–farm interface geographically, economically,
and socially.

Stakeholder values and opinions are changing. Environmental
and social responsibility is increasingly mainstream and calls for
pro-people and pro-environment approaches are ever stronger.
There is also pressure for greater transparency of how forest and
forestland are administered and managed. Increasingly there are
expectations of multistakeholder approaches to decision-making
by governments and increased partnership with civil society by
business.

Yet governance systems that can manage forest stakeholder
values effectively and equitably are often weak where their need
is great. Where there is limited provision of social services, weak
justice systems, and slow economic growth, the interests of the
few come to dominate the many and there is little incentive for
the local population to be loyal to national government. In some
such contexts, violent conflicts have emerged.

8.1.2 Problems and Opportunities Created by the
Driving Forces of Change

Ecosystems and human well-being face a range of problems as a
result of the driving forces described above. The area of provi-
sioning ecosystems is declining due to deforestation, desertifica-
tion, and forest degradation. There is also declining quality of
ecosystems (productivity, diversity, standing stock quality, and
health support services), and increasing vulnerability of ecosys-
tems (increase in fires, climate change, and pathogens). Resource
extraction and management technologies for wood, fuelwood and
non-wood forest products can have impacts on biodiversity, water
quality, carbon storage, and cultural values.

Stakeholder equity problems are widespread. There is often
inequitable access to wood, fuelwood and non-wood forest prod-
ucts; poor sharing of costs and risks of production; and conflicts
and mistrust between stakeholders. Conservation efforts in some
places creates burdens for others; for example, China is currently
protecting its own natural forest and importing much wood from
Russia and Indonesia, which, given forest governance weaknesses
in those countries, leads to excessive and illegal harvesting.

Since many of the driving forces of change originate in proc-
esses beyond the forest sector (extra-sectoral), many of the prob-
lems in the use of forest products stem as much or more from
extra-sectoral policies and institutions—trade, structural adjust-
ment, poverty reduction, debt, agriculture, infrastructure, energy,
mining—than from processes and institutions within the forest
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sector itself. Such extra-sectoral policies and institutions often
override or undermine priorities negotiated by forest stake-
holders.

Further problems with the current policies and institutions
that constitute forest governance are abundant (WCFSD 1999;
IPF 1996). These include the following:
• Forest rights are often insufficiently well negotiated, estab-

lished, and legally and institutionally backed-up for effective
and equitable forest management.

• Policies and investment conditions sometimes create perverse
effects and make it impossible to tackle problems and realize
opportunities associated with changing driving forces. Else-
where policy ‘‘inflation’’ has occurred—with an excess of in-
ternational precepts and lack of real capacity and mechanisms
to deliver local benefits.

• Decentralization is often incomplete and coordination of in-
stitutional roles insufficient to support effective and equitable
forest management.

• Smaller forest enterprises, fuelwood-dependent stakeholders,
and users and managers of non-wood forest products, many
very poor, are often ‘‘invisible’’ to policy processes (their val-
ues and forest management practices are ignored or misunder-
stood).

• Information about specific wood-producing ecosystems—
including their location, extent, capability, and vulnerabil-
ity—is inadequate, and forest research capabilities are weak.

• Corruption and weak regulation or enforcement lead to poor
forest management in some places.
In addition, there are problems linked with the markets. Many

pro-sustainability approaches are unviable financially. Viable ap-
proaches are not always socially and environmentally responsible
and market prices often do not reflect social and environmental
values, a situation worsened by competition between producers.

Despite these potential problems, there are also opportunities
arising from anthropogenic driving forces. Technology allowing
concentration of fiber and fuel production on small areas of land
has the potential to release other areas for environmental and live-
lihood purposes, though this depends heavily on other factors.
There is potential for cash-poor producers to access high-value
markets as market information improves. There is greater trans-
parency to forest resource information and strengthening of
government-led reporting such as through the various criteria and
indicators processes. Knowledge of sustainable practices is now
being shared more easily among groups and nations. Decentraliza-
tion offers opportunities to match wood production with local
livelihood needs and constraints.

8.2 Overview and Selection of Responses
In the past, governments made the majority of responses to the
issues summarized above through laws and regulations covering
the ownership, management, and use of forests; the harvesting,
transport, and trade of forest products; and the extraction and use
of income from public lands. These responses were designed to
shift the balance between public and private benefits toward the
public end of the spectrum (for example, environmental services
for public benefits, rather than wood production for private ends).

In the last three decades, a richer range of responses has
emerged that spans a spectrum from ‘‘pure’’ public regulation to
‘‘pure’’ private, voluntary approaches. Across this spectrum,
market-based approaches have emerged to allocate costs and ben-
efits. Some nongovernmental responses, such as voluntary forest
certification, are proving to be just as effective as state regulations.
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Some approaches described here as ‘‘responses’’ are explicit policy
instruments and intervention programs; others can be better seen
as ‘‘spontaneous’’ local reactions and social movements.

Not all responses to change in the ecosystems that produce
wood, fuelwood, and non-wood forest products are assessed here.
Rather, fifteen responses have been selected for investigation on
the basis of the following criteria: whether the response attempts
to address a major problem or opportunity; whether it evokes
political interest or contention; whether a major investment has
been made in it; and whether there are strong indications of posi-
tive impact. The response options fall into the following four
main types:
• Multistakeholder and extra-sectoral policy processes. These include

international forest policy processes and development assis-
tance; trade liberalization; and national forest governance ini-
tiatives and national forest programs.

• Rights to land and resource management. These include direct
management of forests by indigenous peoples; collaborative
forest management and local movements for access and use of
forest products; small-scale private and public-private owner-
ship and management of forests; and company–community
forestry partnerships.

• Demand-side, market-driven, and/or technological responses. These
include public and consumer action; third-party voluntary
forest certification; wood technology; and commercialization
of non-wood forest products.

• Land management institutions, investment, and incentives. These
include natural forest management in the tropics; forest plan-
tation management; fuelwood management; and carbon man-
agement.
The following sections assess the various response options in

terms of their impact on ecosystem health and human well-being;
the final section summarizes lessons learned.

Truly extra-sectoral responses, which have clearly improved
impacts of forest product use on ecosystem health and human
well-being in mind, are rare. Trade is one arena in which such
responses are visible and these are discussed below, with some
additional examples given in Chapter 15. Most of the responses
discussed have an extra-sectoral dimension—relying on engage-
ment with driving forces beyond the forest sector—and should be
judged in part by their effectiveness in this.

A number of other important options are not addressed here.
For example, importing wood is an option for an individual coun-
try that cannot produce wood cost-effectively. This shifts any
ecosystem problems to another country, but is positive if compar-
ative advantage can be realized. Producing substitutes for wood
products (such as metals, plastics, concrete, and non-wood fibers)
results in a different set of ecosystem issues (often agricultural, as
in the case of non-wood fiber); the major drawback is that many
substitutes may neither invest in renewable resources (the bulk of
plastics manufacture is petroleum-dependent) nor exhibit the
same degree of concern for ecosystem services that the various
wood-producing sectors are increasingly doing. These alternatives
are also often more energy and water intensive than wood (Hair
et al. 1996; Koch 1991; Meil 1994).

Some key responses are omitted here because they are covered
in other chapters (for example, protected areas, which are covered
in Chapters 5 and 15). Some new ‘‘paradigms’’ gaining significant
currency, such as ecosystem approaches and landscape restoration,
are not included because their impacts have yet to become clear.
Single powerful institutional frameworks, such as the World
Bank’s forest strategy and policy, are not covered directly but are
treated indirectly where their influence is strong. Other key are-
nas of problem and opportunity in forest product impacts on
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ecosystem health and human well-being seem to lack major re-
sponses. For example, concerted initiatives to address these links
from the standpoint of forestry labor are difficult to identify.

Implementation of the full set of responses assessed here is not
the norm in the forest sector. Indeed some places demonstrate
hardly any of these responses. Nevertheless, each of the selected
responses has substantial and generally growing significance glob-
ally for the way wood, fuelwood, and non-wood forest products
are developed and used.

8.3 Multistakeholder and Extra-sectoral Policy
Processes

8.3.1 International Forest Policy Processes and
Development Assistance

A host of international processes and initiatives engage with forest
issues. Many are intergovernmental, some are civil society ap-
proaches, and others are driven by the private sector. They can be
clustered in four groups: forest, environment, trade, and develop-
ment policy.

8.3.1.1 Forest Processes

The core international policy process on forests includes the de-
bate, negotiations, and decisions stretching from the 1992 Rio
Earth Summit to the current United Nations Forum on Forests.
UNFF’s objective is to promote the management, conservation,
and sustainable development of all types of forests and to
strengthen the long-term political commitment to this end. It has
been catalytic in developing a number of distinct forestry response
options, which are considered elsewhere in this chapter. It has
achieved the following (Bass 2003; Sizer 1994):
• kept forests on the international agenda, especially in the con-

text of sustainable development;
• provided opportunities for collaboration and lesson learning at

inter-sessional meetings on a wide range of technical and some
cross-cutting issues;

• promoted consensus around a set of U.N. Forest Principles
and identified 20 main voluntary ‘‘Proposals for Action’’ (in-
corporating a total of 270 detailed proposals that some coun-
tries find hard to interpret and thus implement);

• helped define and give legitimacy to country-led national for-
est programs as the main means to implement the Proposals
for Action;

• developed sets of criteria and indicators for sustainable forest
management that have provided a common language that has
brought stakeholders closer together, but allowed national and
local differences in interpretation. These have influenced the
development of voluntary forest certification;

• sought to improve collaboration and coordination with other
policy processes and international organizations under the
Collaborative Partnership on Forests; and

• promoted NGO involvement in U.N. processes.
However, UNFF also has weaknesses. To date, it has:

• failed to reach agreement on the voluntary monitoring of im-
plementation in ways that could provide evidence of direct
impact;

• remained very sectoral, and has struggled to make any signifi-
cant progress on key cross-cutting issues (finance, trade and
environment, technology transfer).

• failed to achieve a consensus on the nature and justification
for a legally binding instrument but will continue to absorb
time and energy in an attempt to do so; and
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• remained excessively dominated by governments, despite
pioneering NGO involvement within U.N. processes estab-
lishing a multistakeholder dialogue and the Collaborative
Partnership on Forests.

8.3.1.2 Environment Process

Of the key environment processes and initiatives, the Convention
on Biological Diversity, the United Nations Framework Conven-
tion on Climate Change, and the Global Environment Facility
have been most influential to date. The United Nations Conven-
tion to Combat Desertification is starting to have an impact
through national action programs. The main impact of the CBD
has been the development of national biodiversity strategies and
action plans; its revised work program on forest biodiversity has
potential, but its ambition far exceeds the resources available for
its implementation. CBD’s benefit sharing objective has been of
great interest to many developing countries, but it has generated
difficult debates about intellectual property rights and trade that
go well beyond biodiversity. UNFCCC introduces the subject of
markets for environmental services. The wide array of experi-
ments to test market approaches for provision of watershed
services, biodiversity, and carbon are creating a body of under-
standing that is reaching an ever-wider audience.

8.3.1.3 Trade

The International Tropical Timber Organization is a unique
commodity agreement that balances concern for improving trade
with conserving the resource base on which trade depends. It has
been effective in its purpose of facilitating discussion and interna-
tional cooperation on the international trade and utilization of
tropical timber and the sustainable management of tropical forests
(Poore 2003). ITTO has achieved the following:
• It was influential in the 1980s and early 1990s when it was

effectively the only intergovernmental forum on forest issues.
• It captured public and political attention with its assessment of

the sustainability of tropical forest management.
• It made a significant contribution to the concept of criteria

and indicators.
• It developed a series of guidelines on management practices

that has been well used.
• It has the potential to contribute to the development of trade

in marketable environmental services of tropical forests.
Concern with forest law enforcement, governance and trade

gathered pace in the late 1990s, when the scale and impacts of
illegal logging, and the power of some forest industries to run
amok, became better understood. The Group of 8 and other in-
ternational forums took up the issue. The forest law enforcement,
governance, and trade initiatives now under way address the gov-
ernance, policy, and market failures that cause and sustain illegal
logging and associated trade. The FLEGT processes took advan-
tage of the political space created by an East Asia Ministerial Con-
ference and the African ministerial process (where exporting
countries spoke with a frankness not heard before, and importing
countries acknowledged their role in sustaining demand for ille-
gally logged timber). In addition to East Asia, FLEGT processes
are also under way to varying degrees in Europe and Africa.

New multistakeholder regional initiatives are also emerging
that hold promise to better address governance and enforcement
issues. These include the Asia Forests Partnership (Sizer 2004). It
is too early to assess the utility of these approaches.

As these processes evolve, they are more likely to need to
grapple with more aspects of governance (Colchester et al, 2004).
National forest programs are potentially the ideal integrating
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framework at national level. Internationally, interventions are
likely to be needed from agencies previously little linked to forest
issues—for example, the United Nations Security Council being
called upon to take action on conflict timber.

8.3.1.4 Development

International development assistance for forestry has passed
through four different phases, with considerable overlap, over the
last 40 years: industrial forestry, social forestry, environmental for-
estry, and sustainable management of natural resources. Recently
forestry assistance entered a fifth phase, framed by the new pov-
erty agenda that emerged from ideas about how to reduce poverty
based on providing opportunity (growth), empowerment, and se-
curity. Forestry assistance now links the United Nations Millen-
nium Development Goals, with poverty reduction foremost
among these, with a set of mechanisms and instruments for de-
livering aid that includes poverty reduction strategy papers,
medium-term expenditure frameworks, sector-wide approaches,
and direct budgetary support. The development community is
still adjusting to these new changes. There has been a distinct
move away from discrete sectoral projects and a sharp decline in
related funding from the peaks reached during the early 1990s.

This decline has been particularly marked in rural develop-
ment and within forestry. Poverty reduction strategies involve po-
litical choices. Where a national consensus is hard to reach and
where urban biases exist, the voices of the rural poor are heard
less distinctly. SWAPs favor social sectors where it is public expen-
diture that largely determines outcomes and where institutional
relationships are manageable. Productive sectors and crosscutting
themes like forestry do not sit comfortably with the SWAP
model. Direct budgetary support places responsibility for choice
of development strategy and sectoral allocation of resources in the
hands of developing countries themselves.

Response options within the new poverty agenda must dem-
onstrate that they contribute to growth (including reduced vul-
nerability), empowerment, and security. This will take many
forms, including:
• helping to understand and express how forest-related inter-

ventions can be supportive of wider policy objectives;
• supporting institutional change in public sector organizations

in ways that contribute to wider social and economic goals;
• scaling up community forestry as part of wider livelihood

strategies, in ways that stress political and legal change as much
as local forest management arrangements;

• helping community–company partnerships respond to market
opportunities; and

• working with a range of partners to tackle illegal logging and
associated trade.

8.3.1.5 Policy Challenges

Much critical intergovernmental policy work within the sector
has been done. Short-term priorities are reaching agreement on
how countries should monitor, assess, and report on forests and
reaching a conclusion on a legally binding instrument. More at-
tention should now be focused on policy implementation at the
regional, eco-regional, and national levels. It is easier for countries
to identify issues of common interest at the regional and eco-
regional levels; in many cases, institutions or processes are avail-
able that can be used.

More attention is needed in the integration of agreed forest
management principles and practices in multilateral financial insti-
tutions, trade rules, and the Global Environment Facility. The
U.N. Security Council should play its part in curbing trade in
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conflict timber. National policy (and the interpretation and im-
plementation of international policy at the national level) will be
increasingly influenced by these and other extra-sectoral policy
and planning frameworks. Forest sector frameworks will have to
adjust, to more directly serve these wider goals, or their influence
will diminish.

8.3.2 Trade Liberalization

Trade in forest products is growing rapidly, involves every coun-
try in the world, and is worth about US$330 billion annually.
Conventional trade theory predicts economic benefits to both
trading partners, which is broadly observed in forest product trade
(Sedjo and Simpson 1999; USTR 1999). Three problems compli-
cate matters: unanticipated levels of benefits and costs due to mar-
ket imperfections; inequitable distribution of those benefits and
costs; and disputed values ascribed to different types of benefits
and costs, especially between market and non-market values
(World Bank 2002; IIED 2003). Different interest groups per-
ceive the relative importance of these problems differently, and
consequently promote different initiatives to solve them.

8.3.2.1 Initiatives to Influence Forest Products Trade

Trade liberalization is the dominant economic paradigm; how-
ever, when non-tariff measures and effects of subsidies are taken
into account, the net trend internationally is probably slightly
toward increased protection rather than liberalization (Rice et al.
2000; Bourke 2003). In addition to forest products trade policy,
and macroeconomic policies affecting interest rates, stability, and
risk, significant effects are created by other policies. Logging bans
displace logging problems to other locations and countries rather
than solving problems (Brown et al. 2002). Forest tenure is af-
fected by privatization, and decentralization measures are creating
new trade players (White and Martin 2002). Sectors competing
for inputs or land dictate whether there are any forest products to
trade. Policies that support large-scale agriculture have had partic-
ularly significant effects (Hyde forthcoming).

There are more than a hundred regional agreements that affect
forest trade in some way (IIED 2003). Regional trade agreements
are the most prominent of these, including Asia-Pacific Economic
Cooperation, the North American Free Trade Agreement, and
the European Union. Regional mechanisms to control illegality
in forest trade have also begun to receive support and provide
platforms upon which to develop new ideas (see earlier discus-
sion). Internationally, influence over trade is dominated by the
World Trade Organization negotiations, which have not installed
pro-forest principles and clarified forest trade uncertainties. Other
international agreements influencing forest trade include those on
forestry, climate change, trade in endangered species, biodiversity
conservation, core labor standards, guidelines for multinational
enterprises, and combating bribery.

Voluntary initiatives (demand-side processes such as certi-
fication and labeling, supply chain management and product
campaigns; and supply-side initiatives such as environmental
management systems, investment guidelines, and corporate citi-
zenship) have made significant headway in recent years but their
influence on trade is still relatively small.

8.3.2.2 Impacts

Trade liberalization and initiatives to influence its course in the
forest sector have produced several strong trends:
• increasing consumption and production, and increasing trade

as a percentage of production. These trends are particularly
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pronounced in developed countries and for highly processed
products;

• a continuing strong segregation of trade into regional trade
flows (Wardle and Michie 2001; Rytkonen 2003); and

• a transition of tropical countries from net exporters to net
importers of wood (IIED 2003).
In terms of the maturity of markets, trade with regions in the

early stages of market development increases unsustainable har-
vesting from open access and mature natural forests. It is only at
the mature stage of market development that good forestry prac-
tice becomes economically attractive in comparison with agricul-
tural land values and the cost of protecting property rights (Hyde
forthcoming).

For most developing markets, existing regulatory capacity is
too weak to control external demands on the resource, and trade
liberalization is likely to result in an increase in unregulated log-
ging (Sizer et al 1999). Where windfall resource rents occur, pub-
lic sector corruption is often rife (Ross 2001; Wunder 2003).
However, there is strong evidence that, where there is strong reg-
ulatory and institutional backup, reducing trade restrictions re-
duces public sector corruption (Richards et al. 2003). In some
situations, trade liberalization may not bring about a real reduc-
tion in corruption, merely a change in the pattern of winners and
losers.

Trade liberalization is usually promoted within a package of
measures, and its impact depends on what else is in the package,
such as state downsizing, decentralization, deregulation, privatiza-
tion, concession bidding and forest taxation, and the capacity and
will of the government to implement it. The way in which trade
policies interact with these changes determines whether they im-
prove or reduce policy and institutional capability for sound forest
management (Seymour and Dubash 2000; Tockman 2001).

Recent analysis has concluded that the impacts on policies and
institutions of trade liberalization are positive where there are ro-
bust policies and institutions (a virtuous cycle) and negative where
they are weak (a vicious cycle). Trade appears to be a magnifier
of existing policy and institutional strengths and weaknesses rather
than a major driver of change (Anderson and Blackhurst 1992;
Ross 2001; IIED 2003).

The forest products sector is less concentrated than many
other industrial sectors, although in developing countries concen-
tration is much more marked. There is a clear trend toward
greater involvement of transnational companies in the sector, par-
ticularly for pulp and paper products, but their importance varies.
Transnational companies have played a major role in the exports
of tropical timber in West and Central Africa, and Southeast Asia,
but in countries such as Brazil and the Philippines, they have not
been a major factor driving development of the sector (ITTO
2002). Transnational companies may generate wealth through
trade, which may provide the basis for improved policy and insti-
tutional frameworks in the forest sector (Young and Prochnik
2004). On the other hand, there is a tendency for more exploit-
ative transnational companies to target weaker governance struc-
tures (Sizer and Plouvier 2000).

8.3.2.3 Policy Challenges

A range of policy and practice measures have been identified as
priorities for improving the impact of trade on forest management
(IIED 2003), including:
• revise distorted agricultural trade policies and improve re-

gional development policies (this will have greater beneficial
impacts on forestry practice than changes in forest or forest
trade policies);
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• improve engagement of ‘‘underpowered’’ groups in trade pol-
icy decision-making;

• ensure that institutional strengthening occurs before trade lib-
eralization;

• require cost internalization as well as liberalization, and con-
sider the case for protection to achieve the social component
of sustainability;

• link trade to improved property rights;
• install policies for equitable and efficient allocation of forest

land;
• develop graded incentives for value-added processing that are

more closely linked to sustainable forest management;
• prevent tariff escalation on processed products; and
• promote foreign direct investment in responsible forest busi-

ness.
The most effective way to improve the beneficial impacts of

trade is to link trade liberalization to improved, impartially ad-
ministered property rights—either nationally through decentral-
ization or locally through the empowerment of local and
community institutions (IIED 2003).

8.3.3 National Forest Governance Initiatives and
National Forest Programs

The United Nations Food and Agriculture Organization estimates
that about 190 countries are currently involved in national forest
planning of various kinds. There have been two main sources of
multistakeholder policy reform processes in recent times: re-
sponses to pressure from local levels and responses to international
opportunity or to international soft law.

8.3.3.1 National Governance Reform Initiatives Affecting
Forests

Significant policy change with many stakeholders involved has
emerged from initiatives to support participatory forestry at the
local level. Since the early 1970s, many projects have been based,
often with donor support, on the notion that local people should
be able to participate more in forestry development. The best of
these projects subsequently resulted in increased local responsibil-
ity for forest resources, improved local rights, increased bargaining
power of local actors at the national level, and multistakeholder
policy reform as other actors recognized the imperative for it and
came to the negotiating table. The greatest positive effects were
probably felt in countries of low forest cover such as Nepal and
Tanzania, where, as the capacity of local people to manage forests
was given greater policy support, the condition of the resource
also improved (Brown et al. 2002).

In Europe and North America, experience has been different.
Reform has also been generally stimulated by business and envi-
ronmental agendas. Differences in national government styles and
cultures, and in the strength of business and civil society net-
works, have produced a wide range of national forest planning
processes.

Translation to the national level of opportunities and agree-
ments stemming from international policy dialogue has stimulated
various approaches to forestry reform (Mayers and Bass 2004).
These include the following:
• National Forestry Action Plans. National forestry action plans

called for by the international Tropical Forests Action Plan
were launched by FAO, UNEP, the World Bank, and the
World Resources Institute in 1985. Never before had there
been such multi-country attention aimed at benefiting tropical
forests. Many donors and larger NGOs supported the initia-
tive and at one point more than one hundred countries were
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implementing or developing national forestry action plans
within the framework of TFAP. The TFAP could be charac-
terized as a top-down, quick but comprehensive fix to the
perceived tropical forest crisis, the perception being promoted
by NGO and media concern about ‘‘deforestation.’’ TFAP set
a ‘‘standard’’ for a balanced forest sector for the next decade
and defined a new liturgy for forestry aid planning. But in
practice it resulted in fewer improvements than had been
hoped. TFAP was not able to challenge the inequities and
perverse policies that underlay deforestation, and then to build
the necessary trust between governments, NGOs, local peo-
ple, and the private sector. Its standardization within a global
framework and the exigencies of the aid system that supported
it meant that the TFAP did not adequately recognize diverse
local perceptions, values, capacities, and needs. Because of
such weak links between causes of problems and identified
desired impacts (a persistent problem in the forestry context),
TFAP in effect contained few measures that could be reason-
ably expected to achieve its objective of reducing deforesta-
tion (Shiva 1987; Sizer 1994).

• Forestry Master Plans. Forestry master plans were led mainly by
the Asian Development Bank (with Finland as a frequent co-
donor) and consisted of extensive studies of all parts of the
sector. The studies were not very participatory nature, and
they constituted the basis for a forest policy and investment
plan principally directed at commercial functions. Agreement
was reached with TFAP that a country could be involved with
TFAP or forestry master plans but not both. The countries
that used forestry master plans included Sri Lanka, Nepal,
Bangladesh, the Philippines, Thailand, Pakistan, and Bhutan.

• Forestry Sector Reviews. Forestry sector reviews were required
by the World Bank in a range of countries to qualify for sec-
toral support. Their format was similar to that of the forestry
master plans. Countries that developed forestry sector reviews
included Kenya, Malawi, and Zimbabwe. The long lists of
policy prescriptions contained in forestry sector reviews were
largely ignored once support had come and gone.

• National Environmental Action Plans. National environmental
action plans were undertaken from the mid 1970s to the early
1990s at the behest of the World Bank; in some countries,
they overlapped with forestry sector reviews. They were ef-
fectively a form of conditionality and today have been eclipsed
by comprehensive development frameworks and poverty re-
duction strategy papers.

• National Conservation Strategies. National conservation strate-
gies were popular in the 1970s and early 1990s when about
100 countries prepared them, many with technical support
from IUCN and some showing creativity in both multistake-
holder processes and practical linkage of environment and de-
velopment. While many fell by the wayside, a few (such as the
Pakistan National Conservation Strategy) are now providing a
valuable platform for addressing economic growth and pov-
erty alleviation.
Several initiatives stem from the UNCED 1992 multilateral

environmental agreements and have a mixed record in influenc-
ing national forestry planning, including the following (OECD
and UNDP 2002):
• National Biodiversity Strategies and Action Plans. National bio-

diversity strategies and action plans were stimulated by the
requirements of the 1992 Convention on Biological Diversity.
About 70 countries have completed them, some supported by
the GEF. They often lack analysis of forestry’s use of biodiver-
sity as well as integration with other plans and strategies. A
few highly participatory NBSAPs have considerable momen-
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tum and potential impact on forestry decision-making, for ex-
ample in India and Guyana.

• National Action Programs. National action programs to combat
desertification were a response to the 1994 Convention to
Combat Desertification. Many dryland countries have devel-
oped NAPs, with 50 of them receiving funding from UNDP’s
Office to Combat Desertification and Drought. A few na-
tional action plans have analyzed and stimulated actions in for-
estry. They vary greatly but have tended to be developed by
ministries of environment with only weak links to key proc-
esses such as decentralization and land reform that may have
major effects on land use and desertification.

• National Communications. Annex 1 parties to the UNFCCC
must submit periodic national communications to the
UNFCCC Secretariat reporting on their actions to address
climate change. By April 2003, some 100 developing coun-
tries had submitted such reports, with only a few covering
carbon source and sink dimensions of forests.
Despite their best endeavors, the net effect of the multilateral

environmental agreements is at best to provide a source of ideas
to national-level debate about forests. They do not provide an
integrated legal regime that views forests, and those that depend
on them, in a holistic way. Countries both poor and wealthy are
thus generally able to escape from their commitments. Two inte-
grating frameworks currently holding sway in international de-
bates aim to have more power at the national level:
• National Sustainable Development Strategies. National sustainable

development strategies are to be adopted by all governments
following the 1992 Earth Summit. The 2000 Millennium De-
velopment Goals were signed by 147 heads of state, accompa-
nied by targets, including to ‘‘integrate the principles of
sustainable development into country policies and programs
and reverse the loss of environmental resources.’’ There are
few national sustainable development strategies, although the
recent development of guidance and lessons for practitioners
(OECD and UNDP 2002) may stimulate more.

• Poverty reduction strategies. Poverty reduction strategies were
initially required by the IMF and World Bank as a basis for
access to debt relief in highly-indebted poor countries. Pov-
erty reduction strategy papers have been required by all coun-
tries supported by the International Development Association
since July 2002. Interim poverty reduction strategy papers
(I-PRSPs) are road maps to full PRSPs. As of April 2003, 26
full PRSPs and 45 I-PRSPs had been prepared. Bilateral do-
nors are also increasingly subscribing to poverty reduction
strategies and they have thus emerged as a central determinant
of the development agenda in many countries. The recogni-
tion of forests as a development asset has so far been limited in
many poverty reduction strategies. Of the 11 PRSPs and 25
I-PRSPs in sub-Saharan Africa, 74% touched on forestry is-
sues but almost none were convincing about forests–poverty
links and forests’ future potential (Oksanen and Mersmann
2002).

8.3.3.2 National Forest Programs

National forest programs are now being strongly promoted on the
understanding that they follow a country-led approach, rather
than an international program or precept in the style of the TFAP
(UNFF 2002; FAO 2004). The notion of NFPs was developed
by the international Forestry Advisers Group (an informal group
of aid agency forestry advisers), adopted by FAO (FAO 1996),
then endorsed by the Intergovernmental Panel on Forests (Six-
Country Initiative 1999).
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All countries that have taken part in U.N. forest policy dia-
logues have adopted the requirement for a national forest pro-
gram. It is consensus-based soft international law. Agenda 21, the
UNCED action plan (UNCED 1992), invited all countries to
prepare and implement national forest programs and stressed the
need to integrate these activities within a global, inter-sectoral,
and participatory framework.

The post-UNCED intergovernmental negotiations on forests
stress the role of NFPs, and the current United Nations Forum
on Forests action plan commits countries to pursuing NFPs
(UNFF 2002). Regional approaches to pushing NFPs are also be-
ginning in Europe (MCPFE 2002). Meanwhile the European
Union requires countries to have NFPs or their equivalent in
order to receive forest subsidies (Glück et al. 2003). The NFP
concept currently promoted at the international level (FAO 2004;
World Bank 2002) puts particular emphasis on the following:
• multistakeholder involvement in forest decision making;
• means for cooperation, coordination, and partnership;
• secure access and use rights;
• research and traditional knowledge;
• forest information systems;
• study and policies on underlying causes of deforestation/

degradation;
• integrating conservation and sustainable use, with provisions

for environmentally sensitive forests, and for addressing low
forest cover;

• codes of conduct for the private sector; and
• monitoring, evaluating, and reporting on NFPs.

Although there is probably no example of a contemporary
NFP that has achieved optimal systems for all of the above, Ma-
lawi, Uganda, Brazil, Costa Rica, Vietnam, India, Finland, Ger-
many, and Australia are leading the way (Bird 2002; Humphreys
2004; Mayers et al. 2001; Savenije 2000; Thornber et al. 2001).
However, it is too early to see significant results. Many NFPs
were judged to be ‘‘stalled,’’ due to lack of institutional, human,
and financial capacity, as well as lack of adequate policies, poor
institutional co-ordination, and deficient mechanisms for public
participation (FAO 2004). Widespread agreement on the need for
‘‘country-driven, holistic’’ processes is not matched with imple-
mentation.

If NFPs are to succeed, they need to avoid the mistakes of
many NFAPs, FMPs, FSRs and the like that remained exercises
on paper only. They failed to catalyze the detailed actions ex-
pected of them, in general because they failed to engage with
political and economic reality to show not only what needs to
change, but also how it can change, and how such change can be
sustained.

8.3.3.3 Policy Challenges
Experience suggests that the best hope lies in developing local
processes and systems that bring together the best that exists locally,
and filling gaps where needed with the help of international
thinking (Mayers et al. 2001; OECD and UNDP 2002). These
processes include the following:
• political processes that install and maintain forestry’s potential

and NFP priorities at a high level, and provide the means to
revise policies;

• participation systems that enable equitable identification and
involvement of stakeholders, including previously marginal-
ized groups, and create space and responsiveness for negotiat-
ing, vision, roles, objectives, and partnerships;

• local-benefit ‘‘screening’’ processes that ensure that the forest sec-
tor keeps working to optimize its contributions to poverty-
reduction and local livelihoods;
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• information and communication systems that generate, make ac-
cessible, and use interdisciplinary research and analysis; form
clear baselines; and get plans well communicated with strong
‘‘stories’’;

• monitoring systems that can pick up and communicate the key
changes in forests and human well-being;

• financial systems that generate and manage adequate resources
and ensure investment conditions, internalize externalities,
and promote cost-efficiency;

• human resource development systems that promote equity and
efficiency in building social and human capital, with an em-
phasis on holding on to tacit knowledge and promoting inno-
vation;

• extra-sectoral engagement processes that put synergies and poten-
tial conflicts with other sectors and macro-plans at the heart
of thinking and action; and

• planning and process management systems that demonstrate effi-
ciency (strategic, not overly comprehensive actions with real-
istic timeframes), transparency, accountability, and therefore
legitimacy in decision-making.

8.4 Rights to Land and Resource Management

8.4.1 Direct Management of Forests by Indigenous
Peoples

Direct management of forests by indigenous and traditional peo-
ples occurs in its purest form in two utterly different institutional
contexts: where states exercise little or no effective control over
territory, creating space for autonomous management of forest
resources, or where a highly sophisticated state with an indige-
nous population acknowledges significant sovereignty to native
polities. Canada and New Zealand, and to a lesser extent Australia
and the United States, are examples of the latter. The former sce-
nario is almost exclusively restricted to the tropical world. Most
indigenous peoples inhabit a more ambiguous political and insti-
tutional landscape, where land tenure can be restricted to usu-
fruct, conceded but heavily regulated, or denied altogether. Even
where sovereignty is formally conceded to indigenous peoples,
such as in Canada, its recognition in practice may be weak
(Colchester 2004). In these contexts, complex interactions with
governments and a surrounding non-indigenous civil society de-
termine natural resource management, including management of
forests (Redford and Mansour 1997).

8.4.1.1 Impacts of Forest Management by Indigenous Peoples

The processes of colonization and globalization have affected in-
digenous peoples for centuries, and provoked major changes for
most of them, with transitions from permanent to shifting agricul-
ture and back again, geographical displacement, rapid modifica-
tions in trading patterns, and economic articulation with the
outside world. This universal historical experience is contrary to
the many mythic representations of indigenous expertise in natu-
ral resource management as linked to very longstanding occupa-
tion of a particular natural environment.

The defining characteristics of natural resource management
by indigenous peoples across cultures are flexibility, versatility,
adaptability to change, and heavy investment in the training of
resource management specialists with broad expertise. Indigenous
natural resource management tends to be geared toward broadly
based livelihoods composed of the simultaneous exploitation of
multiple ecological niches and processes. Its defining characteristic
is the ability to adapt effectively to the many externally forced
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changes of habitat and economy that history has imposed upon
indigenous peoples.

For forests, this has usually involved a paradoxical combina-
tion of intensive but diffuse management—intensive in the sense
that a wide variety of ecological processes in forests (succession,
species composition, forest structure) are heavily manipulated by
indigenous peoples, but diffuse in the sense that this manipulation
is so geographically widespread that it often becomes difficult to
draw the boundary between anthropogenic and natural forests.
This has two common consequences: a mimicking of natural
processes through cultural means, which underlies the greater in-
tegrity and functionality of forests in indigenous areas, and diffi-
culty in handling specialization and intensification. This has
become a perennial problem in sustainable development projects
involving forest management or natural resource management in
general in indigenous areas.

Indigenous control of traditional homelands is often presented
as having environmental benefits by indigenous peoples and their
supporters, although the dominant justification continues, rightly,
to be based on human and cultural rights. While little systematic
data yet exists, preliminary findings on vegetation cover and forest
fragmentation from the Brazilian Amazon, where this work is
most advanced, suggests that the creation of an indigenous area is
at least as effective a protection strategy as the creation of a strict-
use protected area.

However, many well-documented examples exist of local ex-
haustion of a particular natural resource in indigenous areas, for a
variety of reasons (Robinson and Bennett 2000). The conquest of
land and usufruct rights and expansion of indigenous areas systems
is often followed by population increases and greater pressure on
natural resources, at least in the short term. The very consoli-
dation of cultural autonomy and a legal and property regime
inherent in a successful indigenous claim to land opens up the
possibility of new arrangements, such as leases, concessions, and
compensation payments, whose net effect is to reduce direct natu-
ral resource management by indigenous peoples, or render it con-
troversial.

8.4.1.2 Policy Challenges
There are many documented examples of successful environmen-
tal management in individual indigenous areas, either directly or
in some form of shared management in which indigenous repre-
sentatives have a significant say. Nevertheless, the non-indigenous
institutions with technical expertise in natural resource manage-
ment, both governmental and non-governmental, have generally
failed to devote the same attention to the development of applied
knowledge and methodologies for indigenous areas as they have
to national parks.

Indigenous organizations across the world are often poorly
informed about technologies and techniques that are routine for
other resource management agencies—remote sensing, satellite
imagery, zoning, monitoring, and formal management plans—
that may have potential for reinforcing natural resource manage-
ment in indigenous areas. In their absence, there is a shortage of
quality field data to inform policy, a demand increasingly heard
from indigenous organizations themselves.

Culturally appropriate and technically sound cooperation be-
tween indigenous and non-indigenous organizations to reinforce
natural resource management on indigenous lands is rare; achiev-
ing it should be a concern for governments and civil society alike.

8.4.2 Devolution and Local Forest Management and
Local Movements for Access and Use of Forest
Products
Governments and donor projects have developed diverse institu-
tional arrangements to provide rural people more formal rights to
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forests and their management. Millions of the rural poor have
participated in local forest management policies and programs
during the last two decades. The results have been mixed. Most
arrangements have maintained and even extended central govern-
ment control (Sundar 2001; Fisher 1999; Malla 2000; Balad and
Platteau 1996; Edmunds and Wollenberg 2003; Shackleton et al.
2002). While local people generally have better legal access to
forests and some have higher incomes, many have also suffered
negative trade-offs (Sarin 2003). Forestry has not often been the
best entry point for integrated resource management and rural
development. Local people have usually not shown a consistent
interest in forest conservation (Shackleton and Campbell 2001).

Triggered by these experiences and the increasing complexity
of demands from different interest groups, local forest manage-
ment policies are shifting. They increasingly involve not only col-
laborative management arrangements between a local group and
the government, but a range of stakeholders and acknowledge-
ment of overlapping systems of management and diverse interests.
There is more emphasis on facilitating decisions through nego-
tiation. There is also increasing recognition of the need for
frameworks that better emphasize local peoples’ rights to self-
determination and enable more effective representation of the
rural poor in negotiations. The rural poor and their federations
and advocates are bringing a new sophistication to negotiations
and increased demands for their voices to be heard (Singh 2002;
Britt 1998; Colchester et al. 2003).

8.4.2.1 Scope and Scale of Local Forest Management Policies

Local forest management programs now occur around the globe.
In India, more than 63,000 groups have enrolled in joint forest
management programs to regenerate 14 million hectares. In
Nepal, 9,000 forest user groups are trying to regenerate 700,000
hectares of forest. In Brazil, farmers participate in managing 2.2
million hectares as extractive reserves. Half the districts in Zim-
babwe have CAMPFIRE (Communal Area Management Pro-
gramme for Indigenous Resources) schemes. More than half of
the natural forest in the Gambia (17,000 hectares) is under com-
munity forest management. The programs generally have resulted
in significant levels of improved resource management and have
improved access of the rural poor to forest resources, but have
fallen short in their potential to benefit the poor (Upreti 2001).

The institutional arrangements of the different approaches to
local management have strongly influenced how policies affect
local people. Formal arrangements include corporate, legal orga-
nizations composed of rights holders (such as rubber tappers’ or-
ganizations in Brazil, ejidos in Mexico, trusts in Botswana,
conservancies in Namibia, and communal property associations
in Makuleke, South Africa). There are also village committees
facilitated by government departments, such as the village natural
resource management committees in Malawi, and forest protec-
tion committees in India. The Gambia’s ‘‘Community-controlled
State Forests’’ program encourages communities that have desig-
nated community forests to help protect the surrounding state
forest area in exchange for a share of the resulting income. In
the Philippines and China, contractual agreements between the
government and households or individuals have been developed
where individuals exercise varying degrees of authority over spe-
cies selection, harvesting practices, sale and consumption, and the
distribution of benefits. In addition, there are local government
organizations such as rural district councils in Zimbabwe and pan-
chayats in India, and multistakeholder district structures aligned to
line departments such as Tambon councils in Thailand and wildlife
management authorities in Zambia. Arrangements allocate vary-
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ing degrees of rights to forest and land. Many impose forest man-
agement requirements.

Self-initiated local responses to problems in access and use of
forest products have also proliferated in recent years; they are col-
lectively more significant than efforts led by governments or in-
ternational processes, but they require the latter’s support to
spread. Such local organizations include campesino forestry organi-
zations in Central America, forest user groups in Nepal, the Na-
tional Council of Rubber Tappers in Brazil, people’s natural
resource management organizations in the Philippines, and the
Landcare movement in Australia and elsewhere.

8.4.2.2 Effectiveness of Devolved Control

The degree of control transferred by the state under these differ-
ent institutional arrangements has affected the outcomes for local
people. Bureaucratic control was higher and the responsiveness of
programs to local needs lower where arrangements allocated con-
trol to higher levels of social organization, local government, or
district structures. In such cases, state interests in resource produc-
tion, revenues, and environmental conservation more strongly
overrode villagers’ interests in livelihood needs. Existing capaci-
ties for management were weakened (Edmunds and Wollenberg
2003).

Local people were able to win more benefits for themselves
where they had strong local organizational capacity and political
capital to mobilize resources and negotiate for better benefits.
NGOs, donors, federations, and other external actors had a key
role in supporting local interests. Where local groups managed
their own forests without state intervention, however, they were
not necessarily better off, since without government support, they
often had difficulty implementing or enforcing their decisions
(Shackleton and Campbell 2001).

Although access to some important subsistence products im-
proved, access to other important local resources such as timber
or game remained restricted. Where financial benefits occurred,
governments often failed to deliver on their promised share of
incomes. Benefits from timber and valuable NWFPs were often
reserved for, or at least shared with, the state or local elite (Shack-
leton and Campbell 2001). Only in a few exceptional cases did
poor communities receive substantial financial benefits.

The improved formal access to forests has helped in most cases
to protect a vital role of forests as safety-nets for rural people to
meet their basic subsistence needs. However, the benefits to be
gained beyond the subsistence-level were limited. Property rights
would need to extend to more secure rights over valuable re-
sources, for the poor to benefit substantially. Programs focused on
organizing collective action around the management of a single
resource such as forests may also divert effort from other sources
of livelihood. Forests are not always the most important resource
for poor people; the economic and social environment can create
pressures to convert forests. Many of the poor might be better off
with land reform measures that are not linked to forest manage-
ment, but these programs are not in the interest of forest depart-
ments.

Co-management has demonstrated the difficulty of dividing
roles and responsibilities, especially where the interests of the
groups involved are highly divergent. Forest agencies have had
varying experiences in organizing collective action. Romantic
ideals about harmonious communities and the local knowledge
and capacities of ‘‘traditional peoples’’ have been counterbalanced
by the internal conflict and lack of leadership in many communi-
ties and the difficulty of organizing collective action where local
social capital is weak (Stanley 1991; Gibson et al. 2000). Many
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co-management efforts rely on the role of outside agents to facili-
tate group action and sustaining group action has proven difficult.
Other stakeholders such as local governments or NGOs often cre-
ate their own sets of incentives or pressures for local people that
work against co-management initiatives (Edmunds and Wollen-
berg 2003).

8.4.2.3 Policy Challenges

State officials and local people have had different expectations of
what devolved management was supposed to achieve and how.
Forest departments have mostly controlled the terms of devolu-
tion and co-management schemes. There is now a need to de-
velop the institutional arrangements and capacities that enable
people in forest areas to have the rights and power to bring about
a fair division of control, responsibility, and benefits between gov-
ernment and local people. Checks and balances need to be in
place to ensure that no one group, including the local elite, con-
trols benefits and decision-making.

Frameworks for natural resource management that are devel-
oped more locally and then linked to national objectives have
been shown to be more flexible and responsive to local interests.
Relevant local stakeholders can develop these frameworks, with
special support given to the disadvantaged poor to negotiate for
their interests. Experience suggests that local responsiveness will
be higher to the extent that effort is made to monitor and evaluate
impacts and that institutional arrangements facilitate good com-
munication and learning about these impacts among stakeholders.
The learning process should include both local interest groups and
national policy-makers to best manage different interests.

Policy frameworks could better assist self-initiated local re-
sponses to problems in access and use of forest products to build
on what they are already doing, and to enable new partnerships.
Multistakeholder poverty–forests learning processes could be fos-
tered with codes of conduct for supporting local initiatives and
integrating them in national forest programs and poverty reduc-
tion strategies.

8.4.3 Small-scale Private and Public–Private
Ownership and Management of Forests

Small-scale private (non-industrial, non-community) ownership
(or ‘‘family forestry’’) is very common in Western Europe and in
the southern part of the United States. In Sweden, half of the
forest area (with 60% of the production of wood) is owned by
over a quarter of a million people. In Finland, over 75% is pri-
vately owned. An average holding in Sweden is around 50 hec-
tares; in Finland, 30 hectares; in Germany, 7 hectares; and in
France and Spain, below 5 hectares. Experiences from Scandina-
via and from continental Europe indicate that privately operated
forestry has strong sustainability credentials (National Board of
Forestry 2001).

Since the discussion below is based on experiences mainly
from Western Europe, some lessons may be possible to apply to
forestry in other parts of the world, while some may not. Funda-
mental differences in the institutional framework and in culture
will affect the outcomes. Private ownership is not merely a judi-
cial matter—it is a matter of culture and tradition. More posi-
tively, some factors mentioned may be of importance also in
countries with quite different institutions, such as local commu-
nity or village control (or ownership) over the forest.

Small-scale private ownership may lead to closer management
and more efficient economic use in the self-interest of the owner.
Planting, pre-commercial thinning, and collection of firewood
are well suited for do-it-yourself work. Gathering of berries and
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mushrooms, hunting, and recreational activities can often be con-
veniently combined with planning or supervision of forest pro-
duction activities. Private ownership may lead to a greater sense
of responsibility assumed by the owner, which may foster long
term thinking such that sustainability is naturally sought, partly as
a risk reduction strategy.

When the imperative of biodiversity conservation was
brought to the fore in Scandinavia in the 1970s, a difference was
observed between privately owned forests and large-scale corpo-
rate or public forests. In general, the private forests were more
biologically varied (especially at a landscape level). This led, in
Sweden, to private forest ownership being fully recognized in
policy whereas previously large-scale forestry had been seen as the
priority model (Klingberg 2004).

Constraints that have arisen, and ways in which they have
been overcome primarily in the Scandinavian context, are assessed
below (Klingberg 2004):
• Efficiency. Small holdings can be technically inefficient, leading

some owners to cooperate with neighbors. Originally, these
associations worked as wholesalers, assembling round wood
and negotiating prices with large pulp mills and sawmills.
Today they are large economic enterprises, organizing har-
vesting operations with modern machinery and professional
staff, which single owners cannot afford. The associations have
also invested in sawmills, pulp mills, and bioenergy produc-
tion, thereby securing demand for wood harvested.

• Knowledge and competence. Lack of knowledge can result in
mismanagement or even destruction of the holding. Do-it-
yourself activities also tend to have higher accident rates than
professional lumbering. Both the associations and the govern-
ment work to solve these problems through training and in-
formation provision.

• Raising standards. The associations in Sweden are active in rais-
ing both forest production and the level of environmental
protection. Certification is being pushed, with higher stan-
dards than those found in the legislation.

• Long-term perspective. A fundamental factor is the long-term
thinking by many private owners, who plan to pass on their
holdings to younger generations. Regenerating harvested for-
ests is an established norm.

• Combined activities. Many small owners combine other jobs
with the income from the forest, thus forming viable rural
livelihoods.
Property rights are fundamental to the prospects for family

forestry. Laws and regulations must back up smallholders’ owner-
ship and property rights. In many countries, ownership legislation
and the system of land registry may not be conducive for private
forestry holdings.

In the Nordic countries and many continental European
countries, training and dissemination of knowledge has been used
systematically to improve small-scale private forestry. For exam-
ple, the Swedish Regional Forestry Boards have for over 50 years
both been responsible for enforcing the Forest Act and for dissem-
inating extension material and running study circles and courses
with forest owners.

Boxes 8.1 and 8.2 provide assessment of two important exam-
ples of larger-scale private involvement in forest management—
public-private partnerships and conservation concessions.

8.4.4 Company–Community Forestry Partnerships

8.4.4.1 Spread and Effectiveness of Company–Community
Forestry Partnerships
In recent years, a range of partnerships has emerged between for-
estry companies and communities or groups of smallholders, and
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BOX 8.1

Public–Private Partnerships in Forest Management: Some
U.S. Case Studies

In the United States, 70% of commercial forests are privately owned.
Hundreds of initiatives of public–private collaboration represent a new
wave in forest management. Some examples:

• The Conservation Fund developed a broad public–private coali-
tion to seize the opportunity represented by Champion Interna-
tional Corporation, which put 120,000 hectares of forestland on
the market, much of it within the Adirondack Park of upstate New
York. With funds from government and private forest manage-
ment organizations, TCF purchased the entire 120,000 hectares.
Today, some of the lands are protected while others operate as
working forests with private forest managers where the future
forested state is ensured by conservation easements.

• Seven Islands Land Company is among the oldest and largest
owners of forests in Maine. With dozens of heirs and nearly
400,000 hectares, there are few similar ownerships anywhere
in the world. The owners worked with the New England Forest
Foundation to negotiate a conservation easement covering more
than 280,000 hectares in northern Maine. The multiyear cam-
paign to raise nearly $30 million dollars was successfully com-
pleted in 2002.

• Safe harbor is an approach developed by Environmental Defense
to engage private owners in endangered species conservation.
Private landowners enter a voluntary agreement with the U.S.
Fish and Wildlife Service whereby the owner limits his exposure
and potential impacts from threatened and endangered species.
The parties identify a baseline and if future management results
in an expansion of the population, the landowner’s regulatory
obligation is limited to the baseline population.

many are widespread globally. They vary widely in terms of types
of forest products, types of partners, and the degree of develop-
ment and equity between the partners. (See Table 8.1.) Out-
grower schemes and joint ventures predominate, but several other
kinds of arrangements, many informal, have arisen in response to
local circumstances. Company–community partnerships are glob-
ally widespread, occurring in at least 23 countries in North
America, South America, Europe, Africa, Asia, and the Pacific
(Mayers and Vermeulen 2002).

Behind the range of partnership types lie a range of motives
for entering into partnership. Globalization of investment, trade,
and technology, coupled with increasing decentralization and
grassroots demands for autonomy, provides strong impetus to
both companies and communities. Neither party on its own can
access and secure all the means for producing the goods and
services it needs. Third parties are also pivotal participants in com-
pany–community deals: local and central government; develop-
ment agencies and NGOs; providers of credit and insurance;
certification bodies; and cooperatives, federations, and trade
unions.

Evidence to date shows that partnerships can be better than
solely corporate forestry, or solely community or small-scale farm
forestry, in delivering the wide range of benefits now expected by
the partners and by the public at large. Importantly, partnerships
are able to provide superior economic returns to both partners in
addition to public benefits. But direct economic returns are not
always the most highly valued output to either partner. Partner-
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ships are foremost a means to share the risks of production and
marketing (Mayers and Vermeulen 2002).

Partnerships entail costs that can outweigh benefits under cer-
tain conditions, such as inappropriate government policy. (See
Table 8.2.) Some impacts of company–community forestry part-
nerships remain debatable. Effects on local equity and rural devel-
opment are mixed, and financial returns have often proven
insufficient to lift community partners out of poverty, either
through direct membership or through knock-on effects such as
new employment and upstream/downstream small-scale business
opportunities. Furthermore, equity in power between company
and community partners is seldom achieved, and often actively
avoided by the company partner in spite of the obvious reduc-
tions in risk of interacting with a more equal, legitimate partner
(Mayers and Vermeulen 2002).

8.4.4.2 Policy Challenges

Making the most of partnerships centers on five key themes:
• iterative approaches to developing equitable, efficient, and ac-

countable governance, both at the contract level and more
broadly;

• raising the bargaining power of communities, particularly
through association at appropriate scales;

• fostering the roles of brokers and other third parties, especially
independent community development organizations;

• sharing the benefits of wood processing as well as production;
and

• working toward standards (for example, in licensing require-
ments or certification) that give equal opportunities to small-
scale enterprises.

8.5 Demand-side, Market-driven, and
Technological Responses

8.5.1 Public and Consumer Action

8.5.1.1 Evolution of Public and Consumer Action

Consumer action emerged in the early 1970s as a means of ad-
dressing the global loss of forests. Initially, campaigns focused on
tropical forests. As well as aiming to bring about actual changes in
flows in the trade of commodities deriving from tropical forest
areas, they were also used as a means of informing the public in
countries such as the United Kingdom and the Netherlands about
a distant environmental issue by identifying international trade
linkages.

Wider public and political action also developed at this time,
and for similar reasons. Various interest groups, such as Friends of
the Earth in Europe and the Environmental Defense Fund in the
United States, were identifying linkages between multilateral in-
stitutions such as the World Bank and bilateral donor agencies and
forest-destructive programs in the tropics. As these programs were
at least partly designed and managed by agencies accountable to
industrial-country democratic governments and, ultimately,
funded through taxpayers contributions, the public was encour-
aged to express concern and demand cessation of the funding of
such damaging activities. Mass letter-writing campaigns urged
governments to take the appropriate action within the relevant
global institutions and to adopt suitable domestic policies and
safeguards concerning the use of development cooperation
funding.

Such actions continued to grow during the late 1970s and
1980s and, following the lead of interest groups in the United
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BOX 8.2

Conservation Concessions

A ‘‘conservation concession’’ is a voluntary agreement whereby govern- sion area. The management plan includes a clear statement of the
ments and other affected stakeholders are compensated for foregoing conservation objectives for the concession and performance indica-
economic development on public lands. Conservation concessions are tors that demonstrate whether these objectives are being met.
modeled after typical resource extraction contracts, such as logging con-
cessions; however, rather than paying for the right to extract natural re- The conservation concession approach is novel. Nevertheless, there is
sources from public lands, the investor pays for the right to preserve the enough experience to identify some of the strengths and weaknesses of
forest. the concession relative to other conservation mechanisms. The conserva-

The conservation concession is a relatively new mechanism, and only tion concession transfers the cost of conservation to stakeholders who
two applications have been completed to date. The first is a 100,000 are better able and willing to bear it. This apparent strength of the conces-
hectare area in Guyana. The second is a 135,000 hectare concession sion can also be a great limitation if resource rights are very valuable, for
along the Madre De Dios River in Peru. Other conservation concession example, in Southeast Asian forests or in temperate forests with high
deals are at various stages of development in countries such as Indone- commercial stocking. Conservation funding may simply be unable to com-
sia, Mexico, and Bolivia. The rate of implementation is significantly im- pete with other land uses in these areas.
peded by two factors. First, the in-country capacity and organization of Because they are not permanent, conservation concessions may en-
many developing-country NGOs to implement conservation concessions counter less political resistance to implement. Concessions may also be
is poor; for example, capacity in resource valuation, contract law, and useful to obtain an interim conservation status after which a more perma-
stakeholder analysis is often weak. Second, because of the general un- nent mechanism may be sought. The temporary nature of a concession
availability of financing for recurrent management costs or compensation can also be a weakness in some contexts, as it cannot guarantee the
payments, financing for conservation concessions tends to be available permanent protection of any particular forest.
only on a project basis. Accountability is one of the greatest strengths of the conservation con-

The components of a conservation concession contract that the conser- cession. Annual payments are made only if periodic monitoring and evalu-
vation investor and the government must negotiate include the following: ation indicate that the conservation objectives for the concession are

being met. Increased accountability also brings with it a greater risk of
• Payments. The cost of the conservation concession is calculated to detecting failure.

reflect the ‘‘opportunity cost’’ of conservation. This includes the One of the strongest criticisms of the conservation concession ap-
value of foregone employment and taxes incurred as a result of proach is that it may inadvertently create perverse impacts. For example,
creating the concession. countries may be unwilling to create new protected areas if they think that

• Duration. The duration of a conservation concession is flexible, but they can attract investors to finance conservation concessions. However,
typically is the same as the duration for land use contracts that it is it should be possible to develop policies to mitigate this risk. For example,
replacing. conservation concessions could be restricted to being a ‘‘phase two’’ con-

• Management plan and objectives. The final component of the nego- servation mechanism, used only after a country has established a repre-
tiated agreement is to develop a management plan for the conces- sentative network of protected areas.

Table 8.1. Typology of Company–Community Forestry Arrangements, by Partner

Individual Tree Individual Tree
Company Type Growers Users Group of Tree Growers Group of Tree Users

Forest product buyer, outgrower schemes product supply outgrower schemes product supply contracts
processor (large- for timber, pulp, contracts joint venture for timber or pulp community processing or
scale) commodity wood, or farmer outprocessing farmer outprocessingcorporate social responsibility projectNWFPs

contracts by communitiesfarm forestry support
and crop share group certification with company
arrangements support

Forestry concession land leased from co-management for concessions leased from co-management for NWFPs
or plantation owner farmers NWFPs communities
(large-scale) corporate social responsibility project

Small local credit/product supply product supply credit/product supply agreements product supply agreements
production or agreements agreements joint ventures
processing enterprise

Environmental forest environmental service agreements
service company
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Table 8.2. Conditions under which Companies, Communities, and Landscapes Win or Lose in Partnership Arrangements

Outcome Without Partnership Arrangements With Partnership Arrangements

Companies lose inadequate supplies from restricted land and resource transaction costs of developing deals too high
access

high risk of non-cooperation or resistance from process too complicated
communities

Companies win absence of pressure from communities, law, or market secure supplies of raw materials and/or workforce

profitable to buy community land, pay off local elites, and ‘‘social licence to operate’’ granted by communities and
massage opinion with public relations wider society

Communities lose lack of livelihood-improving opportunities in rural areas become locked into dependency, or ripped off by
companies

lack of legal or bureaucratic permissions to develop land pushed into unwise or sub-optimal land uses
or trees without companies

Communities win livelihoods not skewed by single strategies, commodities, income generated or services provided where few other
or markets rural alternatives available

self-determination unaffected by company agendas capacity for community-run development options
enhanced

Environmental deterioration forest asset stripping by companies seeking out weak local inappropriate trees used or natural forest felled
governance

non-forestry land uses may be less optimal or landscape- other land uses like grazing squeezed or displaced
degrading causing degradation

Environmental benefits land use systems and product diversity more optimal reduced micro-level erosion from forest land uses
without forestry

land and resource control pattern more sustainable without more forest goods and services in the landscape
deals

Kingdom and United States, were also taken up in other coun-
tries, including Australia, Germany, France, Japan, Denmark,
Austria, and the Netherlands. Consumer action continued to
focus on the tropical timber trade. Significantly, almost all cam-
paigns took a nuanced approach, calling not for a total boycott of
tropical rainforest timber but for a ‘‘selective boycott’’ of products
that had not been derived from ‘‘sustainable sources.’’ This pro-
vided the basis for the later development of forest certification
schemes. Consumer action campaigns worked through networks
of locally affiliated activists, reinforced through media campaigns
that served to highlight the connections between high-profile re-
tail and manufacturing companies and forest management prob-
lems in identified areas (such as Brazil and Sarawak). Specific
actions included picketing of, and dramatic protests outside, retail
outlets, and the application of stickers and posters to shops and
wood products. One particular target of such activities was the
trade in Brazilian mahogany, which research had shown was
largely derived from illegal exploitation of areas supposedly pro-
tected for indigenous communities. By the early 1990s, such ac-
tions had substantially reduced levels of imports of Brazilian
mahogany into some countries.

Related to consumer actions were efforts to ensure that local
and national governments in tropical timber ‘‘consuming coun-
tries’’ adopted purchasing policies that encouraged the use of tim-
ber from ‘‘sustainable sources.’’ As a result of these efforts (also by
local and national activist networks), by 1992, several hundred
local authorities, including major metropolitan authorities,
throughout Europe, North America, and Japan, had adopted such
policies. Several national governments (including those of Austria
and the Netherlands) also moved toward such policies, though
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these evidently ran foul of both EU and GATT trading rules and
were never fully implemented. They did, however, send a strong
political message to tropical timber producing nations.

Campaigns aimed at the international financial institutions
succeeded in drawing public attention to the role of agencies such
as the World Bank, and by implication the governments that sup-
ported them, in specific projects with major impacts on tropical
forests. In some cases, such projects were either halted or signifi-
cantly altered to reduce environmental and social impacts. Public
pressure also succeeded in bringing about multilateral policy
change, most notably the adoption by the World Bank of a new
forest policy in 1993 that prohibited the use of Bank funds for
commercial logging operations in tropical moist forests (World
Bank 1991).

Possibly one of the most important results of consumer action
between the mid-late 1970s and the early 1990s was the develop-
ment of forest certification and labeling schemes. In 1987, Friends
of the Earth established the ‘‘Good Wood Seal of Approval’’
scheme, which aimed to help consumers distinguish between
products derived from ‘‘environmentally and socially acceptable
sources’’ and products derived from ‘‘destructive’’ sources. It was
underpinned by the belief that, by developing guaranteed markets
for ‘‘acceptable’’ products, possibly with a price premium, an in-
centive would be provided for forest managers to adopt sustain-
able forest management practices.

The establishment of the Forest Stewardship Council in 1993
coincided with a decline in mass public action concerning forests
in a number of ‘‘consumer countries,’’ and the onset of ‘‘media
fatigue’’ on these issues. The source of ‘‘pressure’’ on the timber
trade thus partly shifted from consumers and the wider public
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to trade groupings such as the ‘‘1995 Groups’’ organized by the
Worldwide Fund for Nature. Through high-profile marketing
campaigns, WWF has encouraged the public to selectively pur-
chase FSC-certified wood products, while simultaneously work-
ing collaboratively with timber producing, manufacturing and
retailing companies to assist them in gaining FSC certification.

However, during the later 1990s and continuing today, a more
radical form of protest has emerged. Focusing on the trade in
illegal and ‘‘conflict’’ timber (and capitalizing on various interna-
tional research initiatives which have documented the wide ex-
tent of this problem), environmental pressure groups such as
Greenpeace, Environmental Investigation Agency, and Global
Witness have conducted high profile ‘‘naming and shaming’’
campaigns against specific forest sector corporations and govern-
ment agencies. Such campaigns have been waged in many Euro-
pean countries, as well as in North America. These campaigns
have contributed to the signing of bilateral agreements concern-
ing illegal wood products between the government of Indonesia
and various timber importing countries and the development of a
draft policy by the European Union (EU FLEGT) concerning the
use of voluntary licensing as a means of distinguishing legal from
illegal wood.

Public attention has now shifted to other environmental is-
sues, especially global climate change. The deliberations on global
forest issues within the UN framework (such as the Intergovern-
mental Forum on Forests and UNFF) have not been seen by
many civil society organizations as likely to result in significant
improvements ‘‘on the ground,’’ and therefore have not provided
a useful focus for mass public action and political lobbying (UK
TFF 1998). Much of the debate between the various stakeholders
on issues such as forest management standards, conservation, and
human rights takes place within the context of certification, in
which the wider public is little involved.

8.5.1.2 Effectiveness of Public and Consumer Action

Public action has undoubtedly had a number of important and
positive consequences (Elliot 2000). However, it is also evident
that such actions are very difficult and costly to sustain, particu-
larly as they are dependent on the use of mass media, which suffers
from ‘‘issue fatigue.’’ Because of the need for media attention,
such campaigns have tended to focus on targets with a high public
profile in the countries in which the campaigns take place, espe-
cially large companies with operations in tropical forest areas. The
response from the target corporation is likely to be to be with-
draw from the operation altogether (rather than improve its stan-
dards) and there have been instances where such operations have
been taken over by other companies with lower operating stan-
dards (Amazon Financial Information Service 2001–2).

Consumer campaigns and media exposes—such as those con-
cerning illegal logging—do not always fully address the underly-
ing causes of forest loss and degradation, especially the problems
of inequitable land tenure and forest community poverty in de-
veloping countries.

Where public and consumer actions concern tropical forest
issues, they are dependent on a strong understanding of local con-
ditions, which can usually only be derived through close working
relationships between civil society organizations in northern and
tropical countries. However, few NGOs in developing countries
actually have the resources or capacity to sustain such work over
long periods of time, and therefore there is a danger that public
actions in Europe or North America strongly reflect the views
and priorities of ‘‘northern’’ NGOs rather than groups in the
countries concerned.
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8.5.1.3 Policy Challenges

Consumer campaigns can potentially continue to play an impor-
tant role both in maintaining public awareness of forestry issues
and in encouraging improved forest management. However, it is
likely that the only institutions likely to be capable of sustaining
the information and media exercises necessary for such campaigns
are governments. While these are pressing policy challenges, it
would be unrealistic to assume that governments will prioritize
them without further concerted work by NGOs to mobilize con-
sumers.

8.5.2 Third-party Voluntary Forest Certification

Certification is the procedure by which a third party provides
written assurance that a product, process, or service conforms to
specified standards, on the basis of an audit conducted according
to agreed procedures. It may be linked with product labeling for
market communication purposes. Certification offers indepen-
dent assessment of the quality of forest management in relation to
prescribed standards. It is voluntary, the forest manager being
driven primarily by the prospect of access to markets that demand
forest products produced in a responsible way, but also by im-
provements to company reputation and capacity.

8.5.2.1 Current Status of Certification

Forest certification has evolved rapidly. In only a decade, it has
become routine practice in an increasingly large range of coun-
tries and forest conditions, and several schemes have sprung up.
Three concerns are uppermost in assessing its effectiveness as a
response to forest problems. First, the early drivers of certification
hoped it would be an effective response to tropical deforestation.
Now, however, most certified forests are in the north, managed
by larger companies and exporting to northern retailers. Second,
there has been a proliferation of certification programs to meet
different stakeholders’ needs, with the result that no single pro-
gram has emerged as the only credible or dominant approach in-
ternationally. Third, the competitiveness of small and medium-
sized enterprises, which may have advantages for sustainability
and local livelihoods, is called into question where certification
becomes the preserve of larger companies only.

Forest management certification assesses the performance of on-
the-ground forestry operations against a predetermined set of
standards. If the forestry operations are found to be in confor-
mance with these standards, a certificate is issued, offering the
owner or manager the potential to bring products from the certi-
fied forest to the market as ‘‘certified’’ products. This market po-
tential is realized by a supplementary certification, which assesses
the chain of custody of wood from the forest, through timber
processor to manufacturer, to importer, to distributor, to retailer.
In this sense, forest certification is market driven.

Accreditation is the process of recognition against published cri-
teria of capability, competence, and impartiality of a body in-
volved in certification, and results in licenses to operate a
particular certification scheme. It ‘‘certifies the certifiers.’’

Certification schemes often make provision for the following:
• multiple source chain of custody to enable certification for paper,

composite wood, and other products. This may allow proces-
sors a mix of certified and uncertified material where this re-
flects local supplies, and so reduces cost. It may also favor
mixture with recycled materials;

• group certification of smallholders, to allow several small enter-
prises to be covered by one certificate, held by the group
manager. This can reduce costs, provided group members are
sufficiently similar to create scale economies;

................. 11430$ $CH8 10-21-05 14:11:10 PS



275Wood, Fuelwood, and Non-wood Forest Products

• forest manager certification, where a professional manager is re-
sponsible for several small areas; this, too, reduces costs and
creates economies of scale;

• recycled wood certification, which accords certified status to re-
claimed or recycled wood where chain of custody is known;
and

• ecological zone harmonization of national standards, to ensure that
standards covering similar ecological zones can be rationalized.
Since its emergence in 1993, the FSC has certified forests in

all continents, with a rapid increase in the area covered. Numer-
ous other international and national forest certification schemes
have more recently been launched, including in the United
States, Malaysia, and Brazil. (See Box 8.3.) Many local stakehold-
ers wanted to take charge of the process of developing certifica-
tion schemes, to ensure they were appropriate to their forest
types, enterprise types, and governance systems (Confederation of
European Paper Industries 2002).

Where there is contention over a certification scheme, it tends
to concern one or some of the following:
• perceived dominance or exclusion of certain parties,
• perceived lack of comparability between standards in a given

region, and
• the degree of challenge or ‘‘stretch’’ represented by the gap

between normally applied legal standards and the particular
certification standards.
Where once there was some hostility between schemes and

their supporters, there has been increasing collaboration and mu-
tual support. There is a genuine desire to see certification play a
key role among the responses to forest problems. To the extent
possible, the individual schemes are beginning to put their differ-
ences aside to find an enduring role for certification.

8.5.2.2. Effectiveness and Policy Challenges in Certification

Observations on the effectiveness of certification as a response
option include the following (Bass et al. 2001; Eba’a and Simula

BOX 8.3

Selected Forest Certification Programs

The Forest Stewardship Council’s objectives are to promote global standards (previously called the Pan-European Forest Certification Framework) is a
of forest management, to accredit certifiers that certify forest operations ac- voluntary private-sector initiative, designed to promote an internationally
cording to such standards, and to encourage buyers to purchase certified credible framework for forest certification schemes and initiatives. Its crite-
products. FSC is one of the first institutions to have been deliberately de- ria are consistent with the intergovernmental Pan-European Criteria and
signed to sustainable development principles. It is a membership organiza- Indicators for Sustainable Forest Management, thereby attracting consid-
tion, with decisions made through meetings of a General Assembly, which is erable support from both European and national governments. National
divided into three equal chambers: social, environmental, and economic. All certification schemes that meet PEFC requirements can apply for en-
three chambers have Northern and Southern sub-chambers, each with half dorsement and the right to use the PEFC trademark for product labeling.
of the total chamber votes. Governments are not entitled to participate in National PEFC governing bodies set standards and operate national
FSC’s governance, even as observers, although government employees schemes, and are represented on the PEFC Council Board. The initiative
have been very active participants in some FSC national initiatives. FSC has was given strong impetus by Finnish, German, French, Norwegian, Aus-
a set of ten principles and related criteria (P&C) covering environmental, trian, and Swedish forest owners, who wished to ensure that small wood-
social, economic, and institutional aspects of forest stewardship, which apply land owners are not disadvantaged by certification and that local
to all forests, both natural and plantations. These P&C serve as a basis conditions are accounted for. It was supported by the national forest certi-
for the development of national and regional forest management standards. fication schemes that had been emerging in some of these countries,
Certification standards that are consistent with both the P&C and with FSC’s which felt themselves to be individually too small to develop an adequate
process guidelines for standards development are eligible for FSC endorse- presence. PEFC started in 1999; as of June 2003, it had certified 47
ment. Such standards have been developed by both FSC-organized national million hectares in 14 countries.
working groups and by independent processes. FSC owns a trademark, At the level of individual countries, the number of national certification
which may be used to label products from certified forests. It has so far programs under development is increasing rapidly. These include the Sus-
certified 37 million hectares in 55 countries (as of April 2003). tainable Forestry Initiative in the United States, and systems in Canada,

The Programme for Endorsement of Forest Certification Schemes Brazil, Malaysia and Indonesia.
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2002). First, overall effectiveness in reducing poor forest manage-
ment and deforestation depends critically on the incentive effects
of market-based certification. In practice, the high threshold lev-
els of certification standards (and FSC’s in particular) have pro-
vided incentives only to already ‘‘good’’ producers rather than to
improving bad practice. However, these ‘‘good’’ producers also
now meet all current legal requirements, including those that they
might normally not bother to meet. Most of them have also tight-
ened management systems, especially for managing environmen-
tal impact. Thus certification has encouraged competition
between producers at the high end of competence (just above and
below the ‘‘certified’’ threshold). However, there are few incen-
tives to cause the really bad producers to change behavior and be
certified. The need for several thresholds (step-wise or phased
approaches) is now being discussed, along with ways to comple-
ment certification with instruments for illegal logging.

Second, at the level of their standards, most schemes are appli-
cable to many types of forest. Most certification schemes have
been able to develop and apply one overarching standard agreed
by many stakeholders and there are considerable similarities be-
tween the standards. Certification has coped effectively with com-
plexity (in standards and their interpretation) and yet also delivers
a simple message to consumers and producers.

Third, in practice, larger producers find it easier to benefit
from certification, as they have better access to information and
markets, scale economies, formal management systems on similar
forest types, and an ability to bear risks and costs. The area of
certified forest under community or small enterprise management
is correspondingly much smaller. Many certification schemes have
responded with special schemes for group certification of small
growers or for certifying entire regions with one management
regime. But there are those that question why a small community
group occasionally harvesting timber on its own land should be
held as accountable as a major corporation harvesting each day on
leased public land.
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Fourth, certification is largely document-based, and is predi-
cated on formal, structured means of planning and monitoring. In
practice, this assumption is biased against traditional societies and
‘‘part-time’’ foresters. Some current certification standards and
procedures cannot recognize good management in some of the
complex land use systems of indigenous and community groups.

Fifth, some environmental and social services are produced at
levels other than the forest management unit (such as the land-
scape or the nation), which may not be under the control of the
certified enterprise but which require its active engagement. Fur-
ther developments are needed to ensure that certification encour-
ages and recognizes improved relations between the forest
management area and surrounding land uses.

Sixth, certification is a cost-effective complement to tradi-
tional administrative regulation. In all countries, certification is, at
a minimum, encouraging some companies to meet legal require-
ments. In some countries, state forest authorities support certifi-
cation as a ‘‘privatized’’ form of forest monitoring, and are making
incentives available. In countries where regulation and enforce-
ment is weak, certification has ensured that at least some produc-
ers are meeting not only legal requirements but also higher
standards, and that this is monitored.

Seventh, certification depends for success on its credibility.
The key ingredients are participation in defining standards to en-
sure they reflect many stakeholders’ needs, consultation of local
stakeholders when certifying forest management, and verification
by third parties using tried-and-tested mechanisms with prece-
dents in other sectors. Proliferation of certification schemes,
which is leading to consumer confusion and a reluctance of some
firms to be certified at all, has undermined the credibility of the
approach and prompted considerable efforts by the wood prod-
ucts industry to investigate the potential of mutual recognition
among schemes.

Eighth, in practice, certified products command only a minor-
ity of the forest products market (about 4% globally in 2003),
with highest market penetration in Western Europe. Certified
producers tend to gain market access, rather than a price premium
(although a premium is available in some segments). More needs
to be done to educate consumers about sustainable forestry and
certification if the demand is to rise significantly. However, if
market benefits have proven elusive, other incentives for certifi-
cation are becoming apparent, such as certification to secure ac-
cess to resources such as land, finance, and insurance.

8.5.3 Wood Technology and Biotechnology

Wood technology responses to date have been focused primarily
on species used in industrial plantations, which must have wood
properties suited for the products to be manufactured (Zobel and
van Buijtenen 1989). There is considerable variation within a spe-
cies, from pith to bark at a given height in the tree, and from base
to top of tree, among trees within a stand, among stands within a
region, and among regions (Kellison 1967). The phenomenon
holds true regardless of the property, whether it be basic density,
fiber dimensions, cellulose content, lignin content, moisture con-
tent, resin content, or any other trait of interest. This variation
allows for genetic selection for any trait of economic importance
(Zobel and Talbert 1984).

The wood properties of greatest economic importance for in-
dustrial manufacturing are basic density, fiber dimensions (length,
width, lumen diameter, cell wall thickness, microfibril angle),
number of fibers per unit area, and cellulose content. Conven-
tional breeding programs have been effective in changing com-
mercially important wood properties (Zobel and Talbert 1984).
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The property that has received most attention is wood-specific
gravity or wood density. The reason for concentrating on wood
density is its correlation with chemical pulp yield, strength prop-
erties of paper and paperboard, and strength properties of solid
wood products, especially lumber.

The trend is for wood production to be shifting from the
temperate and boreal regions of the world to certain parts of the
tropics and subtropics (Kellison 2001). The major reason for that
trend is the high growth rates of the trees, almost all of which are
exotics, at the lower latitudes. While it will be many years before
pulp production from northern plantations is greatly reduced,
these plantations will represent a declining share of the global
market. The reduction may be quickened if depreciation and am-
ortization continue to exceed capitalization, which in the North
American industry for example, has been the case every year since
1996 with the exception of 1999 (Connelly et al, 2004).

From a biological standpoint, the major species groups that
are being intensively managed in plantations are Pinus, Eucalyptus,
and Acacia. The pines receiving greatest attention are P. taeda and
P. elliottii from the southern United States, P. radiata from Califor-
nia, P. caribaea var. hondurensis from Central America, and P. patula
from Mexico. The eucalypts species of greatest importance are
E. grandis, E. urophylla, and E. globulus, E. teriticornus, and E. ca-
maldulensis, all of which have their origin in Australia and the
islands of Indonesia. The acacias, too, have Australia as their ori-
gin; they include A. mangium, A. mearnsii, A. aulicoliformis, and A.
crassifolia.

Using the same silvicultural practices, forest productivity of
the Pinus species is at least twice as great in the exotic environ-
ments as in their indigenous habitats, and the rotation ages are
typically 20% shorter. Similarly, the species of eucalypts and aca-
cias produce 20–to 60 cubic meters per hectare per year, with
harvest ages ranging from 5 to 12 years. Only with the most in-
tensive silviculture, including fertigation (the application of fertil-
izers and water in metered amount through a drip-irrigation
system), can angiosperm plantations in the temperate zones ap-
proach these growth rates. Even where plantation forestry is prac-
ticed in the temperate zone, a cost disadvantage exists in the
economics of producing the wood.

The advantages of plantation forestry in the tropics and sub-
tropics for fiber production so far outweigh the opportunities in
the temperate and boreal zones that the developing countries to
either side of the equator will benefit at the expense of their
northern neighbors. The prognosis is that the plantation forests in
the temperate and boreal zones will increasingly be managed for
solid wood products. Fiber processing will be only a by-product
of saw log forestry. (See Box 8.4.)

8.5.4 Commercialization of Non-wood Forest
Products

Commercialization of non-wood forest products has become a
means, promoted by researchers, conservation and development
organizations, and, more recently, governments, to achieve rural
livelihood improvement in an environmentally sound way. The
category NWFP includes all products that are derived from forests
with the exception of timber. In practice, the definition of the
term has been ambiguous and inconsistent (Belcher 2003). Some
authors restrict the category to products of natural reproduction,
while others include managed or cultivated products. Generally
speaking, the category includes plant, animal, and fungus species
used for fuel, food, medicine, forage, and fiber, that have valuable
chemical components or that are used for ritual purposes.
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BOX 8.4

Wood Products Manufacturing Technology: A U.S. Case Study

Over the past 20 years, most operating North American softwood sawmills expand into softwood growing areas where the price is competitive with
have been re-equipped with a wide assortment of highly automated equip- hardwood sources. In the 1990s, the trend away from large diameter logs
ment optimized for processing small logs. Lumber recovery factors have accelerated with the virtual elimination of timber sales from federal lands
increased by nearly 50%, and productivity has nearly doubled. As sawmill in the Pacific Northwest. With the reduced availability of large diameter
recoveries have improved and plywood production has declined, chip pro- logs and the growth of oriented strand board and engineered products,
duction from these wood products manufacturing facilities has also been the demand for (and relative value of) these large logs has also declined.
reduced. During this same period, raw material demand from the pulp and Shorter rotations are more economically competitive than the long ro-
paper industry has increased nearly 20 percent. The industry has satisfied tations needed for large logs, and improved efficiency in processing
nearly all of this demand with recycled fiber, and that trend is expected to smaller sawlogs plus rising prices for fiber grade logs combine to support
continue. intensively managed forests in the United States. These forests can pro-

Total demand for roundwood has almost doubled in the United States duce nearly 100% more annual growth than forests managed to produce
over the past 25 years, only part of which is due to increases in the large sawlogs.
demand for pulpwood. Most of the increase has come from rapid growth In 1980, plywood manufacturing was concentrated mainly in the south-
in the strand products industry, and most of that added demand has been ern and western part of the United States. The net effect of substituting
for hardwood, which has helped create a market for this low-cost wood. oriented strand board for plywood has been a net migration of panel
Strand-based products use softwoods as well, and that industry will likely industry jobs from the west to the north.

Interest in NWFPs began in earnest in the late 1980s and early
1990s, in conjunction with increasing global concern about de-
forestation and rural poverty. Forests gained heightened apprecia-
tion as sources of multiple products and services, and as important
sources of livelihood for forest-based people (de Beer and Mc-
Dermott 1989; Falconer 1990; Plotkin and Fomolare 1992). Re-
searchers began to document the tremendous range of products
used by forest people. Optimistic comparisons suggested that total
NWFP values approached or exceeded timber values from the
same forests (e.g., Peters et al. 1989). More realistic assessments
followed, giving lower estimates (Godoy and Bawa 1993), but a
movement had started. Environmentalists and social activists
championed the idea that NWFPs extracted from the forest could
provide an environmentally sustainable basis for livelihoods, lead-
ing to the establishment of ‘‘extractive reserves’’ for rubber, Brazil
nuts, and other NWFPs in the Brazilian Amazon beginning in
1990, and exploration of the potential for similar approaches
throughout the tropics (Ruiz-Pérez and Arnold 1996; Neumann
and Hirsch 2000).

The underlying assumptions, often implicit, were that NWFP
harvesting is more benign and valuable than timber harvesting,
that it benefits poor people, and that it provides incentives for
local people to conserve forests. In fact, none of these premises
is necessarily true, and positive outcomes are only likely under
restricted conditions (Ruiz-Perez et al. 2004).

8.5.4.1 Constraints on Implementation

The vast majority of NWFPs are consumed directly by the people
that collect them and their families. Some are important mainstays
in the household economy. The ubiquitous use of bamboo in the
construction of buildings and utility items in rural areas, or the
regular consumption of wild meat and vegetables, are examples.
Other NWFPs are used infrequently, but can be critically impor-
tant as sources of food when other sources are unavailable. Such
emergency foods can make the difference between life and death.

A smaller, but still considerable, number of NWFPs are pro-
duced for sale or barter. These include various fruits, nuts, and
vegetables that are primarily traded in local and regional markets
and ‘‘bush meats’’ that are traded in large quantities in urban mar-
kets (Brown and Williams 2003). Other products find demand in
more distant markets. High value mushrooms are collected in re-
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mote forests in China and sold the next day in supermarkets in
Tokyo, and various herbal medicines and essential oils are sold in
the growing western health and beauty markets.

A combination of factors has led to growth in some NWFP
markets. The extension of the market system to more remote
areas has created both the demand and the opportunity for in-
creased cash incomes by NWFP producers. Globalization and
growing interest in various kinds of natural products such as
herbal medicines, wild foods, handcrafted utensils, and decorative
items have increased demand and trade in these products. And
development projects have increasingly sought to increase income
opportunities, including through the production, processing, and
trade of NWFPs. Still, the majority of traded NWFPs are sold in
relatively small quantities (per producer; collective quantities can
be very large), and for relatively low prices by the raw material
producers. They are important in helping households to meet
current consumption needs, and some are relied on as the main
or the only regular source of cash income. Few NWFPs have
large and reliable markets, and these tend to be supplied by spe-
cialized producers using more intensive production systems
(Belcher et al 2003).

There is strong evidence that the poorest of the rural poor are
most dependent on NWFPs (Neumann and Hirsch 2000), that
the poor frequently use NWFPs as an ‘‘employment of last resort’’
(Angelsen and Wunder 2003), and that NWFPs serve an impor-
tant safety net function (McSweeney 2004). Cavendish (1998) ex-
plains this in terms of the economic characteristics of forest-
dependent people and of the products themselves. Many forest
products are available as common-property resources in tradi-
tional systems or as de facto open-access resources, in state forest
lands for example. They can be harvested and used with little
processing, using low cost (often traditional) technologies. Some
NWFPs are likely to be available for direct consumption or sale
when crops fail due to drought or disease, or when shocks hit the
household such as unemployment, death, or disease (Cavendish
1998).

The same factors that tend to make them important in the
livelihoods of the poor also limit the scope for NWFPs to lift
people out of poverty. Markets for many of these products are
small and many are ‘‘inferior products.’’ Naturally reproducing
products tend to be dispersed, with seasonal and annual fluctua-
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tions in quantity and quality of production. Individual harvesters
are limited in the amount that they are able to harvest. Open
access resources are highly susceptible to overexploitation. The
remote locations where wild NWFPs tend to be produced often
have poor market access. All of these factors put producers in a
weak bargaining position relative to traders who typically provide
transport, market connections, and credit to NWFP collectors in
classic patron-client relationships. In some respects, such products
can be viewed as ‘‘poverty traps’’ in that people rely on NWFPs
because they are poor and do not have better alternatives, but
they are unable to use these resources to break out of poverty
(Neumann and Hirsch 2000).

As Dove (1993) noted, in those cases where NWFPs have
high value, they tend to be appropriated by people with more
power, more assets, and better connections. This might happen
through coercion and physical control of the trade, but more
often control is achieved through domestication, when market
forces lead to intensified and specialized production.

Homma (1992) developed a simple economic model that
shows how high demand for NWFPs can over time lead to over-
exploitation of the naturally regenerating resource base, produc-
tion on plantations outside of forests, and increased competition
from synthetic substitutes. Empirical studies such as that by
Belcher et al (2003) found strong evidence for this trend in a
comparison of commercially traded NWFPs.

8.5.4.2 Effectiveness of Commercializing Non-wood Forest
Products

There have been successful efforts to promote NWFP com-
mercialization through combinations of technical and capacity-
building interventions to improve raw material production, proc-
essing, trade, and marketing, and through improved policy and
institutional frameworks. Resource tenure is a key factor, and
considerable effort has been invested to help communities gain
recognized rights and responsibilities to manage and use forest
resources (as discussed in the section on collaborative forest man-
agement).

Simple interventions can be very effective. Providing a weigh
scale and information on commodity prices and quality require-
ments of wholesale buyers in a trading center can help remote
producers gain a better bargaining position. Collective investment
in a building for storage or in a drying machine gives producers
of perishable commodities more flexibility in their marketing.
Improvements in processing and marketing, to improve product
quality and reach more valuable markets, add value, creates more
income downstream in the market chain, and increases demand
and earnings for raw material producers.

The empirical evidence is mixed. There are success stories
where production has been improved, markets have increased,
and income generation has improved. Problems may also arise
however, with inequitable distribution of benefits, stronger
groups gaining control at the expense of weaker groups, and
overexploitation of resources.

On the conservation side, success has been limited. The idea
that NWFP harvesting has a lower impact than timber harvesting
may be true in extensive, subsistence-oriented systems. But as
products enter commercial markets, pressure on the resource base
increases. Open-access resources are notoriously susceptible to
overexploitation, and species-level impacts can be severe. All
cases based on naturally regenerating resources in one major study
of commercial NWFP cases (Belcher et al. 2003) reported declin-
ing resource bases. Harvesting that reduces stocks (for example,
agarwood, palm-heart, wood for carving), especially of slow
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growing, slow-reproducing species, typically has faster and more
severe impacts than harvesting of flows (for example, fruit, nuts).
But harvesting pressure can also reduce reproductive success (by
removing flowers or fruit), threatening longer-term sustainability.

At the ecosystem level, the hypothesis that increasing NWFP
value could provide incentives for forest conservation has not
been confirmed. To be true, it would require that the people who
benefit from NWFP production are major agents of deforestation
or that they have influence over those agents, and that low-
intensity NWFP production is the most economically rewarding
use of the forest. In practice, this linkage is often missing. The
intended beneficiaries of NWFP development activities often are
not the main agents of deforestation and do not have control or
even influence over decisions to log or convert forest. Increased
value does not automatically translate into effective incentives for
conservation (Salafsky and Wollenberg 2000). Moreover, success-
ful commercialization may create incentives to intensify NWFP
production through enrichment planting or cultivation. To the
extent that this is done in natural forest areas, it will result directly
in reduced biodiversity or outright conversion of the manage-
ment unit to an NWFP plantation.

8.5.4.3 Policy Challenges

Many NWFPs do not have scope for commercial development
but are extremely important in millions of households. This has
not been recognized adequately; for example, the contribution of
forests to livelihoods has been chronically overlooked in poverty
reduction strategy papers (Oksanen and Mersmann 2002). These
values alone may be enough to justify forest conservation and
enhancement.

A smaller but still substantial subset of the NWFP category has
important local, regional, or international markets. Some of these
markets are growing, and there are opportunities to increase in-
comes and employment-generation through targeted policy and
project-level interventions. Typically, NWFPs have been ignored
by policy. They are often covered by forest regulations designed
for timber management, for example, or are not considered at all.
Management of naturally regenerating resources can be improved
with policy that more effectively gives incentives for sustainable
management. Rattan harvesting concessions in Asia, for example,
are frequently allocated over large areas to non-local concession-
aires for very short periods. The concessionaires thus have no
incentive to harvest sustainably or to invest in regeneration and
local people benefit only from low- paying jobs as harvesters.
Basic biophysical research is lacking for many valuable NWFPs,
constraining efforts to improve management. More investment is
needed in this area. One promising area is joint-production of
timber and non-wood products. Improvements will require ap-
propriate sivicultural research and new kinds of company–
community partnerships.

For livelihoods improvement, the key interventions may be
in resource control and in market development and capacity
building for small-scale producers to enable them to compete in
tough markets. In this vein, it is necessary to keep in mind that
the rural poor typically have diverse economic activities and are
risk averse. NWFP-oriented interventions should try to keep
other options open and not focus exclusively on one activity.

There are inherent contradictions between commercial devel-
opment and biodiversity conservation, at least at the level of the
management unit. Increased demand leads to overexploitation of
naturally regenerating resources, especially under the open-access
conditions that prevail in many natural forest areas. Where condi-
tions allow, producers tend to increase their management inten-
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sity, moving toward cultivation in horticultural or plantation
systems. At the management unit this means converting forest to
domesticated systems, with associated biodiversity loss. Conserva-
tion objectives might be achieved if such systems successfully re-
duce pressure on remaining natural forest.

8.6 Land Management Institutions, Investment,
and Incentives

8.6.1 Natural Forest Management in the Tropics

Whenever management was attempted with the intent to con-
serve and utilize natural forests, one model became dominant
(Troup 1940). Based on the earlier concept of sustained yield,
wood supply was designed to be continuous over generations,
with harvests planned not to exceed growth. Maintaining envi-
ronmental quality and safeguarding rural employment were other
key objectives of this response. Knuchel (1953) provided an early
description of the technical approach. However, the practice of
natural forest management in the tropics, and in particular the wet
tropics where stocks of high value timber species are found, has
proved problematic (Bruenig 1996; Dawkins 1957; Putz et al.
2000). Controversy has long raged over the potential for ‘‘sustain-
able’’ forest management as a viable economic activity in the
tropics (Leslie 1977; Poore 1989; Dawkins and Philip 1997), in
part as a result of the restrictions it places on timber harvest levels.
This dispute continues (Rice et al. 2000; Pearce et al. 2003). Land
allocations or appropriations for other purposes, and overexploita-
tion of other forest resources for subsistence use or commercial
gain, have also undermined the prospects for long-term natural
forest management.

Nevertheless, since the early 1990s, huge investments have
been made to promote improved management of natural forests
and see it put onto an operational footing in a large number of
countries (ITTO 1998). Over the last decade, an increasing (al-
though ill-determined) amount of tropical forest has come under
some form of management, which aims to achieve product utili-
zation while conserving the natural resource. Reduced impact
logging techniques have been especially popular. (See Box 8.5.)

8.6.1.1. Constraints on Implementation

In a large number of tropical timber-producing countries, poor
governance undermines the management system (Brown et al.

BOX 8.5

Reduced Impact Logging

Reduced impact logging comprises a set of harvesting practices that re- RIL can also be more efficient and cost-effective than unplanned harvest-
duce impacts to residual vegetation, soils, and other environmental attri- ing. In the Brazilian Amazon under RIL, the overall cost per cubic meter of
butes compared with unplanned harvesting practices. RIL can reduce wood produced was 12% less than under conventional logging (Holmes et
damage by as much as 50% compared with conventional logging (Pinard al. 2002). However, under different conditions, applying RIL can be costly.
and Putz 1996; Holmes et al. 2002; Killmann et al. 2002). In the Malaysian State of Sabah, profits reportedly fell substantially when a

Typically, RIL requires thorough resource inventories and careful har- switch was made from conventional logging to RIL (Tay et al. 2002). Other
vest planning. Roads, skid trails, and log landings are planned and con- studies confirm that log production under RIL is often 20% lower than under
structed so that they adhere to engineering guidelines designed to conventional logging, due mostly to restrictions on logging in environmentally
minimize soil disturbance. Directional felling techniques are applied to sensitive areas (Killmann et al. 2002). Financial benefits associated with the
minimize damage to the residual stand and stumps are cut low to reduce application of RIL are largely due to better planning and improved supervi-
waste. Heavy machinery is required to remain on skid trails and roads in sory control. To obtain these savings, technically competent planners, log-
order to limit soil disturbance and damage to vegetation. A post-harvest gers, and supervisors are essential. Personnel with the skills needed to
assessment is essential in order to provide feedback to loggers, conces- apply these practices are rare in many parts of the tropics, so human re-
sion holders, and forest department personnel (Dykstra 2002, 2003). source development is a critical requirement for the adoption of RIL.
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2002). Timber licensing systems are frequently opaque, subject
to considerable political patronage, and the beneficiaries are not
publicly known (Gray 2002; Sizer 1995 and 1996). As a result,
forest managers have limited influence over those given the rights
to harvest timber and find it difficult to exert sufficient control to
safeguard ecosystem health. However, interest in, and support for,
forest law enforcement has recently become a major policy con-
cern, as the extent of illegal logging has become more widely
known and recognized as a significant constraint on new forest
management initiatives (World Bank 2002).

Forest management has tended to be more successful where
no viable land-use alternative exists. However, even then, low
yields together with heterogeneous species distribution patterns
have limited the viability of natural forest management. In con-
trast to temperate regions, valuable tree species occur at very low
stocking levels over much of the tropics, and their spatial distribu-
tion is poorly understood (and therefore difficult to predict). In
addition, many tree species suffer from a high incidence of natural
defect in the wood that precludes otherwise desirable trees from
being felled. High levels of previous timber exploitation are a
further limiting factor that is becoming increasingly important in
forest areas where access is good. The considerable cost of special-
ized machinery for logging heavy tropical hardwoods also poses a
constraint, particularly for small-scale operators. Sustainable forest
management in the tropics is frequently uneconomic if viewed in
timber production terms alone.

Natural forest management has proved difficult to implement
on a large scale, especially where access is limited. An annual fell-
ing coupe of 500 hectares in mixed tropical forest seems about
the maximum that can be managed within one planning unit,
without exceptional levels of management inputs. Many timber
concessions in the tropics exceed this limit, despite lacking staff
with the necessary management skills and associated resources.

A history of forest management in the region is helpful. Natu-
ral forest management is an information demanding process,
which relies heavily on written records due to the long-term na-
ture of many of its constituent activities. Where management re-
cords have been lost, this has proved to be a serious constraint to
reviving forest management after periods of neglect.

Staff continuity within many forest authorities has suffered
during the diverse changes in their structure and function in re-
cent years. Despite much attention to institutional reform, roles
and responsibilities have not always been clarified or backed-up
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with development of capabilities. The desirable separation of the
functions associated with forest management, forest regulation,
and revenue collection have often not been made. The decline
in forest management expertise has diminished the capacity of
institutions to adopt flexible responses and has led to standardiza-
tion of forest management prescriptions. Without increased fund-
ing to strengthen forestry institutions, this situation will remain a
significant constraint to the successful application of this response.

Forest management is a field activity where the sequencing of
a number of operations is critical to success. However, difficult
working conditions are frequent, and matters are made worse by
the lack of attention given to the health and safety of field staff
in many countries. Education and training requirements remain
poorly addressed, resulting in a lack of appropriately trained staff
and the non-functioning of local professional associations.

Finally, in the species-rich tropics botanical identification is a
constraint, particularly where emphasis is now given to the man-
agement of rare and non-tree species. Another shortcoming is the
lack of attention given to the regeneration of the forest, despite
considerable research investment. Studies continue to have lim-
ited impact on the implementation of forest management in many
countries. More could be done to design effective dissemination
strategies of research results that target forest managers.

8.6.1.2 Effectiveness of Response

Natural forest management has been successful in maintaining
ecosystem health when it has also provided direct benefits to local
communities. State authorities, without the involvement of local
communities, carry out much forest planning with forest revenue
appropriated by central government. This approach became com-
mon in tropical forests with disappointing results, in that it was
unable either to safeguard the forest resource or to support local
human well-being. The situation is now slowly changing. Not
only is this helping to conserve the forest ecosystem, it is making
a wider contribution to human well-being by offering an example
for application in other public sectors.

8.6.1.3 Policy Challenges

Diverse, locally tailored solutions are needed for securing both
wood supplies and forest environmental services. Wherever such
solutions are developed, governance frameworks should become
sufficiently flexible to support them. There is a compelling case
for governments to give greater weight to locally determined ap-
proaches that provide solutions to the trade-offs associated with
the management of natural forests.

8.6.2 Tree Plantation Management

The global area of tree plantations was 187 million hectares in
2000, a significant increase over the 1990 estimate of 43.6 million
hectares (FAO 2001a). Although plantations are equivalent to
only 5% of global forest cover, they were estimated to supply
about 35% of global roundwood in the year 2000, and it is pre-
dicted that this figure will increase to 44% by 2030. (See MA
Current State and Trends, Chapters 9 and 21.) Plantations will play
an increasing role as natural forest areas decrease (largely in devel-
oping countries), are designated for conservation or other pur-
poses (largely in developed countries), or are economically
inaccessible (CIFOR 2003).

In addition to wood, it is possible for forest plantations to
provide other environmental, social, and economic benefits,
including NWFPs such as honey, resin, and medicinal plants;
combating desertification; absorbing carbon to offset carbon
emissions; protecting soil and water; rehabilitating lands exhausted
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from other land uses; providing rural employment; and, if planned
effectively, diversifying the rural landscape and maintaining bio-
diversity. These contributions have been recognized by a number
of the U.N. conventions. Afforestation and reforestation qualify
for support under the Clean Development Mechanism of the
UNFCCC for development of carbon sinks, the Global Mecha-
nism of the Convention to Combat Desertification, and the
Global Environment Facility for rehabilitation of degraded lands
under the CBD.

Trees are increasingly being planted to support agricultural
production systems, community livelihoods, poverty alleviation,
and food security. Communities and smallholder investors, in-
cluding individual farmers, grow trees in shelterbelts, home gar-
dens, and woodlots and in a diverse range of agroforestry systems
to provide wood, non-wood forest products, fuelwood, fodder,
and shelter.

There is a strong trend toward commercialization and privati-
zation of state forest plantation resources in an endeavor to man-
age these resources more effectively and efficiently in response to
free market forces. However, about half of the global forest plan-
tation estate is grown primarily for environmental and ecological
rehabilitation and protection, and so is not suitable for manage-
ment for industrial purposes.

Plantation managers in many countries are under pressure to
ensure that their forest plantations form an environmentally and
socially friendly source of world roundwood, fiber, fuelwood, and
non-wood forest products. Certification, government procure-
ment policies, and public pressure in relation to forest plantation
siting and management are behind this.

8.6.2.1 Constraints

Not all afforestation has positive economic, environmental, social,
or cultural impacts. Without adequate planning and appropriate
management, forest plantations may be grown in the wrong sites,
with the wrong species or provenances, by the wrong growers,
for the wrong reasons. Examples exist where natural forests have
been cleared to establish forest plantations or where customary
owners of traditional lands may have been alienated from their
sources of food, medicine, and livelihoods. In some instances
poor site and species matching and inadequate silviculture have
resulted in poor growth, hygiene, volume yields, and economic
returns. In other instances, changes in soil and water status have
caused problems for local communities. Land-use conflicts can
occur between forest plantation development and other sectors,
particularly the agricultural sector and with communities who
may be alienated from their traditional land resources.

8.6.2.2 Lessons Learned

Incentives (direct and indirect) have often been used by govern-
ments to encourage investment by the private sector to stimulate
accelerated rates of afforestation. However, these have sometimes
stimulated inappropriate activities (CIFOR 2003).

Surplus or marginal agricultural and degraded lands are in-
creasingly targeted for afforestation. However, land-use conflicts
can arise when the land perceived as available and accessible is
actually used for grazing and provision of non-wood goods and
services, often according to customary or traditional land-use
rights (Anon. 2003).

Price pressures may threaten the range of forest plantation
benefits as approximately half of all forest plantations are driven
by wood profitability. There are early warning signs that leading
countries in forest plantation development (New Zealand, Chile,
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Australia, Finland, and Sweden) are feeling the pressure of de-
pressed prices for a range of forest products.

There are strong pressures toward short rotation, fast growing,
lower-valued forest plantation products, which provide fiber for
breakdown and reconstitution into a wide range of products in
the form required by the consumer. Productivity can be sustained
through reduced impact harvesting and practices that reduce soil
erosion, conserve water, and maintain soil fertility through subse-
quent rotations. Appropriate management techniques for planted
forests can also help conserve or even enhance biological diversity.
Protection from fires, insects, and disease is critical (FAO 2001b
and 2001c; Evans and Turnbull 2004).

There have been serious concerns regarding large-scale
monocultures. There is increasing recognition that semi-natural
and mixed-species, mixed-age plantings can provide a larger
range of products, provide ‘‘insurance’’ against unfavorable mar-
ket conditions, reduce the effects and economic consequences of
insect and disease attacks, harbor greater diversity of flora and
fauna, contain the spread of wildfires, and provide greater variety
and aesthetic value in the landscape (Evans 1999; CIFOR 2003).

8.6.2.3 Policy Challenges

In areas where land degradation has occurred, afforestation can
play an important role in delivering economic, environmental,
and social benefits to communities. In these instances, forests and
trees must be planted in ways that will support livelihoods, agri-
culture, landscape restoration, and local development aspirations
(Anon 2003).

Caution is widely urged on the complex issues of bio-security
(particularly relating to invasive insects, diseases, and forest plant
species and the adoption of sound phyto-sanitary procedures) and
the application of biotechnology (genetic modification, cloned
germplasm, hybrid stock). Both these issues have potential posi-
tive and negative impacts on forest plantation health, vitality, pro-
ductivity, and sustainability. In unregulated situations, there is
increasing evidence of insufficiently proven germplasm (insuffi-
cient laboratory, field and demonstration trials) being used and
incidences of bio-prospecting, which increase the potential for
genetic pollution.

8.6.3 Fuelwood Management

Woodfuel remains one of the larger outputs of the forest sector,
in some situations the largest. However, consumption of fuel-
wood has recently been shown to be growing less rapidly than
had been estimated earlier. Increasing urbanization and rising in-
comes are reflected in a slowing down in the rate of increase in
use of fuelwood as users switch to more efficient and convenient
sources of energy. In some regions, including much of developing
Asia, total consumption is now declining. In others, it appears to
be approaching a peak (FAO in press). Charcoal use, on the other
hand, is still growing, forming a much larger proportion of the
woodfuels total in Africa and South America (and some countries
in Asia). Charcoal is the main transition fuel to which fuelwood
users shift as they move up the ‘‘energy ladder,’’ and it is often a
major urban fuel. It is also an important industrial fuel in some
situations.

8.6.3.1 Impacts on Ecosystems

Supplies of fuelwood and wood for charcoal are drawn from a
much wider base than just forests. Information from 13 countries
in Asia showed that, in five countries, more than 75% of fuel-
wood came from outside forests (RWEDP 1997). Much fuel-
wood production for sale is a by-product of land clearance for

PAGE 281

agriculture. Significant pressures on forest and woodland from
woodfuel harvesting are mainly associated with areas supplying
urban demand for charcoal (SEI 2002; Ninnin 1994). In dryland
forests in parts of Africa, production of charcoal as the main wood
output can materially alter the structure and productivity of the
forests.

Overall, demand for fuel is seldom likely to deplete or remove
forest cover on a large scale. There is not a ‘‘fuelwood crisis’’ of
magnitude, and with such potentially dire consequences in terms
of forest depletion, as to require major interventions to maintain
or augment supplies (Dewees 1989). Areas of concern are gener-
ally limited to situations where there is concentrated and growing
urban demand for charcoal.

8.6.3.2 Impacts on Users

Use of wood as a fuel may be less of a concern to the security of
the forest estate than has in the past been feared, but it constitutes
a large part of the contribution that forestry can make to liveli-
hood security and poverty alleviation. Most use is still of a rural
subsistence nature. Gathered supplies of fuelwood still constitute
rural households’ main source of domestic energy.

The poorest tend to be disadvantaged by shifts to bring re-
maining common pool resources under sustainable management.
Fuelwood harvesting tends to be restricted in this process, and
women’s needs for fuelwood commonly have lower priority than
those of men for forest products for sale. Women practice a range
of measures to respond to reduced access to fuelwood supplies,
and seldom list this high among their concerns, but it is still likely
to involve a cost to them, if only in terms of increasing collection
time or having to shift to less favored fuels.

8.6.3.3 Fuelwood Opportunities and Response Options

Though wood is the principal source of energy for cooking and
heating for so many of the poor, it is the least efficient. Unless
they have access to technology to convert wood and charcoal into
modern forms of energy, real costs of energy from woodfuels can
be high even for the poor. In contrast, industrial scale dendro
power is gaining in interest in some parts of the world. (See Box
8.6.)

Considerable efforts have been devoted to encouraging adop-
tion of improved wood-burning stoves. These have had some
impact in urban areas of some countries, but little success in rural
areas. Assessments indicate that lack of success was often due to
failure to understand that users valued stoves for reasons other
than fuel economy and that ‘‘improved’’ stove designs had not
addressed these needs, or due to the constraints posed by the cost
of purchasing stoves. Some evidence suggests that where stoves
are seen as saving money (in towns) they are popular, but where
they are merely saving time or biomass (in rural areas) men are
not prepared to spend money purchasing them.

Recent attention to improved stoves has shifted from increas-
ing efficiency of woodfuel use to reducing damage to health from
airborne particulates and noxious fumes associated with the burn-
ing of wood and charcoal (IEA 2002).

The effective transfer and enforcement of local rights are im-
portant considerations. Issues that often remain to be resolved in-
clude the continuing role of forest departments, community
leaderships with interests at variance with those of their members,
and difficulties in devising and putting in place control and man-
agement mechanisms with transaction costs less than the value of
the woodfuel.

The potential and constraints of woodfuel selling as a source of
income for the poor are poorly recognized in forestry or poverty
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BOX 8.6

Dendro Power

Dendro power involves the use of wood-based materials for power gener- convenient products. Further processing produces gases and liquid fuels like
ation (RWEDP 2000). One useful feature of dendro power is its potential methane and alcohol. Methane can be used in gasification processes to
to use sustainably grown fuelwood . Interest in dendro power is gathering produce electricity and liquids that are used as transportation fuels. Gasifica-
momentum due to its multiple benefits of renewable power, reforestation, tion technologies have the potential for higher conversion efficiencies of up
and income generation (especially in rural areas). On a global scale, it to 45%. Integration gasification combined cycles are the latest development
has potential to reduce air pollution, and increase carbon sinks. It is con- that combines gas and steam turbines to produce even higher efficiencies.
sidered to be an environmentally benign power source, with zero carbon The success of dendro power generation depends on its ability to
emissions if properly managed. Dendro power is used on a limited scale in supply adequate fuel at low costs on a regular basis without over-exploiting
countries such as Sweden, Finland, Netherlands, United Kingdom, Brazil, the source. The generation of power requires a huge quantity of wood. A
United States, as well as in many Asian countries, including Thailand, project in the range of 20–40 megawatt requires some 12,000 hectares
China, India, Malaysia, Indonesia, and the Philippines. of fuelwood plantation, or a $50–100 million investment (Hulcher 1995, as

At present, most of the biomass-fuelled electricity generation is through quoted in Bhattacharya 2001). Fuel sources can be grown on degraded
steam turbines with net efficiencies of about 20–25%. In thermo-chemical land, thereby utilizing land not suitable for other activities. The energy
processes, the biomass product is heated to break it down into gases, source can be grown and managed as dedicated plantations, or as agro-
liquids, and solids. These are considered to be higher value and more forestry systems or in woodlots (Fernando 2003).

reduction initiatives. Market demand for woodfuels can provide
an important source of income for the poor. But reliance on it
can also impede progress out of poverty, especially with large and
rapid structural changes in urban market demand for woodfuels.
There is a need for better understanding of such changes, and
how best to support producers.

There has been a general failure of control measures to put
commercial woodfuel production on a more sustainable basis. Ini-
tiatives to raise prices closer to replacement values, and to capture
some of this in ways that would contribute to meeting the costs
of management and regeneration, have not had much success.
Transaction costs of trying to control collection from natural for-
ests, and to differentiate in the marketplace between fuelwood
from natural and planted sources, are often too high compared to
the value of the wood being traded. This might be overcome by
implementing such controls more effectively. However, this
would raise costs for producers and lead to higher prices for urban
users, resulting in considerable hardship for the latter, and aggra-
vating problems of underinvestment and poor productivity by the
former (SEI 2002).

8.6.3.4 Policy Challenges
The need to incorporate woodfuels more fully into the forestry
mainstream has not been adequately addressed, despite the grow-
ing focus on giving forestry a stronger livelihood orientation. At
the policy level, more effective recognition of the needs of the
landless and very poor is needed in the process of making deci-
sions about changes in land tenure and use. These considerations
can also reinforce the case for conversion of open access use into
common property rights. While privatization can create a more
favorable environment for those with rights to land to invest in
woody production, it can severely disadvantage those without
land, unless their needs are recognized and taken into account.

Significant constraints are too often imposed on those who
can participate in production, and can create distortions to trade
and markets: competition from subsidized woodfuel supplies from
government forests; taxes and other charges to generate govern-
ment revenue from fuelwood trade; restrictions imposed in the
name of conservation and prevention of ‘‘excessive’’ forest har-
vesting; and other regulations governing private sale of and trad-
ing in woodfuels. Such interventions are often unnecessary,
counterproductive, or poorly designed and implemented, and
need to be critically examined.
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8.6.4 Carbon Management

Though there is not yet agreement on the modalities for imple-
menting carbon forestry projects under the Kyoto Protocol, a
wealth of experience has been developed as a result of more than
a decade of pilot programs. Although many of the early initiatives
were based on forest conservation or management, afforestation
activities now predominate, perhaps reflecting the international
decisions to allow only afforestation and reforestation activities
into the CDM for the first commitment period. Afforestation and
deforestation activities are attractive from a development point of
view, and their carbon benefits are real, measurable, and market-
able. Countries are increasingly recognizing the importance of
forest cover for their water and soil management and for reduced
vulnerability to extreme climatic events.

There are a number of issues that remain undecided in relation
to the implementation of carbon forestry activities. These can be
broadly grouped into technical, policy, and market uncertainties.
• Technical uncertainties. Issues relating to the validity of land use

activities as a carbon sink and the quantification of net green-
house gas benefits remain controversial among the scientific
and policy making community.

• Policy uncertainties. The lack of agreement, at the international
level, on the eligibility of forestry activities in mitigating cli-
mate change has to date been a major factor in restraining the
extent of project development on the ground.

• Market uncertainties. The market for purchasing forestry based
carbon offsets or investing in projects has reflected the on-
going technical and policy uncertainties and controversies of
the land use sector. In particular, the withdrawal of the United
States from the Kyoto Protocol process has reduced the mar-
ket for forestry-based Joint Implementation and CDM proj-
ects substantially.
The likely impact of JI and CDM is largely dependent on the

specific rules still being developed and the response of the carbon
market to increased supply of forestry-based carbon offsets. De-
spite the early stages of implementation of climate change initia-
tives, experience to date has identified some important lessons
that could inform the future debate on these issues. (See Table
8.3.)

8.6.5 Fire Management

There is a major effort underway to re-introduce fire as an effec-
tive ecosystem process in those forest areas where the lack of fire
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Table 8.3. Lessons Learned from Forest-based Carbon
Sequestration Projects

Possible Action and Future
Experiences and Lessons Opportunities

Fragmentation: the carbon benefits Integration: the integration of car-
of land-based activities tend to be bon benefits with other objectives,
dealt with in isolation, rather than services, products, and benefits at
with other benefits or objectives the landscape level is essential.

Costs: the project development Cost reduction: approaches are
cycle has high transaction costs that needed to reduce the costs of proj-
act as a barrier to many projects, ect development to individual initia-
specifically small or development tives (e.g., provision of seed capital,
oriented projects simplified procedures for technical

analyses, bundling, etc.)

Scale: small projects often result in Bundling: the gathering together of
multiple local benefits but are often small-scale projects under an um-
not feasible due to high costs and brella scheme will result in the econ-
limited carbon products omy of scale, ensure local benefits

are secured, and add robustness to
smaller projects.

Limited funding: the income gener- Innovative financing: measures
ated through the sale of carbon off- that attract additional financing are
sets is rarely enough to fund the needed, for example, through inte-
development and implementation of gration with other objectives and
projects conventions or higher pricing for ad-

ditional benefits.

has contributed to forest health problems and the increasing oc-
currence of uncharacteristically severe wildfires (USDA Forest
Service 2000). The objectives have been severalfold: protect
human life and property in fire-adapted ecosystems, reduce eco-
logical damage to forests, avoid excessive suppression costs, re-
store ecosystem integrity and health, protect wildlife habitats and
biodiversity, and lower air pollution problems (Mutch et al. 1993;
Neuenschwander and Sampson 2000; USDA Forest Service
2000). Significant technical and political obstacles must be ad-
dressed if the effort is to be successful. The technical obstacles
generally revolve around the current fuel conditions in these for-
ests, or the existence of large, uniform areas of unhealthy or ma-
ture stands. These require careful management interventions that
either reduce fuels to levels that allow fire to burn in historically
characteristic ways or break up large areas of uniform conditions
so that landscape patchiness is restored (Covington and Moore
1994; Mutch et al. 1993; USDA Forest Service 2000).

While most of the techniques have been well tested at re-
search plot levels, there is limited experience at the large landscape
levels needing treatment in areas like the western United States,
northern Canada, or Russia. These problems are made more
complex in those areas where significant human populations exist.
Even with fuel reductions and carefully prescribed burning to
restore fire to its ecologically required levels, the amount of air
pollution created may exceed what people will tolerate (Neuen-
schwander and Sampson 2000). Political opposition to the inevi-
table risks of using fire as a forest management tool, the
considerable costs involved in effectively managing an active fire
program, and the pollution and human health impact that will be
intentionally generated are significant and will require carefully
crafted strategic approaches that generate widespread public sup-
port if they are to be overcome (USDA Forest Service 2000).
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8.7 Summary Lessons
Civil society and private sector players are becoming as important as
government in developing responses; furthermore, their involve-
ment helps ensure that policy outcomes are more durable. Urban
and market players are increasingly significant. This reflects grow-
ing public concern to secure a range of ecosystem services from
forests and other wood-producing ecosystems. Innovative re-
sponses, such as many forms of partnership to create balanced land
use for wood and other benefits, and certification to assure such a
balance, are offering new forms of ‘‘soft policy’’ that influence
government strongly.

Consequently, multistakeholder policy processes, from local to in-
ternational levels, are becoming significant in developing, debat-
ing, and reviewing response options. They are important in
deciding on the balance between the public and private benefits
to be obtained from wood-producing ecosystems. However, they
are still often poor at identifying and involving marginal groups,
for which brokers can be helpful. Many are also one-off, rather
than installing continuous improvement systems that keep up
with the dynamics of wood supply and demand and deal with
change.

Ultimately, public perceptions and beliefs are key. For example,
progress needs to be made in improving public understanding of
the wide land use spectrum that potentially provides wood, and
therefore of the legitimacy of plantations as wood-producing eco-
systems, potentially freeing up other land for other ecosystem
benefits.

There has been a strong trend toward privatization or decentral-
ization of control over forests, forest management services, and
enterprise. This, together with other forms of liberalization and
structural adjustment, has helped to remove perversities that acted
against sustainable wood supply. It has helped to create a wider
range of ‘‘willing stewards’’ of forests and wood-producing lands
but has not always conferred adequate rights and powers on them
to enable them to exercise stewardship.

Market-based responses are redistributing rights to stakeholders,
making them more effective in securing both wood supplies and
other ecosystem services. Market approaches to allocating use
rights to public lands, and voluntary certification, are helping to
change the structure of wood industries. However, it is usually
existing ‘‘good practice’’ companies that are benefiting. Step-wise
incentives are needed to encourage the bulk of wood producers
to gradually develop existing capacity from a low base, to cover
transaction costs, and hence to improve forest management prac-
tice. Other responses are needed to ‘‘close doors’’ to bad practice;
these are unlikely to be market-based, but will need legal action
and enforcement.

To shift wood production toward sustainability is a challenge
that goes beyond selecting individual ‘‘responses’’ toward restruc-
turing governance of the sector. Progress is made by coherent sets
of interacting responses that suit a particular case, country, wood
market, or governance structure. A coherent, effective ‘‘set’’ of
response options might differ depending on the prevailing con-
text. (See Table 8.4.) Developing an effective set of responses is,
therefore, largely a governance and institutional development question.
Urgent requirements for institutional strengthening tend to be at
the local level, for it is only through local institutions that sustain-
able forest management can be precisely defined and pursued, and
decisions made on the balance with other activities. A clear insti-
tutional separation of forest regulation, management, enterprise,
and revenue collection tends to be needed among government
authorities for environmental services such as carbon storage as
well as for wood.
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Table 8.4. How Responses Can Differ in Various Contexts
(Mayers et al. 2002)

Potentially Effective Response
Options: Key Entry Points for

Prevailing Governance Governance Change

Command and control role, powers, and accountability of
authorities

legislation development

extension and enforcement

Privatization to corporate or civil deregulation
society interests standards and certification

market reforms, royalties, and rents

ombudsmen

monitoring

Nationalization of enterprises and major institutional and legal changes
services user rights

compensation mechanisms

Devolution of power to local empowerment
authorities and/or civil society costs/transition problems of
groups divestment

capacity development

Other approaches to empowerment
decentralization rights assurance

capacity development

negotiation

Cross-sectoral consensus and participation/representation
partnerships mechanisms and resources

availability of information

capacities of civil society groups

PAGE 284

Better information is also needed both about the dynamics of
wood supply and demand, and about the costs and benefits of the
different response options and their distributional effects. Some of
the more recent responses appear to have caused significant
changes, but there have been relatively few independent assess-
ments of what they have achieved. Furthermore, there is inade-
quate information about how forests and other wood-producing
ecosystems behave under multi-purpose production regimes, es-
pecially in terms of the best possible balance between wood and
other benefits. Casting responses in stone will rarely, therefore, be
a good idea. Whatever its form, sustainable forest management
will be information-intensive and all response options may need
to invest more in integral information and review functions. Table
8.5 summarizes the assessment of response options.
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Main Messages

Human activity has greatly increased the flux of nutrients through the
landscape, roughly doubling the global flux of nitrogen and tripling the
flux of phosphorus in the landscape over natural values. Agriculture is the
major driver of change for both of these nutrient cycles, although other factors
also contribute, such as creation of reactive nitrogen during fossil fuel combus-
tion and the use of phosphorus as a surfactant in detergents, with ensuing
effects on the environment and human well-being. Much of the change is
recent, and half the synthetic nitrogen fertilizer ever used on Earth has been
utilized since 1985. The extent of alteration of nutrient cycling is not uniform
over the planet and varies greatly from region to region. In many parts of
Europe, Asia, and North America, nitrogen deposition from the atmosphere
and nitrogen fluxes in rivers have increased 10-fold or more. On the other
hand, in some regions where population levels are low and where there has
not been much agricultural activity, little change, if any, has occurred in nutrient
fluxes in the landscape. Some parts of the world, including much of Africa,
suffer from too little fertilizer availability (particularly phosphorus fertilizer) to
support agriculture needs, a stark contrast to the nutrient surpluses that char-
acterize the developed world and East and South Asia.

The consequences of excess nutrient flows are large and varied. The
effect on human health, while poorly quantified, is also varied and potentially
severe. With phosphorus, the primary concern is eutrophication (excess algal
growth) in freshwater ecosystems, which can lead to degraded habitat for fish
and decreased quality of water for consumption by humans and livestock. For
nitrogen, the range of issues is far greater. Ecological and environmental ef-
fects include eutrophication of coastal marine ecosystems, eutrophication of
freshwater lakes in the tropics, contribution to acid rain with effects on both
freshwater and terrestrial ecosystems, loss of biodiversity in both aquatic and
terrestrial ecosystems, creation of ground-level ozone (which leads to loss of
agricultural and forest productivity), destruction of ozone in the stratosphere
(which leads to depletion of the ozone layer and increased UV-B radiation on
Earth), and contribution to global warming. The resulting health effects include
the consequences of ozone pollution on asthma and respiratory function, in-
creased allergies and asthma due to increased pollen production, risk of blue-
baby syndrome, increased risk of cancer and other chronic diseases from
nitrate in drinking water, and increased risk of a variety of pulmonary and
cardiac diseases from production of fine particles in the atmosphere.

Manifestations of these problems vary regionally, from too much exposure
to nitrogen in the soils, atmosphere, and waters in much of industrial Europe
and North America to nutrient shortages hurting subsistence farmers of Africa.
Both extremes are found in Latin America and Asia, with the largest growth in
demand and use of commercial fertilizers in Asia.

Technical tools exist for reduction of nutrient pollution at reasonable
cost. That many of these tools have not yet been implemented on a significant
scale suggests that new policy approaches are needed. Current regulatory
authority for non-point source pollution is often nonexistent or very limited.
Hence, increased authority to regulate such sources may be necessary to
reverse pollution of surface water by nutrients. Reversal of soil nutrient deple-
tion and consequent reduction of crop yield in Africa and many parts of Asia
and Latin America can be realized through a combination of technology options
and policy and institutional reforms.

Market-based instruments hold the potential for better nutrient manage-
ment, but may not be relevant in all countries and circumstances. Relatively
little is known empirically about the impact of these instruments on technologi-
cal change. Also, much more empirical research is needed on how the pre-
existing regulatory environment affects performance, including costs. Which
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instrument is best in any given situation depends upon the characteristics of
the environmental problem, and the social, political, and economic context in
which it is being regulated.

Policy responses to nutrient pollution can be addressed through uniform
national approaches, or through a watershed-based approach. The latter
is likely to be the most cost-effective for some sources of nutrients (such as
runoff from agricultural yields), while a uniform national approach may be better
for others (such as NOx from fossil fuel combustion or phosphorus from deter-
gents). An important question for the choice of the correct pollution control
instrument is related to the implementation costs of the instruments. The more
suitable measures are associated with implementation difficulties, and policy-
makers might evaluate the trade-offs between cost-efficiency and ease of im-
plementation. Policies should be developed to increase the supply of fertilizer
to the regions where availability has been limited, and to encourage the fertil-
izer to be used efficiently and with less environmental leakage than has oc-
curred in much of the industrial world. In industrial countries, policies need to
be implemented to reduce this nutrient leakage. A major focus should be the
increasingly concentrated production of animal protein in many regions, both
since this can be a major driver in the increased use of synthetic nitrogen
fertilizer and because the animal wastes are usually poorly treated and leak
substantial amounts of both nitrogen and phosphorus to the environment.

Prospects need to be explored for developing a comprehensive under-
standing of a nutrient management strategy that transcends geographical,
economic, and political boundaries to minimize the need for extracting phos-
phate from limiting reserves and for introducing more biologically available
nitrogen into the biosphere and to distribute those nutrients efficiently accord-
ing to local, regional, and global demands. Together with the understanding of
a management strategy, the existing data on nutrient mobilization, distribution,
and effects need to be assessed to insure that the science used to develop
management strategies is sound and complete.

9.1 Introduction
Globally, the world has seen a tremendous increase in the use
of synthetic nitrogen (N) fertilizer and inorganic phosphorus (P)
fertilizer over the past half century. In conjunction with the inad-
vertent creation of reactive N during the combustion of fossils
fuels, human activity has increased N fluxes two-fold and P fluxes
three-fold (Vitousek et al. 1997; NRC 2000; Smil 2001; Howarth
et al. 2002b; Galloway et al. 2004). However, these changes are
far from uniform, and some regions have seen increased nutrient
fluxes of ten-fold or more, while other regions have seen little or
no increase (Howarth et al. 1996, 2002b; NRC 2000). Many re-
gions of the world—most notably sub-Saharan Africa—have in-
sufficient inputs of new nutrients to support agriculture. When
crops are harvested, N and P are removed with the harvest, and
insufficient return of these on nutrient-poor soils leads not only
to low crop production but also to further degradation of soil
quality due to increased erosion. Many other regions of the
world—including most of the industrial world as well as East Asia,
South Asia, and southeastern South America—now suffer from
greatly increased fluxes of nutrients in aquatic ecosystems and, in
the case of N, the atmosphere. (See MA Current State and Trends,
Chapter 13.) It is important to note that while the world is di-
vided into two parts—regions where nutrients flow in excess and
regions where nutrient inputs are insufficient to provide adequate
food production—this division does not simply follow the classi-
cal division between developed and developing nations. While
the regions that have insufficient nutrient supplies fall within the
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developing world, many other developing regions have problems
with surplus nutrients that match those of the industrial countries.

The consequences of excess nutrient flows are large and var-
ied. For P, the primary concern is with eutrophication (excess
algal growth) in freshwater ecosystems, which can lead to de-
graded habitat for fish and decreased quality of water for con-
sumption by humans and livestock (Carpenter et al. 1998). For
N, the range of issues is far greater and, in fact, a single atom of
N can cascade through the environment and cause multiple prob-
lems (Galloway et al. 2003). Ecological and environmental effects
include eutrophication of coastal marine ecosystems, eutrophica-
tion of freshwater lakes in the tropics, contribution to acid rain
with effects on both freshwater and terrestrial ecosystems, loss of
biodiversity in both aquatic and terrestrial ecosystems, creation of
ground-level ozone (which leads to loss of agricultural and forest
productivity), destruction of ozone in the stratosphere (which
leads to holes in the ozone layer and increased UV-B radiation on
Earth), and contribution to global warming (Vitousek et al. 1997;
NRC 2000; Howarth et al. 2000; Tartowski and Howarth 2000;
Rabalais 2002; Galloway et al. 2003).

The human health effects, while poorly quantified, are also
varied and potentially severe. These include the consequences of
ozone pollution on respiratory function, increased allergies and
asthma due to increased pollen production, risk of blue-baby syn-
drome if nitrate levels in drinking water are high, increased risk
of cancer and other chronic diseases from the presence of nitrate
in drinking water, and increased risk of a variety of pulmonary
and cardiac diseases from the production of fine particles in the
atmosphere (Wolfe and Patz 2002, Townsend et al. 2003).

The problems from nutrient pollution on surface water quality
are particularly well recognized, especially in industrial countries
(Vitousek et al. 1997; Carpenter et al. 1998; Howarth et al.
2002a). The importance of P in promoting excessive aquatic plant
production in fresh water was realized early, and was already well
understood in the 1960s (Vollenweider 1968). Despite some early
important studies (Ryther and Dunstan 1971), public awareness
of the problems caused by excessive N inputs, however, took
much longer to develop (Howarth and Marino, in press). While
significant progress in reducing P pollution has been made in de-
veloped countries over the past 30 years, N pollution has actually
grown worse, and is particularly evident in coastal ecosystems
(NRC 1993a, 2000; Nixon 1995; Howarth et al. 2000). Today,
two thirds of the coastal rivers and bays in the United States are
believed to be moderately to severely degraded from excess N
inputs (NRC 2000). Thus improving water quality is a major
focus of nutrient management in industrial countries. .

In the developed world, P pollution has been counteracted
increasingly effectively since the 1960s, through P precipitation
in sewage treatment, bans on P in commercial detergents, and
better controls on erosion of P-rich soils from agroecosystems.
Some problem areas remain due to either excessive sewage inputs
or inadequate control on soil erosion. Thus while many lakes
have improved greatly, in some cases increasing agricultural P
losses have resulted in continued deterioration (Foy et al. 2003).
In contrast, N pollution is more of a problem with coastal marine
ecosystems, a problem that many managers have only recently
recognized (NRC 2000; Howarth and Marino, in press.). Thus
there has been less effort and little success in stemming its rise.
Nitrogen fluxes to surface waters are more difficult to control
than P, due to their greater mobility through the atmosphere and
groundwater (NRC 2000; Howarth et al. 2002b).

Worldwide, the most dramatic reversal of N pollution from
non-point sources has been inadvertent. The end of the former
Soviet Union led to the economic collapse of agriculture in East-
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ern Europe, and fertilizer use plummeted. As a result, nutrient
loading to the Black Sea, especially of N, was greatly reduced. In
only a few years, the Black Sea began to recover, including fish
stocks and fisheries, from the eutrophication that had grown
steadily worse from 1960 until 1990 (Boesch 2002). In developing
countries, nutrient pollution has often gone unchecked, being
low on the list of national priorities unless drinking water supplies
are affected.

Much of the developing world did not take to scientific agri-
culture until the 1960s. With the expansion of education and
training, India and China, in particular, have shown dramatic im-
provements in their agricultural practices with attendant increases
in the use of commercial fertilizer. The introduction of improved
varieties of wheat and rice that were responsive to fertilization
(Hayami and Otsuka 1994), and the knowledge of successful ap-
plication breakthroughs in the industrialized world involving fer-
tilizers (Critchfield 1982), further contributed to the increased use
of synthetic fixed N. Between 1960 and 1980, global production
of wheat and feed grains grew slightly faster than the population,
yielding a net increase in food supplies per person of 0.8% per
year. China, in just three years in the late 1970s saw 15% growth
in corn production, a 20% expansion in rice production, and a
40% gain in wheat production (Insel 1985).

Other parts of the developing world did not benefit to the
same extent, with Africa providing many tragic examples of lost
opportunities (Paarlberg 1996). Large areas of sub-Saharan Africa
are affected by nutrient depletion (Stoorvogel and Smaling 1990).
The consequences include low crop yields (Sanchez 2002) and
increased erosion as a result of decreasing vegetative cover. Nutri-
ent depletion has arisen through continual nutrient removal via
crop harvests with insufficient nutrient replacement. This soil nu-
trient mining is in part due to the removal of fertilizer subsidies
in the region in the 1990s through structural adjustment programs
(Scoones and Toulmin 1999). A comparison of fertilizer use in
1999, surprisingly, shows a higher average application rate per
hectare in developing countries as a whole (91 kilograms per
hectare per year) than in industrial countries (87 kilograms)
(Dudal 2002). However, sub-Saharan Africa is distinguished by an
average rate of 9 kilograms per hectare per year, with a high of 56
for Zimbabwe and a low of 0.8 for Rwanda.

9.2 Background
Human activity has greatly accelerated the cycling of both N and
P globally since the start of the industrial and agricultural revolu-
tions. For P, the largest human influence has been increased ero-
sion due to agriculture and the application of P fertilizer to
agricultural lands, although the use of P as a surfactant in deter-
gents also had a major influence, particularly before many govern-
ments banned them. Historical trends in increased global
mobilization of P can be evaluated from oceanic sediment rec-
ords. Globally, human activity has probably increased fluxes of P
from land to the oceans three-fold, from a natural flux of 8 Tg P
per year to the current flux of 22 Tg P per year (Howarth et al.
1995, 2002b; NRC 2000). The increase in the flux that is attrib-
utable to human activity (14 Tg P per year) is roughly equivalent
to the rate at which P fertilizer is now used globally in agriculture
(NRC 2000).

Human activity has also had an immense effect on the global
cycling of N. This is mainly due to the use of synthetic fertilizer
in agriculture. However, the release of N pollution during fossil-
fuel combustion also contributes significantly (Vitousek et al.
1997; Galloway et al. 2004). Prior to the industrial revolution,
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most reactive N on Earth was created through the natural process
of bacterial N fixation, with perhaps half occurring on land and
half in the oceans (Vitousek et al. 1997; Cleveland et al. 1999;
Karl et al. 2002; Galloway et al. 2004). Human activity has now
roughly doubled the rate of creation of reactive N on the land
surfaces of Earth. (See Figure 9.1.) The rate of change is extraor-
dinarily rapid, and the N cycle is changing faster than that of any
other element (Vitousek et al. 1997). More than half of all the
synthetic N fertilizer ever used on the planet has been utilized
since 1985 (NRC 2000; Howarth et al. 2002).

Human alteration of nutrient cycles is not uniform across the
world. The greatest changes occur where human densities and
human activities such as agriculture and fossil-fuel combustion are
the greatest. Some of this variation can be clearly seen in the rates
of N deposition, which are far higher in Europe, East and South
Asia, eastern North America, and southeastern South America
than elsewhere in the world. (See Figure 9.2 in Appendix A.)
Human activity (fossil-fuel combustion and volatilization of am-
monia to the atmosphere from farm-animal wastes) has increased
the rate of deposition over natural rates 10-fold or more in many
of these regions (Holland et al. 1999). The N flux in rivers pro-
vides one of the best-integrated measures of human influences on
the N cycle (Howarth et al. 1996, 2002b; NRC 2000). Whereas
human activity has resulted in essentially no change in the flux of
N in the rivers of some regions, such as Labrador and Hudson’s
Bay in Canada, it has increased fluxes by five- to ten-fold or more
in many regions of North America and Europe since the start of
the industrial and agricultural revolutions. (See Table 9.1.)

Taking the United States as an industrial-country example,
Figure 9.3 describes how the problem grew, stabilized, and started
to grow again. Growth in population, intensification of agricul-

Figure 9.1. Global Trends in the Creation of Reactive Nitrogen
through Human Activity, 1850–2100. The manufacturing of nitrogen
by the Born Haber process for synthetic fertilizer and industrial use
dominates, but the creation of reactive nitrogen as an inadver-
tent product of fossil-fuel combustion and the managed nitrogen fix-
ation in agroecosystems also contribute. The natural rate of bacterial
nitrogen fixation in natural terrestrial ecosystems (excluding fixation
in agroecosystems) is shown for comparison. Note that human activ-
ity has roughly doubled the rate of formation of reactive nitrogen on
the land surface of the planet. (Data for human creation of reactive
nitrogen are from Galloway et al. 2004; data on natural rates of nitro-
gen fixation are from Vitousek et al. 1997 and Cleveland et al. 1999)
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Table 9.1. Increase in Nitrogen Fluxes in Rivers to Coastal
Oceans Due to Human Activities for Some Contrasting Regions
(Howarth et al. 1996, 2002b; Bashkin 2002)

Region Change

Labrador and Hudson Bay no change
Southwestern Europe 3.7-fold
Great Lakes/St. Lawrence basin 4.1-fold
Baltic Sea watersheds 5.0-fold
Mississippi River basin 5.7-fold
Yellow River basin 10-fold
Northeastern United States 11-fold
North Sea watersheds 15-fold
Republic of Korea 17-fold

Figure 9.3. Estimated Flux of Nitrogen to Coastal Waters from
the Entire United States in Rivers and from Sewage Treatment
Plants, 1960–2000, with Projections to 2030. ‘‘Tg/N/yr’’ is equiva-
lent to million metric tons of nitrogen per year. Future projections
assume continued growth in population and export of cereal grain
growth, as predicted by the U.S. Census Bureau and FAO, respec-
tively, and no change in diet, agricultural practices, or regulation of
NOx emissions. (Howarth et al. 2002a)

tural activities, and increased emissions of oxidized N pollutants
(NOx) to the atmosphere from fossil-fuel combustion were major
drivers behind the increases in fluxes of N to coastal ecosystems
during the 1960s and 1970s (Howarth et al. 2002a). These drivers
were relatively constant in the 1980s, particularly for NOx emis-
sions (EPA 2000), even though emissions of NOx in the United
States did not decline as much as other air pollutants after the
passage of the Clean Air Act Amendments in 1970 (NRC 2000).
About half of the NOx emissions came from mobile sources, in-
cluding automobiles, buses, trucks, and off-road vehicles, and
42% from electric power generation (EPA 2000).

In the late 1990s, the United States produced approximately
one third of all the NOx released from fossil-fuel combustion
globally (Howarth et al. 2002a). Since the late 1980s, the flux of
N from the rivers to the coasts has increased again in the United
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States, largely due to increased synthetic fertilizer use and the in-
creasingly industrialized production of meat protein (NRC 2000).
Historical data for nitrate in major rivers such as the Mississippi
River, the Susquehanna River (largest tributary of the Chesa-
peake Bay), and the Connecticut River (largest river input to
Long Island Sound) show trends similar to those illustrated for
total N use in the entire United States (Goolsby et al. 1999;
Goolsby and Battaglin 2001; McIsaac et al. 2001; Jaworski et al
1997). If current trends in population growth, agricultural prac-
tices, grain exports, diet, and NOx emissions continue, the flux of
N to the coast is likely to continue to grow at the same rate as it
has over the past decade (Howarth et al. 2002a). By 2030, N
inputs to coastal waters in the United States could be 30% above
the present level and over twice what they were in 1960.

The development of N pollution in Europe has followed a
trajectory similar to that in the United States (von Egmond et al.
2002). It has been particularly troublesome for the shallow parts
of the semi-enclosed seas, such as the Baltic Sea, the Black Sea,
and the Adriatic Sea, whereas many coastal areas with strong tides
and a good exchange of water with the open Atlantic have been
much less affected. However, even the relatively open North Sea
has experienced serious problems from eutrophication due to ex-
cess nutrient inputs.

Some developing countries have also experienced a rising N
pollution problem as agriculture has intensified its use of synthetic
fertilizers. The nitrate reaching the estuary of China’s Changjiang
(Yangtze) River increased four-fold from 1962 to 1990 (Shui-
wang et al. 2000), and in 1995 an estimated 12 Tg of N was
stored in agricultural soils in the major watersheds of China (Xing
and Zhu 2002). Given current trends in N use and mobilization
in China (Figure 9.4), these fluxes to the coast can be expected to
continue to increase rapidly.

To date, there has been little progress in reversing the problem
of coastal N pollution both in the United States (NRC 2000) and
globally. N-removal technology for sewage treatment has led to

Figure 9.4. Trends in Synthetic Nitrogen Fertilizer Use and
Release of NOx to the Atmosphere from Fossil Fuel Combustion
in China, 1949–99 (Xing and Zhu 2002)
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water quality improvement in Tampa Bay and, to a lesser extent,
in Chesapeake Bay in the United States (NRC 2000), and in
Himmerfjärden Bay on Sweden’s Baltic coast (Elmgren and Lars-
son 2001). Non-point sources of N, however, dominate inputs to
most coastal waters of the United States and Europe (NRC 2000;
Howarth et al. 1996, 2002b) and reducing them has proven prob-
lematic (Boesch et al. 2001a). In 1987, a target was set to reduce
controllable inputs of N to Chesapeake Bay by 40% by the year
2000. This goal was not met, in part because management strate-
gies for non-point sources were less effective than had been as-
sumed (Boesch et al. 2001b) and because international agreements
on 50% reductions for the North Sea (1987) and the Baltic Sea
(1990) areas have also failed to reach their targets (OSPAR Com-
mission 2000; Elmgren and Larsson 2001). One possible reason
for these failures may be the long time needed for decreased nutri-
ent losses from agriculture to show up as reduced riverine trans-
port in some watersheds (Grimwall et al. 2000). Another reason
may be an inadequate assessment of which management practices
will work most effectively for N control (NRC 2000).

Many technical solutions for reducing N pollution exist, but
few have been implemented systematically. In part, this is because
nutrient management in both the United States and Europe has
tended to concentrate on P pollution, which is the larger problem
in freshwater ecosystems. The management community has been
slow to recognize that N is often the larger problem in coastal
marine ecosystems (NRC 2000; Howarth et al. 2000; Howarth
and Marino, in press). Nitrogen is more mobile than P in the
environment, flowing readily both through groundwater and the
atmosphere, a difference in biogeochemistry that requires differ-
ent management practices (NRC 2000).

Management of N pollution in coastal waters faces many pol-
icy challenges. Coastal ecosystems vary in their sensitivity to
nutrient pollution, because of differences in the size of the water-
shed, in physical mixing regime, and in ecological structure
(NRC 2000). Thus the same rate of N input will cause more
harm in some locations than in others (Bricker et al. 1999; NRC
2000). Further, there is regional and local variation in the relative
importance of N sources. Agriculture dominates input to the Mis-
sissippi River and is the primary cause of the hypoxic zone in the
Gulf of Mexico (Goolsby et al. 1999; NRC 2000). Agriculture
also dominates the inputs of N to the Baltic Sea and the North
Sea, although human wastewater inputs are significant (Howarth
et al. 1996). In many regions, including the Netherlands, Den-
mark, and Brittany in Europe and parts of the southeastern United
States, animal wastes are a major part of these agricultural fluxes.

Atmospheric deposition of N from fossil-fuel combustion is
the largest input to several marine ecosystems in the northeastern
United States, mainly as runoff after deposition on the terrestrial
landscape although, again, human wastewater inputs are impor-
tant (Howarth et al. 1996; Jaworski et al. 1997; Boyer et al. 2002).
And wastewater from sewage is the biggest input to the coastal
waters of Korea (Bashkin et al. 2002) as well as to some major
estuaries in the United States, including the Hudson River estuary
in New York City and Long Island Sound (NRC 2000; Howarth
et al. 2004) and rivers in the industrialized portion of Brazil (Mar-
tinelli et al. 1999; Martinelli 2003). Overall, human wastewater
flows are thought to contribute 12% of the riverine N flux in the
United States, 25% in Western Europe, 33% in China, and 68%
in the Republic of Korea (Howarth et al. 1996, 2002a; NRC
2000; Bashkin et al. 2002; Xing and Zhu 2002). For many coastal
rivers and bays, the relative importance of various inputs of N is
uncertain, because the models used to estimate inputs are inexact
and largely unverified (NRC 2000).
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9.3 Responses to Insufficient Nutrients to
Support Agriculture in Some Regions
Many regions of the world, particularly Africa, are in urgent need
of greater nutrient inputs to support food production. The proper
use of these increased nutrients would not only increase the re-
gional food supplies but would also improve soil characteristics
and, therefore, lead to less soil loss from erosion. The challenge is
how to ensure that nutrient replenishment in developing coun-
tries does not follow the pattern of excessive nutrient applications
that now threatens many ecosystems. In general, there is a need
for balanced fertilizer applications tailored to specific soil nutrient
deficiencies and agroecosystem requirements. Whether these nu-
trients are applied as mineral or organic fertilizers is not as impor-
tant as the management practice that assures nutrient use
efficiency both at the crop and the system level. Several nutrient
replenishment strategies have been or are being developed in sub-
Saharan Africa. The best strategy for nutrient replenishments will
depend on the soil, climate, agroecosystem, socioeconomic con-
ditions, and policy environment. Most of these nutrient replen-
ishment strategies entail a combination of mineral and organic
inputs, with the exact mix determined in part by socioeconomic
conditions as well as the realization that organic materials cannot,
in general, supply sufficient P to meet crop demand (Palm et al.
1997).

Though N is the primary limiting nutrient in most soils of
sub-Saharan Africa, once the N is replenished, P quickly becomes
limiting to crop production (Bationo et al. 1986). P can be the
primary limiting nutrient in some of the sandy soils of the semi-
arid area and on moderate-to-high P-fixing soils in the subhumid
and humid areas (Buresh et al. 1997; Sahrawat et al. 2001). Several
strategies exist for replenishing soil P: application of soluble P
fertilizers, application of reactive phosphate rock (RP), or the
combination of soluble P fertilizer and RP (Buresh et al. 1997).
The replenishment can be achieved through a single large applica-
tion with residual effects lasting several seasons or through smaller
seasonal applications.

The direct application of phosphate rock is often proposed as
the better alternative because of lower production costs than for
soluble P fertilizers (Buresh et al. 1997). Phosphate rock deposits
are found throughout Africa but they vary in their effectiveness
for direct application to the soil (Mokwunye and Bationo 2002).
The agronomic efficiency of the phosphate rock depends on its
mineralogy, particle size, and reactivity (sedimentary forms being
more reactive than igneous) as well as the soil type. Dissolution
of the phosphate rock requires soils that are slightly acidic and low
in calcium (Ca) and P in solution. The reactivity of the RP can
also be increased through partial acidulation (Buresh et al. 1997)
and also when used in combination with plants, particularly le-
gumes, that are more efficient in accessing P (Lyasse et al. 2002).

The choice of P fertilizer depends, then, on the soil, the cli-
mate, plant species, and the comparative costs. While organic in-
puts do not have sufficiently high concentrations of P to replenish
soil P at reasonable application rates, they can increase soil P avail-
ability above that obtained through the same application rates of
mineral P. Where it is difficult and/or uneconomic to obtain P
fertilizers, the combined use of organic and mineral P fertilizers
has been shown to have higher P use efficiencies (Palm et al.
1997).

High rates of P application are likely to have negative envi-
ronmental effects, primarily through erosion and runoff. Intro-
duction of biological filter strips or biological terraces have proven
quite effective in practically eliminating runoff and soil erosion of
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P; in addition, application of P increases the vegetative cover,
practically eliminating runoff and loss of P by erosion. Losses of P
through leaching are of concern primarily on sandy soils and me-
dium textured soils with low soil organic matter; there is limited
P movement down the soil profile on clay soils.

Biological N fixation offers an economically attractive alterna-
tive to synthetic N fertilizers (Bohlool et al. 1992; Döbereiner et
al. 1995). Intercropping and rotation cropping is commonly done
with N-fixing legumes. Nitrogen-fixing bacteria can be intro-
duced in the soil to enhance N availability to both leguminous
and non-leguminous plants. In Cuba, large-scale production and
use of Azotobacter (free-living, N-fixing bacteria) is estimated to
supply more than half of the N needed by non-legumes (Oppen-
heim 2001). Brazil has become the world leader in replacing
chemical fertilizers with biological N fixation; mean value of N
application is as low as 10 kilogram per hectare. Agriculture in
Brazil is one of the main export activities, with soybeans, the
largest export product of the country (Döbereiner 1997).

9.4 Responses for Management of Excess
Nutrients
This section summarizes technical solutions for nutrient control
and then outlines policy options for implementing them. The sec-
tion relies heavily on the analysis by the U.S. National Research
Council’s Committee on Causes and Management of Coastal Eu-
trophication (NRC 2000) but uses other recent information in
addition.

9.4.1 Leaching and Runoff from Agricultural Fields

Global use of synthetic N fertilizer increased steadily from about
11 teragrams N per year (million metric tons N per year) in
1960–61 to about 80 teragrams N per year in 1988–89, while
fertilizer P use increased less steeply, from almost 5 to over 16
teragrams. Much of the recent growth has occurred in the devel-
oping world, particularly in China. The economic crisis after
1989 in the former Warsaw Pact countries led to an initial fall in
global fertilizer use of 10–20%, but by 2000–01, global N use had
recovered fully, and P use partly (IFA 2002). Global use of syn-
thetic N fertilizer from 2001 exceeds 100 teragrams per year.
Much of this fertilizer is assimilated by plants and harvested with
crops, but some of it is lost to the environment. In the United
States, for example, over half of the synthetic N fertilizer inputs
are removed with crop harvest on average, and about 20% leaches
to surface or ground waters (NRC 1993b; Howarth et al. 1996,
2002a).

The variability in leaching among fields is great, ranging from
a low of 3% for grasslands with clay-loam soils to 80% for some
row-crop agricultural fields on sandy soils (Howarth et al. 1996).
P losses, while generally lower, are almost as variable (NRC
2000). Climate is important, with greater nutrient losses in areas
of high rainfall and in wet years (Randall and Mulla 2001). These
differences indicate that targeting particularly leaky types of ag-
ricultural fields can greatly reduce pollution of aquatic ecosystems.

Management practices for reducing N loss to downstream
ecosystems have been reviewed by the National Research Coun-
cil of the United States (NRC 1993b, 2000) and by Mitsch et al.
(1999). The best management practices for reducing N pollution
often differ from those for P, due to the higher mobility of nitrate-
N in ground waters (NRC 2000). For instance, no-till agriculture
reduces erosion and, therefore, P losses from fields, except at very
high P inputs, but has little or no effect on nitrate loss (Randall

................. 11430$ $CH9 10-21-05 14:11:41 PS



302 Ecosystems and Human Well-being: Policy Responses

and Mulla 2001). Particularly promising approaches for reducing
N leaching from agricultural fields include:
• Growing perennial crops such as alfalfa or grasses rather than annuals

such as corn and soybeans. Perennials retain N in the rooting
zone and greatly reduce losses to groundwater. In Minnesota
and Iowa, fields planted with perennial alfalfa lost 30- to 50-
fold less nitrate than fields planted with corn and soybeans
(Randall et al. 1997; Randall and Mulla 2001).

• Planting winter cover crops, which greatly reduce the leaching of nitrate
into groundwater during winter and spring, when most leaching nor-
mally occurs. In a Maryland study, winter cover-crop plantings
reduced nitrate loss three -fold (Staver and Brinsfield 1998).

• Applying N fertilizer at the time of crop need. In the North Tem-
perate Zone, this is in the spring and summer, yet fertilizer,
which is relatively inexpensive, is often applied in the fall,
when the farmer has time, even if much of the applied fertil-
izer is leached to groundwater before crop growth begins in
the spring. A study in Minnesota showed that fall application
of fertilizer increased N leaching by 30–40% (Randall and
Mulla 2001).
Much can be gained simply by eliminating excess N fertilizer.

Adding more N increases crop yield only up to a point, after
which the crop’s need for N is saturated and further fertilization
has no effect on production (NRC 2000). Land grant universities
in the United States advise farmers on appropriate rates of fertil-
izer application for optimum economic return from crop produc-
tion under local conditions. In practice, the average farmer in the
upper mid-western ‘‘breadbasket’’ area of the United States ap-
plies significantly more synthetic N fertilizer than recommended,
and 20–30% more than is required to support present crop yields.
(See Figure 9.5.) The reasons include underestimation of N avail-
able from other sources, such as residues from previous crops,
overly optimistic yield expectations, the relatively low cost of N
fertilizer, and a tendency to apply extra fertilizer as ‘‘insurance’’ to
guarantee maximal yield (Boesch et al. Submitted; Howarth et
al. 2002a; Howarth, in press). Note that in some regions with
insufficient regulation of N use, farmers overfertilize simply as a
way to dispose of animal wastes (discussed below).

Nitrogen not taken up by the crop is available for leaching to
surface water and groundwater, and this increases rapidly if N
inputs increase beyond the point of crop N saturation. Thus re-
ducing fertilizer use by 20–30% would, in all likelihood, reduce
the downstream N pollution by considerably more than 20–30%
(Boesch et al., submitted; Howarth et al. 2002a; McIsaac et al.
2001). Such a reduction would also save farmers money, as they
would get essentially the same yield but pay less for fertilizer. One
promising approach to achieve this goal is the use of voluntary
crop production insurance (Howarth, in press). In a trial plan run
by the American Farmland Trust, farmers pay into a not-for-profit
insurance fund and agree to use less N fertilizer on most of their
cropland. Their payments into the fund are less than the savings
from purchasing less fertilizer, so the farmers have an economic
incentive to participate. Small patches of the fields are heavily
fertilized, and the average yield for the entire field planted is com-
pared with the yield in the heavily fertilized plots. If the average
yield is below that of the test plots, the farmer is compensated for
this lower yield.

Another promising approach for reducing N losses from agri-
culture fields is the use of precision agriculture, where the timing
and amount of fertilization are closely matched to crop needs at
relatively small spatial scales (NRC 1993b). Also, genetic engi-
neering may hold promise for increasing the nutrient use effi-
ciency of crops. However, as noted above, significant reduction
in nutrient leakage from agroecosystems can be made with exist-
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Figure 9.5. Crop Production and Leaching of Nitrogen to
Surface and Ground Waters as a Function of Inputs to
Agricultural Fields. ‘‘Recommendation’’ indicates application rec-
ommended by Land Grant universities based on optimum economic
return to farmers. ‘‘In practice’’ indicates the actual average applica-
tion by farmers. Less fertilizer than the recommended rate for maxi-
mizing economic return could be used, with great gains in reducing
nitrogen leakage and only small decreases in crop yield. This figure
is based on a compendium of real data for farm recommendations
and crop production for the upper midwestern United States, where
corn and soybean grown in rotation dominate as the cropping system,
as of the mid-1990s. (Boesch et al. submitted)

ing crops and techniques through such techniques as changing
cropping systems, reducing fertilizer use, and employing cover
crops.

Some agricultural lands in many regions, including the Neth-
erlands and portions of the ‘‘breadbasket’’ midwest in the United
States, are artificially drained with tile drains. This is necessary for
the growth of most row crops, but it increases leakage of N from
the fields. It may be possible to lessen this N leakage by raising
the level of drains in fields, while still providing adequate drainage
for crop production (Boesch et al., submitted). It is also possible
to build artificial wetlands that intercept the tile drainage, pro-
vided this does not cause the tiled fields to become flooded. Such
wetlands can substantially reduce the flux of nitrate to surface
waters (Mitsch et al. 2001). Buffer strips, while effective for trap-
ping P (which is largely particle bound), are not good at trapping
N from drainage systems unless the drained water is fully inter-
cepted by the buffer. The subject of artificial or reconstructed
wetlands for reducing the flux of nutrients from the landscape is
discussed below.

9.4.2 Animal Production and Concentrated Animal
Feeding Operations

Animal wastes are a major source of nutrients in many regions,
including coastal North Carolina in the United States and many
areas of Western Europe, including Brittany, the Netherlands, and
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Denmark. In the United States, where per capita meat consump-
tion is among the highest in the world, over half the country’s
crop production is fed to animals, mostly in feedlots. Most of
these crops are transported over long distances before being fed
to the animals, making it expensive for the farmers to return the
animal wastes to the site of the original crop production (NRC
2000; Howarth et al. 2002a). Instead it is far cheaper for farmers
to purchase synthetic fertilizers to use on their fields. The produc-
tion of animal protein in the United States continues to increase,
in part driven by a steady increase in the per capita meat con-
sumption of Americans (Howarth et al. 2002a). The trend for
production to concentrate in fewer but larger facilities also con-
tinues. During the 1990s, production of hogs, dairy cows, poultry,
and beef cattle all rose while the number of operations in each of
these segments declined (NRC 2000).

Wastes from concentrated animal feeding operations are nor-
mally either spread on agricultural fields, or just held in lagoons.
Some operations are beginning to compost animal wastes (NRC
2000). Animal manure can, of course, be used as fertilizer, and
recycling it back to agricultural fields is desirable. In practice,
however, it is difficult to apply manure at the time and rate
needed by the crop, due to the uncertainty about the time of
nutrient release and the difficulty of spreading it uniformly (NRC
2000). Most manure is transported only very short distances due
to the expense of transporting the heavy waste and the availability
of relatively inexpensive synthetic and inorganic nutrient fertiliz-
ers, making the use of manure unnecessary for crop production.
This results in overfertilization of fields near animal feeding oper-
ations, and pollution of ground water and downstream aquatic
ecosystems (NRC 2000).

Lagoons are a problematic approach for handling waste, due
to loss during flood events, significant leakage of N to ground
water, and much volatilization of N as ammonia to the atmo-
sphere. The ammonia contributes to acid rain, the production of
fine particles in the atmosphere, loss of biotic diversity in forests
and grasslands (Vitousek et al. 1997), and, eventually, the flux of
N to coastal waters (NRC 2000). An estimated 40% of all the N
in animal wastes in the United States—whether spread on fields
as manure or held in lagoons—is volatilized to the atmosphere
(Howarth et al. 2002a). In Europe, animal manure is the largest
source of atmospheric ammonia emissions, followed by fertilizer
use. Estimates of atmospheric ammonia emissions in Europe have
considerable uncertainties, but indicate a decrease by about 14%
between 1990 and 1998, largely due to decreased agricultural ac-
tivities in Eastern Europe after 1989. No further decrease is ex-
pected by 2010 (Erisman et al. 2003).

Animal wastes can be composted to make them easier for use
as effective fertilizers. However, much ammonia is volatilized to
the atmosphere during the composting, which lowers the value
of the compost as fertilizer and contributes to pollution by atmo-
spheric deposition (NRC 2000). More effective and less polluting
methods for treating animal wastes are an urgent need (NRC
2000).

Some progress is being made in developing more environ-
mentally benign approaches for animal wastes, as indicated by the
proceedings of a recent symposium sponsored by the Interna-
tional Water Association in Seoul, Korea, on approaches for deal-
ing with nitrogen-rich wastes, including animal wastes. The 135
papers show a wide range of creative and potentially useful ap-
proaches, including more effective agricultural re-use and pro-
duction of biogas for fuel (Choi and Yun 2003). In the European
Union, some dairy operations now make more money from bio-
gas production from cow wastes than from selling milk, when the
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biogas subsidies are considered (Holm Tiessen, personal commu-
nication).

Van Asseldonk (1994) showed that environmental efficiency
assessments of manure surpluses can be useful to: (1) demonstrate
the financial benefits of improved environmental efficiency; (2)
influence farmers’ attitudes toward the environment; and (3) get
farmers more involved in thinking about environmental targets.
Leneman et al. (1993) distinguished three main categories, using
the handling of pig waste as an example: the first one aims to
reduce N and P excretion by changes in feeding and composition
regime of the pigs; the second aims to reduce N volatilization and
can be carried out in pig houses and on manure storage outside
the pig house; finally, the third category aims to reduce N leach-
ing and P leaching in the soil. Combinations of these measures
can dramatically reduce N and P emissions (for example, P emis-
sions were reduced as much as 97% in furrowing operations and
95% in finishing operations, and N leaching was reduced by 67%
in furrowing operations and by 73% in finishing operations).

The redistribution of manure from areas of high livestock
density to arable farming areas did take off to some extent in the
Netherlands. Manure processing has turned out to be far more
expensive than had been initially thought because of the high cost
of developing new technology. Research on manure processing
continues, however, particularly in the private sector, because,
since 1998, high charges have been imposed on N and P surpluses
at the farm level.

9.4.3 Fossil Fuel Sources

As Figure 9.1 shows, the emission of oxidized forms of N (NOx)
to the atmosphere from fossil-fuel combustion contributes ap-
proximately 22 teragrams of N to the global environment every
year, or roughly 20% of the rate of synthetic N fertilizer use. In
China, NOx emissions, as late as the 1990s, equaled 20% of the
use of synthetic N fertilizer, but the increase in NOx emissions is
even greater than that for fertilizer use (shown in Figure 9.4). In
the United States, which has the higher per capita emissions of
NOx than any other nation on Earth, the emission rate is 7 tera-
grams N per year, or 60% of the rate of N fertilizer use in that
country (Howarth et al. 2002a). Most NOx emissions are depos-
ited onto the landscape as rain and as dry deposition, and are
the major contributors of acid rain, as well as being significant
contributors of the nutrient pollution of coastal waters. A signifi-
cant percentage of this deposition is exported from forests and
other terrestrial systems to rivers and downstream coastal marine
ecosystems (NRC 2000; Howarth et al. 2002b), particularly when
total N deposition exceeds 8 to 10 kilograms N per hectare per
year (Emmet et al. 1998; Aber et al. 2003). Although in most
regions of the world N fluxes to the coast are dominated by ag-
ricultural sources and human wastewater, in some regions (nota-
bly the northeastern United States) atmospheric deposition is the
single largest source. Atmospheric deposition of N from fossil-fuel
combustion exported via watersheds is a major input to almost all
coastal rivers and bays along the eastern seaboard of the United
States (NRC 2000; Howarth et al. 2002b; Boyer et al. 2002).

NOx is the only major pollutant among those in the United
States that are regulated under the Clean Air Act that has not
declined significantly since the Act was passed in 1970, although
regulation may have stabilized the emissions (NRC 2000). Emis-
sions rose exponentially through the 1960s and 1970s, but have
been relatively constant since 1980 (EPA 2000), with about half
coming from mobile sources, including automobiles, buses,
trucks, and off-road vehicles and 42 per cent from electric power
generation (EPA 2000). Major sources of NOx emissions in Eu-
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rope are transport, industry, and energy production. Work under
the Convention on Long-range Transboundary Air Pollution re-
sulted in a reduction of emissions in Europe (Russia excluded) by
21% between 1990 and 1998, mostly due to decreased industrial
activity in Eastern Europe. Under the Convention’s new
Gothenburg Protocol and new EC Directives, reduction is pre-
dicted to reach 50% of 1990 emissions by 2010 (Erisman et al.
2003).

Technical controls of NOx emissions have been much studied
because they are central to the formation of ground-level ozone
and also contribute to acid rain (NRC 2000; Mosier et al. 2001).
The basic approaches are either to burn less fossil- fuel, through
greater energy efficiency and reduced driving and/or to remove
NOx from the exhaust as with catalytic converters. NOx emissions
from fossil-fuel combustion in the United States can be almost
eliminated with currently available technology (Moomaw 2002).
Taking old, ‘‘grandfathered’’ power plants off line is a significant
and inexpensive step in this direction. Stricter emission standards
for sport utility vehicles, trucks, and off-road vehicles are other
significant steps. Electric power generation by fuel cells rather
than traditional combustion could completely eliminate NOx

emissions from that source (Moomaw 2002).
Efforts to regulate NOx emissions have been driven largely by

the ozone and air quality problems in Europe and North America.
The contribution of NOx to coastal N pollution is a reason for
greater efforts, and underlines the need for year-round reductions
in emissions; since ozone is a problem mostly in warm weather,
current regulatory requirements often focus only on reducing
emissions in the summer.

9.4.4 Urban and Suburban Sources

While non-point sources dominate inputs of N to most regions
of the world, human wastes are the major source in some regions
(such as the Republic of Korea) and are often the largest source
to urban estuaries. Human wastes are the primary urban source of
N, but atmospheric deposition of N from fossil-fuel combustion
can also be substantial, since most NOx emissions are deposited
near emission sources, which are huge in urban areas (Holland et
al. 1999; NRC 2000; Howarth et al. 2002b, 2004). In the older
cities of both Europe and North America, sanitary wastes and
storm waters are mostly combined in the same sewer system, and
some of the N entering the sewage treatment plants is, therefore,
derived from atmospheric deposition washed off the streets during
rainstorms (NRC 2000). Currently, about half of the population
of the world lives in urban areas, and the global urban population
is expected to continue to grow over this century by 2% per year
(UNEP 2002; Austin et al. 2003).

Most human sewage in the world enters surface water with
no treatment. Thus while in North America 90% of urban waste-
water is treated and in Europe 66%, in Asia only 35% of it is
treated, in Latin America and the Caribbean only 14%, and in
Africa it is not treated at all (Martinelli 2003). Even in North
America, most sewage treatment is not aimed at nutrient reduc-
tions, but rather at the reduction of the labile organic matter that
contributes to ‘‘biological oxygen demand’’ (NRC 2000). This
‘‘secondary treatment’’ is not very effective at removing N and P,
and the nutrient content of the effluent from an average second-
ary sewage plant is substantial (NRC 1993a).

Advanced tertiary treatment of sewage for removal of nutri-
ents will, on average, remove up to 90–95% of the P in untreated
sewage. Not all tertiary treatment is effective at reducing N, but
some technologies can remove up to 90% of the N in sewage.
The cost for such tertiary treatment is approximately 25% above
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that for secondary treatment, including both capital and operating
costs (NRC 1993a). For a large urban city such as New York, the
additional cost is $30–60 per person per year (Howarth et al.
2004). Substantial savings could be achieved if wastewater treat-
ment plants were designed from the start with the goal of nutrient
reduction (NRC 1993a).

9.4.5 Wetlands as Nutrient Interceptors: Enhancing
the Sinks

The sections above discussed approaches for reducing anthropo-
genic nutrient inputs to the environment. Another, complemen-
tary strategy is to enhance sinks for nutrients in the landscape.
Wetlands, ponds, and riparian zones are particularly effective nu-
trient traps, serving both to sediment out particulate forms of N
and P and to convert biologically available combined N into N2

and N2O gases through the process of denitrification (NRC 2000;
Howarth et al. 1996; Mitsch et al. 2001). N2 is a ubiquitous and
harmless gas but, unfortunately, N2O is a very long-lived gas in
the atmosphere (about 120 years) that contributes both to climate
change and to the creation of ozone holes in the stratosphere
(Vitousek et al. 1997; Howarth 2002). Mitsch et al. (2001) esti-
mate that the N load from the heavily polluted Illinois River basin
to the Mississippi River could be cut in half by converting 7% of
the basin back to wetlands. Restoration of water flows through
the wetlands of the Mississippi River delta could also significantly
reduce N fluxes onto the continental shelf, where they contribute
to the Gulf ’s hypoxic zone (Mitsch et al. 2001; Boesch et al.,
submitted). Small natural streams can also be extremely effective
sinks (Peterson et al. 2001).

A major unknown is whether the amount of N2O that is pro-
duced during denitrification in wetlands and small streams is
greater than or less than the amount that would be produced dur-
ing denitrification in downstream coastal marine ecosystems (in-
cluding on the continental shelf ), which would otherwise be the
fate of much of this excess N (Nixon et al. 1996). A major re-
search goal should be to evaluate this trade-off, and to work
towards designing wetlands as treatment systems that minimize
the production of N2O (Howarth et al. 2003).

9.5 Analysis and Assessment of Selected
Responses
Most nations of the developed world have responded to the prob-
lem of excesses of P and N in surface waters and in the air with
legislative and regulatory responses. However, these often have
not proven adequate, particularly for N pollution. In this section,
the various types of responses that have been proposed or tried
are reviewed, and their potential usefulness is assessed. For the
most part, developing-country governments have not yet man-
aged nutrient pollution. Thus the focus of the discussion here is
of necessity on the industrial world, particularly the United States
but also some countries in Western Europe.

9.5.1 Watershed-based versus Nationally Uniform
Approaches

The United States needs a national strategy to reduce N pollution
in coastal waters (NRC 2000). Federal involvement is appro-
priate, because the nutrients polluting many coastal ecosystems
come from large river systems that flow through many states and,
for N, from large multistate air sheds. Notable examples include
Long Island Sound, Chesapeake Bay, and the Mississippi River
plume. Further, national agricultural policies significantly affect N
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pollution. However, the problem of N pollution manifests itself
at the local to regional scale, so local and state governments also
clearly have a role. Since coastal ecosystems vary both in sensitiv-
ity to N pollution and in their sources of N, a national goal of
protecting ecosystems not yet damaged and of restoring those that
have been damaged seems preferable to a goal of N reduction
per se (NRC 2000; Howarth, in press). This would require a
partnership of federal, state, and local authorities, cooperating
with academia and industry.

This approach posits that the coastal ecosystems that should be
restored first are those that are most sensitive to nutrient pollu-
tion, that have nutrient sources that can most effectively and eco-
nomically be reduced, or that have the greatest ecological or
societal value. The watershed (and associated air shed) is viewed
as the appropriate scale for management. A benefit of this ap-
proach is that by targeting locations, limited technical and finan-
cial resources are most effectively used.

A watershed-specific approach requires estimates of maximum
allowable nutrient loads to coastal rivers and bays. As a start, this
could be based on the average responses of these ecosystems to
increased inputs of N, which is most often the limiting nutrient
(NRC 1993a, 2000; Nixon 1995). Since coastal marine ecosys-
tems vary in their sensitivity to nutrient inputs, however, the most
cost-effective protection would be obtained by setting higher al-
lowable N load limits for ecosystems that are insensitive to N
inputs and lower limits for systems that are highly sensitive (NRC
2000). This would require that coastal rivers and bays are classified
according to their sensitivity to nutrient pollution and that load-
ing limits be established by this classification (NRC 2000). An
alternative but more time-consuming option is to construct site-
specific models for each coastal river and bay (NRC 2000). Note
that unlike many pollutants, concentrations of N are a poor pre-
dictor of the effects of N pollution in the coastal zone. A strong
scientific consensus exists that N pollution should be managed on
the basis of N input rates (loads) (NRC 2000). The ‘‘total maxi-
mum daily load’’ provision of the Clean Water Act of the United
States (discussed further below) is a regulatory mechanism that
uses allowable loads for reducing nutrient pollution.

A watershed-specific approach is technically challenging, since
the ability to classify coastal ecosystems as to their sensitivity to
nutrient pollution is lacking except in broad outline (NRC 2000).
Also lacking is detailed, reliable knowledge on the sources of N
to most individual coastal ecosystems, although the general pat-
terns at the regional or national scale are clear (NRC 2000; How-
arth et al. 2002b). A major strategy of the Clean Water Action
Plan put forward in 1998 was to develop nutrient criteria that
could aid watershed management, but nutrient criteria for coastal
waters are still many years away, as discussed below. While current
knowledge is sufficient for starting to restore individual coastal
rivers and bays, more research on the sensitivity of ecosystems
to nutrient pollution and on sources of nutrients to individual
ecosystems will be needed to find cost-effective solutions (NRC
2000; Howarth et al. 2003).

The European Union decided in 2001 to adopt a mainly
watershed-based approach (the ‘‘Water Framework Directive’’)
to water quality management for its groundwater, fresh water, and
coastal water (Chave 2001). The approach is a mixed one, with
earlier directives, such as the technology-based ‘‘Urban Waste-
water Treatment Directive’’ and the ‘‘Nitrate Directive’’ for man-
aging agricultural N pollution, initially remaining in force, but
eventually being replaced by the Water Directive. The stated ob-
jective is to achieve good, or better, water status for all covered
waters by 2015.
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An alternative to the watershed-based approach would be a
uniform national regulation to reduce, for example, overall N
fluxes to the coastal waters of the United States, by 10% by 2010
and by 25% by 2020, without regard to the effects on individual
coastal ecosystems. A uniform approach requires less technical ex-
pertise and site-specific information than a watershed-specific ap-
proach. If the reductions in N flow occur to coastal systems that
are insensitive to N pollution, however, they will bring little, if
any, environmental benefit. Moreover, increased local loads to
some sensitive areas cannot be ruled out. Consequently, this ap-
proach is likely to be less cost-effective, and may fail to protect
the most sensitive coastal ecosystems (NRC 2000).

9.5.2 Voluntary Policies for Reaching Goals

Both voluntary and mandatory approaches have been used for
nutrient management, and both should be considered as part of
the national strategies against nutrient pollution, whether these
strategies use a watershed-specific or a uniform national approach.
Motivations for polluters to join a pollution abatement plan vol-
untarily include a commitment to environmental stewardship, a
perceived payoff in the marketplace (selling a ‘‘green’’ product), a
financial incentive or subsidy, and a fear that failure to participate
will lead to stricter regulatory control (NRC 2000). The regula-
tory threat as a powerful motivator for voluntary compliance is an
argument for hybrid approaches, which combine regulations and
voluntary programs (NRC 2000).

Voluntary approaches have been used successfully to reduce N
pollution in Tampa Bay. On the other hand, after trying voluntary
nutrient management on farms, the State of Maryland, in 1998,
moved to mandatory control (NRC 2000). The Integrated As-
sessment on Hypoxia in the Gulf of Mexico brought together a
diverse group of scientists from governments and academia to
produce consensus reports on the problem of the hypoxic zone,
and on approaches for solving the problem. These reports formed
the basis for negotiations between the federal government and the
state governments regarding the Mississippi River basin. These
resulted, as a first step, in a voluntary agreement in 2001 to reduce
the size of the hypoxic zone by reducing N loading down the
Mississippi River over the next few decades. Whether voluntary
cooperation will prove sufficient to reach this goal remains to be
seen, but the Integrated Assessment has proven that voluntary
steps can be taken even at large, multistate scales.

Robinson and Napier (2002) studied the adoption of nutrient
management techniques to reduce hypoxia in the Gulf of Mexico.
They collected data from 1,011 landowner-operators within the
three watersheds located in the north-central region of the United
States to examine use of selected water protection practices; their
research findings suggest that existing conservation programs are
no longer useful policy instruments for motivating landowner-
operators to adopt and use production systems designed to reduce
agricultural pollution of waterways. They strongly suggest that
policy-makers should reconsider allocation of limited funding for
conservation-education and for efforts designed to increase access
of farmers to training.

Financial incentives and subsidies can facilitate voluntary solu-
tions. Incentive programs, however, risk distorting the economy
in counter-productive ways. If a firm is subsidized to reduce the
discharge of a pollutant, its costs and the price of its products can
be kept artificially low. This can increase demand for the product,
and encourage other firms to enter the industry, so that pollution
actually increases (NRC 2000).

Economic incentives are a long-established part of farm policy
both in the United States and the European Union, and are based
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on providing technical assistance and subsidies, including policies
for reducing pollution from farms (NRC 2000). The Conserva-
tion Reserve Program of the United States has successfully re-
duced erosion and increased habitat for wildlife in the agricultural
landscape through financial payments to farmers who take land
out of agricultural production and create buffer strips around
streams. This program is not designed to reduce N pollution, but
financial incentives could clearly also be used to encourage farm-
ers to undertake best-management practices for N reduction
(NRC 2000).

A look at the use of fertilizer subsidies and their removal
throughout sub-Saharan Africa in the 1990s as part of structural
adjustment programs presents some useful lessons. Removal of
subsidies in many cases has led to the reduction in fertilizer use
but this has not been so where prices for crops increased more
than that of inputs (Scoones and Toulmin 1999). Other cases,
however, show that even with large subsidies for fertilizers, there
was still little use; and use may be more related to availability than
price (Manyong et al. 2002). In any event, throughout much of
sub-Saharan Africa, current fertilizer prices are two to six times
those in most other places (Sanchez 2002). Even if the prices had
been at par the majority of farmers would not have been able to
afford the amounts needed to raise yields sufficiently nor would it
have been cost-effective even if yields had been raised substan-
tially given relative crop prices. Although a thorough analysis has
not been done, transportation and boundary-crossing costs are,
most likely, two of the main reasons for these excessive costs.
Efforts should be made to address these issues. Improved road
infrastructure will also increase access to markets and shift relative
prices and, perhaps, provide more incentive for soil fertility re-
plenishment (Scoones and Toulmin 1999).

There has been considerable debate regarding ‘‘subsidies’’ (or
public intervention) for soil fertility replenishment (Sanchez et al.
1997; Scoones and Toulmin 1999). Where policy distortions af-
fect input and/or output markets and where soil nutrient de-
pletion affects livelihoods, then public interventions may be
appropriate (Scoones and Toulmin 1999). Indeed, farmers will
only invest in soil fertility management if there is a perceived
benefit. Even then they may not have the labor and capital to do
so, and there are competing demands (education and health) for
the scarce capital they do have. Scoones and Toulmin (1999) con-
clude that there are grounds for public intervention to intensify
sustainable agriculture in sub-Saharan Africa given the importance
of agriculture for providing food, incomes, and employment.

9.5.3 Mandatory Policies for Reaching Goals:
Regulations

9.5.3.1 Technology-based Standards

Mandatory policies, including regulatory control and tax or fee
systems, place the costs and burden of pollution control on those
who generate the pollution (NRC 2000). Technology-based
standards are easy to implement but tend to discourage innovation
and are generally not seen as cost-effective (NRC 1993a, 2000).
In the United States, regulation under the Clean Water Act has
been largely technology-based since its inception (Powell 2001).
Since 1977, the Clean Water Act requires point sources of pollu-
tion to meet technology-based standards, administered by the En-
vironmental Protection Agency (Powell 2001). For publicly
owned sewage treatment plants, the standard remains secondary
treatment (NRC 1993a; Powell 2001), designed merely to reduce
the discharge of pathogens and labile organic matter, generally
referred to in terms of the biological oxygen demands (BOD)
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created from this organic matter, and is rather ineffective at re-
moving nutrients (NRC 1993a). Tightening the technology stan-
dard to include effective nutrient removal could substantially
reduce N pollution at modest cost (NRC 1993a, 2000). Commu-
nities that can demonstrate that a lower level of treatment results
in no significant environmental deterioration could obtain waiv-
ers from the standard from EPA (NRC 1993a).

Animal feeding operations are subject to the requirements of
the Clean Water Act, but compliance has been poor, with only
20% of CAFOs having the necessary permits (Powell 2001).
Currently, operations with more than 1,000 ‘‘animal units’’ are
prohibited from discharging to surface waters, except during
overflow conditions expected during a 25-year storm (Powell
2001). New EPA proposed new regulations for effluents were
signed in December 2002 and published in the Federal Register in
February 2003. While the intent was to regulate land application
of manure as well as lagoon systems, the new regulations contain
some provisions for alternative technologies, including an option
to develop an alternative technology that considers pollution
losses by all media (air, surface water, ground water) and results in
a net reduction (EPA 2003). Volatilization of ammonia to the
atmosphere would, however, remain unregulated (Powell 2001).

9.5.3.2 Total Maximum Daily Loads

The Clean Water Act requires states to monitor for violations of
ambient water quality standards and, when a standard is violated,
to determine the ‘‘total maximum daily load’’ that could enter the
water body without causing impairment. If the TMDL is ex-
ceeded, the discharges allowed from point sources are lowered in
steps (Powell 2001). However, non-point sources dominate N
input to most coastal waters (NRC 2000), and the Clean Water
Act provides no authority for regulating non-point sources in the
TMDL context (Powell 2001). New statutory authority will be
required for non-point sources, if N pollution is to be reduced
through regulations.

Since 1990, states participating in the Coastal Zone Manage-
ment Program of the United States are required to have enforce-
able mechanisms for controlling non-point source pollution. In
many states the coastal zone is too narrowly defined, however, for
effective nutrient management. Further, many states fail to com-
ply with this requirement, and federal agencies have no authority
to force compliance (Powell 2001). Funding for the Coastal Zone
Management Program is small, giving federal agencies little lever-
age over state actions.

Under current U.S. law, TMDLs are applied by a state based
on compliance with water quality standards within that state. This
is problematic when pollution from one state contributes to im-
pairment of a water body in another state. For example, N com-
ing down the Susquehanna River from Pennsylvania is a major
source of pollution to Chesapeake Bay (Virginia and Maryland),
but this has not influenced TMDLs within Pennsylvania. If the
TMDL regulatory approach is to be successful in reducing coastal
N pollution, not only is new authority required for non-point
source pollution, but also multiple state sources must be included.
Providing enforcement authority to river basin commissions or
other similar watershed-based entities may help in achieving this
goal.

Although long mandated by the Clean Water Act, the TMDL
approach has only been applied recently, after litigation led federal
courts to direct the EPA to develop TMDLs. Political opposition
remains vocal, which led Congress to ask the National Research
Council to assess the scientific basis for TMDLs. The appointed
committee endorsed the basic usefulness of TMDLs and suggested
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ways in which their usefulness could be improved, such as explic-
itly recognizing uncertainty and relying more on biological end-
points for standards (NRC 2001).

The TMDL approach is based on water quality standards.
Currently states either lack nutrient standards for coastal waters or
have only loose narrative standards (NRC 2000). EPA is working
to develop procedures that could be used by the states to set nutri-
ent standards, and has published the Nutrient Criteria Technical
Guidance Manual for Estuarine and Coastal Marine Waters (EPA
2001a). States are expected to develop nutrient standards for fresh
waters by 2004 (Powell 2001), but no deadline has been set for
coastal marine ecosystems. Meanwhile, TMDLs for N control are
sometimes driven by other standards, for example, in Long Island
Sound the current plan for reducing N pollution is designed to
comply with the local dissolved oxygen standard (NRC 2000).

9.5.4 Mandatory Policies for Reaching Goals:
Taxes, Fees, and Marketable Permits

Mandatory taxes and fees that could be used as regulatory instru-
ments for inducing change include effluent charges, user or prod-
uct charges, non-compliance fees, performance bonds, and legal
liability for environmental damage (NRC 2000). These ap-
proaches are widely believed to be more cost-effective than com-
mand-and-control regulations and to be more likely to spur
innovation. For example, gasoline taxes could be increased to re-
duce fuel use and, hence, NOx emissions, and N fertilizer could
be taxed to reduce its use and to encourage appropriate use of
manure. It is, however, difficult to reach specific targets in pollu-
tion reduction using the tax/fee approach (NRC 2000), since
regulators have difficulty predicting how polluters will react. Ad-
justing fees and taxes over time to achieve the desired result may
create political resistance, and the rates of taxation necessary to
bring about meaningful changes in behavior are likely to be seen
as excessive by large segments of the public (NRC 2000).

Marketable permits for pollution avoid some of the problems
of both regulation and tax/fee systems and have been used to
reduce sulfur dioxide pollution from electric power plants (NRC
2000). As with the regulatory approach, marketable permits start
by deciding on an allowable level of pollution, so there is an assur-
ance that the set target will be met. By allowing trading among
permit holders, however, innovation is encouraged and the most
economic abatement is achieved, given a sufficient number of
buyers and sellers (NRC 2000). Marketable permits are now
being tried for N control to coastal waters in several locations,
including Pamlico Sound (North Carolina) and Long Island
Sound. To date no trading has actually occurred. A major obstacle
is that the need to establish a basis for trading between point and
non-point sources of pollution requires precise knowledge on the
sources and extent of non-point pollution (Malik et al. 1993;
NRC 2000). This is seldom available for watersheds, although
the ability of models to assess sources is improving rapidly (NRC
2000).

The EPA plans to use market-based trading programs for fu-
ture reduction of point and non-point source nutrient pollution
in U.S. waters, with trading occurring within watersheds (EPA
2001b). The program would have caps for total nutrient pollution
based on water quality standards and for impaired waters on
TMDLs. The proposed trading program is thought to provide
economic incentives for voluntary reductions from non-point
pollution sources, and would retain permit requirements for point
source pollution (EPA 2001b). The lack of statutory authority for
regulating non-point sources of nutrients under the Clean Water
Act (Powell 2001) will be a major problem for the plan in the
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majority of watersheds, where non-point sources dominate N
input. The lack of authority over inter-state pollution is another
challenge.

9.5.5 Hybrid Approaches for Reducing Coastal
Nitrogen Pollution

Nitrogen pollution has multiple sources, and an effective national
strategy may require a combination of national regulation of some
sources and watershed-based management of others. Combina-
tions of regulatory, incentive, and market-based mechanisms are
possible for both national and watershed-based approaches and
may be the most cost-effective and politically acceptable (NRC
2000; Howarth, in press). A brief discussion of hybrid policy op-
tions for N pollution follows.

9.5.5.1 Runoff and Leaching from Agricultural Fields

Leakage of N from farming could be substantially reduced if farm-
ers fertilized at, or even somewhat below, the rate recommended
for maximizing profit. To achieve this, national farm policy
should improve the economic return of those farmers who appro-
priately reduce fertilizer use and reduce economic subsidies to
those farmers who exceed recommended fertilization levels. The
crop-insurance program of the NGO American Farmland Trust
demonstrates an approach that may work when governmental
leadership is lacking (Howarth, in press).

Other means of reducing N loss include winter cover crops,
planting perennial rather than annual crops, discouraging fall ap-
plication of fertilizer, and using wetlands to intercept farmland
drainage. Any of these could be encouraged, nationally or in spe-
cific watersheds, through incentive payments. Regulations or
marketable permits that charge farmers for N runoff above a set
limit could also be applied. Within watersheds, either incentive
systems or regulatory and market-based approaches could be tai-
lored to the largest problems, such as farmers who grow annual
row crops such as corn and soybeans on sandy soils in a wet cli-
mate.

9.5.5.2 Concentrated Animal Feeding Operations

The scale of pollution from CAFOs is nearly equal to that from
municipal sewage treatment plants, and it might be sensible to
apply similar national technology-based standards to CAFOs as
have been applied to point source pollution under the U.S. Clean
Water Act. On the other hand, a performance-based standard may
encourage more innovation in treatment technologies and there-
fore be less expensive to the industry in the long run (NRC
1993a, 2000). Marketable permits could also be used to control
pollution from CAFOs. In any case, release of nutrients to surface
and ground waters and to the atmosphere should all be controlled.
The fate of manure from CAFOs must also be considered. In
the Netherlands and a few other countries of Europe, manure
application to fields is now regulated as part of the total farm
nutrient-balance programs (NRC 2000), as has also been recently
mandated in Nebraska and Maryland (NRC 2000; Mosier et al.
2001). The goal is to prevent overfertilization as a disposal mecha-
nism for the manure.

Several European countries with high concentrations of live-
stock have their own manure regulations. In all countries, the
quality of drinking water and surface water is an important policy
issue, particularly with respect to N levels. Command-and-
control measures are the most common policy tools for manure
regulation in the countries of the European Union. In the Neth-
erlands, for example, economic incentives have been used since
1998 in the form of an economically significant tax on N and P
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surpluses at farm level. See Breembroek et al. (1996) for details
on the information system to assess these surpluses.

9.5.5.3 NOx from Fossil Fuel Combustion

Atmospheric NOx pollution comes from multiple sources, includ-
ing on- and off-road vehicles and stationary sources such as elec-
tric power plants, and can be transported over long distances, so
that the airshed for pollution sources usually overlaps several
countries and watersheds (NRC 2000). This suggests that NOx

emissions are, perhaps, best regulated at the national scale. Hybrid
regulatory approaches are possible at the national level, for in-
stance, relying on emission standards for vehicles and marketable
permits for electric power plants. Coastal N pollution may require
year-round standards rather than the summer-time standards
commonly used for control of ozone and smog pollution (NRC
2000).

9.5.5.4 Urban and Suburban Sources

Municipal sewage treatment plants are currently regulated by a
technology-based standard (secondary treatment) and are not re-
lated to the degree of nutrient pollution. Upgrading the national
technology standard from secondary treatment to nutrient re-
moval may be sensible, and the cost is moderate (see discussion
above). Where upgrading would serve no purpose, municipalities
could apply for waivers under the Clean Water Act, as they cur-
rently can for the secondary sewage treatment standard (NRC
1993a, 2000).

Another approach would be to require nutrient removal only
in plants located in watersheds that contribute to known N pollu-
tion in downstream coastal rivers or bays. Currently, N-reduction
technology is required on a case-by-case basis and that too only
when sewage plants discharge directly into coastal ecosystems.
Nitrogen discharges elsewhere in river basins have largely escaped
regulation.

9.5.5.5 Wetland Creation and Preservation

Wetlands and ponds can be significant sinks of both N and P.
Wetlands and ponds that directly intercept groundwater flows or
tile drainage, or have effective water exchange with streams and
rivers, are the greatest sinks of N, while those that intercept erod-
ing sediments are most effective for P (Howarth, in press). Incen-
tive programs could target the creation and preservation of
wetlands designed to be good N sinks, in watersheds with N pol-
lution problems. Federal water management programs could sig-
nificantly influence the ability of wetlands and floodplains to serve
as N sinks, and some authors have strongly urged that increasing
N retention should be made a central concern in the planning of
such projects (Mitsch et al. 1999, 2001). However, wetlands can
release substantial quantities of greenhouse gases (methane, in ad-
dition to N2O), and this should be carefully balanced against the
increased nutrient sinks when planning any large-scale strategy for
increased wetlands.

9.6 Lessons Learned and Synthesis
Excess nutrients cause grave pollution problems in many rivers,
lakes, waterways and coastal rivers and bays in the developed
countries and now, increasingly, also in the developing ones. In
the United States, two thirds of all coastal systems are moderately
to severely degraded by nutrient pollution.

Nutrient inputs to inland and coastal waters are increasing
globally. In some developed countries, discharges of P have been
effectively curtailed, but N pollution has been reduced only in
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some local areas. If current trends continue, N loading to the
coastal waters of the United States in 2030 is projected to be 30%
above what it is today and more than twice that what it was in
1960, and increases are likely to be even larger in developing
countries with rapid population growth.

The strategies for replenishing the immediate N supply in the
soils for crop uptake are not necessarily compatible with replen-
ishing the longer-term storage of N in the soil organic matter
(Palm et al. 2001). Fairly small amounts of high-quality organic
inputs can satisfy the immediate N demand of crops but does little
to build the soil organic N (Giller et al. 1997; Merckx 2002).
Increasing soil organic N would be best accomplished with sys-
tems that combine large amounts of organic inputs, such as le-
gume fallows, and minimum tillage, and even then continued
applications of N to balance crop demands would be necessary
(Giller et al. 1997). These systems should be designed to mitigate
the potential extra losses from pooled N.

The nutrients come from a variety of sources, including ag-
ricultural fields, concentrated animal feeding operations, sewage
and septic wastes, and, for N, atmospheric deposition of NOx

from fossil-fuel combustion. The relative importance of these var-
ies among receiving water ecosystems.

Technical tools and management practices exist for reduction
of nutrient pollution at reasonable cost. That many of these have
not yet been implemented on a significant scale suggests that new
policy approaches are needed.

The best management solution may often be a combination of
some of the many voluntary and mandatory approaches available,
perhaps applying different approaches to different sources of nu-
trient pollution.

Non-point sources dominate N inputs to most coastal waters,
and are important also for P. Current regulatory authority for
non-point source pollution is often nonexistent or very limited.
Hence, increased authority to regulate such sources may be neces-
sary to reverse pollution of surface waters by nutrients.

Nutrient pollution can be addressed through a uniform na-
tional approach, or a watershed-based approach, or through a
combination of these (for example, by applying a uniform na-
tional approach to NOx emissions, while also setting watershed-
based N loading standards). A watershed-based approach is likely
to be the most cost-effective for some sources of nutrients (such
as runoff from agricultural fields), while a uniform national ap-
proach may be better for others (such as NOx from fossil-fuel
combustion or P from detergents).

While current scientific and technical knowledge is sufficient
to begin making real progress toward eliminating coastal nutrient
pollution, progress will be quicker and more cost-effective with
increased investment in appropriate scientific research.

Since nutrient pollution in many coastal ecosystems has
sources in multiple states, state and local governments may not
be the most effective regulatory agencies for a watershed-based
approach. River basin commissions or similar entities, if given
sufficient authority, may be more appropriate. Economic research
on environmental policy design has largely been concerned with
the merits of emissions-based economic incentives (for example,
emission charges, emission reduction subsidies, transferable dis-
charge permits). This literature has limited relevance to nutrients
from agriculture and other non-point sources since emissions in
such cases are, for all practical purposes, unobservable and typi-
cally stochastic. Several features of non-point pollution problems
complicate the identification of good solutions. One is the high
degree of uncertainty about non-point emissions and their fate.
Given current monitoring technology, non-point emissions at-
tributable to particular decision-makers cannot be measured with
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reasonable accuracy at reasonable cost. The result is substantial
uncertainty about the decision-makers who are responsible for
non-point pollution and about the degree of each firm’s or house-
hold’s responsibility. This rules out the use of the kinds of emission-
based instruments that economists usually advocate for cost-effec-
tive pollution control (Griffin and Bromley 1983; Shortle and
Dunn 1986).

Another feature of non-point problems is the extreme spatial
variation in the feasibility, effectiveness, and cost of technical op-
tions for reducing emissions. This greatly limits the applicability
of the uniform technology-based regulatory approaches that are
often used to control point sources (Malik et al. 1994). A variety
of options are available to encourage farmers to make socially de-
sirable choices. The menu consists of choices about who should
comply, how their performance (or compliance) will be mea-
sured, and the policy tools that will be used to affect their choices.
Each of these choices will affect the economic and ecological per-
formance but problem-specific research is essential for resolving
this issues.
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Main Messages

Human and ecosystem health can be adversely affected by all forms of
waste, from its generation to its disposal. Over the years, wastes and waste
management responses such as policies, legal, financial, and institutional in-
struments; cradle-to-cradle or cradle-to-grave technological options; and socio-
cultural practices have impacted on ecosystem health and human well-being.
Examples are evident in all countries.

International participation and leadership in waste management and
processing is essential. Waste is so diverse in its origin and forms and so
pervasive in its impacts, through terrestrial, aquatic, and atmospheric ecosys-
tems, that it has the potential to adversely affect both the inhabited and unin-
habited parts of the world. These parts necessarily include the wide range of
wetlands relevant to the Ramsar Convention; the species and their land and
ocean habitats included in the Convention on Biological Diversity; sites impor-
tant to migratory species; and grasslands, forests, and wetlands that must
be protected to minimize the potential for further desertification. Without the
involvement and commitment of the leaders of countries and industries, a
global approach to waste management will not be achieved.

Waste management and processing involve one or more of the following
processes: reduction, reuse, recovery, or disposal of waste, with practices
and technologies differing according to different economic and social circum-
stances. The desired long-term objective of human responses should be
‘‘Avoidance of Waste.’’ The sale of products from waste, whether by simple
reuse, recycling and recovery, or by more complex technological processing,
has helped to create jobs appropriate to the socioeconomic conditions of the
locality or country.

Environmental awareness and educational programs have been success-
ful in allowing consumers and resource users to make informed choices
for minimizing waste in their purchasing decisions. Employers have intro-
duced programs to encourage and recognize initiatives by the community to
reduce waste. In Japan and other industrial countries, ‘‘industry clusters’’ have
been planned, where the waste of one industry is the resource of another—an
example of copying nature, or bio-mimicry.

The combined impact of these practices has been to enhance ecosystem
services, improve aesthetic conditions, restore habitats for human use
and for biodiversity, increase public health and well-being, create jobs,
and reduce poverty. Processes for human societies to avoid waste in all its
forms are not available.

Industries and governments should select indicators and standardize
methods to monitor the sources, types and amounts of all wastes pro-
duced. The full costs of each type of waste produced from any proposed
new product or process should also be assessed. Leaders of industry and
government know that they must have precise details of waste generation,
composition and characteristics, and reuse or disposal practices to manage
waste, locally or internationally. Currently, the practice of transparent, participa-
tory, and accountable decision-making for ecosystem sustainability and human
well-being is lacking in many countries. Although there are gaps in the struc-
ture of waste accounting, the countries involved in State of the Environment
reporting, such as Canada, The Netherlands, New Zealand, and Australia, are
moving to internal standardization. The next step is to develop international
standards of waste accounting to allow objective comparison of waste manage-
ment.

All industries, all communities, and all countries must ensure compliance
with waste management laws and regulations, and acceptance of, or
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changes in, such laws and regulations. Communities have shown willing-
ness to comply with laws and regulations if there is clear understanding of the
benefits of such measures, particularly if all stakeholders are involved in the
formulation of such laws. Waste cannot always be confined within one locality
or area of jurisdiction. Some forms of waste (particularly those associated with
acid rain, greenhouse gases, and air quality in general) are transmitted in the
atmosphere, which respects no political, terrestrial, or aquatic boundaries.

The rapid advances in technologies, including biotechnology, provide
new opportunities for improvement in waste management. The adoption
of some of these technologies may require revision of existing laws and regula-
tions.

The dumping of waste in remote places such as deserts and oceans, and
across national boundaries, is not acceptable. Moves to have the practice
forbidden by international conventions should be supported by enforce-
able national legislation. Remote-location dumping of wastes is a classic
example of the historic ‘‘out of sight, out of mind’’ mentality, now rejected
by all internationally responsible organizations and industries. However, the
challenge of safe disposal of waste often requires interim storage while new
technologies are developed. Remote areas, deserts, and oceans should not
be seen as convenient locations for such ‘‘interim’’ storage. Such international
arrangements as the Basel Convention on the Control of Transboundary Move-
ment of Hazardous Wastes and their Disposal, the Kyoto Protocol on the Pro-
tection of the Ozone Layer, and the London Convention on the Prevention of
Marine Pollution by Dumping of Wastes, have yielded some positive results in
creating awareness among communities and adoption of alternate technolo-
gies and compliance by industries.

The essential role of water in life processes should be valued. Wastewa-
ter is a resource in many countries and the practice of safe reuse of
water should be encouraged. Water, whether freshwater or marine, is both
essential to life processes and a carrier and transporter of soluble and insolu-
ble waste, solid, liquid, and gaseous.

The challenges to removing the different types of waste from waters are
diverse. Modern technologies such as bioremediation, membrane filters, trick-
ling filters, activated sludge process, vascular aquatic vegetation, and anaero-
bic digestion can now be used to remove all contaminants from polluted
waters. Special care should be taken in the use of different types of ‘‘gray’’
water and effluents for human needs, to be supported with appropriate commu-
nity education programs.

10.1 Introduction
Each individual living species and each type of process or opera-
tion will have by-products in its activities, processes, or opera-
tions. In nature, diverse ecosystems (notably rainforests and coral
reefs) have achieved sustainability by the coexistence of a wide
range of different species, whereby the waste of one species has
become the resource of another, and there is an apparent balance
in the system. If for any reason one species becomes dominant,
the sustainability of the system is challenged, and ‘‘nature’’ re-
sponds to that imbalance.

At the global scale, humans have become dominant in the
ecosystem, both by their numbers and by their ability to modify
systems and to extract and transform natural materials, and fabri-
cate, use, and transport the new materials. However, humans have
been slower to respond than nature can, and only in recent dec-
ades they have acknowledged the need to copy the examples of
nature (bio-mimicry) to avoid accumulation of waste and address
the challenge of waste management holistically.
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Waste and waste management are significant components of
many chapters in the Millennium Ecosystem Assessment, and spe-
cific aspects of waste generation and/or management are found
in relevant chapters in this and other MA volumes. The general
principles of the Responses in this chapter relate to all waste but
are more specifically related to MA Current State and Trends,
Chapter 15. However, because urban and rural wastes are issues
that affect everyone, there is a further concentration of specific
examples dealing with responses to urban and rural waste.

Continuously increasing quality of life and high rates of re-
source consumption have had an unintended and negative impact
on the urban environment—by way of the generation of wastes
far beyond the handling and treatment capacities of urban govern-
ments and agencies. Cities are now facing serious problems of
high volumes of waste, characterized by inadequate disposal tech-
nologies/methodologies, rising costs of management, and the ad-
verse impact of wastes on the environment. These problems,
however, also have provided opportunities for cities to find solu-
tions that involve the community and the private sector, including
innovative technologies, disposal methods, behavior changes, and
awareness raising. Rural areas and rural communities have been
affected in many ways, including the unexpected consequences of
excess use of N and P fertilizers, pesticides and herbicides, soil
contaminants, and soil salinization. Chapter 9 examined the selec-
tion of responses for management of excess nutrients, mainly
those from fertilizers based on N and P.

The generation of wastes and their management have at-
tracted significant attention by local, national, sub-regional, re-
gional, and international communities. Waste has significant
impact on ecosystems, and poses threats to human health and
well-being. Waste also threatens the integrity of habitats that are
essential to biological diversity.

The challenge is to develop responses to waste issues that can
be applied in both developing and industrial countries and that
will improve the quality of human life and of the biodiversity of
our lands, our seas, and our skies.

10.1.1 Waste Typology and the Main Issues

The MA volume Current State and Trends lists the major categories
of wastes and contaminants by source and the processes involved
in waste processing and detoxification (see MA Current State and
Trends, Tables 15.1 and 15.2).

Wastes exhibit multiple impacts depending on the ecosystems,
ranging from small- to medium-, and ultimately long-term scales.
Responses developed must acknowledge those categories and
processes and be able to deal with:
• nutrient runoff from excess fertilizers, which constitute sig-

nificant pollution of terrestrial (Olson 1987) and aquatic eco-
systems (Howarth et al. 1999; Ikem et al. 2002; Melillo et al.
2003);

• chemicals and their residues from agro-allied industries, which
remain persistent in soils, sediments, water, and the atmo-
sphere after their planned use (Howarth et al. 2000);

• chemical toxins and their metabolic products, and their im-
pact on terrestrial and aquatic ecosystems (Anderson 1994;
Chandler et al. 1996; WRI 1992);

• nitrogen and its oxides, which contribute to acid rain (Vi-
tousek and Hooper 1993);

• a vast array of synthetic chemicals—widely used since the
1950s for diverse functions such as the control of pest animals
and plants, fuel additives, personal hygiene, etc.—many of
which remained persistent in the environment (Adesiyan
1992);
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• oils and oily wastes on land and water (Burger and Peakall
1995; Chokor 1996; Colwell et al. 1978; Hay et al. 1996);

• exhaust gases from combustion engines, which have changed
air quality and contributed to the enhanced greenhouse effect
(UNEP 2002);

• mixed streams of N and P wastes that transform from solid to
liquid and to gas, and end up in freshwater and marine ecosys-
tems and the atmosphere (Howarth et al. 1999, 2000); and

• residual materials arising from daily living, tourism, recreation,
and communal activities (UNEP 2002).
All living species generate waste. Table 10.1 summarizes the

diverse sources of waste and wide range of impact and effect.
The focus of this assessment, however, is predominantly on wastes
generated by human activities, particularly the ubiquitous urban
and rural wastes, which have been described as ‘‘a monster’’ (Onibo-
kun and Kumuyi 1999) and ‘‘a nightmare’’ (Asomani-Boateng 2002).

Although wastes produce goods and services that affect a wide
variety of ecosystems (atmospheric, aquatic, and terrestrial), and
in the process, confer a negative impact on human well-being,

Table 10.1. Waste Typology, Sources, and Policy Responses

Waste Type Sources Policy Responses

Urban solid wastes, human activities reduce, reuse, recy-
putrescible and non- cle, dispose
putrescible solids, semi-
solids and liquids (residen-
tial, commercial, institu-
tional)

Inorganic nutrient runoffs fertilizers reduce, recycle

Demolition waste, quarry construction sites, reuse, recycle, dis-
rejects quarries pose

Oils and oily wastes industries, mining reduce, recycle

Hazardous (including clini- industries, healthcare reduce, dispose
cal) expired drugs, by- facilities, household
products of metabolism, hazardous wastes,
chemical toxins, fecal pel- waste disposal facilities
lets in benthos, contami-
nated sludge, incineration
ash, leachates, ignitable,
corrosive, reactive, or toxic

Radioactive waste spent fuel from reac- reduce, reuse, dis-
tors, tailings from the pose
mining/refining of ura-
nium, medical/
academic

E-waste cell phones, computers, reduce, recycle
etc.

Ammonia and its oxidative industries, fertilizers reduce, recycle
products

Mixed wastes (containing livestock recycle
N and P) from livestock

Synthetic chemical wastes pesticides, biocides, reduce, dispose
fuel additives, cosmet-
ics, etc.

Waste products from com- vehicle engines, sea reduce, alternate
bustion (greenhouse craft, energy production fuel use
gases)
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their appropriate management enhances the benefits that people
obtain from ecosystems—improving the provisioning services
such as food and fiber production; improving the water quality;
protecting biodiversity; improving human well-being, and im-
proving aesthetics for the promotion of recreation and tourism.

The main long-term issues in waste management relate to
how humanity deals with the two extremes: ‘‘no waste’’ in, and
the ‘‘waste-induced pollution’’ of, the environment. This is par-
ticularly so since waste is an inevitable product of nature (organis-
mal existence). The ‘‘no waste’’ end (best-case scenario) of the
spectrum is, of course, a daunting challenge to achieve, while the
‘‘pollution’’ end (worst-case scenario) is, equally, overwhelming
in proffering solutions to the problems it poses. The practical
challenge relates to minimizing the adverse impacts of waste and,
if possible, transforming waste into a useful product or process.
Ideally, one would characterize all the components of waste and
assess the threat they pose, singly and in combination with other
waste components, to humans and to the ecosystem.

Realistically, we should identify policy response options, seek-
ing a socially acceptable, economically viable, and environmen-
tally sustainable strategy of reducing the predominantly negative
impact both on human well-being (including the factors of pov-
erty reduction, quality of life, sound health, cordial social interac-
tions, security of people and property, and personal liberty within
the limits imposed by democratic practices and societal values)
and on biological diversity (biodiversity) and its habitat.

The practical response to the challenges presented by different
types of waste may differ on the basis of socioeconomic and cul-
tural priorities of different countries. The successful high-technology
solutions are, currently, generally confined to the richest of the
industrial countries. Knowledge should be shared to increase the
capabilities and commitment of various developing and devel-
oped countries.

The best solution to the problem would be to avoid waste in
the first place, but we currently lack the knowledge, the whole-
of-society commitment, or the technologies for that. The next
objective is to reduce the waste and its adverse impact as far as
is practicable. Methods for this reduction will vary according to
whether the waste is solid, liquid, or gas, biodegradable/non-
biodegradable, hazardous or non-hazardous.

Solid-waste management has traditionally been viewed as a
technical (engineering) problem requiring a technical solution by
the civil engineering community (Goddard 1995). But now there
is a clear need to move away from waste disposal toward waste
processing and waste recycling (aiming for eventual waste reduction).
Some of the defining criteria for future waste minimization and
waste avoidance programs will include increased community par-
ticipation, improved understanding the economic benefits/recovery
of waste, focus on life-cycles rather than end-of-pipe solutions,
decentralized administration of waste, emphasis on minimizing
adverse environmental impacts, and alignment of investment costs
and long-term goals.

10.1.2 Wastes in Relation to Ecosystems and
Human Well-being

The essential aspects of the generation and management of wastes
are depicted in Figure 10.1, which illustrates that the goal is
human well-being, which is achievable through the production of
multiple services (such as food, fiber, water, energy) in the ‘‘niche’’
provided by specific ecosystems. These ecosystems include terres-
trial (that is, cultivated/agricultural land, natural and introduced
forests), aquatic (for example, freshwater and marine/coastal wa-
ters), and specialized (such as mountain, polar, and island) land-
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scapes. There is a strong relationship between the health of the
ecosystem and the health of the human system. Waste generation
is moderated by drivers that can be manipulated through a wide
variety of responses by policy actors and decision-makers to ensure
the mitigation of negative impacts of wastes and the adoption/
adaptation measures. The type, peculiarity, description, and char-
acterization of wastes generated, and the goods and services pro-
vided, are detailed in the next section.

The response policies address the specific aspects of planning
and implementation of chosen alternative strategies (Jacobs and
Sadler 1990; Soesilo and Wilson 1995), both as they relate to
actual management practices and in such ways and manners that
are environment-friendly, cost-effective, and socially acceptable.
Prominent among these are waste reduction at source (minimiza-
tion) (Baker 1999); waste recycling (Sridhar et al. 1992; Odeyemi
and Onibokun 1997); ecological impact attenuation by conver-
sion practices, for example, wastewater treatment and composting
(Asomani-Boateng 2002; Dreschel et al. 2002; Dushenkov et al.
1995; Guterstam et al. 1998; Jana 1998; Rotimi 1995; Robinson
et al. 1995; Sridhar and Arinola 1991; Sridhar and Adeoye 2003);
waste stream linkages (synergies and antagonisms) (Mitsch et al.
2001; Peterson et al. 2001); transportation and related technolo-
gies (Adedipe and Onibokun 1997; Onibokun et al. 2000); and
the establishment of institutional partnerships (ISWA 2002) in-
volving the public sector, the private sector, and the community
through governance and social property rights linkages (Adedipe
2002; Nsirimovu 1995).

Other management considerations include legal mechanisms,
financial instruments, and economic incentives (Burges et al.
1988; Chambers 2003; Costanza and Principe 1995; Reyer et al.
1990; Miranda and Aldy 1996; Onibokun et al. 2000; Panayotou
1990).

10.1.3 Key Drivers of Change in Ecosystems and
Services

The major drivers of change in ecosystems services are biophysi-
cal, demographic, economic, sociopolitical, technological, social,
cultural, and religious. The drivers vary by levels of socioeco-
nomic development. Those for developing countries include:
• demographic change: high population size exacerbated by high

growth rate of up to 3.5% coupled with rapid urbanization, as
in some West African (Onibokun and Kumuyi 1999), Latin
American (Onibokun 1999), and Southeast Asian (Zurbrugg
2002) countries;

• globalization (adverse effect as raw material producers with
minimal value-added) leading to complex and disadvantaged
trade relations with industrial countries;

• frequent changes in government, resulting in lack of continuity
in commitment to waste management and to environmental
pollution policy, laws, and guidelines;

• lack of focus on the concept of ‘‘resource recognition,’’ that is,
treating waste as an unused resource;

• following a ‘‘hard’’ rather than a ‘‘soft’’ approach, that is, consider-
ing waste management as a responsibility of municipal bodies
than helping community-based initiatives and informal mech-
anisms attain recognition;

• lack of funds and staff to handle the ever-increasing problem of
solid waste;

• ineffective management policies and instruments;
• poor technology for the collection, transfer, disposal, and proc-

essing of wastes;
• mass illiteracy, occasioning indifference to the environment by

not adequately linking waste with deprived human well-
being;
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W

Figure 10.1. Wastes in Relation to Ecosystems and Human Well-being

• failure to recognize, support, and integrate informal waste recyclers
into municipal solid waste systems in African cities;

• continued use of old technologies that continue to generate pollut-
ants; and

• pervasive poverty and mismanagement of public funds.
The drivers in industrial countries include the following:

• emphasis on wealth creation and high consumption based on tech-
nology, industrialization, and self-created favorable interna-
tional trade balance;

• a ‘‘use and throw away’’ society that puts little emphasis on con-
cepts of ‘‘reducing’’ or ‘‘reusing’’;

• regarding waste management as an ‘‘engineering problem’’; and
• stable political governance characterized by transparency and ac-

countability.
In both developing and industrial countries, national waste

management policy should involve the following stages:
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• waste reduction, which recognizes the costs and benefits of
reducing waste;

• the optimal balance between landfill, incineration, and recycl-
ing. In developing countries, this choice will tend to be one
of balancing recycling (including composting) and landfill in
such a manner that recycling efforts do not use up more re-
sources than they save;

• management of uncollected waste, an issue of some impor-
tance in developing countries but not of major significance in
industrial countries; and

• the choice of regulatory measures to secure waste reduction
and optimal disposal.
Around the world, developing and industrial countries have

responded to the various drivers of change in ecosystems and ser-
vices with a range of coping strategies, policies, and practices.
These take the form of legal provisioning, improving technolo-
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gies, fiscal and financial instruments, and institutionalizing waste
management. ‘‘Zero waste’’ seems to be a difficult but not impos-
sible task. If various options for waste management can be inte-
grated and applied over long periods, waste minimization can be
addressed effectively and sustainably.

10.2 Background and Selection of Responses
This section looks at five categories of responses: legal, technolog-
ical, economic, institutional, and sociocultural. In the selection of
responses, six criteria were used: historical dominance and con-
temporary relevance, political interest, evidence of positive im-
pact, evidence of damaging impact, integrated design, and
cutting-edge innovations.

10.2.1 Legal Responses

For the developed world, although there are copious laws dating
back more than a century, there is no uniform effective enforce-
ment (Garbutt 1995; Lieberman 1994); in the developing coun-
tries, the major problem is also that of enforcing compliance
(Ajomo 1992; Adewale 1996; Onibokun et al. 2000).

The various stakeholders and actors should be involved in de-
signing regulations and guidelines. This is because participation
ensures and promotes understanding and acceptance, which helps
compliance. More cooperation at the national and the interna-
tional levels is also desirable to ensure that international agree-
ments are honored. They are frequently not so honored,
principally for political national interests, including the national
economy, as has been the experience with the Basel Convention
and the Kyoto Protocol.

A recent study of four West African countries (Gambia,
Ghana, Nigeria, and Sierra Leone) identified conflicts in constitu-
tional provisions in relation to human resource requirements and
financial resource allocations, compounded by the weak revenue
base of local (municipal) governments, as a major stumbling block
to effective waste management and pollution abatement (Onibo-
kun et al. 2000). The response option for developing countries
lies in continuing public sector responsibility, as in the Latin
American countries, or a change to privatization, particularly in
mid/high-income neighborhoods. However, in low-income/
high-density residential neighborhoods where waste collection
and disposal is problematic, waste management has been a failure.
Whatever overall policy framework is adopted, and laws are en-
acted, there must, in all cases, be continual processes of legal re-
forms to provide the underpinning for institutional and
governance structures. This is to be buttressed with linkages that
would promote transparent, participatory, and accountable envi-
ronment-friendly decision-making for ecosystem sustainability.

10.2.2 Technological Responses

A variety of technological responses have been developed, some
local and some specific to particular types of waste. In industrial
countries, waste collection services often depend on prior house-
hold or workplace sorting of domestic waste into organic mate-
rial, paper and cardboard, metal containers, recyclable plastics, and
glass containers, placed in separate collection bins, to facilitate re-
processing and recycling, subsequent to commercial collection.
The technologies extend to the design of special collection vehi-
cles for these bins.

Whereas the concept of waste management requires a global
approach, many specific waste management technologies are fi-
nancially and operationally costly and thus not affordable for
many developing countries. Additionally, most industrial-country
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technologies transferred to developing countries without expert
technical and maintenance support result in failure. Examples in-
clude packaged wastewater treatment facilities for municipalities
and industries, heavy-duty waste transportation equipment, and
large-scale composting plants.

For the developing countries, short-term and medium-term
solutions lie in the use of relevant and appropriate technologies
such as biogas plants, constructed wetlands, waste stabilization
ponds, appropriate solid-waste cartage and disposal machinery
(Adedipe 2002 Onibokun et al. 2000), and relevant composting
schemes (Zurbrugg 2004). Governments are often tempted to
choose inappropriate technologies due to social pressures. One
option is for developing countries to mass-produce small-scale
equipment that is amenable to community access. With improve-
ment in access over time resulting from enhanced road networks,
medium and large scales of equipment characteristic of the devel-
oped economies would be justifiable. India and China are evolv-
ing ecological engineering for solid waste, sewage sludge, and
wastewater. For the developed world, the issue of energy savings
and operational cost-effectiveness are the response options for
long-term solutions. These response options demand appropriate
policy reforms toward ecosystem sustainability promotion for, and
by, decision-makers. Whatever options are considered must rec-
ognize the scale and location of operations as well as the distance
between the site operations and the end-users.

In situ operations are often economic and thus widely adopted
(Sridhar and Adeoye 2003); see Boxes 10.1 and 10.2 for indus-
trial-country and developing-country examples.

Certain technological or management innovations have
proved beneficial in mitigating the damage to the environment.
Wastewater management, with percolating filters/trickling filters,
and the activated-sludge method of treatment, improved the en-
vironment many times over since 1914 (Edgar et al. 1998; Krog-
man et al. 2001). The advances were more pronounced during
World Wars I and II, and continued during the subsequent indus-
trial development of various European countries, the United
States, Australia, and others. The cleaning up of the Thames and
Rhine rivers and various lakes in the Nordic countries is a re-
markable example of innovative governmental commitment.

Relatively cheap technology innovations using oxidation
ponds/waste stabilization ponds, floating vascular aquatic vegeta-
tion, including gray water reuse and duckweed ponds, reed-bed
or root-zone technology, and constructed wetlands have consid-
erably helped the poorer developing countries (Aluko et al. 2003;
Jana 1998; Urban Agriculture Magazine 2002). Such waste treat-
ment systems can actually have a measurable impact on poverty.
The duckweed ponds in Mirzapur, Bangladesh, or the gray water
systems in Jordan, for example, reduced poverty by 10% in the
homes with such systems (Faruqui and Al-Jayyousi 2002).

Development of synthetic polymers, used to make plastics
such as polyethylene, polypropylenes, polyesters, and polyamides
(including nylon), has revolutionized the types of containers for
products, the types of material for packaging, and the materials
used for carry-bags. However, most of these polymers are not
biodegradable and, once used and discarded, become major waste
management challenges. In cities like Cairo, Manila, Kolkata,
Mumbai, Hong Kong, Beijing, Accra, Lagos, and others, the
management of plastic waste has become a nightmare for city au-
thorities. In other cities, such as in Australia, non-biodegradable
plastic carry-bags are being phased out in retail stores by 2008.
The introduction of biodegradable plastics is a welcome environ-
ment-friendly development. (See Box 10.3 for steps being taken
in the European Union.)
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BOX 10.1

Australian Strategy for Zero Solid Waste Management
(www.nowaste.act.gov.au)

In December 1996, the government of the Australian Capital Territory
(ACT) initiated the No Waste By 2010—Waste Management Strategy
for Canberra for the nation’s capital, with a population of 320,000. The
objective is to achieve, by 2010, a society where no waste is sent to
landfill.

The strategy was developed after an extensive community consulta-
tion process and reflects the views and expectations expressed by the
community. It aims to build on the community’s willingness to avoid
purchases with excessive packaging, recycle materials, and improve
environmental outcomes by treating all materials as potential re-
sources. It is being implemented in phases. The first step involved
developing an inventory of wastes, establishing recovery infrastructure,
and introducing appropriate charges to provide monetary incentives.
The second step was to identify current series activities. Further pro-
grams are being developed for implementation between 2003 and
2010.

ACT No Waste, a business unit in the Department of Urban Ser-
vices, provides a number of services to the community and supports
businesses with reuse initiatives, notably:

• curbside recycling collection,
• free drop-off services for green wastes,
• regional drop-off centers for recyclable materials,
• concrete, masonry, and steel processing facilities,
• reprocessing of old paint to an as-new product,
• community recycling of unwanted household items through ‘‘Sec-

ond-hand Sunday,’’
• metal and oil recovery facilities at the two landfills,
• landfill salvage operations at the landfills, where reusable goods

are sold to the public, and
• a Resource Recovery Estate, which provides sites for inventive

business ideas for recycling and resource recovery.

Education has been found to be a critical factor in achieving the strat-
egy goals, given the free flow of information in the community participa-
tion process. In the first six years, significant progress was made in
increasing resource recovery, which rose from 22% in 1993/94 to 64%
in 2001/02. The strategy has sparked worldwide interest, with more
areas and more governments setting similar goals.

Composting has long been viewed as environmentally bene-
ficial, particularly in tropical developing countries. Proper facility
design and operation can mitigate or overcome adverse environ-
mental impacts arising from ammonia, nitrate, phosphorus, heavy
metals, and pathogen components, simultaneously reducing dis-
charge of nutrient chemicals into the environment. However, in
the industrialized countries compost is becoming unpopular be-
cause of the toxic chemicals in the waste streams (Zurbrugg et al.
2004).

10.2.3 Financial and Economic Responses

To be effective, a waste management system requires a sustainable
revenue base to cover the capital (site, equipment, and facilities),
maintenance, and personnel costs. The major problem in this re-
gard involves cost-sharing among the interacting agencies either
at the national and state levels (as in most developing countries of
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BOX 10.2

Nigerian Waste-to-Wealth Scheme of Waste Conversion to
Organo-mineral Fertilizer (Sridhar and Adeoye 2003)

Nigeria (population 120 million) is a federation of 36 states and the
Federal Capital Territory of Abuja. Ibadan, the capital of Oyo State, is
the largest city in West Africa and the third largest in Africa; it has a
population of 2.5 million. Under its Environmental Planning and Man-
agement Program initiated in 1994, various stakeholders (federal,
state, and local governments; the private sector; and communities)
evolved a model initiative for waste management for Ibadan.

A major traditional market, Bodija, was selected for the collection of
organic wastes. Traders in the market, local and state government
representatives, professionals from the city’s tertiary institutions (The
University of Ibadan, The Polytechnic, Ibadan), and community leaders
were constituted into the Waste Management Working Group that
mapped out a strategy and action plans, all aimed at converting waste
to fertilizer, creating a decent environment, promoting good health, pro-
ducing goods and services, generating employment, and thereby re-
ducing poverty.

By July 1998, an organized system of waste collection and a 25-
ton per day capacity organo-mineral fertilizer facility were established.
The state government provided funds, while other stakeholders contrib-
uted essential inputs. The indigenous technology was simple, employ-
ing 25 persons. The program stimulated the traders positively toward
segregation of waste to feed the fertilizer plant, achieving a 90% en-
hancement within a year of commencement. The plant produced
10,000 kilogram and steady revenue of $20,000 per month.

The value of the project having been demonstrated, the Oyo state
government has decided to increase the number of plants to ten, to
serve a number of agricultural communities. The second one has been
commissioned at the community level. Five other states (Akwa-Ibom,
Kaduna, Kano, Lagos, and Ondo) have also shown interest in adopting
the project for their capital cities. Cow dung, hitherto a nuisance, has
become marketable, with a high level of patronage by small-scale peri-
urban farmers, who value its good soil properties, consequently reduc-
ing the demand for chemical fertilizers in these communities.

BOX 10.3

European Union Limits Organic Waste in Landfills
(Heermann 2003)

All waste sent to landfill must be treated, unless it is inert or treatment
does not reduce the quantity of the waste or hazards to human health
or the environment.

The Directive sets the following targets for reducing the biodegrad-
able municipal waste added to landfills, compared to that produced in
1995:

• by 2006, reduce to 75%
• by 2009, reduce to 50%
• by 2016, reduce to 35%.

Africa and Asia) or at the unit levels of municipal (local) waste
management (prevalent in industrial countries and some South
American nations, notably Bolivia, Colombia, Guatemala, and
Haiti). The issues include the specific roles of private-sector dom-
inance (in the North) and public-sector prevalence (in the South)
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and the extent to which cost recovery (user, disposal, and refund-
deposit charges) can improve waste management.

For developing countries in particular, waste management
may contribute to societal well-being through poverty reduction
using waste-to-wealth activities (which produce goods and ser-
vices), but what are the social costs in terms of health hazards?
Another important issue is the need for full-cost accounting.
Where the cost estimates cover only waste management service
costs and not the social and environmental costs, the selected
waste management services might be harmful to the environment
and human well-being in the long term. For example, in India,
Nigeria, and Thailand, the open dumpsites, which produce goods
and services through material recovery and recycling, make the
waste-pickers vulnerable to physical injury, communicable dis-
eases, poisoning, and zoonotic infections (Adedipe 2002). The
specific economic instruments used, particularly in developing
countries, must also recognize the level of poverty in relation to
national income and distribution and political sensitivity, by way
of infusing humanistic responses, as Panayotou (1990) has high-
lighted. As far as is practicable, the burden and cost of pollution
must be borne by the polluter (NRC 2000).

The financial and economic responses would be more effec-
tive if we could answer the question ‘‘what is the economic
nature of solid waste?’’ Solid wastes are consumption and produc-
tion residuals. Production and consumption are driven primarily
by economic variables, particularly price and incomes, although
population size and concentration are also important factors
(Reyer et al. 1990). If a problem is economic, it means specifically
that it is characterized by scarcity and governed by choice. It fol-
lows then that solid-waste management is an important economic
problem. Importantly, in our economic system, achievement of a
cost-effective balance will require careful use of the market and
price system to achieve waste management objectives. These ob-
jectives can be attained cost-effectively only by instituting rules
that allow maximum flexibility (substitution possibilities, to the
economist) in consumption and production decisions, subject to
the constraint that all of the costs are paid.

The entire production and consumption cycle involves solid-
waste generation and management (Goddard 1995). Govern-
ments in both developed and developing countries for the most
part have relied on regulatory instruments in their efforts to miti-
gate the problems of solid-waste generation, collection, and dis-
posal. But there is growing interest in some countries in the
application of economic instruments in order to improve the ef-
ficiency of the waste management process.

In industrial countries, and some developing countries (for ex-
ample, Nigeria) (FRN 1991), the following economic instru-
ments have at one time or another been under consideration, or
have been implemented as part of a waste management strategy:
ambient standards; effluent standards; emission standards; per-
formance standards; product standards; process standards; land use
regulations; shoreline exclusion or restrictions; local ordinances;
permits; protected area designations; pollution tax; product
charge; administrative charge; tax incentives; subsidies; enforce-
ment incentives; noncompliance fee; property rights; environ-
mental assessment; need-based environmental communication
and public participation programs; recycling credit (to stimulate
increased recycling activity); landfill disposal levy (to reduce the
amount of waste put in landfills); product charge (for example,
packaging tax, to discourage overpackaging); tax concessions (to
stimulate reuse/recycling or other activities); deposit refund sys-
tems (to increase the recycling of selected items such as batteries,
or encourage returnable container systems); levy/tax on virgin
raw materials (to influence the relative prices of primary and sec-
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ondary recycled materials); and user charges (for example, house-
hold waste charges, to discourage the throwaway ethic and
encourage reuse/recycling).

Financing charges (user charges) have been used to facilitate
the collection, processing, and storage of waste, or the restoration
of old hazardous waste sites. Incentives charges (for example,
product charges) on the other hand can, among other things, be
used to stimulate increased reuse/recycling.

Economic instruments also have other properties, including a
revenue-raising capacity. This feature will be of particular impor-
tance in developing countries that lack basic waste treatment facil-
ities and infrastructure. Revenue raised via waste-user charge
(based on collection and/or disposal costs), for example, could be
‘‘recycled’’ into new or improved waste collection treatment and
recycling facilities in the local area. A balance will need to be
struck in terms of the level of the charge that could be levied, so
that a meaningful amount of finance is raised, without at the same
time stimulating extensive ‘‘illegal’’ dumping or corrupt practices.

Other economic instruments that appear to offer some advan-
tages in the developing-country context are recycling credits, tax
concessions, and deposit refunds. The first two instruments could
involve fairly modest sums of finance but still increase recycling
activities.

10.2.4 Institutional Responses

Institutional responses in their generic context embrace a set of
rules that are based on the social values of the people, approved
by the people through wide-ranging mechanisms, and allowed to
operate freely in the society. This simple definition buttresses the
concept of global governance as the sum of the many ways indi-
viduals and institutions (public and private) manage issues (Com-
mission on Global Governance 1995). In its application to waste
management, it is the process by which there is a defined structure
for administering effective waste management. This demands the
participation of all stakeholders concerned and creates a mecha-
nism for transparency, accountability, and public pressure-driven
commitment of government to effective and sustainable waste
management operations and practices.

In industrial countries, the assumption is that there is an exist-
ing private sector to which certain public-sector functions may be
transferred. But in developing countries, a viable private sector
does not exist or exists in an embryonic (formative) stage. Propo-
nents of privatization argue that it improves the efficiency and
effectiveness of services previously delivered by the public sector.
However, there is evidence that more often than not new inequi-
ties and ineffectiveness arise from privatization. There are there-
fore complexities in the transformation from public to private
sector. In waste management, a shared responsibility through
public-private sector partnership seems to be the answer, with the
public sector providing capital equipment, promulgating laws,
and conducting research, and the private sector taking responsi-
bility for management operations, including health risk reduction
and the promotion of overall human well-being (Sappington and
Stiglitz 1987). Community-based organizations should be in-
volved in this process as stakeholders, in accord with the proposal
of Nsirimovu (1995) that human rights and participatory gover-
nance should be focused on the individual as the prime subject of
all developments, including urban waste management.

Stakeholder participation can be encouraged by including
waste prevention and resource recovery explicitly, by encourag-
ing the analysis of interactions with other urban systems, and by
promoting an integration of different habitat scales like city,
neighborhood, and household (Klundert 2000).
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Some of the institutional linkages that would be needed to
sufficiently manage waste do not exist or are confused in develop-
ing countries. The local (municipal) governments, which are con-
stitutionally charged with the responsibility, invariably lack the
equipment base and skilled human resources. The policy response
that has to be considered is the establishment of viable units of
municipal governance for routine operations, while the state/
provincial governments should be responsible for major cost-
intensive facilities such as sanitary landfills, incinerators, and
wastewater treatment plants. Consequently, state governments
should work out partnerships with the national governments.
Where there is need, regional/global collaboration should be en-
couraged. For the industrial countries, more stringent governance
reforms are the response option. For example, in the United
States, the Toxic Release Inventory has led to dramatic decreases in
corporate emissions. Among developing countries, Nigeria’s re-
cent Inventory of Hazardous Wastes has been a tremendous response
option, contributing to waste and ecosystem management (Osi-
banjo 2002).

At the global level, the protocols, conventions, and treaties
need to be implemented with strict adherence to agreed commit-
ments and prescribed sanctions, including diplomatic interven-
tions. For a start, the local (municipal) and state (provisional,
district, prefecture, as the case may be) governance structures
should be reviewed for better compliance inculcation.

10.2.5 Sociocultural Responses

Waste management problems are closely associated with society,
its beliefs, and its attitudes. The flow of waste from the place of
origin to the site of disposal has human dimensions besides the
application of technology, given the concept of a city or region
functioning as an anthroposphere. Effective resource management
must be prescribed to closely fit particular societal norms and val-
ues, since governance is in constant flux and operates in an ‘‘estab-
lished milieu’’ even in epistemic societies, with the ultimate aim
of exercising power in the management of a country’s economic
and social resources for development. Human rights and individ-
ual liberty, within the limits imposed by democratic principles,
must also be respected (Nsirimovu 1995).

Knowledge and attitudes govern the practices. There is need
to motivate change toward more environmentally sound attitudes
at various levels, for example, home, school, and workplace. Edu-
cation plays a key role. When developing educational programs
to motivate changes in behavior, it is important for their success to
include stakeholder input and to understand in-depth behavioral
aspects (Okpala 1996). Obviously, the methodology options will
differ with sociocultural value content of each community and
nation. Generally, but particularly in developing countries, there
are two sets of options for educating about waste clearance: formal
and informal, these being the incorporation of waste management
into the curriculum on environment and sustainable development
(for the formal) and the establishment of environment and conser-
vation clubs (for the informal) (Okpala 1996).

There is need for a shift from a single-purpose focus on eco-
logical aspects to a more multifaceted approach that routinely
considers social and risk analysis, implications, and management.
The ultimate aim entails analyzing aggregate environmental deg-
radation costs, establishing systems of national resource account-
ing that reflect environmental damages and losses, correcting
market prices to reflect full costs (and benefits), and offering in-
centives such as rebates for industries adopting anti-pollution
measures as well as disincentives such as taxes (Panayoutu 1990,
Reyer et al. 1990).
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Although sociocultural response options are theoretically
sound, their practical application has not been as rewarding as
globally expected; in developing countries, they have yet to be
adopted as part of socioeconomic policy response regimes (Cho-
kor 1996).

10.2.6 The Need for Integrated and Sustainable
Waste Management

Responses when applied individually have been able to handle
the issue of waste management only partially. Thus it becomes
imperative to integrate efforts in a planned manner. Integrated
waste management implies that decisions on waste handling
should take into account economic (including technical in rela-
tion to its costs), environmental, social, and institutional dimen-
sions. Economic aspects may include the costs and benefits of
implementation, the available municipal budgets for waste man-
agement, and spin-off effects for other sectors in the economy in
terms of investments. The environmental dimension may consist
of local problems (increased risk of epidemics and groundwater
pollution), regional problems (resource depletion and acid rain),
and global problems (global warming and ozone depletion). Social
aspects include employment effects for both the formal and the
informal sectors, impact on human health, and ethical issues such
as the use of child labor. Finally, the institutional dimension of
integrated waste management aims at developing a system that
effectively involves the main stakeholders.

‘‘Integrated’’ refers to the integration of:
• different aspects of sustainability (technical, environmental/

public health, financial, etc.);
• different collection and treatment options at different habitat

scales, that is, household, neighborhood, and city level (opera-
tional interaction);

• different stakeholders, including governmental or nongovern-
mental, formal or informal, profit- or nonprofit-oriented
(cooperation, linkages, alliances, economic and social interac-
tion); and

• the waste management system and other urban systems (such
as drainage, energy, urban agriculture, etc.).

10.3 Some Aspects of Responses to Waste
As identified in MA Current State and Trends (Chapter 15), the
sources of waste and contaminants, and their impacts, are numer-
ous and continue to grow. Society must be alert to address the
challenges that new wastes present. Not every human response
has been successful, and there are lessons to be learned from the
past. This section considers some examples of past activities and
highlights the need for holistic approaches to satisfactory responses
to waste.

10.3.1 Historical Considerations

The history of waste and waste management, in general, is intri-
cately bound with the history of solid waste, given its ubiquitous
nature and visibility. It is also inevitably tied to civilization. For
most of the last two million years humans generated little ‘‘gar-
bage’’; what was produced was easily disposed of through biodeg-
radation, which was a simple ecosystem service. The rate of
garbage accumulation in the ancient city of Troy was calculated
to be 1.4 million tons per century (Rathje 1990).

Sanitary sewers were found in the ruins of the prehistoric
cities of Crete and the ancient Assyrian cities. Storm-water sewers
built by the Romans are still in service today. Although the pri-
mary function of these was drainage, the Roman practice of
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dumping refuse in the streets caused significant quantities of or-
ganic matter to be carried along with the rainwater runoff.
Toward the end of the Middle Ages, below-ground privy vaults
and, later, cesspools were developed. When these containers be-
came full, sanitation workers removed the deposit at the owner’s
expense and the deposits were used as fertilizer at nearby farms or
were dumped into watercourses or onto vacant land. A few cen-
turies later, there was renewed construction of storm sewers,
mostly in the form of open channels or street gutters. At first,
disposing of any waste in these sewers was forbidden, but by the
nineteenth century it was recognized that community health
could be improved by discharging human waste into the storm
sewers for rapid removal. By 1910, there were about 25,000 miles
(40,225 kilometers) of sewer lines in the United States which
have increased manifold today. U.S. marine waters are estimated
to receive over 45 million metric tons of wastes per year (UNEP
2002).

Accumulation of waste prompted New York City to intro-
duce incineration as a response (Breen 1990). Following this
seeming success, as many as 700 cities adopted the use of incinera-
tion, further popularizing incineration as a viable societal
response. Given that incineration response also created air pollu-
tion, a second phase of response necessitated the use of sanitary
landfill.

While incineration was a nightmare in the early part of the
last century, more advanced technologies using high temperatures
have yielded wider acceptance by people and policy-makers, as
modern incinerators produce less emissions and most of the toxic
substances are further oxidized. This has become a very handy
tool for managing industrial and infectious hazardous wastes
(Tchobanoglous et al. 1993). In some cases, incineration is still
not the method of choice and it has been replaced with irradiation
techniques. But the latter are not affordable in the developing
countries.

Legal response in the United States was later provided by the
enactment of the U.S. Solid Waste Disposal Act of 1965 and the
Resource Conservation and Recovery Act of 1976. This Act also
established what later became the ‘‘cradle-to-grave’’ system of
hazardous waste management (Soesilo and Wilson 1995). In de-
veloping countries, however, from the 1930s to date, their own
response to the need to manage wastes has been by the use of
‘‘open dump sites,’’ as in Africa (Onibokun et al. 1995), Asia
(Hoornweg 1999; Zurbrugg 2002), and elsewhere (Lardinois and
van de Klundert 1995; Klundert 2000). The point must be made,
however, that the effectiveness of open dumping differs from
country to country. Garbage mountains point up an important
truth: ‘‘Efficient disposal is not always completely compatible
with other desirable social ends—due process, human dignity, and
economic modernization’’ (Rathje 1990, pp. 32–39).

In terms of liquid wastes, perhaps the first alarm on unsanitary
conditions and their relation to health and disease is credited to
Sir Edwin Chadwick of Britain, who in 1842 wrote the classic
report on ‘‘Sanitary Conditions of the Labouring Population of
Great Britain.’’ The cholera epidemics of 1849 and 1853 created
the need for a response when society demanded the ‘‘removal of
dirt.’’ John Simon in 1848 developed the famous British Public
Health System, which was accepted by the United States and
some parts of Europe (Dubos et al. 1980), and later by other
countries as well.

The history of other forms of wastes is not as richly detailed
as that of liquid and solid wastes. Only recently have scientific
studies conclusively shown that wetlands contribute substantially
to comprehensive human health and welfare (Hemond and Be-
noit 1988; Queen and Stanley 1995) and that such positive eco-
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system functions are threatened by chemical pollution (Mitsch
and Gosselink 1986). These developments were further strength-
ened through comprehensive and standardized analytical tech-
niques during the 1970s (USEPA 1979), with applications to
different ecosystems, notably freshwater, wetlands, forests, arid
and semiarid lands, and soils (Linthurst et al. 1995).

10.3.2 Political Interest in the Responses

Since 1972, there has been reasonably sustained political interest
at the national, and particularly global level, of concerns arising
from the reported striking effects of DDT on wildlife (Carson
1962) and occurrence of pesticide residues in various foods, in-
cluding mothers’ milk (UNEP 2002). With such global sensitiza-
tion, but arising from continuing degradation of the environment
through a multitude of agents and causes, prominently including
wastes, there was a decisive turning point with the Stockholm
Conference on the Human Environment in 1972, which led to
the establishment of UNEP. Despite the intensive coordinating
activities of UNEP, the pollution of the environment did not
abate from source, nor was it effectively controlled by the pollut-
ing economic activities of nations. Given the sad state of the con-
tinually deteriorating environment, the UN enunciated Agenda
21 in 1989, which led to the UN Conference on Environment
and Development (UNCED); the first Earth Summit, in Rio de
Janeiro, Brazil in 1992. For the first time, the world took the
bold step to map out strategies for the integration of environment
concerns with all development issues aimed at improving human
well-being (Adedipe 1992). Ten years later, the whole issue was
revisited at the World Summit on Sustainable Development
(WSSD) in Johannesburg in 2002, given that the expected goals
of Agenda 21 were yet to be substantially achieved. The WSSD
came up with the Millennium Goals, which are in the continuing
thrust for human well-being. (Table 10.2 summarizes the mile-
stones in the modern history of waste management.)

10.3.3 Evidence of Positive Impacts of Responses

Waste management practices and policies over the last three dec-
ades have resulted in positive responses in terms of improvement
of ecosystems. Some positive impacts of the responses identified
(Hu et al. 1998; Jana 1998; Pillai et al. 1946, 1947; Smit 1996;
Sommers and Smit 1996; Sridhar et al. 2002) are:
• Waste recycling activities have been found to result in im-

proved resource conservation and reduced energy consump-
tion as well as reduction of heavy metal contamination of
water sources.

• In the Baltic Sea, the mercury levels of fish caught were re-
duced by 60% due to stringent pollution control measures.

• Major rivers such as the Thames have supported biodiversity,
as is evident from the reappearance of salmon after rigorous
pollution control measures. The ten-year ‘‘clean river’’ pro-
gram initiated by the Singapore government in 1977 at a cost
of US $200 million has brought life back to the Singapore
River and the Kallang Basin, with increased dissolved oxygen
levels ranging from 2 to 4 mg per liter (UNEP 1997).

• Phasing out of lead from gasoline has reduced lead emissions
from vehicular sources.

• Wetlands have been widely reported to absorb significant
amounts of anthropogenic pollutants.

• Ferti-irrigation practices have significantly improved the eco-
nomic base of low- income communities in urban areas.
In the tropical countries in particular, controlled and judicious

use of aquatic weeds such as water hyacinth (water hyacinth treat-
ment plant for wastewater) and blue green algae (waste stabiliza-
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Table 10.2. Milestones of Waste Management Responses

Year Response

1972 • United Nations Conference on the Human Environment, Stockholm

• UNEP established

• UNESCO Convention Concerning the Protection of the World
Cultural and Natural Heritage

1980 • International Water Supply and Sanitation Decade begins

1982 • United Nations Convention on the Law of the Sea

1989 • Basel Convention on the Control of Transboundary Movement of
Hazardous Wastes and their Disposal

1990 • Eco-efficiency established as a goal for industry

1992 • United Nations Conference on Environment and Development
(Earth Summit), Rio de Janeiro

• Convention on Biological Diversity

1996 • United Nations Conference on Human Settlements (Habitat II),
Istanbul

• ISO 14000 created for environmental management systems in
industry

1997 • Kyoto Protocol adopted

• Rio�5 Summit reviews implementation of Agenda 21

2000 • Cartagena Protocol on Biosafety adopted

2001 • Stockholm Convention on Persistent Organic Pollutants

2002 • World Summit on Sustainable Development, Johannesburg

2003 • World Water Forum, Kyoto, Japan

tion ponds) for treating small wastewater flows helped in
improving environmental sanitation and the by-products pro-
vided protein and mineral needs of livestock.

10.3.4 Evidence of Damaging Impacts of Responses

Most of the established waste management practices such as land-
fills, incineration plants, and wastewater treatment plants have
been shown to have negative impacts. Hazardous wastes are a
particular case in point (Lieberman 1994; Soesilo and Wilson
1995). The types and quantities vary significantly from place to
place and affect human health and well-being in terms of in-
creased numbers of new cancers, abortions, mutagenic and terato-
genic effects on the newborn, and increased morbidity and
mortality (Adesiyan 1992).

Some waste management facilities have become difficult to
maintain due to local policies and regulations, and some countries
resorted to transboundary movement. In Nigeria, for example,
hazardous waste from Italy was dumped in Koko (a small coastal
town in southwestern Nigeria), generating a diplomatic furor be-
tween Italy (transporter) and Nigeria (recipient). The hazardous
waste dumped eventually led to some deaths. Using the polluter-
pays principle, the exporter of the waste was compelled to return
it to Italy and to carry out remediation activities. Following the
unfortunate incident, Nigeria created the Federal Environmental
Protection Agency in 1989; since then, several decrees and regu-
lations have been enunciated to improve the environment (Aina
and Adedipe 1991).

The Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal aims to mini-
mize the creation of such wastes, reduce their transboundary
movement, and prohibit their shipment to countries lacking the
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capacity to dispose of them in an environmentally sound manner.
The Convention notwithstanding, such transboundary move-
ment keeps recurring, to the detriment of human and biodiversity
well-being.

Another instance of well-documented negative impact is the
practice of irrigation with wastewater. In Pakistan, for example,
over-applied wastewater with insufficient drainage resulted in
degradation of soil structure, visible soil salinity, and the delayed
emergence of wheat and sorghum due to excessive nutrients from
the ferti-irrigation practice. Further, farmers using raw wastewater
for irrigation are five times more likely to be infected by hook-
worm than those using canal water (Scott et al. 2004). Also, irri-
gation with industrial wastewater has been associated with a 36%
increase in enlarged livers and 100% increase in both cancer inci-
dence and congenital malformations in China compared to areas
where such practices were not adopted (Yuan 1993). Another
example is in Japan, where chronic cadmium poisoning from
wastewater use caused the Itai-Itai disease, a bone and kidney
disorder (Osibanjo 2002; WHO 1992).

10.3.5 Integrated Design of Responses

Integrated responses—which consider the interactions and inter-
dependencies among the regulatory, economic, technological,
and institutional elements—are the beginning of a holistic ap-
proach to waste management and processing.

In a comprehensive mode of integration in the Middle East,
gray water treatment and reuse in home gardens is one means of
dealing with overflowing cesspits that would otherwise contami-
nate ‘‘wadis’’ and the shallow groundwater table. This response
conserves fresh water by recycling it and, perhaps most impor-
tantly, helps to reduce poverty by offsetting food purchases by the
poor. To be sustainable, this response must be integrated: in terms
of regulations, gray water use must be made legal—it is often
illegal in both developed and developing countries—and housing
bylaws and standards must be changed to separate black and gray
water pipes to facilitate gray water use. Second, a major appeal of
the policy is economic—the poor are willing to install the gray
water systems at their own cost because they know that their
neighbors with installed systems are generating income as a result.

Technological aspects of the policy that must be addressed are:
building the capacity of universities and research institutions to
teach, train, and do research to improve gray water reuse technol-
ogy, and building a cadre of plumbers who know how to install,
maintain, and repair the systems. Finally, institutions such as de-
partments of agriculture need to be reformed so that they support
both traditional rural agriculture as well as peri-urban agriculture.
In addition, departments of water, environment, and agriculture
must develop integrated and consistent policies that facilitate gray
water reuse (Faruqui and Al-Jayyousi 2002).

Ecohouses may be good models where all the wastes gener-
ated are integrated into the community for farming, livestock de-
velopment and human well-being. The Australian Capital
Territory’s ‘’’zero waste to landfills by 2010’’ strategy is another
practical experiment; through a range of recycling and reuse ini-
tiatives its goal is to have very little disposable waste by 2010
(Baker 1999).

10.3.6 Cutting-edge Innovations

Certain technological or management innovations have proved
beneficial in mitigating the damaging effects of waste on the envi-
ronment, and in recent years, business firms and organizations
have been established specifically to develop ‘‘smart ways’’ to deal
with waste. They can include biotechnology, and may well result
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from smart observations of how nature itself deals with or re-
moves waste. Bioremediation of coastal and industrial waters,
where eutrophication occurs, can be affected using naturally oc-
curring microorganisms or macroorganisms to remove the waste,
and also to generate valuable and salable products.

Halogenated organic compounds (such as DDT, PCB, and the
halogenated dioxins) can be degraded by a combination of bacte-
rial, chemical, and irradiation techniques. Whereas the carbon-
halogen bonds of halogenated hydrocarbons are not common in
natural products from the land, they are very common natural
products from the sea, and marine microbes are able to degrade
many of the persistent synthetic halogenated organic substances.
There is much we can learn from the sea.

Not all innovations demand high-technology input. For ex-
ample, the marking of plastic containers to indicate if they can be
recycled or not is a simple but essential communication idea. Also,
suggestions on possible uses for containers when the original pur-
pose is complete can stimulate the development of new imple-
ments, ornaments, or even works of art.

Innovations are simply ‘‘putting good ideas to work’’ and may
be seen in the home, at work, or in commercial ventures. Innova-
tions are more likely to be seen in societies that are challenged
to think of better ways to overcome problems. They are often
stimulated by government legislation, and can be implemented at
every stage of the process from design and development to recycl-
ing and reuse. The European Union gave directions for change
and different nations responded in different ways. Finland in 1998
set a target of 70% recovery of waste by 2005, with the result,
there has been a large increase in recycling nation wide. The Aus-
tralian Capital Territory and New Zealand targets of ‘‘zero waste
to landfill’’ have seen the development of new industries and new
uses for what was previously waste.

Sonar has been used to ‘‘remotely’’ determine the waste den-
sity and layering in used tanks, and remote sensing is also being
investigated to detect dumping of waste in remote locations.
Spectrometric fingerprinting of wastes can lead to the specific
identification of the source of a particular discarded waste stream.

In the United States, the Federal Energy Technology Center
performs, procures, and partners in research, development, and
demonstration to advance technology for commercial waste man-
agement innovations. Other countries have similar organizations
to encourage lateral thinking and application in every aspect of
waste minimization.

10.4 Assessment of Selected Responses

10.4.1 Urban and Terrestrial Ecosystems

10.4.1.1 Impacts on Ecosystems and their Services

Urbanization is expanding more rapidly than any country’s econ-
omy. The problem with urban waste is not only the quantity
but also the change from dense and more organic to bulky and
increasingly non-biodegradable. Increasing amounts of plastic,
aluminum, paper, and cardboard are being discarded by house-
holds and industries (Cielap 2003), but many of these materials
have been recycled in the informal sector to produce creative
marketable household and novelty articles. Whereas dumpsites are
typical of the developing countries, sanitary landfills and incinera-
tors are the order in the developed world. For the developing
countries, however, adoption of appropriate materials may be a
long-term strategy using consensus-derived legal instruments.
The primary wastes from industrial, urban, and near-urban activi-
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ties, and their byproducts, the goods and services that are affected,
and the nature of impacts are shown in Table 10.3.

10.4.1.2 Impacts on Human Health and Well-being

Heavy metals, mercury, cadmium, tributyl tin, and lead emanating
from the waste pose serious health risks. Human activities and
responses such as mining, smelting, waste dumping (including
tires, used oils, electrical and electronic equipment and parts, and
batteries), rubbish burning, and the addition of lead to gasoline
have greatly increased the amounts of heavy metals circulating in
the environment.

Mosquitoes such as Culex quinquefasciatus, Aedes aegypti, and
others can breed in the wastewater retained in blocked drainage
channels and may transmit filariasis and viral infections such as
dengue and yellow fever (Cairncross and Feachem 1993). Emis-
sions from waste burning and decomposing organic wastes may
lead to gaseous emissions, thus leading to the change of pollutant
status from one form to another. (See Table 10.4.)

10.4.1.3 Enabling Conditions

10.4.1.3.1 Waste reduction and recycling
With the growing unemployment, hunger, and poverty particu-
larly in urban centers of developing countries (UNDP 2000; FAO
2003), waste may provide a short- to medium-term trade-off
through reuse and recycling activities. Social conflicts in waste
management are not uncommon at local, regional, and country
level. To solve these problems, there is a need for economic in-
struments such as user charges and tax incentives for innovative
practices (Heermann 2003), as discussed above. Such instruments
as may be used must recognize aesthetic standards, cultural heri-
tage, and social values.

Waste minimization is apparently the best response option for
urban rejuvenation coupled with reuse and recycling of a major
portion of the waste. Rising living standards and increased mass
production have reduced markets for many used materials and
goods in affluent countries. In most developing countries, tradi-
tional labor-intensive practices of repair, reuse, waste trading, and
recycling have endured. Thus there is a large potential for waste
reduction in developing countries; by contrast, the greatest po-
tential for waste reduction currently rests with diverting biode-
gradable, non-biodegradable, and construction wastes. Most
countries in Western Europe and North America, Australia, New
Zealand, Japan, and Korea have adopted municipally sponsored
source separation and collection systems. Other strategies are
choice of packaging materials, packaging reduction goals in a
given period of time, and mandatory separation of post-consumer
materials by waste generators.
• Sensible recycling programs balance social, environmental,

and commercial benefits. Paper recycling not only saves trees,
it also reduces energy costs by 35 to 50% and decreases water
consumption and pollution. Recycling aluminum cans brings
energy savings of up to 95% and produces 95% less green-
house gas emissions than when raw materials are used.

• Recycling also creates jobs. A ‘‘solid waste turnover sector
analysis’’ carried out in 1994 put the British market value of
solid waste at $3 billion (Jones 1995). In Britain, the recycling
industry, already worth over $20 billion a year, employs
140,000 people. Getting the United Kingdom to recycle 35%
of its household waste by 2010, a target under consideration
by the government, will generate another 50,000 skilled and
unskilled positions (Ribbans 2003).

• The motivating forces for waste recovery and recycling in the
developing countries are scarcity or high cost of virgin materi-
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Table 10.3. Impacts of Wastes on Urban Ecosystem Goods and Services

Primary Wastes/Waste
Urban Ecosystem Peculiarities Byproducts Generated Goods and Services Affected Impacts

Urban built environment with a high mostly human and technology- food, biochemicals, genetic population pressures
human density (with human based wastes; demolition, resources, climate regulation,Peri-urban rural–urban migration
settlements of 5,000 or more) organic and inorganic, solid, water regulation, recreation and

Peripheral overuse of landliquid, gaseous, vehicular tourism, aesthetic, cultural
emissions, industrial wastes heritage, spiritual and religious environmental degradation

disease burden

poverty

inadequate infrastructure

Table 10.4. Waste Management Responses and Health Risks

Waste Management Response Health Risk

Collection, transportation, and injuries and chronic diseases due to
disposal activities sharps, contaminants, collapse of waste

piles, cuts, infective wounds, burns,
trauma, cancers, chronic respiratory
infections

Mixed wastes—due to infected bacterial, viral, and parasitic—tetanus,
sharp waste, exposure to in- staphylococcus, streptococcus, hepatitis
fected dust, breeding of vectors B, AIDS, blood infections
in waste-generated ponds, con- eye-related (trachoma, conjunctivitis)
taminated soil, rodents and other

skin (mycosis, anthrax),animals feed on waste, acciden-
tal ingestion of waste/ contami- respiratory infections (bacterial and
nated food, contaminated viral)
drinking water, foods grown on vector-borne (dengue, yellow fever)
leachates and other waste

parasitic (malaria, filariasis, schistosomi-streams
asis)

worm infestations (hookworm, ascaria-
sis, trichuriasis)

bacterial (cholera, diarrhea, typhoid)

viral (dysentery)

parasitic (helminthiasis, amoebiasis,
giardiasis)

Toxic chemicals, leachates, and respiratory tract infections, cancers, nui-
gaseous emissions from waste sance, particulate-induced disease con-
handling or treatment ditions

Urban wastes in specific (solid malaria transmitted through Anopheles
wastes and their leachates, sew- breeding, dengue and yellow fever
age, and sullage/greywater) through Aedes mosquitoes, filariasis

through breeding of Culex mosquitoes.

als, import restrictions, poverty, the availability of workers for
lower wages, and the large markets for used goods and prod-
ucts made from recycled materials (IETC 1996).

• To solve the problems of poverty, waste recycling activities
use policy and economic responses, particularly in developing
countries where there is chronic unemployment. Such waste-
to-wealth activities (Figure 10.2), including harnessing of ni-
trogen and energy from waste, need to be formalized as policy
responses. However, such policies should also include presort-
ing to protect the health of the recycling worker.
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10.4.1.3.2 Urban agriculture
Urban agriculture, which was little known in the 1970s, is be-
coming more common (Rodrigues and Lopez-Real 1999). The
number of urban farmers producing for the market is expected to
double from about 200 million in the early 1990s to 400 million
by 2005 (Smit 1996). Globally, more than 800 million urban
dwellers are involved in this economic activity (Smit 1996; Som-
mers and Smit 1996; Kaspersma 2002; Redwood 2004). Many
successful urban agriculture schemes are reported around the
globe—from Dar es Salaam to Singapore, from Vancouver to
Curitiba. Singapore is in the forefront in the development of
urban aquaponics. Other examples:
• In Brazil (Saõ Paulo), urban agriculture is a planned land use

activity.
• Most households in Southeast Asia and the Pacific Islands sub-

regions practice urban agriculture.
• About 30% of the Russian Federation’s food is produced on

3% of the land in suburban ‘‘dachas.’’ In Moscow, the propor-
tion of families engaged in agriculture grew from 20% of the
city’s population in 1970 to 65% in 1990.

• In Harare, when sanctions on urban agriculture were lifted
temporarily in 1992, within two years the area cultivated dou-
bled and the number of farmers more than doubled. Munici-
pal costs for landscape maintenance and waste management
were down, food prices were down, and hundreds of jobs
were created.

• Urban agriculture has an important significance to global sus-
tainability in that the production of food close to the consum-
ing market reduces the need for transportation, thus reducing
the consumption of fossil fuels and the associated emissions of
CO2. There is also a reduction in packaging, refrigeration, and
the use of preserving additives (Rees 1997).

• School gardens are becoming popular and are effective learn-
ing tools to students of all ages.

• Effective wastewater use for urban agriculture cannot be im-
plemented without creating enhanced awareness by formal
and informal education, information, and awareness through a
policy response (Okpala 1996; Buechler et al. 2002). In many
developing countries urban agriculture is contributing to reuse
of organic matter through the recycling activities. In many
places, solid wastes converted to compost, and gray water em-
anating from open drains, are used to fertilize soils (Pillai et al.
1947; Sridhar et al. 1992; Sridhar 1995; Sridhar et al. 2002;
Urban Agriculture Magazine 2002).

10.4.2 Agricultural Ecosystems

Certain agricultural products and practices are implicated in
human health problems, including animal antibiotics, nitrates in
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Figure 10.2. Waste-to-Wealth Activity and Processing Profiles in Developing Countries (Adedipe 2001)

groundwater, pesticide exposure in an occupational setting, pesti-
cide residues and food additives in foods, and certain food proc-
essing techniques. (See Box 10.4.) There is some evidence to
suggest that conventional soil management practices are contrib-
uting to declining nutritional value in foods (MacRae 1990).

Global Assessment of Soil Degradation estimated that about
13% or 850 million hectares of the land in the Asia and Pacific
region is degraded (Olderman 1994). Improper ferti-irrigation
using wastewater and poor drainage practices results in salinization
and degradation of soils. Policy and technological responses
should be able to offset these. Virtually every part of the globe has
these problems (Pillai et al. 1946; MOAFFA 1999).

The ecosystem-positive responses to waste management lie in
increased production of food and fiber, soil conservation, and/or
remediation. The negative responses include soil degradation, soil
erosion, weed growth, eutrophication, groundwater pollution,
loss of biodiversity, and the greenhouse effects. They also include
the use of agrochemicals for pest control. To this extent, as an
example, the use of persistent organic pesticides is being discour-
aged by gradual substitution of biological pest control (Adesiyan
1992).
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In Brazil, nitrogen-fixing bacteria are being used successfully
to remediate nitrogen-deficient agricultural ecosystems; Doebe-
reiner (1997) reported that Brazil has become the world leader in
replacing N fertilizers by biological nitrogen fixation with large
positive impacts on the production of food and biofuel crops. See
Chapter 9 for a more detailed assessment of response options rela-
tive to the use of nitrogen- and phosphorus-based fertilizers in
agriculture.

10.4.3 Hazardous Waste, Biosolids, and Soil
Remediation

Soil contamination through waste discharges, particularly hazard-
ous wastes, is a worldwide phenomenon. Compost is also known
to remedy the contaminated soils, particularly from heavy metals
and organic pollutants. Working with oil-contaminated soils, re-
searchers showed that a combination of NPK fertilizer and straw
mulch promoted natural revegetation through the restoration of
soil properties, while either of them when applied singly was less
effective (Odu 1972).

In industrial nations, many municipalities face the problem of
disposing of increasing volumes of wastewater economically and
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BOX 10.4

Agriculture-related Health Problems

• Crops irrigated with polluted water or fertilized with inadequately pro- nut husk, rubber tires, broken bottles, water storage jars, buckets, and
duced compost or animal manure may be infected with bacteria (shi- water butts.
gella, typhoid, cholera), worms (e.g., tape- and hookworms), protozoa, • Closeness of animals and humans may lead to the occurrence of zoo-
enteric viruses or helminths (ascaris, trichuris); schistosomiasis is prev- notic diseases like bovine tuberculosis (cattle) and tapeworms, espe-
alent in some regions due to irrigated agriculture. cially when animals are scavenging waste tips. Drinking water may

• Crops may take up heavy metals and other hazardous chemicals from get contaminated with pathogens by application of animal waste (e.g.,
soils, irrigation water, or sewage sludge polluted by industry. Crops slurries) to land. Animal products can become contaminated with patho-
grown close to main roads or industry, and food purchased from street gens due to contamination of animal feed with infected feces (salmo-
vendors, may be contaminated by airborne lead and cadmium. Resi- nella, campylobacter).
dues of agrochemicals may contaminate crops or drinking water (pesti- • Tanneries may discharge hazardous chemicals in their wastes (tannum,
cides, nitrates). If waste materials are not separated at source, compost chromium, aluminum).
may contain heavy metals, which can be taken up by crops. Despite a • If fish (especially shellfish) are reared on wastewater and/or human and
64% drop in annual global atmospheric emissions of lead since 1983, animal excreta, there is risk of passive transfer of pathogens (hepatitis
several million adults and children suffer the adverse health effects of A) and transmission of trematodes where trematodes are endemic and
lead poisoning, including impaired mental and physical development. In fish is consumed raw. Contamination of fish with human or animal fecal
the United States alone, childhood lead poisoning is estimated to cost bacteria may occur during post-harvest operations (for example, salmo-
some $43 billion per year. nella). Poorly managed fishponds may become a breeding ground for

• Mosquitoes that are the vector for filariasis breed in standing water anopheles mosquitoes. Use of antibiotics in fish feed may lead to devel-
heavily polluted with organic materials. Mosquitoes that transmit dengue opment of antibiotic-resistant bacteria in the food chain. Fish products
breed in water containers that include much solid waste, like coco- may be contaminated with heavy metals and agrochemicals.

in an environmentally sound manner without involving risk to
human health. It is estimated that the total quantity of U.S. do-
mestic wastewater, for example, could supply around 1.5 million
tons of nitrogen alone, or about 15% of the amount currently
marketed as inorganic fertilizers. But the heavy metals—zinc,
lead, cadmium, and selenium—could be toxic, which is a trade-
off between economic gains and health hazards (Olson 1987).
Biosolids (treated residuals from wastewater treatment) are prov-
ing useful to replace wastewater residuals (formerly sewage
sludge). Because of the proven fertilizer value of sewage sludge,
land application of this waste material is becoming a popular and
more feasible method than other alternatives (for example, incin-
eration, landfill, ocean dumping, pyrolysis). However, sludge has
the disadvantage of building up mercury levels in the soils, mak-
ing it more available for plant uptake and entry into the human
food chain (Cappon 1984).

A study reported from Cairo (UNCSD 1999) indicated that
farmers are ready to pay for the biosolids as they are convinced of
the benefits. The Greater Cairo Wastewater Project produces
about 0.4 million tons of sludge or biosolids from its wastewater
treatment plant and has a ready market for growing wheat, ber-
seem clover, forage maize, and grapevines. This has reduced pres-
sure for manures, which are scarce and more expensive to buy.
India, China, and some other Asian, African and South American
countries have been following this practice, though on a small
scale.

Industrial waste materials are often used in fertilizers as a
source of zinc and other micronutrients. Current information in-
dicates that only a relatively small percentage of fertilizers is man-
ufactured in United States using industrial or hazardous wastes as
ingredients (National Agriculture Compliance Assistance Center
2004). The U.K. Department for Environment, Food, and Rural
Affairs (DEFRA—formerly MAFF) has developed a code of prac-
tice for minimizing plant health risks through residue manage-
ment. Anaerobic digestion of agricultural residues proved sound
as it produces three usable products—biogas, which can be used
to generate heat/electricity; fiber, which can be used as a nutri-
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ent-rich soil conditioner; and liquor, which can be used as liquid
fertilizer (AGRIFOR 2004). A well-designed and cost-effective
waste management system, based on resource recovery and re-
cycling technologies as well as reuse of wastewater for irrigation
or aquaculture, can produce substantial social and economic ben-
efits that are gaining the attention of decision-makers. When total
costs are considered—health, pollution, landfill, and incinerator—
these options begin to make sense (World Bank 1997). Some re-
ported successes are shown in Box 10.5.

10.4.4 Protecting Remote Ecosystems (Island,
Mountain, and Polar)

There is increasing use of mountains as dumping ground for litter,
hazardous and semi-hazardous wastes, and incineration ash
(UNEP 2002).

The Arctic landmass is approximately 14 million square kilo-
meters, of which the Russian Federation and Canada account for
80%. The decrease in area of glaciers in both the Arctic and the
Antarctic is probably due to air pollution and lower albedo of
the ‘‘dusted’’ glaciers’ surfaces. Habitat loss, terrain modification,
disturbance to wildlife, and introduction of exotic species and dis-
ease are the response impacts. There are legislative and regulatory
bodies to control degradation, but implementation has been hin-
dered by financial constraints, particularly in the Russian Federa-
tion (UNEP 2002).

10.4.5 Freshwater Ecosystems

Freshwater ecosystems are aquatic systems that contain drinkable
water or water of almost no salt content. Freshwater resources
include lakes and ponds, rivers and streams, reservoirs, wetlands,
and groundwater. They provide drinking-water resources and
water resources for agriculture, industry, sanitation, and food, in-
cluding fish and shellfish. They also provide recreational opportu-
nities and a means of transportation. Freshwater ecosystems are
home to numerous organisms, for example, fish, amphibians,
aquatic plants, and invertebrates. It has been estimated that 40% of
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BOX 10.5

Examples of Waste Use in Agriculture (World Bank 1997)

Recycling Waste handling has focused on landfills and incinerators, while inor-
• Well-known examples include use of city waste in peanut-growing sys- ganic fertilizer and fresh water are the primary inputs used to meet the

tems on the Kano plains of Nigeria, use of nightsoil in China, and needs for soil nutrients and irrigation water.
‘‘sewage farms’’ around European cities during the nineteenth century;
city waste improved soils in the Netherlands. Technology

• Urban wastewater is used in many parts of the United States, Israel, • The current use of waste in agriculture has been mostly beneficial, but
and Jordan. there are some potential detrimental effects, usually closely related to

• Abattoir waste is used to produce methane and compost in Senegal. either the quality of the raw material, its processing, or both. The level
• The Kolkata sewage fisheries system is the largest single wastewater and type of treatment varies, as does cost. Composting technologies

system involving aquaculture, with 4,600 hectares of sewage-fed fish- have improved greatly in recent years and provide better quality com-
ponds employing 4,000 families post with increased acceptability.

• In California, growers add compost to build up soil organic matter—
high-quality compost is widely used in horticulture, seedling production, Public Health Concerns
and general agriculture, while lower-quality material is used in city parks • While disposal of municipal waste by land application is generally suc-
and to stabilize land. Sludge and compost add nutrients and organic cessful, there is evidence that irrigation with untreated municipal and
matter to the soil, improve water retention and transmission, and im- industrial waste can harm crops as well as humans, either those living
prove soil structure. in the area or those who consume the products. These risks can be

• Widespread adoption of recycling technologies has been hindered by resolved by preventing pollutants from accumulating in the soil, taking
undeveloped markets, transportation costs, health and cultural issues, advantage of the soil’s capacity to assimilate and detoxify pollutants,
and inadequate regulations. and determining optimal levels of safe application. Specific attention

• The primary barrier is that the potential benefits are not adequately needs to be given to the risks associated with transfer of human patho-
taken into account by urban planners, sanitary engineers, and farmers. gens.

all known fish species on earth come from freshwater ecosystems
(USEPA 2002).

Eutrophication leads to aquatic weed growths, prominent
among them being water hyacinth (Eichhornia crassipes), Salvinia
molesta and Typha sp. Aquatic weed growths also lead to new habi-
tat development, particularly snails carrying schistosomiasis and
mosquitoes carrying various diseases. Many tropical countries are
now trying to utilize these aquatic weeds for income generation,
employment, and resource utilization for energy and compost.
Floating vascular aquatic weeds such as water hyacinth is a good
system to treat sewage and other wastewater containing low or-
ganic content. The technology is cheap and the byproducts are
easily recycled. This is a typical example of how the problem of
one ecosystem can be harnessed for the benefit of other ecosys-
tems. However, in open, uncontrolled, large bodies of water, this
approach is still not practicable, given the experiences of Lake
Victoria in eastern Africa, many areas of Brazil, Australia, and
elsewhere.

Anthropogenic N additions to temperate ecosystems have
been shown to affect a wide range of ecosystem properties and
processes, especially when the inputs are large and continuous.
Phosphorus is the critical limiting nutrient and the one of concern
for eutrophication of freshwater systems, but evidence points to
combinations of phosphorus and nitrogen. A eutrophic lake is
characterized by a shift toward the dominance of phytoplankton
by cyanobacteria, including noxious forms, most of which pro-
duce toxins (Anderson 1994; Chandler 1996; World Resources
Institute 1992).

Increased inputs of nitrogen also manifest in relatively in-
creased productivity but loss of biodiversity. Freshwater systems
that are poorly buffered are acidified by increased deposition of
nitrate and ammonia. The continuing acidification of Europe,
northeastern North America, and parts of Asia is now leading to
nitro-pollution rather than a sulfur pollution problem (Rabalais
2002). It is becoming increasingly apparent that the effects of eu-
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trophication are not minor and localized, but have large-scale di-
mensions and are spreading rapidly (Nixon 1995). (See also
Chapter 9 on this issue.)

Aquaculture, which has become a global economic venture,
is also known to contribute to eutrophication. In China, polycul-
ture of scallops, sea cucumbers, and kelp reduces eutrophication
and the use of toxic antifouling compounds. Nutrients from scal-
lop excreta are used by kelp, which used to require the addition
of tons of fertilizers. Antifouling compounds and herbicides can
be reduced because sea cucumbers feed on organisms which foul
fishing nets and other structures. For shrimp and catfish culture,
deeper ponds can be constructed to reduce weed growth to
further limit herbicide use. This technique is a synergism and en-
vironment-friendly (Emerson 1999). Integration of such technol-
ogies into ecosystem restoration will bring in economic benefits.

10.4.6 Wetlands

Wetlands are among the most productive ecosystems, covering
about 6% of Earth’s land surface. They are characterized by
marshlands, swamps, and bogs and play a vital cleansing role for
the pollutants by acting as ‘‘sinks,’’ regulating floods and provid-
ing habitat for numerous species of plants and animals. Wetlands
help in water purification. Particulate matter such as suspended
soil particles and associated adsorbed nutrients and pollutants set-
tles out. Dissolved nutrients such as phosphorus and nitrogen can
become adsorbed onto the particles and taken up by living organ-
isms, or nitrogen is lost to the atmosphere. Other contaminants
such as heavy metals can also be adsorbed onto sediment or or-
ganic particles. Exposure to light and atmospheric gases can break
down organic pesticides or kill disease-producing organisms. The
salinity of water within wetlands often increases as water levels
drop, and the pollutants may become concentrated. If a lot of
contaminants are flushed from the wetland by floods, they can
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foul the water downstream. A wetland is not a final sink for most
pollutants but it may retain them for a period of days, months, or
years (Australian EPA 2002).

Many wetlands have been degraded or destroyed by human
activities since European settlement, through filling, draining,
flooding, and clearing, and by pollution. The Ramsar Conven-
tion with 43 member signatories, signed in 1971, has protected
some 200,000 square kilometers of wetlands.

10.4.7 Marine and Coastal Ecosystems

Marine ecosystems cover over 70% of Earth’s surface. The habi-
tats range from the more productive near-shore regions to the
deep ocean floor, which was once thought to be uniformly bar-
ren. More recent studies and more extensive investigations by re-
motely controlled unmanned submarine vessels have revealed
such features as deep-sea vents, which support significant marine
communities. At this stage, those remote areas appear to be buf-
fered from the adverse impacts of human activities, but we know
that ‘‘dilution is not the solution’’ in any waste clean-up measures,
and even remote and deep areas of the oceans may in time be
adversely affected from some types of waste. Deep-sea dumping
of waste must be banned completely. Important marine ecosys-
tems include: oceans, sea mounts, rocky sub-tidal (kelp beds and
seagrass beds), intertidal (rocky, sandy, and muddy shores), tropi-
cal communities (mangrove forests, coral reefs, and atolls), estuar-
ies and salt marshes, and lagoons. Marine ecosystems are home to
a host of different species ranging from tiny planktonic organisms
that comprise the base of the marine food web (that is, phyto-
plankton and zooplankton) to large marine mammals like the
whales, manatees, dugong, and seals. In addition, many fish spe-
cies reside in marine ecosystems including flounder, scup, sea bass,
monkfish, squid, mackerel, butterfish, and spiny dogfish.

Areas such as mangroves, reefs, and seagrass beds also provide
protection to coastlines by reducing wave action, and helping to
prevent erosion, while areas such as salt marshes, coastal lagoons,
and estuaries have acted as sediment sinks, filtering runoff from
the land (USEPA 2002).

Mangroves, seagrass beds, and coral reefs have all been shown
to be sensitive to different types of waste, whether they are nutri-
ents from the land or discharges of waste or oil from ships. The
Australian government to the threat posed by human activities on
its bio-diverse mangroves, sea-grass beds, and coral reefs and is-
lands of the Great Barrier Reef Region was to nominate the Great
Barrier Reef Region for inscription on the World Heritage List.
Such listing, achieved in 1981, requires the implementation of
management plans to protect these natural areas and the life they
support (Baker, personal communication).

Marine and coastal degradation is caused by increasing pres-
sure on both terrestrial and marine natural resources, and the use
of the oceans for waste deposition. Some 20 billion tons of wastes,
treated or untreated, end up in the sea every year through land,
runoff, and other means. The total quantity of oil spilled by tank-
ers between 1979 and 2000 is 5,322,000 tons (Encarta Encyclope-
dia 2003). Most tanker spills result from operations such as
loading, discharging, and bunkering. However, the largest spills
occur as a result of collisions and grounding. About 90% of these
wastes stay in coastal waters where, particularly in coastal lagoons
or marshes, they interfere with bird and marine life, mangroves,
sea-grass beds and coral reefs, as well as with fisheries, tourism,
and recreation.

Seventy-five percent of the pollutants in the ocean are esti-
mated to be from the land. Increased human activities such as
overfishing, coastal development, pollution, and the introduction

PAGE 330

of exotic species have also caused significant damage and pose a
serious threat to marine and coastal biodiversity. The connection
to land-based pollution sources can be observed visually by 58
known ‘‘dead zones’’—areas where ocean life is absent, all located
along coastlines (J & D Informatics 2001; Field et al. 2002). In the
Gulf of Mexico, a 7,000 square mile area from the mouth of the
Mississippi to the Texas border becomes so oxygen-deficient each
summer that nothing can survive, creating a massive dead zone.

Efforts toward integrated coastal zone management in Africa
have not made any meaningful impact, despite serious social and
economic problems (Adedipe 1992, 1996; World Bank 1996). In
Nigeria, the ecosystem response has been characterized by bio-
diversity loss and food insecurity due to overexploration and
overexploitation, particularly in the Niger Delta area. A specific
policy response has been a multinational project, spearheaded by
UNIDO, IUCN, and UNESCO, involving six countries in the
West Africa sub-region (Coté d’Ivoire, Ghana, Togo, Benin, Ni-
geria, and Cameroon) in the restoration of the Guinea Current
Large Marine Ecosystem (UNIDO 2002). The concern is driven
by population growth, urbanization, industrialization, and tour-
ism. In 1994, an estimated 37% of the global population lived
within 60 kilometers of the coast. That percentage has risen in
the last decade. Fish farming in seas (for example, large salmon
farms along Norwegian and Scottish coasts) is also a source of
waste.

Globally, sewage has been the largest source of contamination
because of the volume and the nature of organic matter it carries.
Public health problems of the 1970s have been well documented
(GESAMP 2001). Modern technologies can be used to remove
all solid material, nutrients, and microorganisms from sewage. In
industrial countries, therefore, there is no reason why untreated
sewage should be discharged to the sea. Ways should be found to
have these technologies made available for sustainable implemen-
tation in developing countries as well.

Coastal marine ecosystems are experiencing high rates of habi-
tat loss and degradation. Shoreline stabilization, the development
of large ports, and the existence of densely populated coastal
cities—all contributed to this loss. In these zones, high human
population levels coupled with increased road and pipeline densi-
ties have increased pollution as well as sedimentation and erosion
rates (USEPA 2002).

Ironically, one reported dead zone between Denmark and
Sweden actually increased catches temporarily, which is a positive
impact (J & D Informatics 2001). Record catches of Norway lob-
ster were being recorded when oxygen levels were very low. The
lobsters normally burrow into the sea floor, but with the low
oxygen levels, they swam up higher to locate oxygen, and made
themselves susceptible to trawling. Thus the deteriorated condi-
tions made the lobster more susceptible to the catch method. The
yield was unsustainable.

The phenomenon of red tides appears to be becoming more
frequent. Populations of marine dinoflagellates occasionally be-
come so large that the dying organisms color the water and are
referred to as tides. Such tides may lead to the poisoning of both
fish and humans. Red tides occur off the western coast of Florida
and in the coastal waters of New England, southern California,
Texas, Peru, eastern Australia, Chile, Hong Kong, and Japan. In
1946, such a tide killed fish, turtles, oysters, and other marine
organisms in the Gulf of Mexico near Fort Myers, Florida. The
blue-green alga Trichodesmus sometimes, in dying off, imparts a
reddish color to water; the Red Sea derived its name from this
phenomenon.
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10.5 Toward Improving Waste Management for
Overall Biodiversity and Human Well-being

10.5.1 Biodiversity Conservation

A diversity of species is generally important to the natural func-
tioning of ecosystems, and a balanced and ‘‘stable’’ biodiversity
is therefore considered an indication of the good health of an
environment. Biodiversity is also valued for aesthetic enjoyment
and for natural products such as foods and drugs. Global biodiver-
sity on the earth is well known for larger organisms such as mam-
mals (over 4,000 species). However, total biodiversity can only be
estimated, because most species of insects, deep-sea invertebrates,
and microorganisms have yet to be described. Estimates of total
terrestrial biodiversity range from 10 million to 100 million spe-
cies, most of which are insects. Natural ecological systems gener-
ally support higher biodiversity than agricultural or urban
landscapes, particularly in the tropics, where natural biodiversity
is greatest. The issue of conservation of biodiversity is discussed
in detail in Chapter 5.

The increasing human population threatens biodiversity
(Mooney et al. 1996). Some ecologists believe that more than
50% of existing species will be lost in the next hundred years,
many before they have been identified. Laws have been designed
to protect threatened and endangered species, but legal and bio-
logical difficulties in defining species or other groups used for
measuring biodiversity make such laws controversial. Moreover,
experience has shown that species’ survival depends on the preser-
vation of their habitat. Increased nitrogen in soil and water can
lead to loss of species composition of plant communities. Disap-
pearance of salmon (an indicator fish) along with other species
from River Thames in Britain in the early part of the last century
is a typical example of biodiversity loss, which was restored after
the introduction of stringent regulations on wastewater treatment.
The international conventions such as the Basel Convention on
transboundary movement of hazardous wastes and their disposal,
the London Convention on dumping of wastes at sea, and the
establishment of toxic waste registry have considerably reduced
the threats on biodiversity. Recent data on the nature of flora at
waste dumpsites revealed plant species loss (Sridhar 2004 unpub-
lished data).

10.5.2 Poverty Reduction Strategies

As indicated earlier, poverty is ‘‘on the rampage’’ in developing
countries. While industrial nations continue with carefree and
high-consumption patterns, the developing nations are stifled by
low incomes, due to massive underemployment and unemploy-
ment. Waste recycling offers ample opportunities for poverty alle-
viation and job creation (for example, waste-to-wealth schemes).
Such opportunities already exist in Nigeria and proved particu-
larly successful in Rio de Janeiro, where the municipality facili-
tated cooperatives of aluminum can collectors. Other examples
include reusing newspapers, polyethylene terphthalate (PET) bot-
tles, and other potential wastes produced with the guidance of
artisans, architects, and artists. Education for adaptation should
also be considered as a viable strategy for waste reduction and
reuse. In addition to such income-generating activities and ven-
tures, other approaches include promotion of cleaner environ-
ment and the reduction of negative health impact for overall
human well-being.

10.5.3 Education and Enlightenment

Education and communication are essential elements of waste
management, particularly waste reduction, through formal educa-
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tion starting with kindergarten to elementary schools (primary in-
stitutions), high schools (secondary institutions), and colleges
(tertiary institutions), as well as informal and vocational training.
Extension services, NGOs, the Internet, and distant learning pro-
grams contribute immensely. Also, vocational training response
should be used as a tool for capacity building of the waste genera-
tors and managers. Along these lines, various professionals, partic-
ularly in the creative arts, should be involved in programs to
inculcate ‘‘greener behavior’’ in communities. In addition, there
is a need for a waste management information databank.

10.5.4 Public Health Implications

In tropical African countries, the results of improperly managed
solid waste are evident in public health-related disease incidence
causing ill health, sometimes leading to serious morbidity and
mortality (Adedipe 2002; Onibokun et al. 2000). Poorly managed
waste dumpsites, untreated sludge, and wastewater are sources of
proliferation of rodents, which transmit typhoid fever, rabies, and
other infectious diseases. They also lead to prolific breeding of
flies, cockroaches, and mosquitoes, which transmit diarrhea, gas-
troenteritis, malaria, yellow fever, dengue, mosquito-borne en-
cephalitis, filariasis and helminthiasis. Smoke emissions from
burning of solid wastes are known to cause upper respiratory tract
infections. In some cases, the accumulated and untreated waste
penetrates the soil to contaminate groundwater or, through sur-
face runoff, to contaminate surface water, with severe conse-
quences for human health, for which eco-health is emerging as a
viable and sustainable integrated response option involving water
supply, sanitation, and waste management. A strategic policy re-
sponse is needed, consisting of massive public health campaigns
using all possible information, education, and communication
materials.

10.6 Conclusions
This assessment covers the general challenge of waste manage-
ment but concentrates on human waste and urban and rural waste.
It attempts to avoid overlap with other chapters and summarizes
the major issues in waste management in the context of the MA.
It identifies the key drivers of ecosystem services and the responses
thereto for protecting the environment and thereby improving
human well-being.

The assessment shows that there are significant differences in
the drivers and responses between developing and industrial
countries and also within developing countries. This observation
needs to be considered in any follow-up action on the MA.

The assessment views the issues of waste material reuse and
recycling as a positive impact of waste management. Also, the
careful and controlled use of wetlands in the management of sew-
age sludge and wastewater is a positive impact.

The assessment draws attention to the importance of effective
governance structures, integrated responses such as harmonized
institutional arrangements, relevant cost-effective civil society
involvement, recognition of individual human rights, the special
needs of epistemic communities and social values, private sector
participation, education and public enlightenment. It stresses the
overall goal of suitably modified consumption scales and patterns
in the developed world and poverty reduction in the developing
nations through recycling and resource recovery schemes that
would reduce unemployment, in line with the millennium goal
of reducing poverty by 50% in the year 2015.
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Main Messages

Floods and storms are an integral part of ecosystem dynamics and have
both positive and negative effects on human well-being. Floods interact
directly with the ecosystems of a floodplain while a storm interacts with coastal,
estuarine, and desert ecosystems. Floods and storm waters bring nutrients,
which are beneficial to the floodplain ecosystems (wetlands, agricultural lands,
and crops, fishery, etc.) and coastal ecosystems (mangroves, mudflats, reefs,
fishery, etc.). They eventually contribute to human well-being by delivering a
range of ecosystem services. However, flood or flood risk management options
can increase the discharge of pollutants and sediments to the coastal zones.
Floods and storms also cause damage to the economic and social sectors
such as infrastructure, agriculture, industry, and human settlements. Prudent
management approaches can reduce the extent of damage to acceptable
limits.

Historically, responses to reduce the negative impacts have emphasized
physical structures/measures over natural environment and social insti-
tutions. Historical responses to floods and storms have emphasized the con-
struction of physical structures (for example, dams/reservoirs, embankments,
regulators, drainage channels, and flood bypasses) over the maintenance and
enhancement of environmental features and over social institutions that inform
and coordinate behavior changes to reduce losses. In many cases, such ef-
forts have been implemented without assessing their possible long-term effects
on ecosystems. Such measures often create a false sense of security and
encourage people to accept high risks that result from living in the floodplains
and on coasts.

The preponderance of evidence indicates that, in most situations, more
emphasis needs to be given to the natural environment and nonstructural
measures and less to structural measures. Although physical structures (if
properly designed) protect communities and infrastructure in a floodplain from
flood and storm surges, they often create irreparable damage to ecosystems.
Ecosystems usually lose resiliency during the long inundation-free periods after
the construction of physical structures. In many cases expensive restoration
efforts have failed to fully regenerate ecosystems. Overall, physical responses
(in the form of human interventions) may cause more damage than benefit to
ecosystems over longer time-scales, in terms of restoration and resiliency.
Therefore, the focus should be shifted to use of the natural environment and
nonstructural measures in mitigating flood and storm hazards. For example,
nonstructural measures such as flood and storm forecasting and warning, di-
saster preparedness, and acquisition of lands to accommodate flood waters
can reduce economic damage and loss of human life. Coastal mangroves have
been found to be very effective in providing protection against storms and
surges.

Sustainable approaches of flood and storm control can ensure intergen-
erational equity. Sustainable flood and storm control schemes could include
structural and nonstructural measures. Design modifications of physical struc-
tures that allow the maintenance of natural environment to a large extent could
be sustainable. This, together with the nonstructural measures (for example,
water retention areas, restoration of wetlands, land use, zoning, and risk as-
sessment, and early warning systems), can deliver benefits to humans and
ecosystems over a long period of time. However, uncertainty in flood and
storm forecasting can influence the decision-making procedure for design and
implementation of response measures.

Drivers of change, including climate change, indicate that the geographi-
cal distribution of floods and storms and perhaps their intensity will im-
pose new stresses, which are probably best responded to through an
adaptive approach to ecosystem management and social institutions.
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Floods and storms are the result of extreme rainfall/snowmelt and oceanic–
atmospheric disturbances. In the future, climate change may have large-scale
implications for these processes. Results from climate models suggest the
possibility of increased intense rainfall in many parts of the world, which may
lead to increased flooding. A rise in the sea levels may cause drainage prob-
lems in many river basins as well as aggravate coastal inundation. However,
the net sea level rise is dependent on a number of factors that include sedi-
ment transport to the estuaries, land accretion subsidence, and coastal protec-
tion. Although the models indicate the likelihood of increased cyclones/storms,
confidence is less than for floods. There is a need for designing a comprehen-
sive adaptive approach integrating ecosystems and social institutions. The use
of advanced flood forecasting and warning, strengthening of the institutions
responsible for such actions and disaster management, quick relocation of
people, emergency response, coastal mangroves, afforestation in the uplands
and coastal areas, conservation, restoration, and creation of wetlands can
markedly reduce the threats of increased flood and storm hazards.

A more integrated approach toward managing the consequences of
floods and storms is needed. This requires a range of responses that in-
cludes land use planning, financial services, information and education, use of
the natural environment, and physical structures. Such an approach is likely to
balance and resolve multiple objectives and goals in a better way.

11.1 Introduction
Floods and storms are intrinsic components of the natural climate
system and climate variability. These are a part of the natural dis-
turbance regime, which is an important determinant of ecosystem
structure and function, particularly in the long run. Public per-
ception and response to floods and storms are largely driven by
the short-term and negative impact of these disasters. Therefore,
the responses have been historically focused on interventions to
modify and control natural flood regimes through structural
means (for example, flood mitigation program in Bangladesh).

Floods and storms are some of the most destructive hydro-
meteorological phenomena in terms of their impacts on human
well-being and socioeconomic activities. While floods and storms
have adverse impacts on humans, infrastructure, and economic
sectors and ecosystems, they also generate beneficial effects that
contribute to human well-being. The impacts of floods on human
well-being and the role of ecosystems in flood control are exten-
sively discussed in MA Current State and Trends, Chapter 16. Some
of the main impacts of floods and storms are presented here.

11.1.1 Adverse Impacts

Floods and storms may have considerable adverse impacts de-
pending on location, intensity and duration. In 2003, floods ac-
counted for 3,723 fatalities around the world, exceeded only by
heat waves (about 22,000 due to the very extreme summer heat
wave in Southern Europe) and earthquakes (about 48,000, mostly
due to the Bam Iran disaster) (Munich Re 2003). The Interna-
tional Federation of Red Cross and Red Crescent Societies re-
ports that weather-related disasters from a global perspective have
been on the rise since 1996 and increasing from an annual average
of 200 (1993–97) to 331 (1998–2002) (International Federation
2001 and 2003).

The number of disasters attributed to floods is on the rise,
while on average the number of people killed due to floods re-
mains steady (Munich Re 2003). (See Figure 11.1.) The eco-
nomic costs of flood disasters have been increasing globally. Pielke
et al. (2002) found that flood losses were falling as a proportion of
GDP although the gross loss is on the rise. The increase in flood
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Figure 11.1. Number of Disasters Attributed to Floods,
1975–2001 (Munich Re 2003)

disasters is possibly due to more heavy rainfall events, increased
economic activity, and efficiency of the use of a catchment (Green
1999; Mirza et al. 2001). Future climate change is expected to
exacerbate the problem with possible increase in extreme precipi-
tation events, perhaps in very serious ways (IPCC 2001). However,
the Intergovernmental Panel on Climate Change projections put
less confidence in the increase in frequency and magnitude of
cyclones and storms.

Tropical cyclones are considered to be the most devastating of
the natural disasters because of their capacity to cause loss of
human lives and induce extensive economic losses (Gray and
Landsea 1992; Diaz and Pulwarty 1997). Vulnerability to tropical
cyclones is increasing due to fast population growth in the tropical
coastal regions (Handerson-Sellers et al. 1998). McBride (1995)
reported that each year around the globe, approximately 80–90
cyclones gain the intensity of tropical storm and about two thirds
of them reach the intensity of a hurricane. Recent analysis of cy-
clone data for the North Atlantic and Northwest Pacific reveals
an increase in windstorm activity from 1950 to 2003 (Munich Re
2003).

Floods can affect health directly, for example, by causing in-
juries and deaths due to drowning. These can occur during or in
the aftermath of a flood disaster when the residents return to their
dwellings to clean up the damage and debris. Floodwaters also
can affect health indirectly, through changes in other systems (for
example, waterborne infections, acute or chronic effects of expo-
sure to chemical pollutants released into floodwaters, vector-
borne diseases, food shortage, and others). Floods also can increase
the risk of cholera, diarrhea, schistosomiasis, dengue, yellow fever,
malaria, hantavirus, and other diseases.

After Hurricane Mitch devastated Central America, there was
a widespread outbreak of communicable diseases; WHO reported
590 cases of cholera. Nicaragua had the highest number of cases,
335 (56%), followed by Guatemala, with 235 cases (40%). The
remaining 4% of cases occurred in El Salvador, Honduras, and
Belize (WHO 1999). Similarly, Barcellos and Sabroza (2000)
identified floodwater as the cause of the outbreak of leptospirosis
in 1996 in western Rio de Janeiro, Brazil. Floods in Bangladesh
in the 1980s and 1990s caused an outbreak of diarrhea and other
waterborne diseases that claimed the lives of thousands of people
(Mirza et al. 2001). Bennet (1970) also synthesized in detail health
effects of Bristol floods in the United Kingdom.

Ill health, particularly due to psychological distress, may
persist for months or years following a flood. For example, the
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Saguenay flood in Quebec, Canada, in 1996 caused psychological
distress (Auger et al. 2000). Floods and storms can also cause other
kind of health problems such as carbon monoxide (CO) poison-
ing, as in Grand Forks, North Dakota in 1997 (Daley et al. 2001)
and contamination of farmlands by pesticides as in Mississippi after
the 1993 flood (Chong et al. 1998).

The actual impacts of floods and storms on human well-being
are strongly dependent on the adaptive capacity of the affected
groups and individuals, and their actual adaptation responses. For
example, Ginexi et al. (2000) identified that the increases in
symptoms as a function of flood impact were slightly greater
among respondents with the lowest incomes and those living in
small rural communities than among those on farms or in cities.
Similarly, Kunii et al. (2002) reported widespread cases of diarrhea
in Bangladesh during the 1998 floods. Some of the factors associ-
ated with developing or worsening diarrhea were: family size,
poor economic condition, no distribution of water purification
tablets, the type of water storage vessels, not putting a lid on ves-
sels, no use of toilets, perceived change of drinking water, and
food scarcity.

Development and urbanization patterns can exacerbate the
impacts of floods. Floodplain development is increasing the num-
ber of people at risk, often because alternative (attractive) loca-
tions are not available. By contrast, in many industrial countries
people put lives and property at risk by building houses and resorts
on floodplains that are an attractive choice because of their aes-
thetic value. In many countries where land resources are scarce,
expansion of human settlements and developments occur on the
floodplains as there is no other choice. However, in such cases,
planners should take into account the ‘‘risk factor’’ to reduce
human and ecosystem vulnerability. For example, development
and urbanization create conditions whereby runoff is greater in
terms of both volume and rate of rise (speed of onset). However,
efficient drainage provisions and conservation of urban wetlands
can reduce vulnerability.

11.1.2 Beneficial Impacts and Well-being

Natural flooding has many beneficial effects. In Bangladesh, for
example, a flood is categorized as barsha (beneficial flood) and
bonna (disastrous flood). The annual flood barsha inundates up to
20.5% of the land area and the low-frequency, high-magnitude
flood bonna inundates more than 35–70% of the country’s area. A
single flood can be both barsha and bonna (Paul 1984). Flooding
has four important benefits.

First, it inundates floodplains, leaving the moisture content in
the soil high at the end of the flooding season. This moisture is
beneficial for agriculture depending on the crop cycle, for exam-
ple, in Bangladesh. However, there are exceptions. For example,
in the United Kingdom, winter flooding can make soil moisture
content too high in the summer to support arable crops (Drijver
and Marchand 1985). Soil moisture deficit is common in the soils
of flood-free areas where irrigation is required to sustain agricul-
ture. Second, floodwaters replenish groundwater aquifers. In
many parts of the world, groundwater aquifers fully recover by
natural recharge from rain or snowmelt. The replenished ground-
water is used for irrigation.

Third, floodwaters contribute to increased soil fertility. How-
ever, deposition of sand carried by floodwaters on fertile agricul-
tural land can cause serious harm (Brammer 1990). There is a
notion among the farmers in Bangladesh that raw alluvium carried
by floodwaters increases soil fertility. But raw alluvium is rela-
tively infertile in the short term. It contains little organic matter
and provides useable phosphorus or nitrogen. The minerals con-
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tained in river alluvium weather relatively slowly and conse-
quently contribute to soil fertility on a long-term basis rather than
in the year of their deposition (Chadwick et al. 2003). According
to the World Bank (1990), the fertility associated with seasonal
flooding comes mainly from the flooding itself, rather than the
alluviums. Algae, including blue-green algae that are nitrogen
fixing, potentially grow on the submerged soil and the stems of
plants in the floodwater. The organic remnants of the algae fall on
the soil surface and decompose, releasing nutrients to plants.

Fourth, natural flooding can benefit floodplain fisheries. In
many countries in South and Southeast Asia, Africa, and Latin
America, among others, fish is a source of animal protein. Ed-
wards (2000) reported that fisheries supply at least 40% of all ani-
mal protein in the diet in 18 countries in Africa and Asia. Whereas
the urban population has access to other sources of animal pro-
tein, many people in rural areas are highly dependent on flood-
plain fisheries.

Obstruction to natural flooding by the construction of high
dams caused destruction of the Nile Delta (Stanley and Warne
1998). Decreased flooding also has implications for agriculture.
The Aswan dam lowered the influx of nutrient rich silt to the
floodplains of Egypt, where much of the food is grown.

Ecosystems play an important role in modifying and regulat-
ing hydrological and meteorological processes, and thereby affect
the positive as well as negative consequences of floods and storms.
The functions of ecosystems range from the regulation of surface
and sub-surface flow to the modification of wave dynamics in
coastal and near-shore areas. Costanza et al. (1997) listed a range
of ecosystem services and functions related to floods and storms.
(See Table 11.1.) Normal as well as flood flow regimes are affected
by vegetation and its characteristics; hence, one important ecosys-
tem service is to control floods and storms. This chapter aims to:
• assess the role of ecosystems in moderating or regulating

storms and floods and their associated impacts, including esti-
mates of the economic value associated with this service;

Table 11.1. Ecosystem Services and Functions (Constanza et
al. 1997)

Ecosystem Service Ecosystem Functions Examples

Disturbance regulation capacitance, damping, storm protection, flood
and integrity of eco- control, drought recov-
system response to ery and other aspects
environmental fluc- of habitat response to
tuations environmental vari-

ability mainly con-
trolled by vegetation
structure

Water regulation regulation of hydrologi- provision of water for
cal flows agricultural (e.g., irri-

gation) or industrial
(e.g., milling) proc-
esses or transporta-
tion

Water supply storage or retention of provisioning of water
water by watersheds, reser-

voirs, and aquifers

Erosion control and retention of soil within prevention of soil loss
sediment retention an ecosystem due to wind, runoff, or

other removal proc-
esses; storage of silt in
lakes and wetlands
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• examine the natural and anthropogenic drivers that influence
this role;

• explore the range of management and policy options (for ex-
ample, land use change) for ensuring the ability of ecosystems
to provide these services, including the possibility of deliberate
modification to enhance flood and storm protection; and

• explore the response options to reduce human vulnerability
to storms and floods.

11.1.3 Types of Events

In the context of this chapter, it is useful to distinguish between
the four different types of flood events: flash, riverine, rain, and
coastal floods and storms.

Flash floods occur in all climatic regions of the world. They
can occur within a few minutes or hours of excessive rainfall,
thunderstorms, and heavy rains from hurricanes and tropical
storms; they can occur from a dam or levee failure, or from a
sudden release of water held by an ice jam. Although flash flood-
ing occurs often along mountain streams, it is also common in
urban areas where much of the ground is covered by impervious
surfaces and in arid areas such as North Africa.

Riverine flooding is an event of longer duration; it may last a
week or more and in some cases months. (See Figure 11.2.) The
riverine flooding in Bangladesh in 1998 lasted a record 68 days
(Mirza 2003). In 1993, flood water stayed above the danger level
for 45 days at Quad Cities, Illinois, along the Mississippi River
(NOAA 1994).

Rainfall floods are a form of localized flooding due to intense
rainfall occurring over a sustained period of time and the conse-
quent drainage congestion. In 1998 (April 9–13), more 5,000
square kilometers in the regions of Midlands, Anglian, Wales, and
Thames in the United Kingdom, for example, were inundated by
flooding caused by heavy rainfall for three consecutive days (April
8–10) (Elahi 2000).

Coastal floods are caused by storm surge, coastal rainfall, and
tidal action. Coastal flooding typically results from one or a com-
bination of the following biophysical factors: storm surge, heavy
surf, tidal piling, tidal cycles, persistence behavior of a storm that
is generating flooding, topography, shoreline orientation, bathy-
metry, river stage or stream runoff and presence or absence of
offshore reefs or other barriers. High winds can exacerbate
damage.

The terms ‘‘hurricane’’ and ‘‘typhoon’’ are regionally specific
names for a strong tropical cyclone. A tropical cyclone is the generic
term for a nonfrontal synoptic scale low-pressure system over
tropical or sub-tropical waters with organized convection (thun-
derstorm activity) and definite cyclonic surface wind circulation

Figure 11.2. Water Levels of the Brahmaputra River at
Bahadurabad in Bangladesh during the Floods of 1988 and
1998 (Mirza 2003)
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(Holland 1993). Tropical cyclones with maximum sustained sur-
face winds of less than 17 meters per second are ‘‘tropical depres-
sions.’’ Once the winds of the tropical cyclone reach at least 17
meters per second, they are typically called a ‘‘tropical storm’’ and
assigned a name.

Another class of events that is particularly important in some
regions is sand and dust storms. Dust storms are major, but under-
studied processes in dryland areas across the world (Goudie and
Middleton 1992). They not only play an important role in desert-
ification and land degradation, but also can cause substantial envi-
ronmental impacts. Dust storms are common in the great plains
of the United States, the former USSR, Morocco, the Arabian
Gulf, Australia, the Sahel-Sudan Zone of Africa, China, Mongo-
lia, and Mexico. Natural processes such as precipitation, snow
cover, and wind speed are important determinants of frequency of
dust events (Goudie and Middleton 1992; Qian and Zhu 2001).

Dust storms have important environmental consequences that
include local climate change, nutrient additions to oceans and ter-
restrial ecosystems, ocean sedimentation, soil formation and loess
deposition, possible rainfall suppression, health hazard, accidents,
loss of agricultural outputs, and disturbance to satellite communi-
cations (Griffin et al. 2001; Goudie and Middleton 1992; USGS
2003).

11.1.4 Flood and Storm Protection Mechanisms by
Ecosystems

In examining the mechanisms by which ecosystems provide flood
and storm protection, it is useful to focus on two different settings:
coastal regions and rivers/uplands.

11.1.4.1 Coastal Systems
In coastal regions, flood and storm protection is often provided by
characteristic ecosystems that include coastal forests, mangroves,
seagrass beds, coral reefs, dune systems, salt marshes, inter-tidal
flats, and lagoons. Mechanisms for regulating storm and flood im-
pacts in coastal areas include wave dissipation, absorption, reflec-
tion and resistance, barrier to flood surge, wind breaking, coastal
accretion and stabilization (long-term), regulation of sediment
transport, and linkage with coastal geomorphology.

11.1.4.2 Rivers and Uplands
Runoff in a catchment or flow at any given point in a channel
depends on the interaction of a number of factors, the most im-
portant of which are: antecedent conditions; distribution; inten-
sity and duration of precipitation; vegetative or other surface
cover; soil type and depth; geologic structure; topography, in-
cluding area, slope, and channel characteristics.

Singh (1987) assessed the role of forests in water conservation
and in controlling rainfall-runoff processes. Leafy canopies inter-
cept rain, reducing both the amount and the impact of that on
the ground. Most of the interception loss develops during the
initial storm period; thereafter, the rate of interception rapidly
reaches zero (Singh 1987). Roots stabilize soils and form channels
for rapid infiltration. Organic matter from roots and leaves im-
proves soil structure and increases both infiltration rates and
water-holding capacity, that is, the ability of the soil to retain
water against gravity; water capacity can vary widely among vari-
ous soils. Through transpiration, plants remove water from the
soil profile, thus creating a greater storage capacity for future pre-
cipitation.

11.1.5 Drivers and Processes

Human activities and natural processes both affect ecosystem
structure and function and impact services such as flood and storm
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protection. Following the terminology adopted in the MA, these
drivers may be classified into direct and indirect drivers. The for-
mer refers to processes that directly interact with ecosystems,
while the latter refers to the underlying causes. For example, habi-
tat loss is a common direct driver, while indirect drivers might be
population growth and consumption pressures.

The link between human activities and ecosystem degradation
has been studied extensively and is now well established. Change
in forest cover and, more generally, in land use/land cover is,
perhaps, the dominant route by which human influence is ex-
pressed. In one study, Laurence and Bierregaard (1997) assessed
the pattern and pace of tropical forest destruction in the Americas,
Asia, and Africa and concluded that the four key drivers of forest
destruction are human population pressure, weak government in-
stitutions and poor policies, increasing trade liberalization, and
industrial logging. Secondary drivers include poverty and road
construction. According to Tockner et al. (2002), by 2025, the
increase in human population will lead to further degradation of
riparian areas, intensification of the hydrological cycle, increase in
the discharge of pollutants, and further proliferation of species
invasions.

Urbanization has marked effects on basin runoff in terms of
higher volume, higher peak discharge, and shorter time of con-
centration.1 These changes are associated with the increased im-
perviousness and more efficient drainage that are characteristics of
constructed drainage systems (Rustam et al. 2000; Singh 1987).
UNESCO (1974) provides an excellent account of the hydrologic
effects of urbanization. Some of the major effects are: (1) increased
water demand, often exceeding the available natural resources; (2)
increased wastewater, burdening rivers and lakes and endangering
the ecology; (3) increased peak flow; (4) reduced infiltration; and
(5) reduced groundwater recharge, increased use of groundwater,
and diminishing baseflow of streams.

11.2 Response Categories and Management
Approaches
Over the years, a number of management approaches and re-
sponse options have been developed and followed for coping
with the effects of floods and storms. These management ap-
proaches influence the extent and functioning of ecosystems, ei-
ther directly through modification of ecosystems, or indirectly, by
changing hydro-meteorological regimes. Five broad categories of
response options may be identified, based on nature of response
and familiarity of practicing managers:
• physical structures: river/estuary (multi-purpose storage dams/

reservoirs, weirs, barriers), land protection (dikes/embank-
ments);

• use of natural environment: vegetation (mangroves, wetlands,
rice paddies, salt marshes, upland forests), geomorphology
(natural river channels, dune systems, terrace farming);

• information and education: disaster preparedness, disaster man-
agement, flood and storm forecasting, early warning, evacua-
tion;

• financial services: insurance, disaster relief, and aid; and
• land use planning: zoning, setbacks, flood-proofing (emphasis

on regulation or modification of the built environment, often
urban).
The actual operation and implementation of these responses

and their effects on ecosystem structure and function are best ex-
amined in four distinct settings: upland/watersheds, floodplains,
coastal regions, and islands. Each of these settings has distinct
characteristics, biophysical as well as socioeconomic. In addition,
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the settings differ in terms of the institutional structures and man-
agement systems responsible for flood and storm protection as
well as other services related to flood and storm protection, for
example, irrigation or hydroelectricity generation.

11.3 Sustainable Flood and Storm Control:
Analysis and Assessment of Responses
The concept of ‘‘sustainable development’’ is presently widely
used and there is no common understanding of the term (Kund-
zewicz 1999). Table 11.2 presents alternative definitions of sus-
tainable development, which shows the definitional diversity.
Munasinghe (1993) argued that the concept of sustainable devel-
opment evolved to encompass three major points of view: eco-
nomic, social, and ecological. Takeuchi et al. (1998) mentioned
that sustainable development entailed a blend of objectives in
economic, social, and environmental areas and they had to be
economically feasible, socially acceptable, and environmentally
sound.

The definitions of sustainable development in Table 11.2 can
be applied for floods and storms control. Although the definitions
vary widely in terms of subjects, there is a general consensus on
the intergenerational equity. Kundzewicz (1999) interpreted that
sustainable development comprised three integral items—
civilization, wealth, and environment (natural and human built)
and they should be transferred to the future generations in a non-
depleted condition. In terms of flood, he further argued that it
was necessary for the present generation to attain freedom from
the disastrous events but not at the cost of the future generations.
The freedom (to a reasonable extent) can be achieved by imple-
menting some defense schemes/response measures. The United
Kingdom Environment Agency (1998, p. 9) defined a sustainable
flood defense scheme as taking ‘‘account of natural processes (and
the influence of human activity on them), and of other defenses
and development within a river catchment . . . and which avoid

Table 11.2. Alternative Definitions of Sustainable Development

Definition Focus

‘‘. . . development that meets the needs of the intergenerational equity
present without compromising the ability of
future generations to meet their own needs.’’
(WCED 1987)

‘‘. . . development that secures increases in the human welfare
welfare of the current generation provided that
welfare in the future does not decrease.’’
(Pearce and Warford 1993)

‘‘. . . involves maximizing the net benefits of natural resource
economic development, subject to maintaining utilization
the services and quality of natural resources
over time.’’ (Pearce and Turner 1990)

‘‘Sustainable development [means] . . . carrying capacity of
improving the quality of human life while living ecosystems
within the carrying capacity of supporting
ecosystems.’’ (IUCN/UNEP/WWF 1991)

‘‘Sustainable development seeks to deliver the sustainable economic
objective of achieving, now and in the future, development
economic development to secure higher living
standards while protecting and enhancing the
environment.’’ (DOE 1997)
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as far as possible committing future generations to inappropriate
options for defense.’’ These schemes could comprise structural
and nonstructural measures. (See Table 11.3.)

Takeuchi et al. (1998) criticized some flood protection infra-
structure (levees, dams, etc.) in the context of sustainable devel-
opment for closing options (measures that will last and generate
benefits for successive generations) for future generations and in-
troducing disturbance in the ecosystems. Kundzewicz (1999) ar-
gued that ‘‘soft’’ or nonstructural measures could be rated as more
flexible, less committing, and more sustainable than ‘‘hard’’ or
structural measures that might be indispensable in particular cases.

This section elaborates on the sustainable approach of flood
and storm control with one or more specific examples of response
and management options (structural and nonstructural). Interna-
tionally, sustainable flood and storm protection is being taken up
on a priority basis. The United Nations and Economic Commis-
sion for Europe Sustainable Flood Prevention Guidelines (UN/
ECE 2000) outline seven basic principles and approaches:
• Flood events are a part of nature.
• Human interference into the processes of nature has increased

the threat of flooding.
• Flood prevention should cover the entire catchment area.
• Structural measures will remain important elements of flood

prevention and protection, especially for protecting human
health and safety, and valuable goods and property.

• Everyone who may suffer from the consequences of flood
events should also take precautions on their own.

• Human uses of floodplain should be adapted to the existing
hazards.

• In flood-prone areas, preventive measures should be taken to
reduce the possible adverse effects on aquatic and terrestrial
ecosystems.
The UN/ECE guidelines focus on recommendations for

water retention areas, land use, zoning and risk assessment, struc-
tural measures and their impact, and early warning and forecast
systems. Public awareness, education, and training comprise an-
other important element of preventive strategies.

11.3.1 Physical Structures

Construction of embankments has been the most popular struc-
tural method of flood control/mitigation in many parts of the

Table 11.3. Compliance of Components of Pre-flood
Preparedness Systems with the Spirit of Sustainability (Menzel
and Kundzewicz 2003)

Compliance with
Flood Preparedness Measures Sustainability

Construction of large physical infrastructure low to medium

Zoning; development control within the floodplain medium to high

Source control, land use planning, watershed
management medium to high

Flood forecasting and warning system high

Flood proofing low to high

Disaster contingency planning and maintenance of
preparedness of community self-protection activity high

Installation of insurance plan low to high

Capacity building; improving flood awareness,
understanding, and preparedness high
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world (the Netherlands, Bangladesh, China, the United States,
Canada, New Zealand, etc.). They are constructed to provide
protection against flooding and aim to prevent the spill of river
waters. The heights of these embankments are greater than those
of the annual maximum water levels along the rivers in order to
minimize internal flooding through the provision of appropriate
drainage structures. Such measures are provided to protect ag-
ricultural lands, rural settlements, and urban areas. (See Box 11.1.)

Physical structures can meet some elements of sustainability,
depending on their design criteria. In general, the flood control
drainage/flood control drainage and irrigation projects in Bangla-
desh (Table 11.4) created the environment for crop agriculture
that has been delivering benefits to generations. However, the
benefits are not equitably distributed among various groups of
landowners and farm laborers. On the other hand, they have de-
prived people of access to animal protein as the flood control
projects proved to be detrimental to floodplain fisheries (Mirza
and Ericksen 1996). They have also disrupted the livelihood of
fishing communities (WCD 2002). They also demonstrated other
side effects (ESCAP 1997), summarized in Table 11.5.

It is vital that the sustainable engineering works will ensure
minimum disruption from flooding and enhance natural habitats
while providing the levels of protection demanded by the public.
In order to do so, the idea of ‘‘controlled flooding’’ is being pro-
moted. The U.S. Fish and Wildlife Service proposed to release a
volume of water from the Missouri River reservoirs (Gavin Point)
within a specified period of time to help increase population of
some threatened species. However, there are critiques of ‘‘con-
trolled flooding’’ who argue that it will not result in any meaning-
ful increase in species numbers because the hydrography on the
lower river has been permanently altered due to years of reservoir
management (UMIMRA 2004).

11.3.2 Use of Natural Environment

11.3.2.1 Wetlands and Flood Moderation

Wetlands hold the runoff generated from heavy rainfall or snow-
melt events. They reduce the possibility of flooding in down-
stream or moderate flooding to some extent, depending on the
magnitude of runoff. Wetland vegetation slows down the flow of

BOX 11.1

Physical Structures for Flood Control: Examples from Various Countries

• The Dutch and their ancestors have 2000 years of experience in holding navigability. However, during the 1993 flood, 40 of the 229 Federal
back and reclaiming lands from the North Sea by building dikes (embank- levees and 1,043 of 1,347 non-Federal levees were overtopped or dam-
ments) (Driessen and De Gier 1999; van Steen and Pellenberg 2004). aged. Damage to locks and dams was also reported (NOAA 1994).

• Between 1960 and 2000, the Bangladesh Water Development Board • In Canada, when the Red River flooded in 1997, the Winnipeg floodway
constructed a total of 5,695 kilometers of embankments, including 3,433 prevented the inundation of the city of Winnipeg. However, communities
kilometers in the coastal areas; 1,695 flood control/regulating struc- to the south of Winnipeg such as Ste. Agathe sustained serious dam-
tures; and 4,310 kilometers of drainage canals over 3.77 million hec- age; the town did not have a permanent ringed dike surrounding it.
tares (Khalequzzaman 2000). Temporary dikes were built around properties to prevent damage. Dikes

• The Yangtze River basin in China has a long series of dikes to control surrounding the city of Winnipeg were watched closely to ensure they
floods. To improve flood control capacity, about 3,600 kilometers of were not breached. The Farlinger Commission estimated the cost of
dykes have been repaired, heightened, and strengthened. The flood the flood at CAD $500 million, CAD $39 million claimed in the city of
diversion and detention basins constructed for flood control in the Winnipeg itself (Haque 2000).
Yangtze Valley provide an effective storage capacity of over 50 billion • In the Waikato region in New Zealand, historically, mitigation of flooding
cubic meters (Mingguang et al. 1998). has focused on structural measures, which include, particularly, stop-

• As a response to the disastrous Mississippi River flooding in the United banking, drainage, and pumping facilities. However, there are also ex-
States in 1927, the U.S. Army Corps of Engineers built the longest tensive schemes aimed to provide protection from coastal flooding (En-
system of levees in the world and minimized flooding and improved vironment Waikato 1997).
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flood water (Ramsar 2004). Flood mitigation capacity of a wet-
land system is limited by a number of factors, which include water
level fluctuations, plant community, habitat elements, ground-
water hydrology, and downstream conditions. According to Ramsar
(2004), wetlands reduce the need for expensive engineering struc-
tures. However, this is highly dependent on the hydroclimatic
conditions of the area in concern, types of settlements and infra-
structure, etc. It should be noted that there are various categories
of wetlands, each with distinct functions; the criteria for interven-
tion and management of these wetlands also differ. In addition to
the Ramsar definition, see also Cowardin et al. (1979) and Na-
tional Research Council (1995).

In the past two centuries, a substantial area of wetlands was
lost due mainly due to human interventions for settlement and
agricultural expansion, infrastructure development, deforestation,
excessive sedimentation, etc. Reduction of wetlands in the Red
River basin in Manitoba, Canada, has been audited as worsening
the water level of the 1997 floods. Wetlands have been recognized
to reduce the peak flows of rivers or the total flood volume, in
addition to storing water. A study by the Red River Basin Task
Force estimated that the basin area, constituting 12% wetland in
1870, was reduced to 3% by 1995 due to the expansion of urban
settlements and conversion to agricultural lands. In the Mississippi
River basin, a large number of engineering projects (thousands of
levees and creation of deep navigation channels) were imple-
mented in the past 150 years to control floods and improve and
restore navigation. In this process, 6.9 million hectares of wetlands
were lost (Ramsar 2004; Hey and Philippi 1995).

Table 11.4. Various Types of Flood Control Projects in
Bangladesh (ESCAP 1997)

Project Type Number Area Covered

(million hectares)

Flood control 29 0.210
Flood control and drainage 173 2.019
Flood control, drainage, and irrigation 42 0.711
Drainage 128 0.759
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Table 11.5. Effects of Flood Control Embankment Projects in Bangladesh

Surface Water Groundwater Land and Soil Resources Fisheries and Ecosystems

Reduction in river flood within the Reduced groundwater recharge Scouring and rising bed levels Markedly reduced floodplain
project fisheriesIncreased chances of agro-pollution Changing bank erosion
Increase in downstream flood risk from fertilizer and pesticides Increase in cultured fisheriesChange in soil fertility status inside
Increase in risks from extreme flood the project Changes in wetland habitat
event in schemes Increased occurrence of weeds
Reduction of dispersal contaminants
inside the project

Closed system needs flushing to
control pollution

Increased problem of agrochemical
and sewage

The economic value of wetlands in flood control and modera-
tion is not often assessed; however, it could be significant (Ramsar
2004). Costanza et al. (1997) estimated the economic value of
wetlands and coastal ecosystems for disturbance regulation and
water regulation along with some other services; they generalized
many assumptions to derive global values, but to have a compre-
hensive assessment of ecosystem services at a local scale, it is best
to use the primary data. In the United States, the value of wet-
lands in preventing serious flooding has been put at $13,500 per
hectare per annum (Hails 1996).

Wetlands also deliver more direct benefits or provisioning ser-
vices for human well-being. The inner Niger Delta of Mali
(30,000 square kilometers) supports more than half a million peo-
ple and the post-flood grasslands provide food for two million
heads of livestock. In 1985, $8 million worth of cattle, sheep, and
goats were exported. Floods help migration of fish, their breeding
and production in the floodplains. It was estimated that in 1986
the livelihood of some 80,000 fishermen depended on fishing in
the delta and in that year more than 60,000 tons of fish were
landed (Dugan 1990).

Efforts have been made and are underway to restore some
destroyed wetlands in Europe and the United States for flood
moderation and to obtain other ecosystem benefits (Galat et al.
1998; Simons et al. 2001; Schmidt 2001). A number of steps are
involved in the restoration process:
• understand the causes of the wetland deterioration or destruc-

tion (increased stormwater flow due to urbanization and flood
and storm control structures);

• develop a comprehensive wetland study to identify wetland
elements (hydrology, soil, and plant) requiring amendment;

• conduct hydrological modeling to analyze water level fluctu-
ations (frequency and duration) during various flood flows;

• select the level of flood protection that does not impact the
desired plant community negatively;

• design the wetland system by integrating flow reduction, de-
sired plant community, public safety, and recreational ele-
ments;

• determine whether regulatory reviews and permits are re-
quired to ensure no net loss of wetlands; and

• develop a plan for long-term monitoring and adaptive man-
agement, which are the key elements for a successful wetland
restoration project.
In 2000, the World Wide Fund for Nature launched the

‘‘Green Corridor for the Danube’’ project in Europe. Under the
project, the governments of Romania, Bulgaria, Moldova, and
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Ukraine have made a pledge to create a network of at least
600,000 hectares floodplain habitats along the lower Danube
River and the Prut River, and in the Danube delta. This effort
will require restoring an area of 200,000 hectares (Schmidt 2001).

In Louisiana, several sites drained out for crop agriculture, fish
farms, and forestry projects are on the way to returning to their
original natural state, as the result of a massive $14 billion wetland
restoration program called ‘‘Coast 2050.’’ The main objective of
the plan is to protect more than 10,000 square kilometers of
marsh, swamp, and barrier islands (Bourne 2000). One of the
components of this project is to restore and maintain Louisiana’s
barrier islands, which are the state’s first line of defense against
storm surge generated by the hurricanes. The results of computer
models show that certain configurations of islands and inlets along
the coast could reduce surges in the inland areas by more than a
meter (Bourne 2000).

11.3.2.2 Upland Reforestation/Afforestation

Changed vegetal cover affects the hydrological behavior of a
catchment. The influence of deforestation and erosion on the de-
terioration of flood disasters is well documented (Gade 1996;
Sandstrom 1995; and Sternberg 1987). When a forested area is
deforested and the forest litter removed, the interception of pre-
cipitation is virtually eliminated. Litter removal changes the infil-
tration capacity of soil and has a pronounced effect on raindrop
impact and the resulting soil erosion. With the loss of forest
mulch, the infiltration capacity is reduced and rate of erosion in-
creased. Vegetation loss leads to less evapotranspiration. These
changes directly contribute to increased direct runoff, reduced
surface roughness, and decreased recharge of groundwater aqui-
fers (Singh 1987).

Reinhart et al. (1963) investigated the effect of vegetation on
storm runoff in watersheds in the Allegheny mountains of West
Virginia. Due to the vegetation cover, both peak flow and total
storm flow were decreased substantially. However, storm flow
also depends on other factors, including the maturity of the forest
and regeneration after, for example, a forest fire. Forest cover may
not always affect flow volume. For example, Hirji et al. (2002)
reproduced a flow time series for the Iringa catchment in Tanza-
nia, which showed equal runoff coefficient for the forested as
well as cultivated land. Runoff from the forested catchment was
markedly lower in the dry season. The performance of cultivated
land in reducing runoff was not that insignificant (Shaxson and
Barber 2003).
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Lahmer et al. (2000) investigated the impacts of environmen-
tal changes on flood generation in the 575 square kilometer floods
of the Stepenitz River basin (a sub-basin of the Elbe River basin)
in Germany. They simulated floods in response to an extreme
precipitation event that occurred on June 12, 1993, in the basin.
A 255 millimeter rainfall (39% of the mean annual sum of 650
millimeters for the period 1981–1994) was recorded in 24 hours.
Scenarios were developed to analyze the event’s impact under
alternative conditions:
• if all arable land (about 66.4% of the total basin area) were

forests when the event occurred (forest scenario), and
• if all arable land were bare land (bare land scenario).

Figure 11.3 demonstrates that the forest scenario has a consid-
erable impact on the flood wave at the basin outlet; compared to
actual land use, peak flow and discharge volume are reduced by
42.3% and 39.3%, respectively. The reductions for the bare land
scenario of about 13.6% (peak flow) and 13.5% (discharge vol-
ume) are considerably smaller, but still remarkable. Even for this
extreme precipitation event, the water retention of the basin is
high in both cases because of the long dry period before the event,
which favored percolation due to low soil saturation.

Kramer et al. (1997) examined the effects of forest cover on
flooding in the Mantadia National Park, Eastern Madagascar. For
this purpose, hydrologic experiments were conducted in the Per-
inet Experimental Watersheds, which lies in the Vohitra River
basin. Land uses studied included primary and secondary forests,
traditional rice agriculture with burning (swidden), and agricul-
ture with terraces and other conservation practices. The results of
an eight-year experiment suggest that flooding differs quite con-

Figure 11.3. Impact of Land Use Change Measures on Stepenitz Basin Discharge following Extreme Precipitation Event on 12 June
1993. The differences for the peak flow and the discharge volume for the scenarios as compared to the actual land use are given on the
right hand side of the figure. (Lahmer et al. 2000)
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siderably between primary and secondary forests. Storm flow
from the 30-hectare secondary forest watershed was about three-
fold more in water volume than from a similar-sized primary for-
est catchment. Reduced infiltration capacity due to soil compac-
tion, decreased evapotranspiration, and less extensive rooting in
the secondary forest could have resulted in higher stream flow.
Vegetation cover delivers other benefits as well. It is important
for reducing soil erosion and sedimentation downstream (for
example, Loess plateau of the Yellow River in China). In non-
vegetated soils, extreme rainfall can cause earth movement endan-
gering lives and property in the downstream. Settlements on steep
and unstable slopes could be more dangerous than the floodplains,
depending on its location.

Vegetation cover is also important in the context of sand and
dust storms. Engelstaedter et al. (2003) studied dust storm fre-
quency data from more than 2,400 meteorological stations world-
wide. Comparisons with distributions of vegetation types suggest
that DSF is highest in desert/bare ground (median: 60–80 DSF
per year) and shrubland (median: 20–30 DSF per year) regions,
and comparatively low in grassland regions (median: 2–4 days per
year). Average DSF is inversely correlated with leaf area index and
net primary productivity. In non-forested regions, DSF increases
as the fraction of closed topographic depressions increases, possi-
bly due to the accumulation of fine sediments in these areas.

11.3.2.3 Mangroves, Seagrasses, and Sand Dunes in Storm
Protection

Mangrove forests are diverse communities growing in the inter-
tidal zone (between the average sea level and the high tide mark)
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of tropical to sub-tropical coastal rivers, estuaries, and bays. The
large amount of silt deposited by coastal rivers along the shoreline
produces an environment suitable for the growth of extensive
forests. Mangrove plants can also be found growing on the car-
bonate sediments deposited around reef-associated islands.

In 1997, the ‘‘World Mangrove Atlas’’ estimated approxi-
mately 18 million hectares of mangroves. South and Southeast
Asia’s coasts are enriched with mangroves. In 10 countries of
South and Southeast Asia, the approximate area of mangroves is
4,913 thousand hectares. The highest coverage of mangroves is in
Indonesia and the lowest in Sri Lanka.

Mangrove ecosystems play an important ecological role while
providing a variety of services for human well-being. The benefits
obtained from the mangrove ecosystems are quite broad and en-
compass a range of economic, environmental, and social aspects,
including protection from erosion, flooding, cyclones, typhoons,
and tidal waves (Primavera 2000).

11.3.2.3.1 Super cyclone, Orissa
On October, 29, 1999, the Indian ‘‘super cyclone’’ made landfall
over the Indian State of Orissa (UK Met-office 1999). It was the
strongest and deadliest cyclone in the region since the Bangladesh
cyclone of 1991. The recorded wind speed was 356 kilometers
per hour (Kriner 2000) and it generated 8–10 meter high surges.
The cyclone and its aftermath led to 10,092 deaths; the demoli-
tion of millions of dwelling units; over 80% damage to standing
crops, especially ready-to-harvest crops; and a loss of about
454,000 heads of cattle.

In the second half of the twentieth century, India lost more
than half of its mangrove forests. In 1987, India had 674,000 hec-
tares of mangroves. Within a period of 10 years, that amount
decreased to 483,000 ha (Kumar 2000), leaving the country open
to attack by the wind and waves of the cyclones that regularly hit
the coast of eastern India and neighboring Bangladesh. The Orissa
coastline was once covered by mangrove forests. In 1990, Orissa’s
coastline had a mangrove forest area of around 150 square kilome-
ters, which had dwindled to 50 square kilometers by 1999 (Khan
1999). In the past, the mangroves would have dissipated the in-
coming wave energy. Mangroves trap sediment in their roots,
which transforms the seabed to a shallow shape. This absorbs the
energy of waves and tidal surges and thus protects the land under
them. The destruction of coastal mangroves in Orissa has reduced
the capacity of the coastal ecosystems to buffer storm surges and
cyclonic winds (Shiva 2002). The lack of protective forest cover
also made it possible for the floods to inundate large areas and
cause much destruction. As forests have been lost, each consecu-
tive cyclone has penetrated further inland (Tynkkynen 2000).
However, an area near Paradeep in Orissa where forests were in-
tact was largely saved from cyclonic damage (Tynkkynen 2000).

11.3.2.3.2 Bangladesh cyclone
Since 1822, a total of 69 extreme cyclones have landed on the
Bangladesh coast, of which 10 hit the Sundarbans mangrove for-
est. (See Figure 11.4.) However, a cyclone that lands on the
Sundarbans causes less damage than a cyclone of equal magnitude
that lands on the central and eastern part of the coast. Most of the
damage is caused by the surge. For example, a cyclone that landed
on the Cox’s Bazaar coast in 1985 generated a 4.3 meter surge
and caused the deaths of 11,069 people. A similar cyclone that
landed on the Sundarbans in 1988 caused half that number of
fatalities.

11.3.2.3.3 Coastal flooding and Cyclone Drena, New Zealand
Coastal flooding around the Firth of Thames is reasonably fre-
quent (annual probability of at least 3–5 %). The damage caused
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Figure 11.4. Mangroves in Bangladesh

by flooding in July 1995 and Cyclone Drena in January 1997 was
in the range of NZ$ 4–5 million or more (including damage to
the settlements, agricultural lands, and roads). Dahm (1999) listed
a range of natural buffer systems (beaches and wetlands, particu-
larly mangroves) that provide effective protection from coastal
flooding in the Waikato. For example, the mangroves in the
southern Firth of Thames provide very effective wave and erosion
protection for stop-banks protecting the Hauraki plains. It was
reported that there was little or no wave action felt along the
landward margins of the mangroves in Cyclone Drena despite the
marked northerly waves impacting directly on the seaward mar-
gin of the mangroves (Dahm 1999).

Like mangroves, seagrasses are an important vegetation type
that modifies the local hydro-meteorological regime in coastal re-
gions. Seagrasses cover about 0.1–0.2 % of the global ocean, and
contribute to developing highly productive coastal ecosystems
(Duarte 2002). Seagrasses, an assemblage of marine flowering
plant species, are valuable structural and functional components
of coastal ecosystem and are currently experiencing worldwide
decline. Widespread seagrass loss results from direct anthropo-
genic impacts, including dredging, fishing and anchorage, sedi-
mentation, coastal constructions, as well as from natural causes
such as cyclones (hurricanes) and floods. Over the period 1986–
96, Short and Wyllie Echeverrira (1996) reported that 90,000
hectares of seagrass loss was documented; they estimate that the
actual loss was greater.

Native vegetation, sand dunes, and wide beaches are the best
coastal buffers for hurricanes (Theiler and Young 1991, cited in
Coch 1994). The ebb surge of a storm (the flow of water return-
ing to the sea) can be very destructive to the affected areas, caus-
ing localized flooding and damage. Ebb surge is exacerbated by
coast parallel streets that trap the water, large areas without vege-
tation, and beach modifications such as dune overpasses and beach
accesses (Coch 1994). Coastal structures can serve to worsen
flooding as water gets trapped behind seawalls and is prevented
from flowing back to the sea, although they can reduce the influx
of the storm surge by preventing infiltration and absorbing energy
from waves. Native species of vegetation are more resilient to
hurricane winds and waves than the introduced species, and wide
beaches help absorb the force of the storm. Sand dunes cushion
wind and wave energy and prevent storm surge, or facilitate ebb
surge if storm surge does occur. Natural sand dunes are more resil-
ient than restored dunes, yet no dune is worse over all.
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Management of the natural environment can reduce vulnera-
bility to floods and storms. However, it alone may not be suffi-
cient to reduce the losses, which can be achieved in combination
with such other measures as information, institution strengthen-
ing, and education.

11.3.3 Information, Institution Strengthening, and
Education

Institutions and public education programs are vital to reducing
losses from floods and storms. Risk assessment is an essential com-
ponent of any hazard or disaster management planning. Flood and
storm forecasting and warning, and dissemination of this informa-
tion play a pivotal role for saving lives, property, and crops. How-
ever, there are uncertainties in such forecasting activities.
Accuracy is a vital element of forecasting to maintain public con-
fidence. Inaccurate or partially accurate forecasting can cause
more damage than reduction of losses. In many countries (espe-
cially in the developing world), flood loss occurs mainly due to
the lack of institutional capability, trained manpower, and techno-
logical limitations.

In Bangladesh, flood forecasting and warning is conducted
with the aid of a hydrological and hydrodynamic mathematical
model (MIKE11-GIS) and the NOAA–AVHRR satellite imagery
and processing system. The Flood Forecasting and Warning
Cener in Dhaka is also equipped with experienced and trained
personnel. FFWC is capable of issuing forecasts 30 and 72 hours
in advance using real time data (Water Level and Reference
Flood) from 74 stations and 44 rainfall stations. Hydrometeoro-
logical information from a limited number of Indian stations is
also used. During the 1998 flood in Bangladesh, the model result
was found to be very close to acceptable limits in the Brahmaputra
and Ganges basin for both rising and receding time of water level.
But forecasting in the flash flood areas, especially in the northeast-
ern, southeastern, and extreme northern parts of the country suf-
fered a setback due to the lack of hourly data.

Goswami (2000) discussed the flood forecasting and warning
situation in the Brahmaputra river system in India. The Central
Water Commission, the Indian Meteorological Department, and
a few state government departments such as agriculture and irriga-
tion and flood control maintain a network of hydrometeorologi-
cal stations. However, the density of the network, especially in
the case of automatic rain gauges, was found to be far short of the
WMO suggested guideline (WAPCOS 1993).

Flood warnings are made mainly on the basis of travel time
between the selected base station and the particular forecast sta-
tion and the gauge-to-gauge correlations of water levels. The lead
time for the forecasts varies depending on the travel time between
the concerned gauges. For the main Brahmaputra river, the lead
time is up to 112 hours. During the period of a high flood, flood-
warning messages are broadcast through local radio and television
centers and also through the printed media. Although the tech-
nology of satellite telemetry is available, it has yet to be used on
an operational basis for flood forecasting purposes in the Brahma-
putra basin. Mathematical models are in use for some rivers such
as the Damodar, however, in the case of the Brahmaputra, there
is no major effort to use mathematical modeling for the purpose
of flood forecasting; disaster mitigation has been done (Goswami
2000).

Nepal established an early warning system to monitor glacier
lake outburst floods. in the Tsho Rolpa glacier lake, located in
the Rolwaling valley about 110 kilometers northeast from the
capital Kathmandu. A GLOF is characterized by a sudden release
of a huge amount of lake water, which eventually would rush
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down along the stream channel downstream in the form of devas-
tating flood waves. The mitigation program designed to reduce
GLOF vulnerability in Rolwaling valley includes: installation of
test siphons, installation of the GLOF Early Warning System, nd
construction of an open channel to lower the water level (Shres-
tha 2001). In 1996, the Meteor Burst type of early warning system
was established for safe evacuation of people from the Rolwaling
and Bhote/Tama Kosi valleys. The GLOF sensors are located
downstream of the moraine senses and they relay a GLOF infor-
mation to 19 stations distributed over 17 villages downstream of
the lake.

The River Forecast Center of the Water Services Branch
within the Manitoba government is responsible for preparing pre-
liminary (outlook) and operational forecasts for all rivers in Mani-
toba, Canada. Preliminary forecasts are created in February and
March based on model forecasts of expected flood peak data esti-
mated using meteorological data. Operational forecasts are up-
dated reports regarding the anticipated flood level, incorporating
real time data collected from flood gauge stations, weather data,
and river observers. Melt conditions, spring precipitation, air and
dew point temperatures, wind data, and sunshine levels are incor-
porated into the operational forecasts.

Forecasts are communicated to the media through govern-
ment information services, as well as to the Manitoba Emergency
Measures Organization, Emergency Preparedness Canada, mu-
nicipalities, aboriginal bands, and other interested stakeholders
and government officials. The 47 pre-existing river monitoring
sites were upgraded and supplemented with 37 more sites in re-
sponse to deficiencies in forecasting the 1997 flood. Additionally,
Environment Canada expanded its network of climate stations to
350, to improve the weather data collection for flood forecasting.
A difficulty in the 1997 flood was the inability to accurately fore-
cast overland flooding (Simonovic and Carson 2003). Several
communities were flooded from overland flow rather than from
the river.

In the United States, the National Hurricane Center in Florida
is responsible for forecasting hurricane tracks and intensity in the
North Atlantic and the eastern North Pacific, east of 140(W (De-
Maria 1997). The NHC obtains data from satellites, buoys, recon-
naissance flights to the storms, and radar (NHC 2004a). These
data are put into models to determine the likely track and inten-
sity of the storm. Most of the models also require data from global
forecast models; after the storm the various models are evaluated
against the best track positions as determined by data collected
during the storm and re-analyzed (DeMaria 1997).

Error is unavoidable in hurricane forecasts and increases with
the length of the forecast (NHC 2004b). Error is mitigated by the
inclusion of a strike probability table that provides the statistical
probability that a hurricane will strike a specific location in the
following three days. Error is the reason why warnings cover a
wider area than the most likely strike zone. Major cities that are
vulnerable to the impacts of a hurricane (for example, New Or-
leans) require 48 hours to evacuate; however 48 hours prior to
the anticipated arrival of hurricane force winds, the strike proba-
bility of any location is only 25% (NHC 2004b).

McAdie and Lawrence discovered that error in the NHC
track forecasts since 1970 have decreased by one percent a year
on average (cited in Nicholls 2001). This increase in accuracy was
boosted further by another improvement in accuracy in the mid-
1990s, during which predictions improved twice as fast (Kerr
1999, cited in Nicholls 2001). The addition of GPS dropwind-
sondes in 1997 notably improved the accuracy of hurricane mod-
els 48 hours prior to landfall, some as much as 32% for track
forecasts and 20% for intensity forecasts (Aberson and Franklin
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1999; Kerr 1999, cited in Nicholls 2001). Despite these improve-
ments in forecast accuracy, the length of coastline-issued hurri-
cane warnings did not decrease (Pielke 1999, cited in Nicholls
2001).

The NHC utilizes the Sea Lake Overland Surges from Hurri-
cane (SLOSH) model to complement hurricane forecasts and alert
locations to their storm surge risk (NHC 2004c). This model
evaluates pressure, size of the storm, forward speed, track, and
winds in its assessment of anticipated storm surge. This informa-
tion is combined with local bathymetry and shoreline configura-
tion to determine what the storm surge will be in a location. The
SLOSH model is normally accurate within 20%; however, if the
track and intensity data brought in from the hurricane forecast is
inaccurate, the storm surge prediction will be as well.

It is evident that effective information generation and dissemi-
nation, public education, and strengthening of institutions can
markedly reduce vulnerability to floods and storms. However,
other means such as financial services are needed to recover from
the losses caused by these events.

11.3.4 Financial Services

Different countries have taken various approaches to insuring
flood. Under the option system, insurers agree to extend their
policy to include flood on payment of an additional premium;
examples include Belgium, Australia, Germany, Italy, Canada
(commercial only). In the bundle system, flood cover is available
only if it is bundled with other perils such as storm or theft (for
example, Israel, Spain, the United Kingdom). In some countries,
disaster assistance is available from different levels of government
(for example, Canada), while others rely upon the private sector
(for example, Germany, Portugal, the United Kingdom). This as-
sistance can be automatic in the event of a disaster (for example,
Canada and China), or it can rely upon a government decree (for
example, France and the United States) (Crichton 2002). The
U.S. system is unique in having a National Flood Insurance Pro-
gram that is federally based; the NFIP has been criticized, how-
ever, for encouraging development within floodplains (Larsen and
Plasencia 2001) even while it provides people with the means to
recover from flood disasters.

It is difficult to insure for flood because of the problem of
adverse selection. Because the spatial patterns of flood risk are
fairly well known since floods tend to occur in floodplains, those
at risk will buy insurance, while those not at risk will not. This
contradicts one of the main principles by which insurance works,
that is, where risk is spread among a large population due to un-
certainty related to the hazard.

Both social programs and private insurance are important cop-
ing mechanisms for flood disaster recovery. They can, however,
inadvertently contribute toward community vulnerability by en-
couraging development within floodplains or by creating cultures
of entitlement. These issues are discussed in the next section.

11.3.5 Land Use Planning

Land use planning such as floodplain zoning is a process of deter-
mining the most desirable way land should be used so that it can
help to mitigate disasters and reduce risks by directing develop-
ment away from hazard-prone areas. Land use planning plays a
major role in regulating development and the use of land. It is
normally carried out in two ways (Gunne-Jones 2003). First, it
works by controlling developments through a system of issuing
permits or approvals. Second, it involves planning for the future
needs of a state, region, or locality through the publication and
adoption of development or zoning plans.
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The first step in land use planning for flood management/
damage reduction is to prepare flood risk maps in which flood
magnitude, water depth, flow velocity, flood duration, etc., for a
specific return period are incorporated. The main purpose is to
inform the public about the flood risk derived from occupying a
floodplain. Flood risk maps communicate the degree of flood risk
to concerned agencies and the public, enabling a dialogue on the
most appropriate flood prevention and protection measures (Eu-
ropean Environment Agency 2001). Coastal land use planning for
areas vulnerable to high storms and flooding from storms includes
setbacks from the shore for new developments, etc. In the United
Kingdom, the findings of the Environment, Transport, and Re-
gional Affairs Committee (2000) recommended that flood risk
maps should be included in development plans and information
about flood risk should become a standard part of local authority
searches that are carried out by prospective property purchasers.
In France, zoning is tied to insurance; in theory, integrated catch-
ment planning has been introduced in the forms of SDAGE
(general water catchment basin plans-Schémas directeur d’amén-
agement et de gestion des eaux) and SAGE (sub-catchment man-
agement plans-Schémas d’aménagement et de gestion des eaux).
Selected land use planning mechanisms from North America, Eu-
rope, Asia, and the Caribbean are described in Box 11.2.

Land use planning can be used to serve a broad range of pur-
poses, some of which are co-beneficial, but others of which are in
conflict with each other. For example, reducing storm and flood
damage by mapping flood zones and restricting development can
be compatible with environmental and recreational agendas by
creating natural spaces and parkland. On the other hand, zoning
for commercial or residential development can enhance a com-
munity’s tax base, and diversify and increase its economic base,
but may ultimately increase vulnerability to extreme events.

These different agendas or needs can all be valid to a commu-
nity and require a zoning process that considers multiple stake-
holders to trade-off costs and benefits. Of importance is the issue
of who benefits and who pays the costs. If there is no connection
between these two items, as is often the case, then the decision-
making process can be distorted by imbalances in power or access
to power and socioeconomic status among the various stakehold-
ers. The nature of the political system becomes critical at this
point. The degree to which it is egalitarian, corrupt, or transpar-
ent will have a large bearing on the outcome, as will cultural
biases toward structural versus nonstructural solutions to hazards.

Urban settlements can be particularly vulnerable to floods and
storms, and need careful spatial planning. Examples of Dhaka,
Bangladesh, and Toronto, Canada, stress this need.

The location of the city of Dhaka—the capital of Bangla-
desh—has made it particularly vulnerable to floods. It is sur-
rounded by the Buriganga to the south, the Turag to the west,
the Tongi Khal to the north, and the Balu to the east. Dhaka and
its adjoining areas are composed of alluvial terraces of the south-
ern part of the Madhupur tract and low-lying areas of doab of the
rivers Meghna and Lakhya. The city suffered from flooding
mainly due to spillage from the surrounding rivers. Local rainfall
often complicates the flooding situation. Although the city was
periodically flooded, adaptation and coping mechanisms are not
well documented. Some initiatives, however, were taken in the
wake of disastrous flooding in 1988 and 1998 (Huq and Alam
2002; Jahan 2000). During the floods of 1988 and 1998, Dhaka
was severely affected. In 1998, a catastrophic flood hit the greater
Dhaka area during the months of August and September. About
56% of greater Dhaka was submerged, affecting about 1.9 million
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BOX 11.2

Selected Land Use Planning Mechanisms from around the World

• Construction along or near the Florida coastline is governed by the • In Barbados, a national statute establishes a minimum building setback
Standard Building Code or the National Flood Insurance Program. along sandy coasts of 30 meters from the mean high-water mark; along
Compliance with these codes makes individuals and businesses within coastal cliffs the setback is 10 meters from the undercut portion of the
the communities eligible to purchase flood insurance. In the 1980s, cliff. In Aruba and Antigua, the setback is established at 50 meters
Florida reinforced the stipulations contained in the building code and inland from the high-water mark.
insurance program by establishing the Coastal Construction Control • A Coastal Zone Management Plan in Sri Lanka identifies setback areas
Line, which defines specific areas along the coastline that are subject and no-build zones. Minimum setbacks of 60 meters from mean sea
to flooding and erosion etc. The CCCL was adopted throughout Florida level are regarded as good planning practice.
between 1982 and 1991 and reflects storm impact zones over a 100- • In the United Kingdom, the House of Commons in 1998 endorsed the
year period. Distinctions were made between two categories of struc- concept of managed realignment as the preferred long-term strategy
tures based on the CCCL regulations: (1) structures located seaward for coastal defense in some areas.
of the CCCL that were built prior to enactment of the CCCL regulation • In the United States, the states of Maine, Massachusetts, Rhode Island,
were categorized as nonpermitted structures at risk of sustaining hurri- and South Carolina have implemented various forms of rolling ease-
cane damage; and (2) structures built after the adoption of the CCCL ment policies to ensure that wetlands and beaches can migrate inland
require a special building permit to certify that the builder will adhere to as sea level rises.
a more rigid set of building standards designed to reduce the risk of • Several states in Australia have coastal setback and minimum elevation
structural damages that can be sustained during a hurricane. policies, including those to accommodate potential sea-level rise and

• New Brunswick, Canada, completed a re-mapping of the entire coast to storm surge. In South Australia, setbacks take into account the 100-
delineate the landward limit of coastal features. The setback for new devel- year erosional trend plus the effect of a 0.3 meter sea-level rise by
opment is defined from this limit. Some other provinces have adopted a 2050. Building sites should be above storm surge flood level for the
variety of setback policies, based on estimates of future coastal retreat. 100-year return interval.

people. The economic damage caused by the flood was estimated
to be $10–20 million (JICA 1990).

Important nonstructural measures include flood forecasting
and warning, retention ponds, natural water bodies and a drainage
network, land use planning, and relief and rehabilitation. Dhaka
used to have many natural water bodies, which functioned as a
buffer for floodwaters. Over the years, natural water bodies dwin-
dled markedly due to public encroachments on land. Virtually no
natural water bodies are left in the old part of the city. In addition,
encroachments are going on even in the new upscale residential
areas—Gulshan, Banani, and Baridhara. The minimum standard
for retention pond is 12% of the urban areas, but at present, the
amount retained is estimated to be less than 4% (RAJUK 1995).
The government has recently issued a decree banning the filling
in of any wetland for urban development (Huq and Alam 2002).

Hurricane Hazel struck the city of Toronto, Canada, on Oc-
tober 15, 1954, with 183 millimeters of rain swelling local rivers.
In the ensuing flash flood, 81 people were killed and thousands
were left homeless. A comprehensive mitigation plan would pro-
vide for the construction of dams and reservoirs, structural control
of river channels, improved flood forecasting, land expropriation,
and changes in land use zoning in the floodplains. The mitigation
plan was to cost $35 million dollars, divided between the federal,
provincial, and local governments. Four of the proposed 13 dams
were constructed and 844 square kilometers of floodplain were
zoned to prevent future development. Emphasis of mitigation was
on expropriating floodplain land from residents, thus reducing the
amount of money available to build dams. Opponents of the dams
argued that if floodplain land was returned to the river, it would
be unnecessary to build dams, whereas, proponents argued that
the construction of dams would allow more development of the
floodplain. Hurricane Hazel would become the foundation of the
Toronto area’s flood management plan, the structural controls
used would create some new habitats and destroy others, but the
removal of development on the floodplain would be the most
beneficial and enduring flood control initiative.
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11.4 Lessons Learned and Key Research and
Policy Issues
Based on the assessment of responses in the previous section, the
main lessons learned and the issues to be considered in develop-
ment of future responses are summarized here.

11.4.1 Substitutability

The two issues related to protection and restoration of ecosystems
are: (1) the degree to which the technologies can substitute for
ecosystems services, and (2) whether ecosystem restoration can
re-establish not only the functions of direct use of value to hu-
mans, but also the ability of the systems to cope with future dis-
turbances.

Moberg et al. (2003) address these two issues in their study on
a number of attempts at substitution and restoration of tropical
coastal ‘‘seascape’’ ecosystem (which generally includes a patch-
work of mangroves, seagrass beds, and coral reefs); these attempts
include such things as artificial reefs, aquaculture in mangroves,
and artificial seawalls. They write, ‘‘Substitutions often imply the
replacement of a function provided free by a solar powered, self-
repairing resilient ecosystem, with a fossil fuel-powered, expen-
sive, artificial substitute that needs maintenance. Further, restora-
tion usually does not focus on large-scale processes such as the
physical, biological, and biogeochemical interactions between
mangroves, seagrass beds, and coral reefs.’’ (p. 27) They conclude
that ecosystems services cannot be readily replaced, restored, or
sustained without extensive knowledge of the dynamics, multi-
functionality, and interconnectedness of ecosystems. Nonetheless,
they do acknowledge that restoration might be the only viable
management alternative when the system is essentially locked into
an undesired community state (stability domain) after a phase-
shift.

Post-flood evaluations recommend that risk management
plans be made more effective in reducing adverse consequences
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for human health and well-being, and that they take into account
the multiple ways by which floods and storms can affect popula-
tions. Yet recent flooding events demonstrate that better prepara-
tion is needed, that lessons learned are not consistently applied,
and that long-term solutions need to be found for effective
floodplain management in the context of a changing climate.

11.4.2 Linkages among Ecosystem Services

What are the conflicts and trade-offs that emerge when ecosys-
tems provide multiple services? For example, the ecosystems that
provide flood and storm protection are also important for other
services including food and fiber, fresh water, and so on. What
are the challenges for management in trying to accommodate
conflicts between services? At the micro level, studies have ex-
plored the potential value of benefit-cost evaluation for storm-
water quality management decisions at a local level in an urban
setting such as Los Angeles; a study by Kalman et al. (2000) dem-
onstrates the economic limits of uncoordinated institutional man-
agement at the local or individual level and attests to the value
of coordinated basinwide management. Macro-level studies offer
valuable lessons for flood and storm management for other re-
gions of the world; for example, Gren et al. (1995) conducted a
study on economic valuation of the Danube floodplains, which
are shared by several countries and provide a complex ecosystem
with various habitats or biotopes. Lessons of these assessments are
valuable.

11.4.3 Conflict between Short- and Long-term
Objectives

Conflicts between short- and long-term objectives involve reduc-
ing immediate impacts versus maintaining long-term stability and
function. Since floods and storms are part of the natural distur-
bance regime, they may be considered to be important for long-
term ecosystem function.

11.4.4 Institutional Issues

In practice, the actual provision of flood and storm protection is
often the responsibility of a number of different actors working at
different levels—local, regional, national, and transnational. These
institutional settings not only affect the delivery of the services,
but also the manner in which they are delivered as well as the
direct and indirect effects on ecosystems.

11.4.5 Climate Change

Another issue to be considered is the potential implications of
climate change for the underlying hydrometeorological processes
responsible for floods and storms, and the consequent implications
for response and management strategies. Using a full range of 35
SRES scenarios based on a number of climate models, the IPCC
has projected an increase in global mean temperature between
1990 and 2100 of s 1.4 	5.8 Celsius. Over the same period,
the global mean sea level has been projected to increase by 9–88
centimeters (IPCC 2001). Table 11.6 shows IPCC’s assessment of
flood and storm-related changes under three different variables:
(1) climate and atmospheric systems; (2) terrestrial systems; (3)
economic and social systems.

The IPCC reported a statistically significant 2% change in
global land precipitation in the last century but it was not uniform
in spatial and temporal scales. Schönwiese and Rapp (1997) re-
ported a significant increase in precipitation over Central and
Northern Europe and western Russia. These trends were re-
flected in the discharge of the Rhine river. Engel (1995) reported
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Table 11.6. Flood-related Variables Listed in the Third
Assessment Report of the Intergovernmental Panel on Climate
Change (Kundzewicz and Schellhuber 2004)

Climate and Economic and Social
Atmospheric Systems Terrestrial Systems Systems

Total precipitation River discharge and Anthropogenic pressure
stageIntense precipitation Adaptive capacity

events Water storage and Vulnerability
capacityWind intensity Measures of flood
Runoff coefficient andSeasonal distribution losses
infiltration capacity,and climate variability Risk perceptionportion of impervious(e.g., ENSO)
area

Sea level
Impacts on
ecosystems

a rising tendency of the maximum annual discharge of the Rhine
at Cologne over the last 100 years. Seasonal (autumn and winter)
precipitation increases were observed in the mid- and high-
latitudes of the Northern Hemisphere (Kundzewicz and Schelln-
huber 2004). Increases in ‘‘heavy and extreme’’ precipitation
events were also reported from some regions where total precipi-
tation had either decreased or remained the same (Kundzewicz
and Schellnhuber 2004).

Increased precipitation could mean increased flash floods and
seasonal floods, but not necessarily uniform over all regions of the
world (WMO and GWP 2003). A number of studies were carried
out in various regions to examine the possible effects of climate
change on flood magnitude, frequency, and extent. Reynard et al.
(1998) estimated changes in the magnitude of floods of different
return periods in the Thames and Severn catchments in the
United Kingdom. They concluded that increases in flood magni-
tude were due to increases in winter precipitation. Total volume
of rainfall (not the peak intensity of rainfall), over several days
played a major role in the flood processes in these large catch-
ments.

Schreider et al. (1996) also reported increases in flood risk in
Australia under the wettest rainfall scenarios. Using scaled precipi-
tation change scenarios for four climate models Mirza (2002), in
a study on climate change and changes in the probability of oc-
currence of floods in Bangladesh, concludes that climate change
caused by the enhanced greenhouse effect is likely to have consid-
erable effects on the hydrology and water resources of the Ganga,
Brahmaputra, and Meghna basins and might ultimately lead to
more serious floods in Bangladesh. Nicholls (1999) estimated that
sea-level rise could cause the loss of up to 22% of the world’s
coastal wetlands.

Different kinds of responses are expected to address increased
precipitation and flooding. First, modifications of design standards
for future flood control/mitigation structures are required. The
U.K. government has initiated flood risk management schemes in
the context of climate change, and has recommended examining
the effect of a probable 20% increase in flood flows. For coastal
schemes, the allowance required for anticipated increases in sea
level is 5 millimeters per year, which is IPCC’s business-as-usual
projection for the current century (DEFRA 1999, 2003). How-
ever, in many developing countries, such kinds of actions may be
constrained by economic principles and available resources
(WMO and GWP 2003). Second, strengthening of flood fore-
casting and warning system based on present vulnerability is re-
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quired. Third, mapping of the vulnerable areas and associated risks
should be carried out. It is likely that vulnerability may expand to
new areas/settlements. Fourth, land use planning based on vul-
nerability maps and future socioeconomic and demographic sce-
narios needs to be implemented.

11.4.6 Information Failure

Turner et al. (2000), in a study on wetlands management policy,
illustrate that information failure is one of the chief reasons that
wetlands over the world have been lost or are threatened. The
other reasons for loss of wetlands are all related to information
failure; they include the public goods nature of many wetlands
products and services; user externalities imposed on other stake-
holders; and policy intervention failures (because of a lack of con-
sistency among government policies in different areas). They
suggest a need for integrated research combining social and natu-
ral sciences to solve (in part at least) the information failure prob-
lem. An integrated research framework combining economic
valuation, integrated modeling, stakeholder analysis, and multicri-
teria evaluation could provide complementary insights into sus-
tainable and welfare-optimizing ecosystem management and
policy.

11.5 Conclusion
Floods and storms can cause enormous economic, social, and
human losses. However, they also generate beneficial effects. In
the past, structural methods of flood and storm control received
priority. At present, nonstructural measures including the use of
the natural environment are being emphasized to reduce vulnera-
bility as well as economic losses. The application of integrated
flood and storm management approaches can maximize social,
economic, and ecosystem benefits.

Note
1. The time of concentration is the time taken by a drop of water to travel

from the furthest hydrologic point in a basin to the point of discharge. Determi-
nation of the time of concentration is the summation of the individual hydraulic
travel times from each section of a subdivided basin. tc � Tt. The travel time is
a function of the flow conditions, surface roughness, and the topography.
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Lahmer, W., B. Pfützner, and A. Becker, 2000: Influences of environmental
changes on regional flood events. In: European Conference on Advances in Flood
Research, Bronstert, C. Bismuth, and L. Menzel (eds.), Potsdam Institute for
Climate Impact Research, PIK report no. 65, A, pp. 238–254.

Larsen, L.L. and D. Plasencia, 2001: No adverse impact: A new direction in
floodplain management policy, Natural Hazards Review, 2(4), pp. 167–181.

Laurence, W.F. and Beirregaard, R.O. (Editors), 1997: Tropical Forest Rema-
nants:Ecology, Management and Conservation of Fragmented Communities, Uni-
versity of Chicago Press, Chicago, USA.

McBride, J.L., 1995: Tropical cyclone formation. In: Global Perspectives on Tropi-
cal Cyclones, R.L. Elsberry (ed.), World Meteorological Organization, Ge-
neva, Switzerland, pp. 63–105.

Menzel, L. and Kundzewicz, Z.W., 2003: Non-Structural Flood Protection-
A Challenge. International Conference ‘Towards National Flood Reduction
Strategies’, Warsaw, 6–13 September, 2003.

Mingguang, Z., Guowei, Y. and Hui, Z., 1998: Water Resources Develop-
ment and Utilization in the Yangtze Valley. Paper presented in the Los
Alamos National Laboratory, University of California, USA.

Mirza, M.M.Q. and N.J. Ericksen, 1996: Impact of water control projects on
fisheries resources in Bangladesh, Environmental Management, 20(4), pp. 523–
539.

Mirza, M.M.Q., R.A. Warrick, N.J. Ericksen, and G.J. Kenny, 2001: Are
floods getting worse in the Ganges, Brahmaputra and Meghna basins? Envi-
ronmental Hazards, 3, pp. 37–48.

Mirza, M.M.Q., 2003: The three recent extreme floods in Bangladesh: A hydro
meteorological analysis. In: Flood Problem and Management in South Asia,
M.M.Q. Mirza, A. Dixit, and A. Nishat (eds), Kluwer Academic Publishers,
The Netherlands, pp. 34–65.

Mirza, M.M.Q., 2002: Global warming and changes in the probability of oc-
currence of floods in Bangladesh and implications, Global Environmental
Change-Human and Policy Dimensions, 12(2), pp. 127–138.
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Main Messages

Actions to reduce vector-borne diseases can result in major health gains
and relieve an important constraint on development in poor regions. Vector-
borne diseases cause approximately 1.4 million deaths per year, mainly from
malaria in Africa. These infections are both an effect of, and contribute to,
poverty.

Ecosystems provide both the ‘‘disservice’’ of maintaining transmission
cycles with cross-infection of humans and the ‘‘service’’ of regulating
those cycles and controlling spillover into human populations. The bal-
ance between these services and disservices is influenced by the availability
of suitable habitat for vectors and of reservoir hosts of infection. Transmission
cycles are generally kept in a degree of equilibrium by density-dependent proc-
esses such as acquired immunity to infectious disease and by limits on the
carrying capacity of the habitat to support insect vectors and reservoir hosts.

Human activities that alter natural ecosystems also affect the transmis-
sion cycles of vector-borne infectious diseases. Human settlement and
deforestation patterns; the development of dam, drainage, and agricultural irri-
gation schemes; and climate change are all drivers influencing patterns of
disease distribution and incidence. Policies that influence population size, mi-
gration, patterns of energy production/consumption, food production, and over-
all demand for natural resources will have significant effects on transmission
of infectious agents and associated consequences in terms of disease. These
changes may lead to the destabilization of natural equilibria, improved condi-
tions for disease transmission, and disease outbreaks/elevated risks to hu-
mans, or alternatively, to the disruption of the disease transmission cycles and
decreased incidence.

Present institutional structures tend to promote a narrow, sectoral ap-
proach to intervention for individual diseases. Inter-sectoral and interdis-
ciplinary approaches can help control vector-borne diseases while
maintaining ecosystem equilibrium (medium confidence). There are nu-
merous examples of health sector institutions working together to mobilize
funds and deploy appropriate interventions to significantly reduce transmission
of specific infectious diseases. These include international programs that have
dramatically reduced the burden of Chagas disease in South America and
onchocerciasis in West Africa and created new initiatives on filariasis, schisto-
somiasis, African trypanosomiasis, and guinea worm. These programs often
incorporate monitoring and successful management of environmental impacts.
In most countries, however, the health and environment sectors are clearly
divided, with little coordination of approaches to epidemiological and environ-
mental monitoring, vector control, and associated energy, agricultural, housing,
and forestry policies to further human well-being.

Actions taken to reduce the transmission of infectious diseases often
have effects on other ecosystems services. Integrated vector manage-
ment strategies permit a coordinated response to both health and the
environment. IVM strategies use targeted interventions to remove or control
vector breeding sites, disrupt vector lifecycles, and minimize vector-human
contact, while minimizing effects on other ecosystem services. IVM is widely
viewed as a useful approach and is increasingly promoted by international
organizations (for example, the World Health Organization and the United Na-
tions Environment Programme) and by national governments.

Environmental management and biological and chemical interventions
can be highly cost-effective and entail very low environmental impacts
(medium confidence). Potential interventions include use of fish and bacterial
larvicides such as Bacillus thuringiensis israelensis (Bti) and chemical applica-
tion methods that cause minimal disruption to broader ecosystems, such as
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insecticide-treated bed nets and indoor residual spraying. In the case of ma-
laria, better design, management, and regulation of dams and irrigation
schemes and water drainage systems can potentially reduce breeding sites,
particularly in peri-urban areas and areas of less intensive transmission. In
several settings, vector-human contact may potentially be reduced by location
of human settlements away from major breeding sites and through the strategic
management of diversionary hosts such as cattle (zooprophylaxis).

IVM will be most effective when integrated into development approaches
that also improve socioeconomic status (high confidence). There is strong
evidence that poverty and malnutrition increases vulnerability to the effects of
vector-borne disease. For example, improved socioeconomic status facilitates
the purchase of bed nets and other forms of personal or household protection
for malaria. Better housing conditions are associated with reduced transmis-
sion of some vector-borne diseases. Disease control measures should there-
fore be part of integrated development strategies that improve all aspects of
well-being.

Social and behavioral responses can help control vector-borne disease
while also improving other ecosystem services (medium confidence).
Public health education forms an increasingly important component of man-
agement programs and initiatives, raising awareness about individual and com-
munal actions that may control vectors, their breeding sites, prevent disease
transmission, and provide access to treatment. Aside from directly impacting
disease control, health education gives individuals greater control over their
lives and therefore promotes cultural services. However, it is difficult to bring
about long-term behavioral changes in populations, that is, community pro-
grams of systematic and constant management of key breeding sites/contain-
ers, unless behavioral changes are reinforced by social or individual incentives/
benefits.

New ‘‘cutting-edge’’ interventions, such as transgenic techniques to re-
duce or eliminate the capacity of some vector species to transmit infec-
tious diseases, could be available within the next 5 to 10 years (medium
confidence). However, consensus is lacking in the scientific community
on the technical feasibility and public acceptability of such an approach.
Transgenic techniques include the production of genetic constructs that block
the expression of the pathogens (the infectious agents that can cause clinical
disease) and their incorporation into gene-drive mechanisms such as transpos-
able elements or Wolbachia endosymbionts that could spread them throughout
mosquito populations. Because genetic replacement targets only individual
mosquito species and aims to decrease vector competence rather than reduce
population size, it has the potential to be an intervention with minimal environ-
mental impact. There is no a priori reason to expect either that the genetic
construct will affect other important characteristics of the target mosquito popu-
lation (such as the ability to transmit other diseases) or that it will cross into
other species. However, significant technical and logistical challenges must be
overcome in order to establish an operational program. In many countries,
there is also significant public opposition to transgenic products such as foods.
Unless perceptions change, there is likely to be similar resistance to the re-
lease of transgenic insects.

Environmental modification not directly aimed at vector control often af-
fects the ecosystems regulating vector-borne disease transmission (high
confidence). The specific effects will depend on local transmission ecology.
Interventions such as deforestation may cause decreases in disease incidence
in one location but increases elsewhere or even increases in a different form
of the same disease within the same location. Similarly, the effects of any
ecosystem change will vary over time. For example, irrigation schemes in Sri
Lanka initially caused an increase in malaria incidence but this later decreased
due to replacement of the original Anopheles species with a less efficient vec-
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tor, along with improved socioeconomic conditions and medical care. Assess-
ments of local environmental, epidemiological, and socioeconomic conditions
are necessary before making such modifications. This may entail studies at
the cutting edge of science in determining vector species genetics and trans-
mission potential.

The adoption of a longer-term and more holistic view of the interactions
between ecosystems and infectious diseases would help to ensure sus-
tainable benefits to human well-being (high confidence). The current divi-
sion of responsibilities among institutions means that assessment and
programmatic responses are within narrow disciplinary or sectoral frameworks.
The health sector usually makes reference to scientific/logistical criteria (for
example, availability of programmatic resources, immediate effectiveness in
reducing disease, cost-effectiveness), and social-cultural considerations (for
example, public and political feasibility). Such approaches are not ideal for a
broader inter-sectoral policy that considers the effects of a particular health
strategy on other ecosystem services or, conversely, the impacts of environ-
mental and development strategies on disease transmission. An ecosystem
assessment or ecohealth approach examines strategies from a trans-disciplinary
perspective, considering direct and immediate effects on disease, as well as
longer-term or indirect effects that may occur via alterations to ecosystems.

12.1 Introduction

12.1.1 Current Status of Vector-borne Disease

Vector-borne infections are major killers, particularly of children
in developing countries. Over the past decade, more comprehen-
sive and transparent methods of measuring health have improved
understanding of the importance of these diseases. The World
Health Organization reports annually on the numbers of deaths
and DALYs (disability adjusted life years, a composite measure of
health status combining premature death and sickness during life),
by disease category in different regions of the world (for example,
WHO 2004a). Despite technological advances and increasing af-
fluence in many regions, vector-borne infectious diseases remain
amongst the most important causes of global ill-health.

This burden is concentrated in the poorest regions of the
world (see MA Current State and Trends, Table 14.1, Figure 14.1).
For example, malaria alone is responsible for approximately 11%
of the total disease burden in Africa, while all vector-borne dis-
eases combined are responsible for less than 0.1% in Europe. Vector-
borne disease is not only an outcome but a cause of poverty.
Countries with intensive malaria have income levels averaging
only 33% of those without malaria, even after accounting for the
effects of tropical location, geographic isolation, and colonial his-
tory (Gallup and Sachs 2001).

12.1.2 Future Projections

The global burden of disease methodology has also been used to
project the likely changes in disease impacts between 1990 and
2020 (Murray and Lopez 1996; Lopez and Murray 1998). These
projections suggest that continuing economic development will
be associated with an epidemiological transition period. Diet and
lifestyle changes associated with growing urbanization as well as
increased substance abuse, environmental degradation, population
growth, and levels of regional and local conflict are expected to
lead to a surge in non-communicable diseases, including those
associated with cerebrovascular events, depressive illness, conflict-
related conditions, road traffic accidents, and cancers.

Infectious diseases are projected to decrease in relative impor-
tance, with only malaria expected to represent a very significant
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proportion of the global burden of disease, and even this disease
falling from a ranking of 11th to a predicted 26th. However, this
may be an overly optimistic projection of progress against infec-
tions. For instance, projections made in 1996 for the burden of
disease from malaria and dengue in 2000 were subsequently found
to have underestimated the true burden by 32% and 11%, respec-
tively (WHO 2001). Drug resistance, population movement, and
the effects of the HIV/AIDS pandemic on immune status threaten
the global effort to contain infectious diseases.

Whatever the precise nature of future trends, firm response
measures to control infectious disease will be required for the
foreseeable future and these measures will inevitably affect or in-
teract with other ecosystem services. In addition, growing human
populations and increased demand for ecosystem services/natural
resources means that there will be continuing, and possibly in-
creasing, human interactions with the natural processes that in-
fluence infectious disease transmission.

12.1.3 Scope and Purpose of the Assessment

All diseases, from infections to cancer and cardiovascular disease,
are influenced to some degree by the environment. However,
this chapter focuses on vector-borne infectious diseases for the
following reasons.
• These diseases are especially ecologically sensitive, since envi-

ronmental conditions, such as temperature, affect both the in-
fectious pathogens (for example, malaria parasites or dengue
viruses) that, depending on the interaction with human hosts,
have the potential to cause clinical disease and the insects and
other intermediate hosts that transmit them.

• Many such infections are directly linked to natural ecosystem
types (such as forests and wetlands) considered elsewhere in
this assessment.

• Such infections are strongly linked to poverty, and therefore
other aspects of human well-being.
In addition, as noted above, vector-borne diseases are among

those infectious diseases with the highest disease burden today,
and may be expected to represent the highest proportionate dis-
ease burden in the future. Responses related to other ecosystem-
health interactions are covered in Chapter 16 of this report.

The assessment examines potential policy responses that may
reduce the burden of infectious vector-borne diseases, from an
ecosystem perspective. In this perspective, ecosystem impacts
from the policy responses also are considered, and the preserva-
tion of ecosystem services is viewed as a priority. As the chapter
focuses on policy responses, there is only a brief introduction to
the ecological concepts underpinning the relationships between
environmental states and disease transmission. A more detailed
description of these interactions, including for example the effects
of ‘‘systemic’’ ecosystem disruption on complex transmission cy-
cles involving multiple hosts, is given in MA Current State and
Trends, Chapter 14.

It should also be noted that vector-borne disease infections
are influenced by a wide range of factors not directly related to
ecosystem services. These include the provision of basic public
health services to prevent, detect, and treat disease, as well as
‘‘good governance’’ ensuring that these services are responsive to
citizens needs and that resources for disease control are not lost to
corruption and inefficiency. While recognizing the importance of
these influences, the chapter focuses on more direct links between
disease control and the environment. It includes:
• an overview of the basic ecosystem mechanisms and environ-

mental drivers that influence and regulate vector-borne dis-
ease transmission;
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• an overview of global trends (for example, trade, globaliza-
tion, economic development, and urbanization) that act as
indirect drivers affecting the condition of ecosystems and vec-
tor-borne disease;

• a review and assessment of integrated vector management
strategies, which provide a comprehensive approach for integ-
rating effective disease control with consideration of other
ecosystem services.

• a description of social and behavioral responses to vector-
borne disease management, particularly in the context of sus-
taining integrated policies; and

• a discussion of inter-sectoral cooperation in promoting eco-
system approaches to vector-borne disease management.

12.2 Environmental Drivers, Ecosystem States,
and their Effects on Vector-borne Disease

12.2.1 The Relationship between Ecological
Conditions and Vector-borne Disease

An ecosystem perspective on the risks to humans from vector-
borne disease and vector management requires an appreciation
of the role played by broad environmental trends and by local
ecosystems in sustaining vector habitats and facilitating disease
transmission.

The transmission of vector-borne diseases is governed by the
same principles of population dynamics as other ecological sys-
tems. Probably the most important governing concepts are the
reproductive rate (often termed r) of vectors and parasites and the
carrying capacity (K) of the local habitat for each of these entities
(Thomson et al. 2000). Both are influenced by broad environ-
mental conditions. For example, in the case of malaria in an Afri-
can village, seasonal temperatures affect the reproductive rate of
Anopheles mosquitoes and of the Plasmodium parasites within
them. Precipitation influences the availability of aquatic breeding
sites.

Together, such factors influence the maximum number of
adult mosquitoes that can be produced and sustained in the local
environment in a given time. While these large-scale climatic fac-
tors are important, their influence in any particular setting also
depends upon local characteristics. For instance, both temperature
and breeding site availability are also a function of local topogra-
phy and vegetation. Finally, humans are an integral part of this
system. Agricultural practices will influence land use and the
availability of animals that may provide blood meals for mosqui-
toes (along with or instead of humans). Targeted vector control
interventions may reduce vector abundance and longevity vector
habitats and/or vector biting rates on humans and thus prevent
disease transmission, even in otherwise optimal environments.
The same environmental conditions that are affected by local hab-
itat factors also determine the vector-carrying capacity of the ecosys-
tem, the point at which vector abundance is limited by density-
dependent processes (for example, predation and competition for
food).

From a public health perspective, ecosystems provide both
‘‘disservices’’ by maintaining pathogen transmission cycles, in-
cluding cross-infection of humans, as well as the ‘‘service’’ of reg-
ulating those cycles in some degree of natural equilibrium. This
state of equilibrium prevents even more explosive human disease
outbreaks. (See MA Current State and Trends, Chapter 14.) The
balance of ecosystem services and disservices depends on the na-
ture of human interactions with the various ecosystems and the
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extent to which these enhance services and eliminate or manage
disservices.

12.2.2 Global Trends as Indirect Drivers

When considering ‘‘responses’’ to manage infectious diseases, it is
important to recognize that the human actions that have the most
profound effects on disease transmission are often not directly
aimed at vector-borne disease control. (See Figure 12.1.)

As countries develop, the transition from high-birth, high-
death rate societies to low-birth, low-death rate societies, without
concurrent planning programs, has led to rapid population expan-
sion. Coupled with economic growth, this has led to new de-
mands for energy and transport and for food and natural resource
products. All of these function as underlying driving forces of
environmental change (McMichael 2001). As a result of such
drivers, there is consequent expansion of agricultural production,
water management and irrigation schemes, hydroelectric dam
construction, deforestation, urbanization, and generally greater
exploitation of natural resources. All these create new pressures
on ecosystems that, in turn, have profound impacts on vector
habitats, the carrying capacity of the environment for vector pop-
ulations, and infectious disease transmission (Molyneux 1997,
2003).

The environmental pressures generated by human activities
may act through direct and/or complex mechanistic pathways,
and their impacts are therefore situation-specific. The results of
such processes may be trade-offs, where interventions to increase
an ecosystem service are offset by increasingly frequent or severe
disease outbreaks in the human population. This is illustrated by
the example of dengue, transmitted by mosquitoes of the genus
Aedes (mainly Aedes aegypti and to a lesser extent Aedes albopictus),
primarily in urban areas. Rapid urbanization, the accumulation of
water-retaining waste products such as plastic containers and tin
cans, and increased domestic water storage, for example in large
open drums (Gubler 1997), have increased the availability of
Aedes breeding sites. Increased international travel has led to the
mixing of different strains of the disease, causing more severe clin-
ical symptoms in individuals exposed to more than one strain
(Halstead 1988). Overall, the burden of dengue has increased rap-
idly in recent years and is a major problem even in some of the
most affluent and developed settings in tropical regions, for exam-
ple, Singapore (Wilder-Smith et al. 2004).

Table 12.1 describes how exploitation of some ecosystem ser-
vices (mining and irrigation) has led to detrimental impacts on
malaria transmission, specifically the ratio of infections with the
relatively more pathogenic Plasmodium falciparum to the more be-
nign Pl. vivax.

The long-term positive or negative effects of ecosystem
changes may emerge some time later, often complicating initial
assessment of the likely ecosystem impacts of development. Con-
version of forest to agricultural land in Sri Lanka initially led to
outbreaks of malaria, but over time these have declined consider-
ably. (See MA Current State and Trends, Chapter 14.) In contrast,
deforestation for wood extraction in Latin America was initially
considered to disrupt the transmission cycle of cutaneous leishma-
niasis, with associated reductions in transmission of the disease to
humans (Sampaio 1951). However, over several decades there was
a resurgence in disease transmission, particularly among women
and children, as sand-fly vectors became abundant in domestic
and peri-domestic habitats (Walsh et al. 1993; Campbell-Len-
drum et al. 2001).

Some environmental changes triggered by human activities
impact on vector habitats, hosts, or disease transmission, in ways
that are even more diffuse and difficult to predict accurately. This

................. 11430$ CH12 10-21-05 14:12:17 PS



358 Ecosystems and Human Well-being: Policy Responses

Figure 12.1. Indirect and Direct Influences on Vector-borne Disease Transmission (Molyneux 2003)

Table 12.1. Examples of Anthropogenic Change Leading to
Increases in Plasmodium falciparum: P. vivax Ratios

Location Anthropogenic Changes Reference

Tajikistan health systems disruption, Pitt et al. 1998
conflict migration, chloro-
quine resistance in Plasmo-
dium falciparum

Afghanistan/ chloroquine resistance in Rowland and Nosten
Pakistan P. falciparum 2001

Thar Desert, irrigation on large scale; Tyagi and Chaudhary
Rajasthan, India establishment of Anopheles 1997

culcifacies-efficient
P. falciparum vector and
dominance over An. ste-
phensi, a poor vector

Amazonia, Brazil new breeding sites for effi- Marques 1987
cient vectors An. darlingi
through mining, deforesta-
tion, road building
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includes, for example, the effects of disruption of ecological com-
munity structure on transmission dynamics of pathogens such as
Borrelia burgdorferi, which is transmitted through multiple animal
reservoir hosts and can cause Lyme disease in humans. As de-
scribed in MA Current State and Trends, Chapter 14, this can in
some cases lead to breakdown in ecological community structure
and disruption of natural regulation, with increasing risk to hu-
mans. Similarly, it is generally accepted that the use of fossil fuels
for energy production has caused changes in global climate (IPCC
2001). This is likely to have influenced the population biology of
both disease vectors and pathogens throughout the world, with
associated effects on clinical disease in humans (Patz et al. 2003),
although in any one site, these influences may be relatively small
compared to those of other ecosystem changes (Kovats et al.
2001; Reiter 2001; Hay et al. 2002).

Analytical techniques to estimate the human health risks of
such widespread and pervasive ecosystem changes are improving
(for example, Zavaleta, 2004) but they can only provide very ap-
proximate guidance. They also tend to exclude effects that have
only a low probability of occurrence in any one location but po-
tentially devastating consequences. This includes, for example,
the possibility that human disruption of natural ecosystems may
lead to emergence or re-emergence of important vector-borne
diseases that can spread rapidly through the human population, as
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has occurred for other infectious diseases such as SARS (Severe
Acute Respiratory Syndrome) and HIV/AIDS, both probably in-
troduced to human populations through consumption of wild an-
imals. This is a particular risk in areas that combine a high rate of
development and ecosystem change with a high population den-
sity, such as China. Such low-probability large-consequence
events argue in favor of responses that reflect the precautionary
principle, as described in principle 15 of the 1992 Rio Declaration
on Environment and Development (at the United Nations Con-
ference on Environment and Development Rio de Janeiro, 1992)
as—‘‘Where there are threats of serious or irreversible damage,
lack of full scientific uncertainty shall not be used as a reason
for postponing cost-effective measures to prevent environmental
degradation.’’ In practical terms, this could include strengthening
environmental protection and surveillance of ecosystems as a pre-
cautionary measure to reduce the risks of disease outbreaks.

While there are often trade-offs between disease control and
protection of other ecosystem services, there are also potentially
synergies where ecosystem changes for other purposes lead to dis-
ruption of the vector-borne disease transmission cycle and de-
creased risks to humans (Patz et al. 2000). One example is the
draining of wetlands to expand agricultural production in Europe
in the nineteenth and twentieth centuries. This removed large
areas of potential breeding sites for Anopheles mosquitoes and
therefore played an important role in reducing malaria transmis-
sion (Jetten and Takken 1994; Reiter 2000; Kuhn et al. 2003).
More generally, increased affluence and better housing and educa-
tion can reduce transmission of a wide range of diseases even
when they are accompanied by ecosystem disruption. Examples
include increasing wealth from irrigated agriculture leading to
greater ability to purchase antimalarials in Africa (Ijumba et al.
2002) and better housing reducing exposure to malaria infections
in Sri Lanka (for example, Gunawardena et al. 1998), lower rates
of dengue on the more affluent U.S. side of the Mexico-U.S.
border (Reiter et al. 2003), and reduced risk of Chagas disease
following house improvement in Latin America (for example, De
Andrade et al. 1995).

12.2.3 The Importance of Development Policies

Global, regional, and national development programs, designed
to increase material well-being and alleviate poverty, have indirect
and diffuse but nonetheless profound influences on infectious dis-
eases. For instance, policies to increase trade can lead to increased
deforestation and irrigation, with consequent impacts on vector-
borne diseases.

In cases where trade and development policies are effective
in reducing poverty, they may also protect against vector-borne
disease, as higher socioeconomic status in general may increase
individual and community capacity to control infectious diseases.
Conversely, international policies that increase the volume of
trade, energy use, urbanization, and transport, while failing to al-
leviate poverty or improve health may exacerbate the risk of
vector-borne disease transmission.

Over the past twenty years, there have been greater efforts to
integrate international development agendas with concerns over
the environment, ecosystems, and health. There is increasing rec-
ognition that the link between poverty and vector-borne disease
also means that the poorest populations would benefit propor-
tionately more if development had a pro-poor focus that also ad-
dresses health and environment in an integrated manner (Gwatkin
et al. 1999).

The Rio de Janeiro Earth Summit in 1992 and the Johannes-
burg World Summit on Sustainable Development in 2002
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endorsed Agenda 21 as a comprehensive plan of action for sus-
tainable development while protecting natural resources. Under
this guiding principle, a series of internationally negotiated envi-
ronmental conventions address specific themes such as the protec-
tion of biological diversity, regulation of hazardous toxic
substances, and combating desertification and anthropogenic cli-
mate change. The Millennium Development goals set targets for
measurable improvements in development and human and eco-
system health. Several of these goals have relatively direct links to
infectious disease transmission, particularly the target of (1) halting
and beginning to reverse the spread of HIV/AIDS and the inci-
dence of malaria and other major diseases and (2) halving the
proportion of people without sustainable access to safe drinking
water by 2015. Other goals will have indirect effects on infectious
disease. These include measures to ensure environmental sustain-
ability and the greater use of indicators tracking forested land area
and emissions of gases that contribute to climate change and
ozone depletion. Although it remains to be seen whether these
are feasible, the MDGs at least define specific targets that, if
achieved, would represent clear improvements in human health
and well-being.

12.3 Specific Responses to Vector-Borne
Disease in an Ecosystems Framework
This section considers policies and strategies for vector-borne dis-
ease management. In particular, it assesses the emerging relevance
of integrated vector management, which provides a conceptual
approach, along with environmental management and other tools
for controlling disease, within an ecosystems framework. A paral-
lel but interrelated track relates to emerging scientific knowledge
as well as behavioral and social changes that may contribute to
better disease management. Case studies are used to illustrate im-
portant features of the different types of responses.

12.3.1 Integrated Vector Management

There is increasing recognition that in the developing countries
that suffer the greatest burden of vector-borne disease the trend
toward decentralization of decision-making, and the limitations
of disease-specific control programs, including the scarcity of
technical skills and resources, necessitates a flexible approach to
selecting control tools.

In response, there have been rapid developments in defining
integrated vector management strategies. IVM strategies have par-
allels with integrated pest management systems used in agricul-
ture, where the adverse environmental and health effects of
pesticides, and the development of resistance, stimulated the flex-
ible use of all methods that have an impact on the pest problem.
Such integrated approaches help to preserve ecosystem integrity
and encourage the propagation of natural enemies of pest species
such as pathogens and predators. An important selling point of
this approach is that economic analyses have shown IPM to be
more cost-effective than heavy reliance on insecticides, even ig-
noring the added benefits of reduced environmental contamina-
tion.

The principles of IVM can be summarized as seeking to ‘‘Im-
prove the efficacy, cost-effectiveness, ecological soundness and
sustainability of disease vector control. IVM encourages a multi-
disease control approach, integration with other disease control
measures and the considered and systematic application of a range
of interventions, often in combination and synergistically’’
(WHO 2004b).

................. 11430$ CH12 10-21-05 14:12:22 PS



360 Ecosystems and Human Well-being: Policy Responses

IVM works on the premise that effective control requires the
collaboration of various public and private agencies and commu-
nity participation rather than exclusive action by the health sector.
It entails the use of a range of interventions of proven efficacy,
separately or in combination. This serves to maximize cost-
effectiveness and extend the useful life of insecticides and drugs
by reducing the selection pressure for resistance development.

IVM harnesses precise scientific knowledge of the vector eco-
system and its interrelationship to human ecosystems to address
the following issues in more environmentally sustainable ways.
IVM typically uses four approaches, as appropriate, and in an in-
terrelated manner:
• environmental management, including modification or ma-

nipulation of the environment;
• biological control methods, including bacteria and larvivorous

fish;
• chemical control methods, including targeted indoor residual

spraying, space spraying and larviciding (Walker 2002; WHO
2003; see also Box 12.1); as well as

• social and behavioral measures to decrease suitability for trans-
mission.
Table 12.2 summarizes the main types of control interventions

used within an IVM strategy.
Each of these interventions has different types of interactions

with other ecosystem services. Table 12.3 maps the main linkages
between interventions to control vector-borne disease (including
vector control, prevention, and curative measures) and other eco-
system services in the MA framework. In each case, the direction
of the arrow gives a rough indication of whether the intervention
generally has a greater capacity to increase or decrease the provi-
sion of the various services. The following sections examine the
more direct interactions in greater detail.

12.3.2 Environmental Management/Modification
to Reduce Vector and Reservoir Host Abundance

The practice of using environmental management to reduce the
capacity of local habitats to maintain populations of disease vectors

BOX 12.1

Indirect Policy Drivers of Vector-borne Disease: Uganda

In Uganda, cattle are typically treated with chemical pesticides, particularly relevant in ecosystems with zoophilic vectors, which feed upon cattle as
synthetic pyrethroids, to prevent transmission of two types of vector-borne well as humans. A second, related, question is whether the very frequent
disease, namely, the tick-borne East Coast fever, which infects cattle, and and widespread use of synthetic pyrethroids on cattle or in agriculture in
African trypanosomiasis (sleeping sickness). The latter is transmitted by general might contribute to vector resistance to the chemicals in the long
tsetse flies, with different subspecies of the Trypanosoma parasite causing term. This could potentially decrease their effectiveness in bednets, where
disease in humans and cattle. they are also widely used. Policymakers are also concerned with how

Indigenous species of East African cattle are typically more resistant the use of chemicals on cattle for vector control may impact the broader
to East Coast fever caused by Thyleria parva; they are trypanotolerant, ecosystem.
and therefore may require fewer chemical applications. However, there Finally, there is a national development interest in Uganda in promoting
has been increased development of exotic cattle breeds, which reproduce the development of a cattle industry, including native cattle breeds, which
more quickly and yield more milk than native species. The acquisition and yield good quality meat and are more fly/tick resistant, thus requiring fewer
raising of livestock for milk production has become an important household- pesticide/acaricide applications. Genetically mixed cattle breeds may also
based economic activity for many poor Ugandans. Since the same syn- provide better milk production than the local species, while also providing
thetic pyrethroids that are used in livestock management are also used in higher levels of resistance to certain types of vector-borne disease. A joint
malaria control, this has implications for human disease control efforts. project of the WHO/UNEP-sponsored Health and Environment Linkages

In a project sponsored by the Systemwide Initiative on Malaria in Agri- Initiative (HELI) is supporting an inter-sectoral assessment of livestock in-
culture, and funded by the Canadian-based IDRC, researchers are explor- dustry development, chemical use, health, and environment. The project is
ing whether the synthetic pyrethroid treatments, when strategically used assessing policy options for livestock industry management in light of the
on cattle, may also provide some protection against malaria infection in scientific knowledge available about ecosystems and health. The goal is to
humans. This has been the case in some settings in South and West Asia optimize the potential for creating win-win scenarios that support economic
(Hewitt and Rowland 1999; Rowland et al. 2001), and may be particularly development, poverty reduction, health, and environmental protection.
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predates the development of insecticides. Considerable success
was achieved by draining swamps to remove larval breeding sites
of Anopheles mosquitoes (Pontine Marshes in Italy) and by the use
of oil to prevent larval mosquito respiration. Glossina (tsetse flies)
have been controlled by the selective destruction of savanna and
riverine forest habitats together with the destruction of host ani-
mals as well as by trapping using sticky materials on the backs of
men or by attraction to visual baits since at least the beginning of
the previous century.

There has been resurgent interest in environmental manage-
ment techniques in recent years, stimulated partly by concerns
over the sustained effectiveness and environmental consequences
of insecticide use. For example, a major motivation for control-
ling dengue by removing, covering, or treating larval sites in and
around houses has been the appreciation that outdoor application
of insecticide often has poor penetration into the domestic resting
sites of the vectors, has only transient effects, and is logistically
demanding (Newton and Reiter 1992).

The capacity of environments to maintain vectors can be re-
duced by long-term physical changes, often termed environmen-
tal modification (WHO 1982; Walker 2002). This may not be
the most effective approach in all epidemiological situations. For
example, in many highly endemic areas for malaria, using residual
insecticide spray to cause even a small increase in the mortality of
adult vectors should have a disproportionately large impact on
disease transmission. This is likely to outweigh the effect of the
same proportional reduction in larval breeding sites.

The effectiveness of environmental management depends on
how well the particular intervention is matched to the ecology of
the particular disease. Large-scale modification projects tend to
require significant initial investments in construction and may be
effective only where the targeted area contains the overwhelming
majority of breeding sites. Local modifications may also be inef-
fective where there are alternative breeding sites near human hab-
itations (Mutero et al. 2004), as is the case for malaria in much of
rural sub-Saharan Africa. Overall, ‘‘accidental’’ habitat modifica-

................. 11430$ CH12 10-21-05 14:12:23 PS



361Ecosystems and Vector-borne Disease Control

Table 12.2. Components of Integrated Vector Control (based on WHO 2003, p. 5)

Type Intervention Targets Products

Community education behavioral change, application of all all vectors
other interventions

Environmental management natural environment changes mosquitoes, blackflies, snails, etc.
and sanitation improved housing quality vectors of Chagas disease, malaria,

dengue

physical barriers to breeding sites vectors of filariasis, trachoma polystyrene beads in standing water
bodies

Biological control larvivorous fishes mosquitoes

predators and competitors snails

larviciding urban mosquitoes, blackflies microbial larvicides,
organophosphates, neem extracts
and other herbal insecticides

Chemical control space spraying urban mosquitoes pyrethroids, organophosphates

indoor residual spraying vectors of malaria, lymphatic pyrethroids, organophosphates,
filariasis, leishmaniasis carbamates, DDT (malaria only)

insecticide-treated materials vectors of malaria, leishmaniasis, pyrethroids
lymphatic filariasis, trypanosomiasis

household products mosquitoes, flies, fleas aerosols, coils, mats, repellents,
natural products, etc.

tion, for example through deforestation or irrigation schemes,
probably has more widespread effects on infectious disease trans-
mission. This highlights the importance of considering vector-
borne diseases within any development that causes a large-scale
change to the physical environment.

There are, however, specific cases where environmental mod-
ification has been used successfully to destroy either vector or
reservoir host habitat, particularly at the fringes of disease trans-
mission. Although destructive locally, careful targeting can mini-
mize environmental impacts. Successful examples include draining,
filling, or raising brackish breeding sites of the coastal malaria vec-
tor An. sundaicus in Indonesia in the 1940s (Takken et al. 1991)
or, more recently, the filling of peri-urban breeding sites for ma-
laria vectors in Zambia and India (Baer et al. 1999). In each of
these areas, incidence of malaria declined significantly.

Temporary changes to the environment are often termed en-
vironmental manipulation. These include flushing streams or ca-
nals, providing intermittent irrigation to agricultural fields such as
rice, temporarily flooding or draining wetlands, or removing spe-
cific types of vegetation that provide larval habitats for mosqui-
toes. A combination of vegetation clearance, modification of river
boundaries, increasing velocity of the river flow to interrupt larval
development, and swamp drainage were highly successful com-
plements to bed nets and insecticide spraying in Zambia in the
early twentieth century (Utzinger et al. 2001, 2002). Intermittent
irrigation has proven successful in controlling Anopheles in rice-
growing regions in India, China, and other parts of Asia (Pal
1982; Lacey and Lacey 1990), and clearance of algae from rivers
has been effective in reducing malaria transmission in Oaxaca,
Mexico (IDRC 2003).

For zoonotic diseases (those with a non-human reservoir host
of infection), environmental management techniques can be ap-
plied to reduce the abundance of the reservoir host as well as the
vector. For example, cutaneous leishmaniasis due to Leishmania
major in the former Soviet Union has been controlled by plowing
up or flooding of colonies of the reservoir host, the great gerbil
Rhombomys opimus. (See Box 12.2.)
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Crucially, well-targeted environmental management tech-
niques can be highly cost-effective. The analysis of malaria control
in the Zambian copper belt indicated that the cost-effectiveness
of sustained environmental interventions ($22–92 per healthy life
saved) were comparable to those from insecticide-based methods,
even excluding valuation of the reduced environmental impacts
(Utzinger et al. 2001).

12.3.3 Biological Control/Natural Predators

Biological methods consist of the utilization of biological toxins
and natural enemies to achieve effective vector management. Tar-
geted biological control using larvivorous fish and copepods as
well as the toxic products of bacterial agents has been successfully
used to control vectors of filariasis and malaria, and notably vec-
tors of dengue in Viet Nam (reviews by Walker 2002; Lloyd
2003). An important advantage over chemical methods is the re-
duction in ecosystem disturbance. Microbial larvicides can be
safely added to drinking water and in environmentally sensitive
areas, as they do not persist or accumulate in the environment or
in body tissues and are not toxic to vertebrates (WHO 1999).
Also, there is no evidence that native (as opposed to exotic) larvi-
vorous fish pose any threat to local biodiversity or the safety of
drinking water.

Biological control may be effective if breeding sites are well
known and limited in number but less feasible where they are nu-
merous. Biological control thus provides a good illustration of the
importance of knowledge of local transmission ecology. Economic
incentives may also be important in spurring initial interest in bio-
logical control mechanisms. In Asia, for instance, larvivorous fish
have been effective where pisciculture can provide additional eco-
nomic, agricultural, and nutritional benefits (Wu et al. 1991; Gupta
et al. 1992; Victor et al. 1994). In China, Wu et al. (1991) found
that stocking rice paddies with edible fish improved rice yield, sup-
ported significant fish production, and greatly reduced the number
of malaria cases (Walker 2002). Community participation and inte-
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Table 12.3. Ecosystem Services Affected by Responses to Vector-borne Diseases

Ecosystem Service

Response Disease Food Fresh Water Biodiversity Cultural Services Wood (Forestry)

Insecticidal sprays malaria, African sleeping sickness, Y Y Y

leishmaniasis, filariasis, Chagas,
trypanosomiasis, West Nile virus,
dengue

Larviciding dengue, malaria, onchocerciasis Y Y Y

Insecticide-treated bednets malaria, Leishmaniasis

Traps/targets African sleeping sickness, leishmaniasis Y

Larvivorous fish malaria, dengue X X Y

Bacillus sphaericus filariasis Y Y

Rodent/reservoir control leishmaniasis Y

Killing hosts dracunculiasis, schistosomiasis Y

Surveillance all diseases X

Chemotherapy/chem malaria, schistosomiasis, Y

oprophylaxis onchocerciasis, lymphatic filariasis (livestock)
(humans)

African sleeping sickness, hydatid
disease (animals)

Vaccines yellow fever X

Personal protection dengue, malaria, leishmaniasis X

Improved housing Chagas Y

construction

Environmental malaria, dengue, schistosomiasis X X X

management

Irrigation/impoundment/ schistosomiasis, malaria YX YX Y

swamp drainage

Improvement in sanitation ectoparasitic diseases, gastrointestinal X X X

and hygiene practices helminth parasites

Health education all diseases X

gration with other control methods are important, as larvivorous
fish and other biological agents may need repeated restocking/
reapplication, and in some cases vegetation clearance or removal of
pollution sources to maintain their habitat.

12.3.4 Chemical Control

Chemical control methods of malaria vector management can po-
tentially be organized quickly, and can be highly cost-effective if
used efficiently. The advent of insecticides in the 1940s, with the
widespread use of dichlorodiphenyltrichloroethane (DDT), re-
sulted in less emphasis on environmental and biological methods
of control and the reliance, for a period of two decades, on insec-
ticides. The WHO Malaria Eradication Campaign of the 1950s
achieved eradication in several sub-tropical regions and controlled
malaria transmission on much of the Indian subcontinent for sev-
eral years. More recently, insecticide-based campaigns have had
notable success in reducing transmission of Chagas disease in the
southern cone region and elsewhere in Latin America (see Box
12.3), while the Onchocerciasis Control Program eliminated the
disease from much of the program area using various insecticides
in rotation. (See Box 12.4.)

Widespread application of persistent insecticides was initially
undertaken with little regard for environmental consequences.
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Evidence has since accumulated of the wider environmental ef-
fects of insecticide spraying (for example, impacts of pyrethroid
spraying against tsetse on river fauna such as Crustaceans (Moly-
neux et al. 1978) and poisoning of reservoirs), and greater atten-
tion is now paid to using knowledge of the ecology of vectors to
develop more cost-effective and less environmentally damaging
methods of application by using less toxic or persistent chemicals.
Various delivery methods have thus been developed. The insecti-
cide may be applied as a non-residual application (effective over a
short time-scale, killing only insects currently exposed) or a resid-
ual (persistent) application, effective over a period of weeks or
months. The latter application may kill even those insects that
were in immature stages of development, and not directly ex-
posed to the insecticide at the time of application. Synthetic pyre-
throid treated nets, used in the control of malaria and other
vector-borne diseases, are one example of such an approach,
which has a minimal impact on broader ecosystems. Information
on when and where particular vector species tend to rest and feed
(indoors or outdoors) and whether they feed on humans or other
animals also helps to target spraying efforts.

Certain chemical insecticides can also be safely applied to lar-
val breeding sites. For example, temephos exhibits very low
mammalian toxicity and has been used for malaria control in India
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BOX 12.2

Environmental Management of Zoonotic Cutaneous Leishmaniasis in Central Asia

In the deserts of Turkmenistan, Uzbekistan, southern Kazakhstan, and stan (Sergiev 1979; Saf’Janova 1985). But humans are accidental ‘‘dead-
southern Tajikistan in Central Asia, the distribution of zoonotic cutaneous end’’ hosts of L. major, playing no role in maintaining the transmission
leishmaniasis, caused by the protozoan parasite Leishmania major, is cycle. Hence, the highly successful Soviet Union-run control program to
largely dependent on the distribution of the great gerbil Rhombomys opimus reduce the risk of ZCL (notably during its large programs of land reclama-
(Sergiev 1979; Saf’Janova 1985). This is a relatively large (200 gram) diur- tion in Central Asia) used to focus on rodent control. This program utilized
nal rodent that lives in family groups in vast underground burrow systems, a remarkably effective and relatively inexpensive environmental interven-
each occupying an area of around 1,000–3,000 square meters, with around tion that dramatically decreased the capacity of the environment to main-
300–400 meters of passages up to three meters in depth, with openings to tain the transmission cycle of L. major. Rodent control was achieved by
the surface every one to two meters (WHO 1990). Each complex typically three methods (Vioukov 1987; WHO 1990): complete plowing up of bur-
houses five to ten rodents during the summer months, before the young rows (as in the Golodnaya Steppe in Uzbekistan); crushing of burrows
disperse; in suitable habitats, there are two to three burrow complexes per with wide-track heavy caterpillar tractors (as in Turkmenia); and the use
hectare. Hence, R. opimus has a dominant influence on the environment, of poisoned bait (as in Karshinskaya Steppe, Uzbekistan). This latter inter-
with the burrows providing an enormous haven of constant temperature and vention can be highly efficient. One group of three to four men can destroy
humidity occupied by more than 50 species of vertebrates and hundreds of all the gerbils in an area of 50,000 hectares in one season. Transmission
invertebrates. Among the many parasites that find hosts and are transmitted of ZCL halted over 900 square kilometers in the Karshinskaya Steppe by
in the burrows, L. major is the most widely distributed, typically infecting poison baits after a three-year control program. For all three methods, the
30–50% of R. opimus across its range. impact is only transitory if rodents are allowed to immigrate into the treated

The burrows provide optimal conditions for the principal sand-fly vector areas from untreated territories. Permanent environmental control is only
of L. major, Phlebotomus papatasi. Like all sand flies, the larvae are achievable by preventing reinvasion by physical barriers, such as canals
terrestrial and live in moist organic matter. The sand flies overwinter as or vast agricultural fields.
diapausing fourth instar larvae, the adults emerging after the soil tempera- Although the intervention unavoidably affects the local habitat, efforts
ture reaches 20� Celsius at a depth of 50 centimeters. Adult sand flies were made to reduce wider impacts. In order to address concerns that
rest during the day in the well-insulated burrows and feed at night. P. the poison baits would affect non-target animals (birds and cattle), baits
papatasi has a noted host preference for the great gerbil, being especially were introduced into the rodent burrows at a depth of 15–20 centimeters
attracted to its fleshy ears, which when infected by L. major generate subsequently filling up the burrow (Saf’Janova 1985). In addition, habitats
long-lasting non-ulcerating lesions which can be infective to sand flies for targeted for intervention are targeted by using large-scale photography to
up to two years (Sergiev 1979). Parasites can therefore survive in great identify where burrows are likely to be and to exclude unsuitable sites—
gerbils during the winter (that is, between transmission seasons). then possible sites are surveyed and burrows mapped. After treatment,

Most human cases in this region are due to infections in oases located follow-up surveys are conducted and treatments repeated if necessary
in the river valleys and foothill plains of southern Turkmenia and Uzbeki- (Vioukov 1987).

and Mauritius (Kumar et al. 1994; Gopaul 1995), in the Oncher-
cerciasis Control Program, and is widely applied to potable water
to control Aedes aegypti. In contrast, synthetic pyrethroids are ef-
fective but are problematic as larvicides due to their frequent high
toxicity to aquatic non-target organisms (Chavasse and Yap 1997).

Insecticides therefore remain an important tool and their se-
lective use is likely to continue within IVM. However, there are
concerns over the impacts of insecticides, especially the persistent
organic pollutants identified in the Stockholm Convention, on
the natural environment and on exposed human populations, par-
ticularly insecticide sprayers (Chavasse and Yap 1997). There is,
as well, growing evidence of insect resistance to insecticides. Such
developments led to World Health Assembly resolution WHA
50.13, which called on member states to support the development
and adoption of viable alternative methods of controlling vector-
borne diseases and thereby reducing reliance on insecticides. IVM
provides a management framework for cost-effective, rational,
and environmentally sensitive use of insecticides until they can be
phased out without exposing populations to increased disease risk.

12.4 Social and Behavioral Responses to Vector-
borne Disease
An ecosystems perspective views the human cultural, social, and
behavioral environment as integral to the sustainability of critical
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ecosystem services. This is particularly true in the case of vector-
borne diseases, which are profoundly influenced by human pat-
terns of settlement and behavior. Social and behavioral resources
and tools are therefore increasingly recognized as relevant to the
management of vector-borne disease. Improved disease control
may be achieved by changing human behavior or settlement pat-
terns in ways that reduce contact with vectors.

12.4.1 Human Settlement Patterns

Probably the most basic way in which human-vector contact may
be managed is via improvements in the placement and construc-
tion of housing settlements (Rozendaal 1997). Although individ-
ual vectors are often able to disperse many kilometers, in many
situations the majority of the vector population moves only a very
small distance within its lifetime. Thus the abundance of insect
populations can vary markedly even within a very small distance.
Locating settlements on well-drained, high ground more than one
to two kilometers away from major breeding sites may signifi-
cantly reduce transmission of diseases such as malaria (WHO
1982). In many cases, however, housing sites are determined by
other imperatives (such as the need to be close to a water source).
Aedes vectors are particularly well adapted to breeding in urban
areas, particularly in household water containers. Therefore,
screening of windows, eaves, and doors to protect people from
bites can help prevent the spread of the disease from infected
human reservoir hosts, and improved household management of
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BOX 12.3

International Initiatives to Control Trypanosomiasis

Sustainable control of vector-borne diseases is rarely achievable through tween ministries of health of the six southernmost countries of Latin
small-scale intervention projects from actors outside of the local commu- America (Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay) to im-
nity, such as government Ministries or international agencies. This is be- plement simultaneous interventions against Chagas disease. This pro-
cause once an intervention project ends, or political interest wanes, the gram—the Southern Cone Initiative—was joined by Peru in 1996 to
treated area remains at risk of reinfestation from untreated regions. This encompass the entire geographic distribution of the main vector, Triatoma
has been a marked problem for the control of tsetse-borne trypanosomia- infestans. All countries implement similar interventions but retain national
sis in Africa, where premature curtailment of intervention projects—even autonomy for financing and operational approaches. Coordination is pro-
where highly successful—has typically seen steady recrudescence of vided by the Pan American Health Organization through a system of na-
transmission as tsetse returned to the project areas. tional evaluations carried out by teams drawn from the Chagas control

A similar problem is faced in the control of American trypanosomiasis services of neighboring countries. By 1997, Uruguay became the first of
(Chagas disease), which is by far the most socioeconomically significant these countries to be formally certified free of Chagas disease transmis-
parasitic disease of Latin America. Although effective methods to halt sion, followed by Chile in 1999, most of the central and southern states
transmission by eliminating domestic vector populations have been known of Brazil in 2000/1, and the first four provinces of Argentina in 2002. More
since the 1950s, the ease with which vectors can be passively transported provinces in Argentina and several departments in Paraguay and Bolivia
from one region to another made small-scale interventions unsustainable. are also being evaluated for similar certification.
Even when Brazil launched a highly successful national campaign against The Southern Cone Initiative has yet to reach its final objective of
Chagas disease transmission in 1983, it was clearly recognized that simi- eliminating all domestic populations of Triatoma infestans and halting Cha-
lar interventions would need to be carried out at least along the frontier gas disease transmission throughout the program area, some 6 million
regions of neighboring Argentina, Bolivia, Paraguay, and Uruguay. But square kilometers. And it has not been without economic and political
even with frontier intervention agreements, the Brazilian national cam- difficulties, especially the economic instability of recent years and the
paign encountered an additional problem affecting continuity. In 1986, due problems arising from decentralization of executive services. But this suc-
to changing political priorities, all 600 staff engaged in Chagas disease cessful model of regional collaboration focused on a biologically defined
control in rural areas were switched to mosquito control in urban centers. target has paved the way for similar initiatives against Chagas disease in
The Chagas disease control program was suspended. Central America and the Andean Pact countries (both formally launched

This experience highlighted several key points. At the technical level, in 1997) and in Mexico and the Amazon region. Significantly, the model
it was clear that the intervention techniques and operational strategy were has also been taken up by African countries with the launch of the Pan
highly effective, while population genetic studies strongly supported the African Initiative against tsetse and trypanosomiasis (PATTEC) launched
idea that a sustainable end-point could be reached through eradication of by the Organization of African Unity (now called the African Union) at the
all domestic populations of the main vectors. At the political level, how- 2000 summit in Lomé, Togo. PATTEC represents a vision to eliminate
ever, there was a clear need to find ways of maintaining continuity until tsetse and trypanosomiasis transmission from the whole of Africa, not by
that end-point could be reached, as well as a need to promote similar small donor-led projects but by a series of regional initiatives focused on
interventions in neighboring countries in order to eliminate all risk of rein- biologically defined targets: when a vector population is eliminated over
festation. its entire range, transmission is halted and cannot be restarted by that

The enlightened response came in 1991 with a joint agreement be- population.

stored water (for example, putting lids on storage jars) can elimi-
nate vector-breeding sites.

Improving housing construction is particularly important for
protection against infections such as Chagas disease, where the
vectors live directly in the walls of poor houses. Housing im-
provements shown to reduce Chagas-vector contact with humans
include concrete floors, plaster and brick walls, and tiled roofs (De
Andrade et al. 1995); these obviously have co-benefits in terms of
raising overall living conditions. Studies in Sri Lanka have indi-
cated that residents of poorly constructed houses were as much as
2.5 times more likely to contract malaria than neighbors in houses
of good construction (Gamage-Mendis et al. 1991; Gunawardena
et al. 1998). Economic analysis in Sri Lanka indicated that gov-
ernment investments to improve the most vulnerable houses
would be compensated by savings in malaria treatment within
eight years (Gunawardena et al. 1998).

Zooprophylaxis (using diversionary hosts to reduce the pro-
portion of bloodmeals taken on humans, and thus cutting disease
transmission) is also a promising tool. This technique usually
makes use of domestic livestock that also provide other services
such as milk and labor and causes minimal ecosystem disruption.
It does, however, require knowledge of local vector ecology to
select and site diversionary hosts, to ensure that increased provi-
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sion of bloodmeals does not increase local vector density to an
extent that outweighs the reduced proportion of bites on humans.
It has been demonstrated to be effective in Indonesia (Kirnowor-
doyo and Supalin 1986), the Philippines (Schultz 1989), and Sri
Lanka (van der Hoek et al.1998). In the most endemic regions of
sub-Saharan Africa, there is some evidence for effectiveness
against Anopheles arabiensis, but there may be fewer prospects for
use against the more anthropophagic (human-biting) Anopheles
gambiae. (See Box 12.5.)

12.4.2 Health Awareness and Behavior

Vector-borne diseases such as malaria may be more serious when
the victim is malnourished, in ill health, or suffering from gastro-
intestinal diseases. Thus there is a strong link between overall
social well-being and disease impact. In particular, improved
awareness of hygiene and sanitation, particularly among women,
may be important in reducing infectious disease among children.
General educational levels, particularly of women, are a key de-
terminant of awareness of health risks, and therefore health status.

In addition to general education improvements, however,
messages specifically targeted at behavioral changes associated
with vector protection are important tools in disease prevention,
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BOX 12.4

Monitoring and Managing Environmental Effects of Insecticidal Control of Onchocerciasis in Africa

Onchocerciasis can be combated by appropriate vector control operations an economic activity for West African populations, and to meet the
which consist of arresting transmission of the parasite by eliminating the objective of the Convention on Biodiversity that stipulates that coun-
vector population for the duration of the lifespan of the adult worm from tries are responsible for the conservation of their biodiversity.
the human reservoir host. This has been applied and demonstrated in
parts of the original area of the Onchocerciasis Control Program in West The OCP in West Africa closed in December 2002, after 29 years of
Africa, where vector control alone has been carried out for more than activity. There is no equivalent of a public health program benefiting from
fourteen consecutive years and where the disease is no longer a public such long-term financial support from the international community. One
health problem (Hougard et al. 2001). As black fly adults are difficult to reason for this support was that OCP always convinced the donors of the
target, the vector control operations consist of treating with appropriate effectiveness of the control strategies used. The other reason was the
insecticides the breeding sites of rivers where the reophilic larval stages OCP’s ongoing to take care of the aquatic environment with the involve-
develop. ment of national teams and international expertise. The implementation of

The mere fact of regularly using insecticides for many years raised the a long-term monitoring program to assess the potential effects of larvicid-
concern of the potential risk such operations could have for the aquatic ing and the large-scale screening of larvicides to select that which is most
environment. Indeed, at the time OCP was launched, there was much efficient for Simulium while less drastic for the non-target fauna are unique
evidence on biological and ecological consequences of DDT. With the features in large health control programs. These efforts had an economic
awareness of the ‘‘DDT syndrome’’ by the international community, the cost in terms of insecticide consumption and operational strategies but
participating countries as well as the donors that support the program (28 they made it possible to preserve the quality of the water used by the
countries and foundations) had reasons to fear that repeated application riverine populations as well as the fishing resources that constitute a sig-
of insecticides in the water courses would cause serious disturbances of nificant part of the foodstuff of these populations.
the freshwater ecosystems. In 1974, just before the beginning of opera- The goal has been achieved: onchocerciasis has been virtually elimi-
tional activities, OCP set up an aquatic monitoring program of rivers nated from the OCP area as a disease of public health importance and
planned to be regularly treated with insecticides (Lévêque et al. 1979). It as an obstacle to socioeconomic development. From the environmental
was implemented to satisfy three major concerns: point of view, the success of OCP may be jeopardized by an unsustaina-

ble use of the freed land. For example, a pilot study conducted in the
• to provide early warning to those carrying out treatments if toxic Léraba area showed that 75% of the original wooded savanna was

effects were noticed in the short term and to ensure that the insecti- cleared for agricultural development and settlement of villages (Baldry et
cide release did not excessively disturb the functioning of the treated al. 1995). The riverine forests of many small rivers were destroyed and
ecosystems on a long-term basis (the expected duration of OCP); on some of the banks soil erosion is occurring. On the other hand, the

• to avoid the widespread use of chemicals that might have adverse bordering forests and the easily flooded plains of the larger rivers did not
effects on human populations near the river systems and/or might undergo any disturbance of this scale. It is therefore necessary to both
accumulate in the food chain as DDT has been known to do; and take measures and sensitize the riverine populations on the need for

• to prevent the irreversible loss of aquatic biodiversity in West Africa environmental protection and biodiversity management along with the de-
both because freshwater fish are a major source of food as well as velopment of agricultural activities.

particularly for diseases such as dengue that lack vaccines or cura-
tive drugs. Simple poster displays in local languages can be highly
effective. These may include messages such as the early identifi-
cation of disease symptoms; the need to maintain attendance for
drug delivery; and refraining from interfering with traps for vec-
tors such as tsetse.

Such messages may in some cases be backed up by legislation
(for example, fines for not removing potential dengue-breeding
sites). In many cases, however, they will be most effective when
they are developed in a participatory manner, using methods that
involve the community in the identification of problems and so-
lutions. Depending on the situation, they may best be dissemin-
ated via a range of media, such as posters, community events,
or presentations, or by including the subject in popular radio or
television programs such as soap operas. It should also be noted
that behavioral changes may be impossible if they are not sup-
ported by government services; for example, poor urban popula-
tions will be unwilling or unable to remove dengue-breeding sites
if there is no garbage collection service or reliable water supply.

The effectiveness of environmental health education in
changing behavior is often measured through knowledge, atti-
tude, and practice surveys, and ultimately through changing dis-
ease rates. KAP studies for dengue control in the Caribbean have
indicated that, while knowledge has increased with respect to
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vector control, there is not much evidence of this knowledge
being put into action (Polson et al. 2000). In many cases, people
do not take action because they believe that mosquito control is
the responsibility of the government (Rosenbaum et al. 1995). In
addition, even community members who rid their own premises
of mosquito habitats may suffer from the inaction of less vigilant
neighbors, necessitating combined community efforts. While
community participation and inter-sectoral collaboration is there-
fore perceived as a positive approach, they are challenging tasks
and require concerted sustained effort by key stakeholders and
professionals as well as government.

12.5 ‘‘Cutting-edge’’ Interventions: Genetic
Modification of Vector Species to Limit Disease
Transmission
In the short term, the largest strides in vector control and manage-
ment may come from applied research that refines existing tools
and targets them more effectively to local situations. Such applica-
tions may also be highly cost-effective. However, new tools,
while requiring substantially greater investment of time and re-
sources in order to overcome initial technical barriers, can poten-
tially result in dramatic improvements in control. For example,
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BOX 12.5

Integrated Vector Management Strategies for Malaria

IVM strategies for controlling malaria are receiving renewed attention globally and mortality and improving health in specific age groups, that is, pregnant
among scientists, health officials, and policy-makers. This is due to the rapid women and children under the age of two. For larvae control in such
spread of resistance to antimalarial drugs such as chloroquine and the appar- settings, greater attention is being given to the efficacy of biological con-
ent inability of past large-scale eradication campaigns to even hold the dis- trols such as larvivorous fish and biolarvicides, that is, Bacillus thurengien-
ease in check let alone eliminate transmission in the regions where it is most sis israelensis and sphaericus (Walker 2002).
endemic, such as Africa. Indeed, over 1.2 million people, overwhelmingly However, in rural areas of intense malaria transmission, a better un-
African children, died from malaria in 2002, an increase in mortality in abso- derstanding of relationships between human habitats, farming, and live-
lute terms over the previous year (WHO 2003, 2004a). There is also concern stock practices, may provide important tools for controlling malaria using
over potential vector resistance against pesticides commonly used for indoor IVM methods, and in a manner that sustains positive ecosystem services.
residual spraying and insecticide-treated materials. For instance, alternating between cycles of irrigated and non-irrigated

These limitations have spurred interest in integrated approaches to crops may disrupt breeding cycles (Tiffen 1991; Mutero et al. 2004). Better
malaria vector control (Walker 2002). IVM approaches hold the potential management and control of manmade sites where malarial mosquitoes
to significantly reduce if not interrupt disease transmission as well as the may easily reproduce such as water bore holes may help reduce malaria
burden of serious disease and death, while avoiding very severe disrup- breeding close to human settlements. Conversely, more strategic place-
tions to ecosystem services. ment of new human settlements away from potential malaria breeding

Environmental modification strategies, such as the drainage of wet- areas can also reduce transmission (Walker 2002). Recent research in
lands, were among the first employed to deliberately control malaria vec- Kenya on the interactions between malaria, livestock, and agriculture has
tors nearly a century ago. Of increasing interest today are strategies for highlighted the potential for livestock to act as ‘‘diversionary hosts’’ for
less intrusive changes in wetlands environments—improving the flushing certain species of malaria vectors. The study, conducted in four villages
of streams or removing vegetation from water to limit the breeding areas of the Mwea Division of Kenya, found malaria disease prevalence was
where larvae may develop. In areas where dams and reservoirs are to be significantly lower in the two villages with rice irrigation schemes than in
constructed, there is evidence that better engineering design of dams or the villages with no irrigated agriculture (0–9% versus 17–54%). The
irrigation schemes, to provide for alterations in level and flow of water, lower incidence occurred despite the existence of a 30–300 fold increase
the flushing of reservoirs, and periodic weed removal can minimize the in the number of local malaria vectors in the irrigated locales. The likely
development of new vector habitats. Options for the best-practice design explanation for the so-called ‘‘paddies paradox’’ appeared to be the ten-
of dams and agricultural irrigation projects to control vector breeding sites, dency for the prevalent A. arabiensis vector to feed overwhelmingly on
while minimizing the disruption to ecosystem services, are detailed in cattle rather than on humans (Mutero et al. 2004).
Tiffen (1991); Birley (1991); and Phillips et al. (1993). At the same time, advances in geographical information systems to-

In tropical Africa, where malaria is most endemic, IVM strategies may gether with continuing research into vector entomology are permitting
be most relevant in areas of less intense transmission and in peri-urban more precise mapping of vector species composition, spatial distribution,
or urban locales, where breeding sites may be fewer, most easily identifi- and transmission patterns. This is contributing to a better understanding
able, and more amenable to control (Walker 2002). Particularly in such of vector ecology, that may be used to guide control operations that maxi-
settings, there is evidence that incremental reductions in vectorial capac- mize the use of targeted control strategies and minimize ecosystem dis-
ity, while not eradicating the disease may play a role in reducing morbidity ruptions (Shililu et al. 2003a, 2003b).

there is a need to develop new curative drugs and insecticides to
both overcome problems of vector resistance and reduce disease
control costs, while the development of an effective vaccine could
potentially revolutionize control of malaria.

In addition to developing ‘‘new varieties of old tools,’’ there
is the potential for developing qualitatively different types of tools,
with very different implications both for disease control and other
ecosystem services. Genetic modification of vectors is one such
method.

The practice of selecting strains of vectors that are unable to
transmit disease has been applied for several decades (Collins et al.
1986; Wu and Tesh 1990). However, recent advances in mo-
lecular genetics have made it potentially much more feasible to
introduce genes into vector populations that either drive the pop-
ulation to extinction or that reduce their capacity to maintain
and transmit infections. These include the sequencing of the full
genome of the malaria vector Anopheles gambiae (Holt et al. 2002),
the stable introduction of engineered genetic constructs into the
genome of a number of important mosquito species (for example,
Coates et al. 1998; Catteruccia et al. 2000; Allen et al. 2001;
Grossman et al. 2001), and the identification and activation of
genetic constructs that block or reduce pathogen transmission of
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malaria parasites and dengue viruses in mosquitoes (for example,
de Lara Capurro et al. 2000; Ito et al. 2002).

It is therefore theoretically possible to produce in the labora-
tory mosquito populations that are unable to transmit important
pathogens. The next stage is to implement ‘‘gene-driving’’ mech-
anisms, which link the genes of interest to other genetic elements
that have the ability to spread throughout the vector population,
from initial seeding releases. Two main drive systems are under
investigation. The first consists of autonomous transposable ele-
ments (Ribeiro and Kidwell 1994), genetic elements that copy
themselves throughout the genome, thereby increasing the
chance of inheritance into the next generation. The second is
symbiotic Wolbachia bacteria, which are inherited through egg
cells and give host females a reproductive advantage over unin-
fected females (Sinkins and O’Neill 2000). Genetic mechanisms
that reduce or block pathogen transmission could thus be attached
to such a driver in order to achieve maximum dissemination in
the vector population.

Major technological challenges remain in the completion of
all the stages described above in a single vector population (for
example, Alphey et al. 2002). In addition, some disease control
experts are concerned about the application of transgenic tools.
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They highlight the potential that the transposable elements could
also increase mutation rates, with unforeseen characteristics in the
vector populations, and that genetically engineered constructs
could cross-contaminate other species. They also stress that it may
prove more difficult than assumed to spread the relevant genes
through highly variable populations of parasites or vectors. Ethical
issues are also involved, most importantly that it will be essential
to achieve broad informed consent of the populations who will
come into contact with the vector populations, as there would be
no option for individuals to ‘‘opt out’’ of the intervention (Scott
et al. 2002). Critics who raise these issues generally stress the im-
portance of using existing tools in a wider, more sustained and
targeted manner rather than developing new interventions (Curtis
2000).

Supporters of transgenic techniques point out that the kinds of
inherited elements being discussed are not normally horizontally
transferred between individuals, even of the same species, so that
crossing species boundaries would presumably be an even more
rare event (for example, O’Neill et al. 1997). If, indeed, such
transfer did occur, there would be no reason to expect that an
element specifically designed to interfere with pathogen-
mosquito interactions would have any effects in non-target spe-
cies. In addition, gene spreading mechanisms such as transposable
elements and Wolbachia are very common in natural insect popu-
lations, and have had no detectable long-term effects on host
ecology (for example, Turelli and Hoffmann 1991; Kidwell 1992).
They therefore conclude that the risks of negative environmental
impact associated with the kinds of replacement strategies that are
being developed are low.

There is, as yet, no firm consensus among researchers on the
practicality and acceptability of applying these tools in the field.
As they develop further, it will become more important for the
scientific community to present a rational and dispassionate view
of the potential benefits and threats of this approach to decision-
makers and the public so that they may be better positioned to
judge whether the possible gains from this type of intervention
outweigh any environmental risks.

12.6 Promoting Inter-sectoral Cooperation
among Health, Environment, and Development
Institutions
An ecosystems perspective on vector-borne disease control re-
quires a reconsideration of institutional structures that manage
vector control overall. Integrated vector management, in particu-
lar, operates on the premise that effective control requires the
collaboration of various public and private agencies as well as
community education and participation rather than exclusive ac-
tion by the health sector. This is part of an increasing appreciation
that the Millennium Development Goals for infectious diseases
(and other goals) will only be achievable with contributions from
health, environment, and development institutions at global, na-
tional, and local levels.

Yet, present institutional structures tend to promote a narrow
sectoral and disease-specific approach to interventions. In most
countries, health and environment sectors remain divided, with
little coordination of approaches to vector control and associated
energy, agricultural, housing, and forestry policies. Health sector
institutions often leverage significant resources, but their actions
tend to be directed towards curative treatment or interventions
against specific diseases, rather than promoting integrated policies
for economic development, environmental protection, and im-
proved human health. The environment sector typically has ac-
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cess to fewer financial resources and political power, and focuses
mainly on protection of the natural environment. Productive sec-
tors, such as ministries of infrastructure, development, or trade,
often access significant resource pools and take decisions that have
profound influences (both positive and negative) on the transmis-
sion of vector-borne diseases, but these are not considered sys-
tematically. As a result, there is seldom an incentive for, for
example, a malaria control program to carry out interventions that
protect against other human diseases, protect the environment, or
promote, say, agricultural development. Inter-sectoral collabora-
tion is thus ‘‘blessed by everybody and funded by nobody’’; it is
widely acknowledged as essential, but rarely occurs because indi-
vidual sectors measure success only against their own targets.

Institutionally, it is often easier to design and assess the success
of ‘‘top-down’’ control campaigns that motivate political will and
raise resources, with clear lines of institutional responsibility and
measurable targets to reach a highly specific goal. In many in-
stances, such programs have been successful, when directly judged
against their stated aims (that is, eradication or specific levels of
reduction).

However, such approaches have seldom led to complete erad-
ication of a disease. This can be due to the slackening of political
will once the initial visible gains of the ‘‘attack phase’’ have been
achieved and the limits recognized of promoting a single inter-
vention uniformly rather than a range of locally adaptable
approaches. The greater use of ‘‘sector-wide approaches’’ to fi-
nancing rather than individual project funding by international
donors (Cassels 1997) and greater involvement of nongovern-
mental actors (such as charitable NGOs and the private sector)
have also made centrally organized national or international con-
trol campaigns more difficult to execute. In a related develop-
ment, the decentralization of decision-making within developing
countries has resulted in the dismantling of centralized vector
control mechanisms upon which control campaigns may rest,
making participatory approaches far more relevant.

The advantages and disadvantages of campaign-style sectoral
approaches and newer, more inter-sectoral and participatory ap-
proaches are illustrated by the Caribbean experience with dengue
control. Prior to 1962, several Caribbean islands, along with most
of mainland Latin America, had succeeded in eradicating the
Aedes aegypti mosquito, vector of dengue and yellow fever, fol-
lowing an intensive eradication campaign. This success was attrib-
uted to centralized, vertically structured programs; use of DDT
and adequate funding for insecticides; and the availability of
equipment and well-trained staff. This success was, however, not
sustained mainly because it was not possible to maintain the effec-
tiveness of the limited number of control methods used (insecti-
cide and source reduction) and achieve eradication in all countries
of the region. When Ae. aegypti subsequently reinvaded from
neighboring countries, another eradication campaign was deemed
as unfeasible because of increased urbanization that had led to
structural inadequacies in the provision of basic services such as
garbage collection and piped water. In addition, chronic eco-
nomic crises in many of the most affected countries had led to
decreased capacity and political prioritization for vector control
programs.

In 1992, the Pan American Health Organization in collabora-
tion with the government of Italy and the Caribbean Cooperation
in Health initiated a five-year project whose general objective was
to reduce the densities of Ae. aegypti in fifteen English-speaking
Caribbean countries to a level at which transmission of the den-
gue virus will not occur. The project aimed to strengthen existing
national vector control programs using community participation
as the focus. As a result of the project, programs in some coun-
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tries, including St. Vincent and the Grenadines, shifted away from
the traditional ‘‘top-down’’ approach to one of community
involvement and partnership. Collaboration between vector con-
trol programs and environmental health programs was improved,
and the scope of control was broadened to include control of pests
and vectors other than Ae. aegypti. It should be noted, however,
that there is as yet no evidence that this approach has led to a
sustained decrease in the persistently high levels of Ae. aegypti dis-
ease in the countries involved outside the time frame of the origi-
nal project.

In other settings, however, such as Viet Nam, a national ap-
proach to dengue management, based upon community partici-
pation and involvement, seems to have had greater and more
sustained success. (See Box 12.6.) In small-scale projects in
Ghana, an integrated community approach to malaria interven-
tion measures has been reported to result in reduction of overall
child mortality by as much as 50% (Curtis 1991).

Despite the general lack of inter-sectoral and community co-
operation in vector-borne disease management, there are some
promising developments. In recent decades, agencies such as the
World Bank, UNICEF, and UNDP have increasingly invested in

BOX 12.6

Advances in the Targeted Control of Mosquito Vectors of Dengue

Dengue fever and associated dengue hemorraghic fever is the world’s More recently, the work of Focks et al. has led to the development of
fastest growing vector-borne disease and the most important vector-borne predictive computer models that may accurately determine a ‘‘threshold’’
viral disease affecting humans. Dengue is found in nearly one hundred limit for epidemic risk in a particular locale. This relatively inexpensive
tropical countries and is responsible for the loss of over 19,000 lives and model considers local levels of population immunity to various dengue
610,000 disability adjusted life years (DALYs) annually (Lloyd 2003; WHO serotypes, as well as vector densities and ambient temperature, to yield
2004a). a calculation of the threshold number of Aedes pupae (effectively equiva-

In the 1960s, Aedes aegypti eradication campaigns, aimed against the lent to adult numbers) per person per area (Focks et al. 2000) to maintain
urban yellow fever mosquito, which also is the principal dengue-carrying transmission.
vector, succeeded in eliminating the mosquito from most of Latin America. The same authors have also designed inexpensive household surveys
But it has resurfaced in the past three decades, and is currently found that more precisely identify the most productive containers, or breeding
throughout much of the tropics and sub-tropics. Urbanization and popula- sites, containing the highest densities of Ae. aegypti pupae. These are
tion movement are responsible for much of the recent resurgence. The the containers from which significant numbers of adult mosquitoes are
epidemiology and ecology of dengue is complicated by the fact that there likely to emerge. Similar tools, key container and key premise indices,
are four primary serotypes of the disease, some or all of which may be have been developed and tested in Viet Nam (Nam 2003). The develop-
circulating in a particular endemic region at a particular time. When a ment of such models and new indices has paralleled a growing awareness
serotype is introduced to a population with low herd immunity, epidemics that less than 1% of the containers may produce more than 95% of the
may occur when vector densities are relatively low. Among vulnerable adult mosquitoes that trigger disease outbreaks. So once the most pro-
populations, serial exposure to more than one dengue serotype increases, ductive containers are identified, targeted environmental management of
rather than reduces, the risk of severe illness (Halstead 1988). dengue becomes more affordable and feasible. Targeted vector control

Around human settlements, Ae. aegypti mosquitoes breed primarily in also minimizes disruption to other ecosystem services.
artificial water containers, and the mosquito’s life cycle is closely associ- Control strategies may include more community cleanup aimed spe-
ated with human activities. Larval habitats are increasing rapidly with un- cifically at the types of containers most closely associated in the local
planned urbanization and greater amounts of water-retaining waste setting with vector breeding and disease transmission, such as old tires
products that provide a habitat for mosquitoes (Lloyd 2003). Rising global or discarded water drums (Hayes et al. 2003). In addition, biological and
temperatures and humidity may further increase dengue disease inci- targeted chemical methods of control are being used with increased preci-
dence (Hales et al. 2002), as Aedes mosquitoes reproduce more quickly sion. In Viet Nam, for instance, a small crustacean, Mesocyclops (Cope-
and bite more frequently at higher temperatures (Patz et al. 2003). Since poda), which feeds on the newly hatched larvae of Ae. aegypti, has been
there is no curative treatment for dengue, targeted environmental and introduced into household water tanks and water jars in three northern
ecosystem management is all the more relevant. However, in many set- provinces; the intervention is reported to have resulted in eradication or
tings, community cleanup campaigns or space-spray application of insecti- near eradication of Aedes larvae in treated areas (Nam 2003). In Cambo-
cides, using either pyrethroids or organophosphates, have had limited or dia, WHO is testing, together with national and local authorities, a new
only temporary effects on disease incidence. Recently, there has been long-lasting insecticide-impregnated net mesh water tank cover, using the
increasing interest in identifying the most productive mosquito breeding same approach to water containers now commonly used with insecticide-
sites and in better understanding epidemiological knowledge about the treated bednets in malaria control. The cover, fitted over concrete rain-
thresholds below which mosquito densities have to be reduced in order to water storage tanks, is designed both to prevent mosquito breeding in
prevent a severe outbreak. these key containers and to reduce adult vector densities and longevity.
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global health issues. This reflects a growing institutional recogni-
tion that healthier people are more productive, and ill health both
creates and maintains poverty. The result has been several new
interagency initiatives in the environment, health, and develop-
ment arena. These include the WHO Commission on Macroeco-
nomics and Health, and joint WHO and UNEP initiatives
promoting linkages between environment and health in aware-
ness raising, monitoring, and policymaking. The World Health
Organization and the USAID-supported Environmental Health
Project have collaborated with governments and other key inter-
national stakeholders to develop a global strategy for integrated
vector management, along with practical guidelines and training
tools, as an important component of the Roll Back Malaria Cam-
paign. This initiative has already had marked success in bringing
together multiple ministries in several African countries to de-
velop ‘‘national consensus statements’’ on how each agency can
contribute to addressing malaria. There are now also legal re-
quirements that large-scale development projects (particularly
those funded by agencies such as the World Bank or international
development banks) carry out environmental impact assessments
that also include consideration of human health impacts (for ex-
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ample, consideration of the effects of dam construction on vector-
borne disease).

Most importantly, a number of ‘‘bottom-up’’ inter-sectoral
collaborations in developing countries have shown promising re-
sults against several vector-borne diseases. For example, a CGIAR
System-wide Initiative on Malaria and Agriculture is exploring
the links between irrigation practices, livestock practices, and ma-
laria disease transmission and incidence in seven African countries
and settings, using a transdisciplinary ‘‘ecosystems’’ approach.
This approach emphasizes the importance of understanding socio-
economic factors, such as gender issues, substance abuse, and mal-
nutrition, that may contribute to greater disease incidence and
severity. It also stresses participatory methods that involve the
local community as partners in vector and disease control, to-
gether with researchers and policymakers. This is part of a wider
drive towards stakeholder-driven transdisciplinary work under the
Ecosystem Approaches to Human Health initiative at Canada’s
International Development Research Centre (IDRC 2004).

12.7 Analysis and Assessment of the Different
Responses
There is now significant experience from various parts of the
world with integrated ‘‘ecosystems’’ approaches to vector man-
agement and control. These indicate that a more systematic use
of existing scientific knowledge about vector behavior, within an
ecosystems framework, may cost-effectively reduce disease bur-
dens. At the same time, this approach may offer greater protection
to other ecosystems services than has been obtained in the past
from vertical ‘‘campaign-oriented’’ programs.

IVM strategies are promising not because they apply new and
different interventions but because they provide a structure for
selecting and applying the most effective existing intervention,
given local epidemiological and ecological characteristics. This in-
cludes targeting control efforts in space and time, and toward spe-
cific stages of the lifecycle of vectors. There has been an additional
emphasis on more precisely characterizing epidemiological zones.
Geographic information systems can be useful in defining such
zones and the distribution of different vector species, which may
be more or less amenable to specific control interventions. IVM
strategies may still rely quite heavily on the use of insecticides.
These can be applied in ways that have minimal impact on the
wider environment, particularly for diseases with a human-
vector/human-transmission cycle (for example, use of insecticide-
treated bed nets or residual spraying inside houses to control ma-
laria), although focused application is often more difficult when
the transmission cycle includes animal reservoir hosts of infection.
Although these chemicals still may impact on health and environ-
ment, the relatively small amounts used, and accurate targeting,
means that these effects are likely to be much smaller than those
from agricultural application of pesticides. Insecticide resistance is
a threat to the long-term sustainability of chemical interventions,
and needs to be managed. However, there remain very few exam-
ples where it has seriously undermined control programs. While
the limited use of organochloride compounds such as DDT has
also been permitted under the Stockholm Convention for indoor
residual spraying against malaria, a more widespread use of IVM
strategies may help reduce reliance on chemical interventions.

Participatory mechanisms and behavioral tools can be impor-
tant to promoting vector management at the community level,
within an ecosystem framework. It is important, however, to
evaluate the effectiveness of various social responses and ap-
proaches in reducing clinical disease. Behavioral changes are no-
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toriously difficult to sustain. Some challenges are specific to
particular diseases, such as the need to reduce Aedes populations
down to specific, and generally very low, levels in order to have
a significant impact on dengue transmission. Others can be ex-
trapolated more widely. These include difficulties in engendering
interest in community-wide behavioral change; what to do when
noncompliance by individuals puts others at risk; and the prob-
lems in sustaining behavioral change over time, particularly when
the disease transmission threat is relatively low, to prevent re-
emergence of disease threats or invasion from other regions.

Along with better applied use of existing knowledge and tech-
nologies, basic research into radically different approaches may
yield new tools for vector management or control over the long
term. For example, research into the development of transgenic
vectors is a promising new avenue that could potentially allow for
the inexpensive replacement of existing vector populations with
vectors that are incapable of disease transmission. However, time
and financial resources are necessary to overcome various techni-
cal barriers. Secondly, there is an ongoing debate over the wider
ecological and ethical implications of such introductions, as
shown by the controversy over the introduction of genetically
modified foods in some societies. The debate largely reflects dif-
ferent values rather than disputes over the scientific evidence.
Proponents can demonstrate that there is no a priori reason to
expect harmful consequences, while opponents focus on the dif-
ficulty of proving long-term safety or reversing an introduction if
negative effects are detected.

Strategies to reduce infectious disease transmission should ide-
ally be quantified in terms of overall social and economic benefits
to human populations. Outcomes often remain narrowly defined
and success is measured against a small set of indicators. Interven-
tions made through the health sector often are judged primarily in
terms of effectiveness in cutting incidence rates or curing disease
cases—in some cases with associated measures of economic costs.
While these are clearly critical considerations and are also impor-
tant for making comparisons between similar kinds of health sys-
tem interventions, such an assessment tends to downplay the ways
a given health system intervention or policy may impact other
ecosystems services. Thus important ‘‘externalities’’ are often ig-
nored because they are displaced and diffused over time, geo-
graphical settings, and the affected populations, and therefore
difficult to quantify.

At the same time, policy responses that have nothing to do
with health overtly, often have powerful indirect impacts on eco-
system services and infectious disease rates which may also vary in
time and space, and be even more difficult to assess and quantify.
For example, there is clear evidence that aspects of climate regula-
tion and biodiversity are linked to infectious disease transmission.
Policies that impact climate change and biodiversity, either posi-
tively or negatively, will therefore also have an impact ultimately
on disease incidence and health. It is often only possible to assess
those global effects in general terms. Overall, however, policies
promoting sustainable development, by increasing individual and
societal wealth while decreasing inequalities and avoiding degra-
dation of natural resources, can benefit both human and ecosys-
tem health.

Institutional responses are clearly critical in the design of such
integrated policies. Initiatives to build capacity and synergies
across institutional sectors face great challenges, in design, imple-
mentation, and assessment. Inter-sectoral collaborations may yield
the greatest overall benefits to society but are seldom the best
way for individual sectors to demonstrate their performance. For
example, ministries of health may still gain more credit for im-
proving treatment rates for a particular disease than for collabo-
rating with ministries of environment to ensure sustainable
development and protection of natural resources, even if the latter
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approach yields greater overall societal benefits in the long run.
Thus inter-sectoral collaboration on vector-borne disease man-
agement will be achievable only through sustained high levels of
awareness and participation from intergovernmental, governmen-
tal, and donor agencies.
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Main Messages

There is wide recognition that human-induced climate change is a seri-
ous environmental and development issue. The ultimate goal of the United
Nations Framework Convention on Climate Change is ‘‘stabilization of green-
house gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system.’’ Such a level
should be achieved within a ‘‘time frame sufficient to allow ecosystems to
adapt naturally to climate change, to ensure that food production is not threat-
ened, and to enable economic development to proceed in a sustainable man-
ner.’’ The Kyoto Protocol, which entered into force in February 2005, contains
binding limits on greenhouse gas emissions on industrial countries that agreed
to reduce their emissions by an average of about 5% during 2008–2012 rela-
tive to the levels emitted in 1990.

Earth is warming, with most of the warming of the last 50 years attribut-
able to human activities (that is, emissions of greenhouse gases); precip-
itation patterns are changing, and sea level is rising. Human activities have
significantly increased the atmospheric concentrations of numerous green-
house gases since the pre-industrial era, with most gases projected to increase
significantly over the next 100 years (for example, carbon dioxide has in-
creased from about 280 to 370 parts per million, and is projected to increase
to between 540 and 970 parts per million by 2100). The global mean surface
temperature has increased by about 0.6� Celsius over the last 100 years, and
is projected to increase by a further 1.4�–5.8� Celsius by 2100. The spatial
and temporal patterns of precipitation have already changed and are projected
to change even more in the future, with an increasing incidence of floods and
droughts. Sea levels have already risen 10–25 centimeters during the last 100
years and are projected to rise an additional 8–88 centimeters by 2100.

Observed changes in climate have already affected ecological, social,
and economic systems, and the achievement of sustainable development
is threatened by projected changes in climate. The timing of reproduction
of animals and plants and/or migration of animals, the length of the growing
season, species distributions and population sizes, and the frequency of pest
and disease outbreaks have already been affected, especially by increased
regional temperatures. Over the next 100 years, water availability and quality
will decrease in many arid and semiarid regions, with increased risk of floods
and droughts; the incidence of vector and water-borne diseases will increase
in many regions; agricultural productivity will decrease in the tropics and sub-
tropics for almost any amount of warming; and many ecological systems, their
biodiversity, and their goods and services will be adversely impacted.

Adverse consequences of climate change can be reduced by adaptation
measures, but cannot be completely eliminated. Even with best-practice
management it is inevitable that some species will be lost, some ecosystems
irreversibly modified, and some environmental goods and services adversely
affected. These changes will expose human populations to risks of damage
from climate change, some of which may be met with current coping systems;
others may need radically new behaviors. Climate change needs to be factored
into current development plans, lest hard won gains are threatened by new
climatic conditions and the changes in ecosystem services that follow. Suc-
cessful adaptation will require the efforts of many institutions, ranging from
including adaptation in national development planning to supporting community
level responses to coping better with changing conditions. Adaptation activities
range from economic measures such as insurance for extreme events, capac-
ity building for alternative crop cultivation and for managing the impact of sea
level rise, infrastructure and investment for water storage, ground water re-
charge, storm protection, flood mitigation, shoreline stabilization, and erosion
control.
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Based on the current understanding of the climate system, and the re-
sponse of different ecological and socioeconomic systems, if significant
global adverse changes to ecosystems are to be avoided, the best guid-
ance that can currently be given suggests that efforts be made to limit
the increase in global mean surface temperature to less than 2� Celsius
above pre-industrial levels and to limit the rate of change to less than
0.2� Celsius per decade. This will require that the atmospheric concentration
of carbon dioxide be limited to about 450 parts per million and the emissions
of other greenhouse gases stabilized or reduced. In suggesting these targets,
it is recognized that: (1) the adverse effects of climate change on ecosystems
are already apparent, and (2) the threshold from which damage to ecosystems
and critical sectors such as agriculture and water resources is no longer ac-
ceptable cannot be determined precisely. Even the suggested maximum tolera-
ble changes in global mean surface temperature will cause, on average,
adverse consequences in developing countries, suggesting that adaptation will
be required in these countries. All countries with significant emissions would
need to reduce their projected greenhouse gas emissions. Key issues will
include setting intermediate targets and an equitable allocation of emissions
rights that recognizes the principle of common but differentiated responsibilities
that is embodied in the UNFCCC. These long-term targets would be reviewed
from time to time in light of emerging new scientific understanding.

Significant reductions in net greenhouse gas emissions are technically
feasible due to an extensive array of technologies in the energy supply,
energy demand, and waste management sectors, many at little or no cost
to society. Reducing greenhouse gas emissions will require a portfolio of
energy production technologies including fuel switching (coal/oil to gas), in-
creased power plant efficiency, carbon dioxide capture and storage (pre- and
post-combustion), and increased use of renewable energy technologies (bio-
mass, solar, wind, run-of-the-river and large hydropower, geothermal, etc.) and
nuclear power, complemented by more efficient use of energy in the transpor-
tation, buildings, and industry sectors.

Realizing the technical potential to reduce greenhouse gas emissions will
involve the development and implementation of supporting institutions
and policies to overcome barriers to the diffusion of these technologies
into the marketplace, increased public and private sector funding for re-
search and development, and effective technology transfer. Significant re-
structuring of the energy system will require several different types of
responses to converge and consolidate one another. For example, legal and
institutional responses give rise to economic incentives which, in turn, will push
technological initiatives such as renewable energy and energy efficiency

Afforestation, reforestation, improved forest, cropland and rangeland
management, and agroforestry provide a wide range of opportunities to
increase carbon uptake; and slowing deforestation provides an opportu-
nity to reduce emissions. Land use, land-use change, and forestry activities
have the potential to sequester about 100 giga tons of carbon by 2050, which
is equivalent to 10–20% of projected fossil emissions over the same period.
However, the current financial and institutional environment, as well as compet-
ing land uses, makes it possible to deliver only a small part of this potential.
The rules of the Kyoto Protocol further constrain the entry of LULUCF seques-
tration into the compliance system to only about 100 megatons of carbon per
year.

Policies and programs are needed to facilitate the widespread deploy-
ment of climate-friendly energy production and use technologies. These
include: energy pricing strategies, carbon taxes, removing subsidies that in-
crease greenhouse gas emissions, internalizing externalities, domestic and in-
ternational tradable emissions permits, voluntary programs, incentives for use
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of new technologies during market build-up, regulatory programs including
energy-efficiency standards, education and training such as product advisories
and labels, and intensified research and development. These types of policies
are needed for effective penetration of renewable energy technologies and
energy-efficient technologies into the market.

Market mechanisms and incentives can significantly reduce the costs of
mitigation. International project-based and emissions-rights trading mecha-
nisms allowed under the Kyoto Protocol, in combination with national and re-
gional mechanisms, can reduce the costs of mitigation for countries belonging
to the Organization for Economic Cooperation and Development. In addition,
countries can reduce net costs of emissions abatement by taxing emissions
(or auctioning permits) and using the revenues to cut distortion taxes on labor
and capital. In the near term, project-based trading can facilitate the transfer
of climate-friendly technologies to developing countries.

The long-term costs of stabilization of carbon dioxide at 450 parts per
million will have a negligible effect on the growth of global gross domes-
tic product. The cost of stabilization depends on the stabilization level, the
baseline emissions scenario, and the pathway to stabilization. The reduction in
projected GDP increases moderately when passing from a 750 to a 550 parts
per million concentration stabilization level, with a much larger increase in
passing from 550 to 450. The percentage reduction in global average GDP
over the next 100 years for stabilization at 450 parts per million is about 0.02–
0.1% per year, compared to projected annual average GDP growth rates of
2–3% per year.

Irrespective of the de-carbonization pathway eventually followed, some
climate change is inevitable and consequently ecosystems and human
societies will need to adapt to new conditions. The existing elevated green-
house gas levels in the atmosphere are already affecting the climate and
changing biological systems. There will be long time-lags as ecosystems and,
in particular, oceans adjust to these new conditions.

Addressing climate change will require governments, the private sector,
bilateral and multilateral agencies, the Global Environment Facility, non-
governmental organizations, and consumers to play a critical role in miti-
gating, and adapting to, climate change. Different actors have different roles
along the research, development, demonstration, and widespread deployment
value chain and pipeline for climate-friendly technologies. Innovative partner-
ships will be particularly important in technology transfer and financing.

13.1 Introduction
Human-induced climate change is one of the most important en-
vironmental and development issues facing society worldwide as
recognized by the United Nations Framework Convention on
Climate Change. The overwhelming majority of scientific experts
and governments recognize that while scientific uncertainties
exist, there is strong scientific evidence demonstrating that human
activities are changing Earth’s climate and that further human-
induced climate change is inevitable. The main drivers of climate
change are demographic, economic, sociopolitical, technological,
and behavioral choices. These driving forces determine the future
demand for energy and changes in land use which, in turn, affect
emissions of greenhouse gases and aerosol precursors that, in their
turn, cause changes in Earth’s climate. There are several important
anthropogenic greenhouse gases—including carbon dioxide,
methane, nitrous oxide, ozone (changes in tropospheric and
stratospheric ozone have different impacts on Earth’s climate), and
halogenated compounds—but the single most important one is
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carbon dioxide, primarily because of the large emissions resulting
from energy production and use and burning associated with land
use change. Changes in Earth’s climate have and will continue to
adversely affect ecological systems, their biodiversity, and human
well-being.

This chapter follows the basic outline of the MA conceptual
framework (MA 2003). It starts by briefly discussing the drivers
of change, that is, the observed and projected changes in green-
house gas emissions and concentrations and the observed and pro-
jected changes in Earth’s climate. It then discusses the observed
and projected impacts of these drivers on ecological systems, so-
cioeconomic sectors, and human health. This is followed by a
brief discussion of the international and national legal responses to
the challenge of climate change and a discussion of the scale of
response needed to limit damages to ecological systems and
human well-being, suggesting limits to the magnitude and rate of
change of global mean surface temperature and the implications
for greenhouse gas emissions. This is followed by a discussion of
adaptation and mitigation (energy and land use, land use change,
and forestry) options, economic instruments and costs, and insti-
tutional responses.

This chapter has a slightly broader scope than most in the
responses volume. It assesses both the overall potential responses
to the threat of human-induced climate change (net emissions
reductions in both energy and land management) and what re-
sponses have been used or proposed to either enhance the ecosys-
tem’s ability to provide services or to mitigate impacts that
undermine its ability to provide that service (primarily through
net carbon sequestration activities).This chapter also assesses the
impacts on other ecosystem goods and services, for example, bio-
diversity.

The chapter is based extensively on the expert and govern-
ment peer-reviewed comprehensive reports from the Intergov-
ernmental Panel on Climate Change (especially 2000a, 2000b,
2000c, 2001a, 2001b, 2001c, 2001d, 2002). It is also based sub-
stantially on the CBD report on biological diversity and climate
change (CBD 2003) and the World Energy Assessment (WEA
2000). Given the comprehensive nature of the work of the IPCC
and the World Energy Assessment, this chapter highlights their
key conclusions, summarizes recent papers that either support or
refute their conclusions, and provides the reader with a guide for
additional in-depth analysis.

13.1.1 Observed and Projected Greenhouse Gas
Emissions and Concentrations

The atmospheric concentrations of several greenhouse gases,
which tend to warm the atmosphere, have increased substantially
since the pre-industrial era (around 1750) due to human activities
(IPCC 2001a, Chapters 3, 4). For example, carbon dioxide has
increased about 31% (from 280 to 370 parts per million) due to
the combustion of fossil fuels (coal, oil, and gas); industrial proc-
esses, especially cement production; and changes in land use (pre-
dominantly deforestation in the tropics). Methane has more than
doubled (from 750 to 1,750 parts per billion), mainly due to in-
creased number of livestock, rice production, waste disposal, and
leakage from natural gas pipelines. Nitrous oxide has increased by
about 17% (from about 265 to about 312 parts per billion), pri-
marily from agricultural soils, cattle feed lots, and the chemical
industry.

Sulfate aerosol concentrations, which tend to cool the atmo-
sphere, have increased regionally since the pre-industrial era, pri-
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marily due to the combustion of coal. However, since the early
1990s, emissions of sulfur dioxide are decreasing in many regions
of North America and Europe because of stringent regulations.

In the year 2000, developing countries, transition economy
countries, and developed countries emitted 1.6, 1.7, and 3.1 giga-
tons, respectively, of the fossil fuel carbon emissions (about 6.4
gigatons total). Thus per capita energy carbon emissions in devel-
oped countries are about ten times those in developing countries
and about 2.8 times those in transition economy countries (0.4,
1.4, and 3.9 tons, respectively, for developing, transition, and de-
veloped countries) (Holdren 2003). In addition, another 1.6 giga-
tons was emitted as a result of land use changes, almost exclusively
by developing countries in the tropics (IPCC 2001a, Chapters 3,
4; IPCC 2000b). Hence, industrial countries (developed countries
and countries with economies in transition) having about 20% of
the world’s population emitted about 4.8 gigatons of carbon; in
contrast, developing countries having about 80% of the world’s
population emitted about 3.2 gigatons. Historically, over 80% of
anthropogenic emissions of greenhouse gases have emanated from
industrial countries (Holdren 2003).

The quantity of emissions of carbon dioxide depends on the
projected magnitude of energy services as well as the technologies
used to produce and use it. The IPCC (2000a) projected emis-
sions of greenhouse gases from 1990–2100 arising from, inter alia,
energy services as well as biological resources. The demand for
energy services is growing rapidly, particularly in developing
countries, where cost-effective energy is critical for poverty alle-
viation and economic development. Indeed, nearly all of the pop-
ulation growth and most of the energy growth will occur in
developing countries. IPCC projected world population, GDP,
and energy demand under various scenarios. It projected that
world population would increase from 5.3 billion people in 1990
to somewhere between 7 and 15 billion people in 2100, and
world GDP would increase from $21 trillion in 1990 to between
$200 and $550 trillion by 2100. IPCC projected that demand for
primary energy would increase from 351 exajoule per year in
1990, to between 640 and 1,610 exajoule per year by 2050, and
515 to 2,740 exajoule per year by 2100, driven primarily by the
projected increases in world GDP and changes in population.
These projected increases in the demand for primary energy re-
sulted in projected carbon dioxide emissions of 8.5–26.8 gigatons
of carbon per year in 2050, and 3.3–36.8 gigatons in 2100, com-
pared to 6.0 gigatons in 1990, assuming there are no concerted
efforts internationally to protect the climate system. (See Figure
13.1A in Appendix A).

Anthropogenic methane emissions were projected to range
from 359 to 671 megatons per year in 2050, and from 236 to
1,069 megatons in 2100 (compared to 310 megatons in 1990).
Sulfur dioxide emissions were projected to range from 29 to 141
megatons sulfur per year in 2050, and from 11 to 93 in 2100
(compared to 70.9 megatons sulfur in 1990). These projected
emissions for sulfur dioxide are significantly lower than those pro-
jected by IPCC in 1992.

The IPCC scenarios resulted in a broad range of projected
greenhouse gas and aerosol concentrations (IPCC 2001a, Chap-
ters 3, 4). For example, the atmospheric concentration of carbon
dioxide was projected to increase from the current level of about
370 parts per million to between 540 and 970 parts per million
by 2100 (Figure 13.1b), without taking into account the climate-
induced additional releases of carbon dioxide from the biosphere
in a warmer world (IPCC 2001a, Chapter 3; Cox et al. 2000;
Leemans et al. 2002). The atmospheric concentration of methane
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was projected to change from the current level of 1,750 parts per
billion to between 1,600 to 3,750 parts per billion by 2100.

13.1.2 Observed and Projected Changes in Climate

Earth’s climate has warmed, on average, by about 0.6� Celsius,
over the past 100 years, with the decade of the 1990s being the
warmest in the instrumental record (1861 to the present). The
temporal and spatial patterns of precipitation have changed, sea
levels have risen 10 to 25 centimeters, most non-polar glaciers are
retreating, and the extent and thickness of Arctic sea ice in sum-
mer are decreasing (IPCC 2001a, Chapters 2, 4). One contentious
issue is the discrepancy between the recent ground-based and
satellite-based trends in temperature. Work is continuing to re-
solve this issue. Fu et al. (2004) have suggested that the MSU
satellite trends of tropospheric temperatures are an underestimate
due to contamination of the signal by a component from the
lower stratosphere, which has been cooling. In addition, Jin et al.
(2004) have reported, using a different satellite technique
(AVHRR), that there is no significant difference in trends be-
tween ground-based and satellite-based trends over the last 18
years. Most of the observed warming of the past 50 years can be
attributed to human activities, increasing the atmospheric con-
centrations of greenhouse gases and aerosols, rather than changes
in solar radiation or other natural factors (IPCC 2001a, Chapter
12). Changes in sea level, snow cover, ice extent, and precipitation
are consistent with a warmer climate (IPCC 2001a, Chapter 11).

Projected changes in the atmospheric concentrations of green-
house gases and aerosols are projected to result in global mean
surface temperatures increases of 1.4�–5.8� Celsius between 1990
and 2100 (Figure 13.2 in Appendix A), with land areas warming
more than the oceans (IPCC 2001a, Chapter 9). About half of
the range of projected changes in temperature is due to uncertain-
ties in the climate sensitivity factor and about half is due to the
wide range of projected changes in greenhouse gas and aerosol
precursor emissions. Globally average precipitation is projected to
increase, but with increases and decreases in particular regions,
accompanied by more intense precipitation events over most re-
gions of the world; global mean sea level is projected to rise by
between 8 and 88 centimeters between 1990 and 2100 (IPCC
2001a, Chapters 9, 10, 11). The climate is projected to become
more El Niño–like, and the incidence of extreme weather events
is projected to increase, especially hot days, floods, and droughts.

13.1.3 Impacts of Climate Change on Ecological
Systems, Socioeconomic Sectors, and Human
Health

Observed changes in climate, especially warmer regional temper-
atures, have already affected biological systems in many parts of
the world (IPCC 2001b, Chapters 5, 10, 13; IPCC 2002; CBD
2003, Chapter 2). There have been changes in species distribu-
tions, population sizes, the timing of reproduction or migration
events, and an increase in the frequency of pest and disease out-
breaks, especially in forested systems. Many coral reefs have un-
dergone major, although often partially reversible, bleaching
episodes, when sea surface temperatures have increased by 1� Cel-
sius during a single season (IPCC 2001b, Chapters 6, 17), with
extensive mortality occurring with observed increases in tempera-
ture of 3� Celsius.

While the growing season in Europe has lengthened over the
last 30 years, in some regions of Africa the combination of re-
gional climate changes and anthropogenic stresses has led to de-
creased cereal crop production since 1970. Changes in fish
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populations have been linked to large-scale climate oscillations.
For example, El Nino events have impacted fisheries off the coasts
of South America and Africa, and decadal oscillations in the Pa-
cific have impacted fisheries off the west coast of North America
(IPCC 2001b, Chapters 10, 14, 15).

Climate change is projected to further adversely affect key
development challenges including the provision of clean water,
energy services, and food; maintaining a healthy environment;
and conserving ecological systems, their biodiversity, and associ-
ated ecological goods and services—the so-called WEHAB prior-
ities (water, energy, health, agriculture, and biodiversity) discussed
at the World Summit on Sustainable Development at Johannes-
burg in 2002. Water availability and quality is projected to de-
crease in many arid and semi-arid regions, with increased risk of
floods and droughts (IPCC 2001b, Chapter 4); the reliability of
hydropower and biomass production is projected to decrease in
many regions; the incidence of vector-borne (for example, ma-
laria and dengue) and water-borne (for example, cholera) diseases
is projected to increase in many regions and so too is heat/cold
stress mortality and threats of decreased nutrition in others, along
with severe weather-related traumatic injury and death (IPCC
2001b, Chapters 5, 9). Agricultural productivity is projected to
decrease in the tropics and sub-tropics with almost any amount of
warming (IPCC 2001b, Chapters 5, 9), and there are projected
adverse effects on fisheries; and many ecological systems, their
biodiversity, and their goods and services are projected to be ad-
versely affected (IPCC 2001b, Chapters 5, 16, 17, 19).

Changes in climate projected for the twenty-first century will
occur faster than they have in at least the past 10,000 years and,
combined with changes in land use and the spread of exotic/alien
species, are likely to limit both the capability of species to migrate
and the ability of species to persist in fragmented habitats (IPCC
2001b, Chapters 5, 16, 17, 19). Climate change is projected to
exacerbate the loss of biodiversity; increase the risk of extinction
for many species, especially those that are already at risk due to
factors such as low population numbers, restricted or patchy habi-
tats, and limited climatic ranges; change the structure and func-
tioning of ecosystems; and adversely impact ecosystem services
essential for sustainable development.

A recent paper, using the climate envelope/species-area tech-
nique, estimated that the projected changes in climate by 2050
could lead to an eventual extinction of 15–52% of the subset of
1,103 endemic species (mammals, birds, frogs, reptiles, butterflies,
and plants) analyzed (Thomas et al. 2004). As noted, other studies
have shown that these changes are already occurring locally (Root
et al. 2003; van Oene 2001). Some ecosystems, such as coral reefs,
mangroves, high mountain ecosystems, remnant native grasslands,
and ecosystems overlying permafrost, are particularly vulnerable
to climate change. For a given ecosystem, functionally diverse
communities are likely to be better able to adapt to climate
change and climate variability than impoverished ones.

13.1.4 Approaches to Mitigation and Adaptation

Addressing the challenge of climate change will require a broad
range of mitigation and adaptation activities. Mitigation involves
the reduction of net emissions, while adaptation involves mea-
sures to increase the capability to cope with impacts. Greenhouse
gas emissions are highly dependent upon the development path-
way, and approaches to mitigate climate change will be both af-
fected by, and have impacts on, broader socioeconomic policies and
trends, those relating to development, sustainability, and equity.
Lower emissions will require different patterns of energy resource
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development and utilization (trend toward de-carbonization) and
increases in end-use efficiency.

The IPCC (2001c) concluded that significant reductions in
net greenhouse gas emissions are technically feasible due to an
extensive array of technologies in the energy supply, energy de-
mand, and waste management sectors, many at little or no cost to
society. However, realizing these emission reductions involves the
development and implementation of supporting policies to over-
come barriers to the diffusion of these technologies into the mar-
ketplace, increased public and private sector funding for research
and development, and effective technology transfer (North-South
and South-South). In addition, afforestation; reforestation; im-
proved forest, cropland and rangeland management, and agro-
forestry provide a wide range of opportunities to increase carbon
uptake, and slowing deforestation provides an opportunity to re-
duce emissions (IPCC 2000a; CBD 2003, Chapter 4).

Irrespective of the de-carbonization pathway eventually fol-
lowed, some climate change is inevitable. The existing elevated
greenhouse gas levels in the atmosphere are already affecting cli-
mate and changing biological systems. There will be long time-
lags as ecosystems and, in particular, oceans adjust to these new
conditions. These changes will expose human populations to risks
of damage from climate change, some of which may be met with
current coping systems.

Adaptation to climate change needs to be factored into current
development plans and coordinated with strategies for hazard
management and poverty reduction, lest hard won development
gains be threatened by new climatic conditions and the changes
in ecosystem services that follow.

Adaptation is becoming an increasingly important issue in the
international negotiations on climate change. The burden of ad-
aptation will fall most heavily on developing nations. Many are in
regions that are most affected by additional flooding, by reduced
crop yields in tropical regions, or by increased rainfall variability
in marginal agricultural zones. As developing nations, they have
the least resources to commit to adaptive actions and policies. The
core issues are to identify the impacts of climate change, to devise
responses from the community level to national planning, and to
determine how the necessary responses should be funded. Clearly,
adaptation measures need to be an integral part of any national
program or action plan for combating climate change. Implemen-
tation of such a plan would be beneficial for all, especially the
most vulnerable. Further, the International Institute for Sustain-
able Development (2003) suggests that coordinated strategies for
disaster management, climate change, environmental manage-
ment, and poverty reduction can reduce the burden to adapt.

13.2 Legal Response

13.2.1 UNFCCC and the Kyoto Protocol

The long-term challenge is to meet the goal of UNFCCC Article
2, that is, ‘‘stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropo-
genic interference with the climate system, and in a time frame
sufficient to allow ecosystems to adapt naturally to climate
change, to ensure that food production is not threatened, and to
enable economic development to proceed in a sustainable man-
ner.’’ The UNFCCC also specifies several principles to guide this
process: equity, common but differentiated responsibilities, pre-
caution, cost-effective measures, right to sustainable develop-
ment, and support for an open economic system (Article 3).
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The most comprehensive attempt to negotiate binding limits
on greenhouse gas emissions is contained in the 1997 Kyoto Pro-
tocol, an agreement forged in a meeting of more than 160 na-
tions, in which most developed countries (Annex 1 countries, in
the Kyoto terminology) agreed to reduce their emissions by an
average of about 5% between 2008 and 2012 relative to the levels
emitted in 1990. In line with agreed differentiated responsibilities,
the targets of the industrialized countries vary from an 8% reduc-
tion to a 10% increase. The Kyoto Protocol contains a number of
core elements: these include a set of compliance rules; LULUCF
activities; and flexibility mechanisms, for example, Joint Imple-
mentation for trading between developed nations and the Clean
Development Mechanism for trading between developed and de-
veloping nations.

The implementation of the Kyoto Protocol provides both
challenges and opportunities. A strong enabling context at the
national and international level will be required to implement en-
vironmentally sound and socially equitable JI and CDM projects.
Also, there is the potential for synergies between mitigation and
adaptation activities in LULUCF, which would provide signifi-
cant sustainable development benefits.

The Kyoto Protocol entered into force when at least 55 coun-
tries that were collectively responsible for at least 55% of Annex
1 emissions had ratified the Protocol. This occurred in February
2005 after ratification by the Russian Federation. The United
States and Australia are the only major industrialized countries not
to have ratified.

Provision is made within the Kyoto Protocol for parties to act
jointly in achieving their emission reduction targets. The Euro-
pean Union formed such an agreement; often called the ‘‘EU
bubble.’’ Their target is for the EU as a whole to achieve an 8%
reduction in emissions over their 1990 baseline. However,
through an internal redistribution of responsibilities some mem-
ber states have committed themselves to reducing their emissions
by up to 28% while others will limit their increase in emissions to
27%. Europe has recently set up an emissions trading system that
is legally independent of, but linked to, the Kyoto Protocol to
assist sectors that are major emitters to achieve emission reduc-
tions.

13.2.2 Actions outside the Kyoto Protocol Aimed at
Emission Reductions

The United States and Australia have stated that they do not in-
tend to ratify the Kyoto Protocol. Nevertheless, they have policies
and activities in place to meet obligations consistent with the
UNFCCC. The United States has set a national goal to reduce its
greenhouse gas intensity (measured as the ratio of greenhouse
gases emitted per real GDP) by 18% by 2012 (Abraham 2004),
while Australia has stated that it will achieve emission reductions
equivalent to the target set in 1997 at Kyoto (Kemp 2004). Both
countries have programs of policy measures including financial
incentives, voluntary programs, and research priorities to reduce
greenhouse gas emissions. Both are involved, along with numer-
ous other countries, in a number of strategic research partnerships,
for example, the hydrogen economy, carbon capture and storage,
and global observations.

As reported in early 2004, 28 states within the United States
as well as Puerto Rico have developed or are developing strategies
or action plans to reduce net greenhouse gas emissions. These
states have enacted legislation requiring utilities to increase their
use of renewable energy sources such as wind power or biomass
in generating a portion of their overall electricity or they have
provided incentives for other clean technologies. Several states
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have set numeric goals for reducing emissions to mitigate climate
change. The New England states have joined with eastern Cana-
dian provinces in a goal of reducing greenhouse gas emissions to
1990 levels by 2010 and then another 10% lower by 2020 (Anon.
2004a). There have been similar moves at state level in Australia.

Some developing countries, such as India (Parikh 2004) and
China, have also responded with policies and measures to reduce
greenhouse gas emissions, often to achieve progress toward sus-
tainable development. India has implemented measures to in-
crease energy efficiency and conservation and to incorporate the
use of renewable energy sources, especially as part of its rural elec-
trification programs. In the late 1990s, China partly decoupled its
growth in GDP from greenhouse gas emissions through, inter
alia, changes in energy policies and through industrial transforma-
tion, that is, closing inefficient and polluting small- and medium-
sized enterprises (Streets et al. 2001). However, more recent data
indicate that China’s emissions are again rising although its energy
intensity continues to decline (Anon. 2004b). The challenge fac-
ing China is to achieve high effectiveness in the use of fossil fuels
during a prolonged period of economic expansion. Climate poli-
cies, as is discussed below, also help contain air pollution, and lead
to health benefits and efficient resource utilization, including that
of financial resources.

13.2.3 Related Conventions

Strong scientific and policy interlinkages exist between the
UNFCCC, the Convention on Biological Diversity, and the
Convention to Combat Desertification. The three objectives of
the CBD are the conservation, sustainable use, and equitable shar-
ing of the benefits of biodiversity. Given that climate change dis-
rupts ecosystems and their biodiversity and, in turn, changes in
ecosystems can affect climate change through changes in biogeo-
chemical cycling and surface albedo, identifying, developing, and
implementing technologies and policies (activities) that have mu-
tually positive effects is critical, while avoiding activities that posi-
tively impact on one issue but adversely affect the other. The
Conference of Parties to the CBD first requested the IPCC to
prepare a Technical Paper on Climate Change and Biodiversity
(IPCC 2002) and then through its Subsidiary Body on Scientific,
Technical, and Technological Advice established an ad hoc tech-
nical expert group on biological diversity and climate change
(CBD 2003) to assess the scientific and policy interlinkages among
the two issues. LULUCF activities, which play a particularly im-
portant role in both conventions, when used to sequester carbon
dioxide, can have positive, neutral, or negative effects on biodiv-
ersity. LULUCF activities are directly amenable to the ecosystem
approach adopted by the CBD, which is a strategy for integrated
adaptive management of land, water, and living resources. It is
important to note that energy technologies that have lower
greenhouse gas emissions relative to fossil fuels can, in some in-
stances, have negative effects on biodiversity.

13.3 Scale of Response Needed
Defining ‘‘dangerous’’ anthropogenic interference with the cli-
mate system (Article 2 of the UNFCCC) is not a simple task
because the vulnerability of sectors, countries, and individuals to
climate change varies significantly. As defined by IPCC, vulnera-
bility includes the capacity of communities to adapt to climate
change. One sector or group of individuals may possibly benefit
from human-induced climate change, whereas another sector or
group of individuals may be adversely affected. Most people and
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most sectors are adversely affected by climate change in the trop-
ics, sub-tropics, and low-lying coastal areas, whereas in mid- and
high-latitudes cold-related deaths may decrease and agricultural
productivity may increase with small increases in temperature.
The question is whether the most sensitive sectors and individuals
should be protected or whether the average sector or individual
should be protected. Therefore, defining dangerous anthropo-
genic interference with the climate system involves a value judg-
ment determined not solely through science but invoking a
sociopolitical process informed by technical and socioeconomic
information.

13.3.1 Ecological Justification for Setting Targets
for Limiting the Rate of Change of Climate and
Absolute Climate Change

It is well recognized that: (1) scientific uncertainties exist in link-
ing greenhouse gas emissions to regional changes in climate, and
in linking changes in regional climate to sector-specific impacts;
(2) there are significant variations in the responses of socioeco-
nomic and ecological sectors to changes in climate in different
parts of the world; and (3) defining what constitutes dangerous
anthropogenic perturbation to the climate system as referred to in
Article 2 of the UNFCCC is a value judgment determined
through sociopolitical processes. However, enough is known to
set a target for a ‘‘maximum tolerable’’ change in global mean
surface temperature and the rate of change in global mean surface
temperature if significant changes in ecological systems and their
biodiversity and goods and services are to be avoided as mandated
under the Convention and damages to socioeconomic systems
and human health are to be limited in developing countries.

There are a number of cogent arguments in favor of setting a
target (Pershing and Tudela 2003), including:
• providing a firm goal for current and future climate efforts,
• increasing awareness of the long-term consequences of our

actions,
• calibrating short-term measures and measuring progress,
• inducing technological change,
• limiting future risks from climate change,
• mobilizing societies to understand the adverse consequences

of climate change and to change their consumption patterns,
and

• promoting global participation.
However, even if there is agreement that a long-term target is

useful and politically feasible there is a debate as to whether the
targets should be based on: utilization of specific technologies;
emissions of greenhouse gases; greenhouse gas concentrations;
global mean surface temperature and/or the rate of change of
global mean surface temperature; or impacts on socioeconomic
systems, ecological systems, or human health, or a combination of
some or all of the above.

This assessment suggests that if decision-makers want to pro-
tect unique and threatened species and limit, although not avoid,
the threats to development in developing countries, a ‘‘tempera-
ture derived’’ greenhouse gas concentration target, consistent
with the approach taken in Article 2 of the Convention, that is,
stabilization of the atmospheric concentration of greenhouse
gases, can be established. Based on the current understanding of
the climate system and how ecological and socioeconomic sectors
respond to changes in regional climate, it can be argued that the
maximum tolerable increase in global mean surface temperature
should be about 2� Celsius above the pre-industrial level and that
the rate of change should not exceed 0.2� Celsius per decade (Vel-
linga and Swart 1991; Smith et al. 2001). This would require that
the atmospheric concentration of carbon dioxide be limited to
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about 450 parts per million and the atmospheric concentrations of
other greenhouse gases stabilized at near current levels or lower.

This judgment is based on the conclusions of the IPCC ‘‘rea-
sons for concern’’ (IPCC 2001b; Smith et al. 2001). Figure 13.2
in Appendix A shows the impact of changes in global mean sur-
face temperature relative to 1990 (already 0.6� Celsius warmer
than pre-industrial levels); it highlights that even an increase of
about 2� Celsius above pre-industrial levels in global mean surface
temperature would:
• pose a risk to many unique and threatened ecological systems

and lead to the extinction of numerous species;
• lead to a significant increase in extreme climatic events and

adversely impact agriculture in the tropics and sub-tropics,
water resources in countries that are already water scarce or
stressed, and human health and property;

• represent a transition between the negative effects of climate
change being in only some regions of the world to being neg-
ative in most regions of the world. For example, below about
2� Celsius, agricultural productivity is projected to be ad-
versely impacted in the tropics and sub-tropics, but benefi-
cially impacted in most temperate and high latitude regions,
whereas a warming of greater than 2� Celsius is projected to
adversely impact agricultural productivity not only in the
tropics and sub-tropics, but also in many temperate regions;
and

• result in both positive and negative economic impacts, but
with the majority of people being adversely affected, that is,
predominantly negative economic effects in developing coun-
tries.
Limiting the global mean surface temperature increase to

about 2�C above the pre-industrial level would result in a low
probability of large-scale, high-impact events materializing, for
example, the collapse of the major ice sheets or a significant
change in ocean circulation.

Even changes in global mean surface temperature of 2� Celsius
above the pre-industrial level and rates of change of 0.2� Celsius
per decade will result in adverse consequences for many ecologi-
cal systems. Hence many ecologists would argue for a more strin-
gent target (Swart et al. 1998). Hare (2003) applied the ‘‘reason
for concern’’ approach to local and regional vulnerabilities and
emphasized stricter targets. Leemans and Eickhout (2004) ana-
lyzed the regional and global impacts of different levels of climate
change on ecosystems and reported that an increase in global
mean surface temperatures of between 1� and 2� Celsius would
impact most species, ecosystems, and landscapes, and adaptive ca-
pacity would become limited.

The suggested target of 2� C above pre-industrial levels is con-
sistent with the limit recommended by the German Advisory
Council on Global Change, and is also consistent with the ‘‘safe
corridors analysis.’’ However, even the suggested maximum toler-
able changes in global mean surface temperature will cause, on
average, adverse consequences to the majority of inhabitants, es-
pecially in developing countries, with respect to food, water,
human health, and livelihoods (Alcamo 1996; Toth 2003; IPCC
2001b). This suggests that adaptation assistance would be required
for poor developing countries, where adverse effects would be
concentrated.

Mastrandrea and Schneider (2004) reported a probabilistic as-
sessment of what constitutes ‘‘dangerous’’ climate change by map-
ping a metric for this concept, based on the IPCC assessment of
climate impacts (the five ‘‘reasons for concern,’’ Figure 13.2),
onto probability distributions of future climate change produced
from uncertainty in climate sensitivity, climate damages, and dis-
count rate. They deduced that optimal climate policy controls
could reduce the probability of dangerous anthropogenic interfer-
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ence from approximately 45% under minimal controls to near
zero.

It should be noted that a precautionary approach to protecting
ecosystems and their goods and services would recognize that
some impacts of anthropogenic climate change may be slow to
become apparent because of inertia within the system, and some
could be irreversible, if climate change is not limited in both rate
and magnitude before associated thresholds, whose positions may
be poorly known, are crossed (IPCC 2002; CBD 2003). For ex-
ample, ecosystems dominated by long-lived species (for example,
long-lived trees) will often be slow to show evidence of change.
Higher rates of warming and the compounding effects of multiple
stresses increase the likelihood of crossing a threshold.

13.3.2 Pathways and Stabilization Levels for
Greenhouse Gas Concentrations

As noted, limiting the absolute global mean surface temperature
increase to about 2� Celsius above pre-industrial levels and the
rate of change to 0.2� Celsius per decade will require the atmo-
spheric concentration of carbon dioxide to be limited to about
450 parts per million or lower (Table 13.1) and the atmospheric
concentrations of other greenhouse gases stabilized at near current
levels or lower, depending upon the value of the climate sensitiv-
ity factor (IPCC 2001a, d). A stabilization level of 450 parts per
million of carbon dioxide corresponds to a stabilization level of
about 550 parts per million carbon dioxide equivalent concentra-
tion, which includes the projected changes in the non-carbon
dioxide greenhouse gases.

To stabilize carbon dioxide at 450 parts per million, a range of
possible pathways could be used. Global emissions would have to
peak between 2005 and 2015 and then be reduced below current
emissions before 2040. In contrast, to stabilize carbon dioxide at
550 parts per million, global emissions would have to peak be-
tween 2020 and 2040 and then be reduced below current emis-
sions between 2030 and 2100. A stabilization level of 450 parts
per million of carbon dioxide would mean that global carbon
dioxide emissions in 2015 and 2050, respectively, would have to
be limited to about 9.5 (7–12) and 5.0 (3–7) gigatons of carbon
per year, compared to emissions in the year 2000 of about 7.5
gigatons (energy and land use change).

Note, however, that different models used in IPCC (2001a)
suggest that the 2015 emissions might need to be as low as 7
gigatons of carbon per year or could be as high as 12 gigatons.
The large range is due to differences among the carbon models
and the assumed subsequent rate of decreases in emissions—the

Table 13.1. Pathways to Stabilize the Atmospheric Concentration of Carbon Dioxide and Implications for Changes in Global Mean
Surface Temperature. These temperature changes are relative to 1990. Therefore, an additional 0.6� C would have to be added to these
numbers to be relative to pre-industrial levels. These calculations include not only changes in carbon dioxide but also increases in non-carbon
dioxide greenhouse gases, assuming they follow the SRES A1B scenario until 2100 and are constant thereafter.

Date for Global Date for Global Emissions to Temperature Change Equilibrium
Stabilization Level Emissions Peak Fall below Current Levels by 2100 Temperature Change

(parts per million) (degrees Celsius)

450 2005–2015 before 2040 1.2–2.3 (1.8) 1.5–3.9 (2.7)

550 2020–2030 2030–2100 1.7–2.8 (2.3) 2.0–5.1 (3.4)

650 2030–2045 2055–2145 1.8–3.2 (2.7) 2.4–6.1 (4.1)

750 2050–2060 2080–2180 1.9–3.4 (2.7) 2.8–7.0 (4.6)

1000 2065–2090 2135–2270 2.0–3.5 (2.8) 3.5–8.7 (5.8)
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higher the emissions are between now and 2015, the more drastic
future reductions will be needed to stabilize at 450 parts per mil-
lion. Similarly, the different models also suggest that in 2050 emis-
sions might need to be as low as 3 gigatons or could be as high as
7 gigatons of carbon per year. To stabilize the atmospheric con-
centrations of carbon dioxide will require that emissions will
eventually have to be reduced to only a small fraction of current
emissions, that is, to less than 5–10% of current emissions, or less
than 0.3–0.6 gigatons of carbon per year. Natural land and ocean
sinks are small, that is, less than 0.2 gigatons per year (IPCC
2001a).

Even limiting the atmospheric concentration of carbon diox-
ide to 450 parts per million may not limit the increase in global
mean surface temperature to 2� Celsius above pre-industrial or
the rate of change to 0.2� Celsius per decade unless the climate
sensitivity factor is toward the lower end of the range. The range
of projected temperature changes shown in Table 13.1 for each
stabilization level is due to the different climate sensitivity factors
of the models (the climate sensitivity factor is the projected
change in temperature at equilibrium when the atmospheric con-
centration of carbon dioxide is doubled—it ranges from 1.7� to
4.2� Celsius in Table 13.1). The uncertainty in the climate sensi-
tivity factor is largely due to uncertainties in a quantitative under-
standing of the roles of water vapor, clouds, and aerosols.

Consequently, the projected changes in temperature are very
sensitive to the assumed value of the climate sensitivity factor; for
example, the projected change in temperature for a stabilization
level of 450 parts per million and a high temperature sensitivity
factor is comparable to stabilization at 1,000 parts per million with
a low climate sensitivity factor. As stated earlier, if changes in the
other greenhouse gases are taken into account, in 2000 it would
be approximately equivalent to assuming an additional 90–100
parts per million of carbon dioxide (Prather 2004), that is, while
the actual atmospheric concentration of carbon dioxide has in-
creased from about 280 parts per million in the pre-industrial era
to about 367 in 2000, the increase in the other greenhouse gases
is equivalent to another 90–100 parts per million (this ignores the
effects of aerosols).

IPCC commissioned a Special Report on Emission Scenarios
(IPCC 2000a), which projected a range of plausible emissions of
greenhouse gases and aerosol precursors up to 2100 under various
assumptions of population, GDP growth, technological change,
and governance structures. The lowest IPCC SRES scenario,
which resulted in a projected increase in global mean surface tem-
perature of 1.4� Celsius between 1990 and 2100, would eventu-
ally allow stabilization of carbon dioxide at about 550 parts per
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million, but none of the SRES scenarios would allow stabilization
of carbon dioxide at 450 parts per million. The lowest IPCC
SRES scenario could be accomplished without concerted global
action to reduce greenhouse gas emissions, but only if the global
population peaks near 2050 and declines thereafter; if economic
growth is accompanied by the rapid introduction of less carbon-
intense and more efficient technologies; and if there is an empha-
sis on global ‘‘sustainable and equitable solutions.’’ This will not
materialize with a business-as-usual attitude; it will require gov-
ernments and the private sector worldwide to form a common
vision of an equitable and sustainable world, new and innovative
public-private partnerships, the development of less carbon inten-
sive technologies, and an appropriate policy environment. Stabili-
zation at or below 550 parts per million would require a
significant change in the way energy is currently produced and
consumed. IPCC concluded that known technological options
could achieve a broad range of atmospheric carbon dioxide stabi-
lization levels, such as 550 or 450 parts per million, over the next
100 years or more, but implementation would require associated
socioeconomic and institutional changes.

While the four IPCC SRES scenarios were ‘‘non-climate in-
tervention’’ scenarios, the lowest scenarios contained many of the
features required to limit human-induced climate change, that is,
a significant transition to non-fossil fuel technologies and energy
efficient technologies.

13.3.3 Implications of Greenhouse Gas Emissions

Setting a stabilization target imposes some critical issues associated
with equitable burden sharing and implications for economic de-
velopment and human well-being.

13.3.3.1 Regional Implications of Stabilizing Greenhouse Gases

As noted earlier, even the lowest stabilization levels of carbon
dioxide are projected to lead to significant changes in the magni-
tude and rate of change of temperature, thus threatening ecosys-
tems, their biodiversity, and goods and services. Hence, even at
the lowest stabilization levels of greenhouse gas concentrations,
adaptation measures will be needed (IPCC 2001b; IPCC 2001d).

Stabilization of carbon dioxide at 450 parts per million is pro-
jected to lead to a change in global mean surface temperature of
1.2�–2.3� Celsius by 2100 and 1.5�–3.9� Celsius at equilibrium.
Stabilization of carbon dioxide at 550 parts per million is pro-
jected to lead to a change in global mean surface temperature of
1.7�–2.8� Celsius by 2100 and 2.0�–5.1� Celsius at equilibrium.
(The time required to reach equilibrium depends on the pathway
to stabilization and on the stabilization level; for 450 parts per
million, it is within a couple of hundred years, and for 550 parts
per million, it would likely take an additional hundred years or
so.)

One weakness is that presenting projected changes in the
global mean surface temperature hides the different changes lati-
tudinally and between land and ocean (IPCC 2001a, Chapter 10).
General circulation models show that: (1) the high latitudes are
projected to warm much more than the tropics and sub-tropics,
and land areas are projected to warm more than the oceans; and
(2) the high latitudes and tropics will tend to become wetter and
most of the sub-tropics drier (IPCC 2001a, Chapter 10). There-
fore, to quantitatively understand the implications of different sta-
bilization levels of greenhouse gas concentrations on ecosystems
and their biodiversity and goods and services, changes in mean
temperature and precipitation, as well as changes in the variability
of temperature and precipitation, and the incidence of extreme
events, are needed at the regional and sub-regional scale, which
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requires the use of regional-scale climate models. Figure 13.2
allows for these regional differences. For marine systems, an un-
derstanding of changes in sea level is also required.

13.3.3.2 Burden Sharing/Equity Considerations

A key issue that will have to be addressed with long-term targets
is the equitable allocation of emissions rights (Ashton and Wang
2003). In deciding what is equitable, a number of factors need to
be considered: Responsibility—should those that caused the prob-
lem be responsible for mitigating the problem? Entitlements—
should all humans enjoy equal entitlements to a global public
good? Capacity—should those that have the greatest capacity to
act bear the greatest burden? Basic needs—should strong nations
assist poor nations to meet their basic needs? Comparability of
effort—should the ease/difficulty of meeting a target be taken into
account? Future generations—what is the responsibility of the cur-
rent generation for future generations?

There are a series of options, each with their own political
difficulties, including:
• in proportion to current emissions, that is, grandfathering—

unlikely to be acceptable to developing countries because of
their low current per capita emissions, and in many cases low
total emissions;

• in proportion to current GDP—again, unlikely to be acceptable
to developing countries given their current low GDPs;

• current per capita emissions rights—unlikely to be acceptable to
developed countries given their current high per capita emis-
sions; and

• transition from grandfathering to per capita emissions. Numerous
transition schemes have been proposed, including contraction
and conversion (Meyer 2000); taking into account historic
emissions, for example, the Brazilian Proposal (IISD 2003);
taking into account basic needs; and taking into account na-
tional circumstances, for example, ability to pay (Jacoby et al.
1999).
Negotiators could develop an allocation scheme using any one

or combination of these options (submissions by Norway in 1996,
by Australia in 1997, and by Iceland in 1997 to the Ad Hoc Group
to the Berlin Mandate). Claussen and McNeilly (1998) proposed
dividing countries into three categories based on three criteria:
responsibility (that is, historical and current total emissions, per cap-
ita emissions, and projected emissions), standard of living (that is,
GDP per capita), and opportunity (that is, related to energy inten-
sity of the economy).

As noted, a number of different allocations schemes have been
suggested. One approach that is receiving significant attention,
and is endorsed by the German Advisory Council on Global
Change, is some form of contraction and convergence whereby
total global emissions are reduced (that is, contraction) to meet a
specific agreed target, and the per capita emissions of industrial-
ized and the developing countries converge over a suitably long
time period, with the rate and magnitude of contraction and con-
vergence being determined through the UNFCCC negotiating
process. ‘‘Contraction and Convergence’’* is a science-based
global climate-policy framework proposed by the Global Com-
mons Institute with the objective of realizing ‘‘safe’’ and stable
greenhouse gas concentrations in the atmosphere; a ‘‘safe’’ level is
defined as one that avoids dangerous anthropogenic perturbation

*For further information, see http://www.gci.org.uk; http://www
.gci.org.uk/model/dl.html; http://www.feasta.org; http://www.gci
.org.uk/images/CC_Demo(pc).exe; http://www.gci.org.uk/images/
C&C_Bubbles.pdf.
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to the climate system as defined in Article II of the UNFCCC
and is to be determined through a sociopolitical process, for ex-
ample, the UNFCCC. The Global Commons Institute applies
principles of precaution and equity—principles identified as im-
portant in the UNFCCC but not defined—to provide the formal
calculating basis of the contraction and convergence framework,
which proposes:
• a full-term contraction budget for global emissions consistent

with stabilizing atmospheric concentrations of greenhouse
gases at a pre-agreed concentration maximum deemed to be
‘‘safe’’ using IPCC WG1 carbon cycle modeling;

• the international sharing of this budget as ‘‘entitlements’’ re-
sults from a negotiable rate of linear convergence to equal
shares per person globally by an agreed date within the time-
line of the full-term contraction/concentration agreement;

• negotiations for this within the UNFCCC could occur princi-
pally between regions of the world, leaving negotiations be-
tween countries primarily within their respective regions,
such as the European Union, the Africa Union, the United
States, etc., comparable to the current EU bubble.

• the interregional, international, and intra-national tradability
of these entitlements should be encouraged to reduce costs;
and

• as scientific understanding of the relationship between an
emissions-free economy and concentrations develops, so con-
traction/conversion rates can evolve under periodic revision.
Another proposal, the ‘‘Brazilian Proposal,’’ takes a different

approach to the Kyoto Protocol. The Kyoto Protocol allocates
emissions rights among parties for a particular time period. The
Brazilian Proposal, which originally addressed only Annex 1
countries, could provide a framework for burden sharing among
all countries, that is, Annex 1 and non-Annex 1 countries. It pro-
poses that the criterion for the burden sharing should be measured
by the country’s contribution to the increase in global mean sur-
face temperature since the emissions in a particular year do not
reflect the true contribution of a country to global climate
change, which is related to the cumulative emissions of green-
house gases. The proposal by Brazil aims at sharing equally the
burden of mitigation, accounting for the past contribution to
global warming, that is, the cumulative historical emissions. The
framework can be used to take account of all greenhouse gases,
from all sources.

Deciding which allocation scheme is appropriate will have to
result from negotiations involving all countries.

13.4 Adaptation to Climate Change
As described above, impacts of climate change are already being
felt in some circumstances and the lag times in the global climate
system mean that no mitigation effort, however rigorous, is going
to prevent further climate change from happening. Thus adapta-
tion is an essential component of our response to climate change.
Adaptation in this context refers to any adjustment in natural or
human systems taking place in response to actual or expected im-
pacts of climate change, intended either to moderate harm or to
exploit beneficial opportunities (IPCC 2001b).

13.4.1 Ecosystem Goods and Services

Climate change will affect the capacity of ecosystems to provide
goods and services. Some changes in ecosystems in response to
climate change are already being observed in that the timing of
animal migratory patterns, plant phenology, and species ranges are
changing in a manner consistent with observed climate change
(IPCC 2001b, Chapter 5; Root et al. 2003).

PAGE 383

Over the next few decades increasing losses of species from
ecosystems are expected. Many of these losses will result from
pressures that do not necessarily involve climate change, such as
changes in land use and land cover or from the introduction of
new species. However, some will be the result of climate-related
pressures such as changes in disturbance frequency (for example,
fires), or combinations of pressures, such as temperature rises and
increasing nutrient and silt deposition leading to bleaching dam-
age in coral reefs. Losses or reductions in populations of species
will lead to significant reorganization within ecosystems and make
them more vulnerable to invasion by species from neighboring
regions or species exotic to the region. All of these processes have
the potential to affect the delivery of ecosystem goods and ser-
vices.

In intensively managed ecosystems such as farming lands, the
options to adapt to these changes are relatively straightforward,
although they may be financially and socially costly. For small
changes, altering planting times or moving to new varieties of
crops or livestock may be sufficient. Larger changes may require
wholesale changes in farming systems such as new crops or live-
stock management systems or major changes in land use (for ex-
ample, from farming to grazing lands). Where local populations
have limited access to finance or new resources, the impacts on
livelihoods are likely to be significant.

In less intensively managed ecosystems, decisions will have to
be made whether to try to minimize changes in composition and
functioning of the ecosystem, or to facilitate the change so as to
maintain a supply of goods and services, albeit a potentially differ-
ent set of goods and services from the original ecosystem. Reduc-
ing the direct drivers of change may minimize changes. These
include reducing disturbances such as fires or clearing, controlling
invasive species, and reducing harvesting of species most under
stress. There have been few attempts to facilitate changes on eco-
systems in response to climate change. The most common re-
sponse is the wholesale replacement of an ecosystem after a
disturbance such as a fire or prolonged drought. Damaged forests
are often cleared and converted to agriculture or tree cropping.
Drought-affected and overgrazed pasture lands are often aban-
doned or maintained in a degraded state by inappropriate grazing
and other uses.

One of the great challenges will be to devise ways of managing
change in these less intensively managed ecosystems. An impor-
tant determinant of success will be information about the likely
trends in climate as land managers already have coping strategies
for a variable climate that can often be modified to help manage
climate change. Another determinant will be the provision of re-
sources and finance to make changes in management as they be-
come necessary. There are opportunities for synergistic activities
that combine adaptive actions with mitigation. For example, the
restoration of degraded lands with shrubs may create a fodder re-
serve while it, at the same time, increases carbon storage in the
woody material above and below ground. A challenge here is to
mobilize financial resources to facilitate these actions (see discus-
sion below).

Lands set aside primarily for the conservation of biodiversity
pose their own special challenges. An important step in adapting
to climate change is the appropriate design of the reserve system.
(See Chapter 5.) Conservation areas should be designed to take
into account the expected long-term shifts in the distribution of
plants and animals (essentially pole-wards and upwards), although
this has to be planned in detail for each conservation system. An-
other action is to protect reserves from disturbances or sequences
of disturbances, such as drought damage followed by fire, that are
likely to hasten species losses and invasions.
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Ultimately the conservation priorities of each reserve need to
be carefully considered. If the primary goal is to protect certain
species, management may be directed at resisting change. In some
cases, deliberate introduction of threatened species may be con-
sidered. If the primary goal is the maintenance of ecosystems
functioning in a relatively pristine (that is, free of human interfer-
ence) state, then the primary management goal is to restrict that
interference especially through disturbances entering from outside
and species invasions. Most conservation areas have multiple
goals, including recreation and the protection of scenic values.
Management plans are an essential tool for sound conservation
management; a strategy for climate change should be part of such
plans.

The management of biodiversity outside of formal reserve sys-
tems is likely to become increasingly important under climate
change. Successful dispersal of the gene pools of local species will
increase the likelihood of disturbed areas being re-colonized by
local species best adapted to the new conditions rather than exotic
invasive species. Successful dispersal is usually sensitive to the ma-
trix of landscapes that surround areas managed for conservation
priorities. Patches of remnant vegetation, or even appropriate ex-
otic species, may facilitate the movement of dispersal agents such
as birds.

13.4.2 Human Societies

Impacts of climate change on human societies will be superim-
posed on the existing vulnerabilities to climate- and non-climate-
related stresses. They will vary greatly depending on people’s ex-
posure to climate change and their ability to adapt to or cope
with the impacts of climate change. Many of the actions taken by
individuals, communities, and institutions in response to climate
change will not require external intervention. Such autonomous
actions are typically triggered by changes in weather patterns that
result in shifting market signals or welfare changes (such as
changes in the prices of crops and in the occurrence of diseases).
They take place irrespective of any broader plan or policy-based
decisions. Examples of autonomous actions include changes in
farming practices, the purchase of air-conditioning devices, insur-
ance policies taken out by individuals and companies, and changes
in recreational and tourist behavior.

Natural systems also undergo autonomous changes in response
to changing conditions in their immediate environment. As tem-
peratures increase and sea level rises, species migrate to higher
latitudes and altitudes, and coastal wetlands re-establish on higher
ground. However, in many places, human activities have reduced
the potential of natural systems to adapt in this way, with settle-
ments and other infrastructure forming barriers to the migration
of species. For example, coastal protection works could block the
landward migration of wetlands, causing the wetlands to be
squeezed between a rising sea level and immobile infrastructure.

It is unlikely that autonomous adaptation to climate change
by nature and human society will suffice to reduce the potential
impacts of climate change to an acceptable level. In many parts of
the world, the future impacts of climate change are projected to
be significantly greater than those that have been experienced in
the past as a result of natural climate variability alone. Future im-
pacts may be more than what many natural and human systems
are able to handle effectively with autonomous adaptation, partic-
ularly given additional constraints such as barriers to the migration
of species, and limited information, inadequate knowledge, and
insufficient access to resources for individuals, communities, and
companies.

As a result, it is now widely acknowledged that there is a
need for planned adaptation, aimed at preparing for the impacts
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of climate change and at facilitating and complementing autono-
mous adaptation by nature and society. Forms that such planned
adaptation could take are discussed by Klein and Tol (1997), Smit
et al. (2001), and Huq and Klein (2003), among others. The first
classification of adaptation strategies into protection, accommoda-
tion, and planned retreat was developed for coastal zones by
IPCC CZMS (1990), and it is still the basis of many coastal adap-
tation analyses.

Broadly, planned adaptation can serve the following objec-
tives:
• reduce the risk of impacts by decreasing their probability of occurrence

(examples include upgrading coastal flood protection and irri-
gation in the face of increasing drought);

• reduce the risk of impacts by limiting their potential magnitude. This
can involve a broad array of actions ranging from elevating
buildings in flood-prone areas, to including new crops in ag-
ricultural systems, removing barriers to the migration of plants
or animals, or introducing insurance schemes. It may also in-
volve relocating people from exposed areas such as floodplains
and small islands, or changing livelihoods, such as replacing
cropping by pastoralism; and

• increase society’s ability to cope with and adapt to the impacts. This
includes promoting autonomous actions by people, commu-
nities, and companies, for example, through informing the
public about the risks and possible consequences of climate
change, setting up early-warning systems for extreme weather
events, and providing incentives for risk-reducing behavior.
IPCC (2001b) discussed adaptation for a number of sectors

related to ecosystem services.
While such activities help to reduce vulnerability to climate

variability and change, in many places ongoing activities increase
vulnerability. The development of exposed areas and the degrada-
tion of ecosystems that protect against hazards can result in a situa-
tion where climate impacts are much more pronounced than
would have been the case otherwise. Thus a good starting point
for reducing vulnerability to climate variability and change would
be to reverse these ‘‘maladaptive’’ trends.

Between and within countries, there are great differences in
the level of human, technical, financial, and other resources that
individuals, communities, and companies can devote to adapta-
tion strategies. Their vulnerability to climate change is deter-
mined not only by the impacts they potentially face, but also by
their ability to find the resources needed to adapt to these impacts.
The ability to plan, prepare for, and implement adaptation initia-
tives is usually referred to as ‘‘adaptive capacity’’ (Smith et al.
2001; Smith et al. 2003). It is not surprising that most industrial-
ized countries have higher adaptive capacities than developing
countries. For example, Bangladesh and The Netherlands share a
similar physical susceptibility to sea level rise. But Bangladesh
lacks the economic resources, technology, and infrastructure that
The Netherlands can call on to respond to such an event.

It thus follows that developing countries tend to be more vul-
nerable than industrialized countries with higher adaptive capaci-
ties. Within developing countries, the poorest people, whose
livelihoods are often directly dependent on the provision of
climate-sensitive ecosystem goods and services, are particularly
vulnerable (Anon. 2003). Not only do they lack the benefits asso-
ciated with wealth; they also often occupy locations most exposed
to the impacts of climate change, such as low-lying coastal re-
gions, marginal or arid lands, or cities with poor and overloaded
infrastructure. Limited access to information and denied access to
entitlements may further aggravate their situation. Moreover,
poor people may lack social networks on which to draw during
times of hardship.
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Traditional coping mechanisms are often the starting point for
developing adaptation strategies. Initially, the impacts of climate
change will fall within the general range of experience of socie-
ties, although damaging events may be more frequent or intense,
and stress periods may be longer. Adaptation efforts begin with the
existing assets and capabilities that can be strengthened to reduce
vulnerability and increase resilience to climate change. Maintain-
ing social networks, capacity building, effective information flow,
and efficient local control of limited financial assets (for example,
through micro-finance and micro-insurance) appear to be impor-
tant components of building and maintaining community resil-
ience. However, the traditional coping mechanisms are already
failing, so specific plans for adaptation to climate change need to
be incorporated into wider regional and national development
planning.

In many developing countries, the key development chal-
lenges include food security, access to clean water and sanitation,
education, and health care. The integration—or mainstream-
ing—of policies and measures to address climate variability and
change into ongoing sectoral and economic planning is needed to
ensure the long-term sustainability of investments as well as to
reduce the sensitivity of development activities to both today’s
and tomorrow’s climate (Huq and Klein 2003).

Mainstreaming adaptation makes more efficient and effective
use of financial and human resources by incorporating, imple-
menting, and managing climate policy as an integral component
of ongoing activities, rather than treating adaptation as a series of
stand-alone actions. For example, in the Caribbean, a series of
projects supported through local resources, GEF, and bilateral
agencies (such as Mainstreaming Adaptation to Climate Change)
aim to build national and regional capacity and facilitate govern-
ments’ efforts to incorporate climate change considerations into
planning and policy-making. They address a key challenge in cli-
mate policy: to build capacity and to facilitate action. Another
example is the cooperation between Caribbean (CARICOM)
and Pacific (SPREP) countries to integrate climate change into
current environmental impact assessment procedures (Caribbean
Community Secretariat 2003).

Successful implementation of adaptation options requires the
presence of an enabling environment, the development of which
is an important objective of national and international climate
policy. Using this enabling environment, the actual implementa-
tion of options—be they technical, institutional, legal, or behav-
ioral—is best done by sectoral planning and management agencies
‘‘on the ground’’ (for example, water companies, agricultural
planners, coastal management agencies), as well as private compa-
nies and individuals.

Thus at the national planning level, the main challenges to
effective adaptation are associated with the coordination of multi-
ple sustainability strategies with budgetary processes, including
international assistance. In most countries, developed and devel-
oping, climate change issues are the responsibility of departments
and agencies that are at the periphery of government planning
and, in particular, of financial decision- making. A recent view of
19 developing and developed countries (Swanson 2004) identified
this disconnect to be a major impediment to sustainable develop-
ment.

International negotiations over climate change are paying in-
creasing attention to adaptation issues. It is generally accepted that
the need to adapt is an additional impediment to development im-
posed on developing countries largely through the activities of oth-
ers. Adaptation to climate change must, therefore, be firmly rooted
in ongoing, broader development efforts and should build upon
lessons from other activities such as disaster risk reduction, poverty
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reduction, and natural resource management (Hammill 2004). The
immediate challenges are to explore ways to mainstream adaptation
issues in the development agenda and to negotiate, both bilaterally
and multilaterally, responsibilities for support through technology
transfer, aid, lending arrangements, and other innovative arrange-
ments such as disaster prevention and risk transfer.

13.5 Mitigation of Greenhouse Gas Emissions
Stabilization of the atmospheric concentrations of greenhouse
gases will require emissions reductions in all regions, that is,
Annex I countries cannot alone reduce their emissions enough to
achieve stabilization because of the large projected increases in
emissions in developing countries. Lower net emissions can be
achieved through different patterns of energy resource develop-
ment and utilization, increases in end-use efficiency, and land-use
practices (IPCC 2001c, Chapter 3). Many of these technologies
also reduce local and regional pollutants, that is, particulates, and
ozone and acid deposition precursors.

Realizing greenhouse gas emissions reductions in the produc-
tion and use of energy will involve overcoming technical, eco-
nomic, cultural, social, behavioral, and institutional barriers
(IPCC 2001c, Chapters 1, 5). National responses to climate
change mitigation can be most effective when deployed as a port-
folio of policy instruments to reduce greenhouse gas emissions,
for example, a mix of emissions/carbon/energy taxes, tradable or
non-tradable permits, provision of and/or removal of subsidies,
land-use policies, deposit/refund systems, technology or perform-
ance standards, energy mix requirements, product bans, voluntary
agreements, information campaigns, environmental labeling, gov-
ernment spending and development, and support for R&D
(IPCC 2001c, Chapters 1, 5, 6). North-South and South-South
technology transfer and technical assistance will be needed to fa-
cilitate the uptake of new energy technologies and alternative nat-
ural resource management practices in developing countries
((IPCC 2001c, Chapter 10; IPCC 2000c).

Pacala and Socolow (2004) argued, consistent with the IPCC,
that humanity already possesses the fundamental scientific, techni-
cal, and industrial know-how to address the energy-carbon prob-
lem for the next half century. This contrasts with the more
pessimistic view of Hoffert et al. (2003), who argue that current
technologies are inadequate and revolutionary changes in tech-
nology are needed. Pacala and Sokolow argued that a portfolio of
technologies now exists, that have already passed the laboratory
bench and demonstration phases and are now being implemented
in some parts of the world at full industrial scale, to meet the
world’s energy needs over the next 50 years and limit the atmo-
spheric concentration of carbon dioxide to a trajectory that avoids
a doubling of the pre-industrial concentration, that is, a trajectory
that stabilizes at about 500 parts per million. Table 13.2 lists 15
possible strategies, each of which could, in principle, reduce car-
bon emissions by 2054 by 1 gigaton per year or 25 gigatons over
the next 50 years (each potential intervention would steadily in-
crease from zero today to 1 gigation by 2054). In combination,
the strategies could reduce carbon emissions between 2004 and
2054 by 150–200 gigatons of carbon. Pacala and Socolow noted
that fundamental research is needed now to develop the revolu-
tionary mitigation strategies for beyond 2050 to remain on a tra-
jectory that would eventually stabilize the atmospheric
concentration of carbon dioxide at about 500 parts per million.

There is little doubt that technologies now exist that can be
used to reduce current and projected levels of greenhouse gas emis-
sions, while recognizing that an increased commitment to energy
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Table 13.2. Potential Wedges: Strategies Available to Reduce the Carbon Emission Rate in 2054. The strategies aim to reduce carbon
emission rates by 1 GtC per year until 2054 or by 25 GtC between 2004 and 2054. (Pacala and Socolow 2004)

Effort by 2054 for One Wedge
Option (relative to 14 GtC/year, business-as-usual) Comments/Issues

Energy efficiency and economy-wide carbon- increase reduction by additional 0.15% per year (e.g., can be tuned by carbon policy
conservation intensity reduction (emissions/ increase U.S. goal of reduction of 1.96% per year to 2.11%

$GDP) per year)

• efficient vehicles increase fuel economy for 2 billion cars from 30 to 60 mpg car size, power

• reduced use of vehicles decrease car travel for 2 billion 30-mpg cars from 10,000 to urban design, mass transit,
5,000 miles per year telecommuting

• efficient buildings cut carbon emissions by one fourth in buildings and weak incentives
appliances projected for 2054

• efficient baseload coal produce twice today’s coal power output at 60% instead of advanced high-temperature
plants 40% efficiency (compared with 32% today) materials

Fuel shift gas baseload power for coal replace 1,400 GW 50%-efficient coal plants with gas plants competing demands for
baseload power (four times the current production of gas-based power) natural gas

CO2 capture and capture CO2 at baseload introduce CCS at 800 GW coal or 1,600 GW natural gas technology already in use for
storage (CCS) power plant (compared with 1,060 GW coal in 1999) H2 production

capture CO2 at H2 plant introduce CCS at plants producing 250 MtH2/year from coal or H2 safety, infrastructure
500 MtH2/year from natural gas (compared with 40 MtH2/year
today from all sources)

capture CO2 at coal-to- introduce CCS at synfuels plants producing 30 million barrels increased CO2 emissions, if
synfuels plant per day from coal (200 times Sasol), if half of feedstock synfuels are produced without

carbon is available for capture CCS

geological storage create 3500 Sleipners durable storage, successful
permitting

Nuclear fission nuclear power for coal power add 700 GW (twice the current capacity) nuclear proliferation,
terrorism, waste

Renewable electricity wind power for coal power add 2 million 1-MW-peak windmills (50 times the current multiple uses of land because
and fuels capacity) ‘‘occupying’’ 30x106 ha, on land or off shore windmills are widely spaced

PV power for coal power add 2,000 GW-peak PV (700 times the current capacity) on PV production cost
2x106 ha

wind H2 in fuel-cell car for add 4 million 1-MW-peak windmills (100 times the current H2 safety, infrastructure
gasoline in hybrid car capacity)

biomass fuel for fossil fuel add 100 times the current Brazil or U.S. ethanol production, biodiversity, competing land
with the use of 250 106 ha (1/6 of world cropland) use

Forests and reduced deforestation, plus decrease tropical deforestation to zero instead of 0.5 GtC/ land demands of agriculture,
agricultural soils reforestation, afforestation, year, and establish 300 Mha of new tree plantations (twice the benefits to biodiversity from

and new plantations. current rate) reduced deforestation

conservation tillage apply to all cropland (10 times the current usage) reversibility, verification

R&D is needed to develop the technologies needed to ultimately
stabilize the atmospheric concentration of carbon dioxide.

13.5.1 Energy Technologies and Policies

Policy can help to further technologies in reducing greenhouse
gas emissions through changes in the energy production sector
and promoting increased efficiency in energy use, thus transition-
ing to a less carbon-intensive energy sector.

13.5.1.1 Energy Production

There are many options available to reduce greenhouse gas emis-
sions from the energy production sector, including fuel switching
(coal to oil to gas), increased power plant efficiency, improved
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transmission, carbon dioxide capture and storage (pre- and post
combustion), increased use of renewable energy technologies
(biomass, solar, wind, run-of-the-river and large hydropower,
geothermal, etc.) and nuclear power (WEA 2000, Chapter 1;
IPCC 2001c, Chapter 3). The solution will not come from any
single technology, but rather from a portfolio of energy technolo-
gies, the mix varying in different parts of the world. This section
addresses fossil fuel, renewable energy, and nuclear technologies.

13.5.1.1.1 Fossil fuel energy technologies

Energy supply and conversion will remain dominated by fossil
fuels for the next several decades due to their abundance and rela-
tively low cost. Figure 13.3 shows the projected energy use, by
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Figure 13.3. Projected Energy Use of Developing Countries in
International Energy Agency Business-as-Usual Scenario

type of energy, from now to 2030 in developing countries (IEA
2003). However, there are several ways in which greenhouse gas
emissions from the combustion of fossil fuels can be reduced
(WEA 2000, Chapter 1; IPCC 2001c, Chapter 3). Natural gas
could, where transmission is economically feasible, play a key role
in reducing greenhouse gas emissions together with improved
conversion efficiencies and greater use of combined cycle and/or
cogeneration plants. Natural-gas-fired combined cycles offer low
costs, high efficiency, and low local and regional environmental
impacts. Fuel cell technologies offer significant potential for co-
generation at smaller scales, including commercial buildings. Coal
gasification by partial oxidation with oxygen to produce syngas
(primarily carbon monoxide and hydrogen) offers the opportunity
to provide electricity through integrated gasifier combined cycle
(IGCC) plants combined with carbon capture and storage, with
low local air pollutant emissions. Superclean syngas-derived syn-
thetic fuels produced in polygeneration facilities simultaneously
producing multiple products may soon be economically competi-
tive. The successful development of fuel cells, coupled with a
syngas-based strategy could pave the way for the widespread use
of hydrogen. Syngas-based power and hydrogen production strat-
egies also provide an opportunity of producing energy without
emissions of carbon dioxide through the separation and storage of
carbon dioxide. Similarly, emissions of carbon dioxide from fossil-
and/or biomass-fuel power plants could be reduced substantially
through carbon capture and storage.

The viability of carbon dioxide capture and storage will de-
pend on the cost-effectiveness and environmental sustainability of
these emerging technologies. Storage in geological reservoirs (for
example, depleted oil and gas wells) has enormous potential and
the costs appear promising. Although physical sequestration, that
is, storage in deep oceanic marine ecosystems, may offer mitigation
opportunities for removing carbon dioxide from the atmosphere,
the implications for biodiversity and ecosystem functioning are
not understood. All proposed oceanic carbon dioxide storage
schemes have the potential to cause ecosystem disturbance
(Raven and Falkowski 1999), by altering the concentration of
carbon dioxide and seawater pH, with potential consequences for
ecosystems and marine organisms (Ametistova et al. 2002;
Huesemann et al. 2002; Seibel and Walsh 2001).

13.5.1.1.2 Renewable energy technologies and nuclear power
Low- and zero-carbon sources of energy include nuclear energy
and renewable energy technologies, that is, solar, wind, biomass
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(traditional, agricultural and forestry by-products, and dedicated
plantations), hydropower (large and run-of-the-river), municipal
and industrial wastes to energy, and landfill methane (WEA 2000,
Chapter 1; IPCC 2001c, Chapter 3). Nuclear energy, which pro-
vides energy without emitting conventional air pollutants and
greenhouse gases, currently accounts for about 6% of total energy
and 16% of electricity. The future role of nuclear power will de-
pend on its cost, solutions for and public perception of safety,
radioactive waste management, and the agreed rules and effective
implementation to exclude nuclear weapons proliferation.

Current renewable energy sources supply about 14% of total
world energy demand, dominated by traditional biomass used for
cooking and heating, with hydropower supplying about 20% of
global electricity. While traditional biomass is net neutral with
respect to carbon dioxide emissions, its use often places significant
pressure on ecological systems, often leading to loss of biomass
and biodiversity, and in some cases desertification. Improved
stoves can significantly reduce this pressure on ecological systems.
The potential for new hydropower is primarily in developing
countries. New renewable energy sources (for example, wind and
solar) contributed only about 3% of the world’s energy consump-
tion in 2000. While the potential for wind energy or solar thermal
power is significant in countries along the trade wind regions or
in the solar belt, even with rapid increases in installed capacity, for
example, 10–30% per year, they will remain a minor supplier of
total energy needs for several decades, although increasing in im-
portance over time. What is evident is that the ‘‘learning curves’’
on many renewable energy technologies needed to address cli-
mate change are lowering costs and making them either competi-
tive or justified, for example, photovoltaics in small isolated
communities. (See Figure 13.4.)

13.5.1.1.3 Challenges to scaling up renewable energy technologies

Significant barriers stand in the way of an accelerated deployment
of renewable energy technologies into the market, including eco-
nomic risks, lack of investment, regulatory obstacles, information
and technology gaps, and limited number of products (IPCC
2001c, Chapters 5, 6). Supporting policies and programs needed

Figure 13.4. Production Cost Ranges for Fossil and Renewable
Resources, 1990, 2000, 2005. Examples of renewable electricity
cost competitiveness are shown in the figure. Run-of-the-River
hydropower costs could range from 2–15 cents per kWh. (G8 Task
Force Report, July 2001)
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to overcome these barriers include: renewable portfolio standards,
energy pricing strategies, carbon taxes, removing subsidies that
increase greenhouse gas emissions, internalizing externalities, do-
mestic and international tradable emissions permits, voluntary
programs, incentives for use of new technologies during market
build-up, and intensified R&D. These types of policies would
make renewable energy technologies more competitive. Existing
energy subsidies and the failure to internalize externalities are per-
ceived as particularly problematic in several markets; they make
conventional energy costs artificially low, making it harder for
renewable energy to become commercially competitive.

Attracting substantial finance and investment is a prerequisite
for scaling up the development of renewable energy internation-
ally. The challenge is to introduce the right policy frameworks
and financial tools to enable renewable energy to achieve its mar-
ket potential. This applies both to maturing renewable energy
markets in OECD countries and to emerging large-scale on-grid
and small-scale off-grid markets in developing countries, where
investment is put at risk from geopolitical, economic and regula-
tory risks, and the lack of developed financial markets and prod-
ucts.

Strength, clarity, and stability are decisive characteristics of the
policy environment that will be needed to attract capital to re-
newable energy. A national policy and regulatory regime is neces-
sary, but insufficient to tackle the issues of financing small-scale,
off-grid remote renewable energy applications in less developed
markets. In addition to an enhanced role for international finan-
cial institutions and regional development banks, and the devel-
opment of local credit markets, public sector provision of small
amounts of grant money is seen as strategically important. There
is a strong argument for a blend of grant and development finance
funds, particularly where renewables-based projects are also serv-
ing poverty alleviation objectives.

However, transforming the energy production sector and re-
ducing greenhouse gas emissions will require: (1) acknowledging
that uncertainties exist in estimating the costs and benefits of re-
ducing greenhouse gas emissions; (2) addressing inter- and intra-
generational equity and distributional issues; (3) overcoming the
vested interests of those who benefit from, and want to protect,
the status quo of reliance on current fossil fuel technologies and
distortion policies; and (4) acknowledging the concerns of many
governments who believe that a transition away from cheap fossil
fuels will inhibit their economic growth.

13.5.1.1.4 Environmental implications of renewable energy
technologies

In general, renewable energy technologies have positive effects
on local and regional air pollution. However, renewable energy
technologies (crop and municipal/industrial waste, solar- and
wind-power and hydropower) may have positive or negative ef-
fects on biodiversity, depending upon site selection and manage-
ment practices (CBD 2003, Chapters 4, 5 ). Substitution of
fuelwood by crop waste, the use of more efficient wood stoves
and solar energy, and improved techniques to produce charcoal
can also take off pressure from forests, woodlots, and hedgerows.
Most studies have demonstrated low rates of bird collision with
windmills, but the mortality may be significant for rare species;
proper site selection and a case-by-case evaluation of the implica-
tions of windmills on wildlife and ecosystem goods and services
can avoid or minimize negative impacts. The potential adverse
ecosystem/biodiversity impacts of specific hydropower projects
vary widely and may be minimized depending on factors includ-
ing type and condition of pre-dam ecosystems, type and operation
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of the dam (for example, water flow management), and the depth,
area, and length of the reservoir. Generally, run-of-the-river hy-
dropower and small dams have less impact on biodiversity than
large dams, but the cumulative effects of many small units should
be taken into account. Bio-energy plantations may have adverse
impacts on biodiversity if they replace ecosystems with higher
biodiversity. However, bio-energy plantations on degraded lands
or abandoned agricultural sites could benefit biodiversity.

13.5.1.2 Energy Use Technologies
Opportunities to improve the efficiency of energy use exist in the
conversion of useful energy to energy services, rather than in the
conversion from primary energy to useful energy (WEA 2000,
Chapter 1; IPCC 2001c, Chapter 3). Hundreds of opportunities
exist in the residential, industrial, transportation, public, and com-
mercial sectors to improve end-use efficiency. Over the next 20
years the amount of primary energy needed for a given level of
energy services could cost-effectively be reduced by 25–40% at
current energy prices, varying among industrial countries, coun-
tries with economies in transition, and developing countries, re-
sulting in an overall improvement of 2% or more per year. This
could be augmented by structural changes in the economy, that
is, shifts to less energy-intensive industrial production.

The buildings sector contributed 31% of global energy-related
carbon dioxide emissions in 1995, with an annual growth rate
since 1971 of 1.8%. Opportunities to reduce greenhouse gas
emissions in the residential and commercial building sector, many
at net negative costs, include energy efficient windows, lighting,
appliances, insulation, space heating, refrigeration, air condition-
ing, building controls, passive solar design, and integrated build-
ing design.

The transportation sector contributed 22% of global energy-
related carbon dioxide emissions in 1995, and this is growing at
an annual rate of about 2.5%. Technological opportunities in the
transportation sector for light-duty vehicles have advanced sig-
nificantly in recent years, for example, hybrid-electric cars, fuel
cell vehicles, and improving fuel efficiency by advanced motor
construction and lighter materials. These technological opportu-
nities can be complemented by improved land-use planning and
mass transit systems. Mass transit systems in growing urban areas
of developing countries can reduce greenhouse gases, local air
pollution, and congestion. Mumbai, with suburban railways and
with the same population and GDP as Delhi, required only 40%
of the number of vehicles and energy for transportation compared
to Delhi, which did not introduce a metro system until 2003
(Parikh and Das 2003).

The industrial sector contributed 43% of global carbon diox-
ide emissions in 1995, with an annual growth rate of 1.5% be-
tween 1971 and 1995. However, since 1990 the rate has slowed
to only 0.4% following the collapse of heavy industries in the
former Soviet bloc. Improvements in energy efficiency of indus-
trial processes offer the greatest opportunities for emissions reduc-
tions, especially in developing countries, many at net negative
costs.

Current technologies are not close to reaching theoretical ef-
ficiency limits, and improvements of an order of magnitude for
the whole energy system may eventually be achieved. However,
the technical and economic potentials of energy efficiency have
traditionally been under-realized, partly because of a number of
significant barriers, primarily market imperfections. These include
artificially low energy prices due to subsidies and failure to inter-
nalize environmental externalities; lack of adequate capital and
financing; higher initial costs of more efficient technologies; lack
of incentives for careful maintenance; differential investor/user
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benefits; and lack of information and training. Therefore, sup-
porting policies and programs needed to overcome these barriers
include: energy pricing strategies, energy audits, carbon taxes, in-
ternalizing externalities, regulatory programs including energy-
efficiency standards, education such as product advisories and la-
bels, staff training and energy management teams, and intensified
R&D. These types of policies would stimulate the uptake of energy-
efficient technologies.

13.5.1.3 Transition Rates to a Less Carbon-intensive Energy
Sector

A key question is at what rate a transition to a less carbon-intensive
energy sector can be accomplished and how this will compare to
what has been accomplished in the past (IPCC 2001c, Chapter
2; IPCC 2001a). The historical rates of improvements in energy
intensity (1–1.5% per year) are consistent with those needed for
stabilization of carbon dioxide concentrations at 650 and 750 parts
per million, and, in some cases, at 450 and 550 parts per million.
However, the historical rates of improvements in carbon intensity
(significantly less than 0.5% per year) are far slower than those
needed for any stabilization level of carbon dioxide concentra-
tions between 450 and 1,000 parts per million. Thus business-as-
usual changes in technology will not achieve the desired goals of
a less carbon-intensive energy system. Changes in energy intensity
can arise from technological changes as well as through structural
changes in the economy (for example, a move from heavy indus-
try to a service economy), whereas changes in carbon intensity
will require de-carbonizing the energy sector at a rate much faster
than any historical changes.

The time taken for a transition to a less carbon-intensive en-
ergy sector is dependent upon the inertia in the energy sector,
which is an inherent characteristic of socioeconomic systems.
However, unlike the inertia in the climate system, inertia in the
socioeconomic system is not fixed and can be changed by policies
and individual choices. There is, typically, a delay of a few years
to a few decades between perceiving a need and responding to it.
By then, planning, researching and developing a solution, and
implementing it becomes a major challenge. Technological re-
sponse can be rapid, for example, the design and production of
fuel-efficient cars after the oil crisis in the 1970s, but large-scale
deployment of new technologies takes much longer, often depen-
dent upon the rate of retirement of previously installed equip-
ment. Early deployment of new technologies allows learning
curve cost reductions (learning by doing), without premature re-
tirement lock-in to existing, environmentally damaging technol-
ogies.

13.5.2 Terrestrial Sinks

Proper management of the biotic carbon cycle is essential if
greenhouse gas stabilization is to be achieved. Each year roughly
60 gigatons of carbon are taken up and released by terrestrial eco-
systems and 90 gigatons in the oceans. Small changes in this bal-
ance could swamp efforts to reduce current fossil fuel emissions,
which are about 7 gigatons per year. Currently both the terrestrial
system and the ocean systems show a net uptake of carbon. (See
Table 13.3.) Some of this net uptake is a rebound from extensive
clearing in many parts of the northern hemisphere over the past
few centuries and from improved forest management. This is a
significant factor in the estimated net uptake (IPCC 2001a, Chap-
ter 3). Some of the net uptake is likely to be a response to the
gradually rising carbon dioxide levels in the atmosphere and in
the temperature as both contribute to vegetation growth and ac-
cumulation of carbon.
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Table 13.3. Global Carbon Budgets. Fluxes are in GtC per year
(positive is to the atmosphere) with � standard error. (IPCC 2001a,
Houghton 2003)

IPCC 2001a Houghton 2003

1980s 1990s 1980s 1990s

(gigatons carbon per year)

Atmospheric
increase �3.3 � 0.1 �3.2 � 0.1 �3.3 � 0.1 �3.2 � 0.2

Fossil emissions �5.4 � 0.3 �6.3 � 0.4 �5.4 � 0.3 �6.3 � 0.4

Ocean–
atmosphere flu 	1.9 � 0.6 	1.7 � 0.5 	1.7 � 0.6 	2.4 � 0.7

Net land–
atmosphere flux 	0.2 � 0.7 	1.4 � 0.7 	0.4 � 0.7 	0.7 � 0.8

Land use
change �1.7 � ? no estimate �2.0 � 0.8 �2.2 � 0.8

Residual
terrestrial sink 	1.9 � ? no estimate 	2.4 � 1.1 	2.9 � 1.1

13.5.2.1 Land Use, Land Use Change, and Forestry Activities

The Kyoto Protocol recognizes that LULUCF activities can play
an important role in meeting the ultimate objective of the
UNFCCC. Biological mitigation of greenhouse gases through
LULUCF activities can occur via three strategies: (1) conservation
of existing carbon pools, for example, avoiding deforestation (2)
sequestration by increasing the size of carbon pools, for example,
through afforestation and reforestation or an increased wood
products pool, and (3) substitution of fossil fuel energy by use of
modern biomass.

The most significant sink activities include avoided deforesta-
tion, afforestation and reforestation, and forest, agricultural, and
rangeland management. IPCC (IPCC 1996a, Chapter 24) esti-
mated that LULUCF activities had the potential to sequester, or
keep sequestered, about 100 gigatons of carbon by 2050, equiva-
lent to 10–20% of projected fossil fuel emissions for the same
period. However, competing land-uses, poor institutional struc-
tures and the lack of financial and legal facilities mean that only a
small portion of this potential is currently being achieved.

13.5.2.1.1 Avoided deforestation
The most effective and immediate way of increasing net seques-
tration in terrestrial ecosystems is to reduce deforestation to only
the most essential levels. Much of the 2 million gigatons of carbon
released annual from forest clearance arises from the demand for
agricultural and pastoral lands in developing countries (Geist and
Lambin 2002). Some of this is necessary to maintain food produc-
tion levels; some clearing leads to only short-term uses before the
land is abandoned as degraded grasslands and often maintained
that way by frequent fires. In other cases the land reverts to forest
with an uptake of carbon, often to be cleared again. An immedi-
ate challenge to international institutions is to find a way to ensure
that deforestation is limited to only that which leads to the long-
term delivery of essential ecosystem goods and services and that
the services provided by intact forests are properly valued. Per-
versely, the rules of the Kyoto Protocol provide incentives for
landowners in developed countries to reduce deforestation but
not for those in developing countries. Developed countries
(Annex 1 countries) are required to account for all afforestation,
reforestation, and deforestation activities and thus benefit in their
accounting from any deforestation they avoid.
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13.5.2.1.2 Afforestation and reforestation
The converse of avoiding deforestation is afforestation and refor-
estation. Globally, approximately 4.5 million hectares of pre-
viously unforested lands are reforested every year (FAO 2000).
Some of this is by deliberate planting or establishment of trees,
but much of it occurs through natural processes after changes in
land use. Proper management of afforestation and reforestation
can lead to synergies between adaptation to and mitigation of
climate change. Obvious examples include rehabilitation of de-
graded lands with appropriate forest, woodland or shrub cover,
and agroforestry systems (IPCC 2000b; IPCC 2002; CBD 2003,
Chapter 4). IPCC (2000b) estimated that afforestation and refor-
estation could potentially store over 700 megatons of carbon per
year although a much smaller amount (a few tens of megatons of
carbon per year) would enter Kyoto Protocol compliance calcula-
tions.

13.5.2.1.3 Forest management
Forest degradation is another major source of carbon to the atmo-
sphere. In many parts of the world tree densities are declining
through overharvesting or overgrazing, which prevents adequate
regeneration, or through shorter rotation cycles in slash and burn
agricultural systems. Improved forest and woodland management
could sequester an additional 170 million tons of carbon per year
(Table 13.4), but little of this may enter the accounting system, as
the amount for which Annex 1 countries can claim credit for
activities within their borders is capped and improved forest man-
agement is excluded from the CDM.

13.5.2.1.4 Agricultural and rangeland management
Although the year-to-year storage of biomass in agricultural and
pasture systems is small, changes in soil management can lead to
significant carbon storage and is often accompanied by productiv-
ity benefits. Reduced tillage methods in croplands offer multiple
benefits of improved soil condition and increased carbon storage.
However, much of the carbon stored can be lost even due to brief
periods of resumed tillage. Rangeland systems (called ‘‘grazing
lands’’ in the Kyoto negotiations) are very extensive but have low
biomass. Actions such as the management of livestock to reduce
overgrazing or the exclusion of livestock to allow regeneration of
trees and shrubs can lead to substantial sequestration of carbon in
total. An additional 400 million tons of carbon could be seques-
tered per year from agricultural and rangeland systems.

13.5.2.2 Sinks and the Kyoto Protocol

The use of LULUCF activities (often called ‘‘sinks’’) within the
Kyoto Protocol has been controversial. Some of the major con-
cerns and counterarguments or countermeasures are summarized
in Table 13.5. The Kyoto Protocol included the activities of affor-
estation, reforestation, and deforestation in the accounting system
for Annex 1 countries, but delayed decisions on other LULUCF
activities until additional information was prepared (e.g., IPCC
2000b). Annex 1 countries have the option of including a wider
range of land management activities in the first commitment (ac-
counting) period (2008 to 2012). Claims for credit from forest
management are capped for each Annex 1 country. This is partly
to take account of the ‘‘free-ride’’ issue (discussed below).

The Marrakesh Accords, agreed to in 2001, limited the eligi-
bility of LULUCF activities under the CDM in the first commit-
ment period to afforestation and reforestation projects, and
limited the average use of carbon credits from the CDM during
the first commitment period to 1% of an Annex 1 country’s base
year emissions. This is equivalent to about 30 million tons of car-
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bon per year for Annex 1 countries (assuming the United States
and Australia do not ratify).

This could be achieved by about 3 to 8 million hectares of
new plantings in agroforestry or reforestation prior to 2008. The
current rate of establishment of plantations throughout the devel-
oping world is about 4.5 million hectares per year but a high
proportion of these plantings are not additional; that is, they
would have occurred even without the incentives of the Kyoto
Protocol and are, thus, not eligible for credit under the CDM.
With strict enforcement of the additionality rule and the lack of a
significant market for credits from sinks projects in the CDM, it
is likely that there will be a very limited use of sinks in the CDM
in the first commitment period (probably no more than 1 to 2
million tons of carbon per year, according to estimates made by
the Carbon Finance Business of the World Bank).

The limitation of allowable LULUCF activities to afforesta-
tion and reforestation meant that there would be no credits
through the CDM in the first commitment period for many ac-
tivities that could have made significant contributions to the sus-
tainable development goals of many developing countries. These
include better forest management, reduced impact logging, forest
protection (avoided deforestation), reduced tillage agriculture, or
grazing management.

13.5.2.3 Environmental Implications of LULUCF Activities

LULUCF activities associated with the generation of carbon
credits in either Annex 1 countries or in developing countries
through the CDM can have positive, neutral, or negative impacts
on the wider environment, including biodiversity (Table 13.6),
depending on the specific conditions in which the activities occur
(CBD 2003, Chapters 4, 5; STAP 2004).

The Kyoto Protocol and subsequent agreements include a
number of clauses to prevent actions that are particularly damag-
ing to the environment. All activities under the Protocol must be
compatible with sustainable development, although this goal can
be interpreted very widely. More specifically, the definition of
afforestation and reforestation requires that plantings can only
occur on lands that were not forested in 1990, thus existing forests
cannot be cleared now to replace them with more carbon-rich
forests.

Many nongovernmental organizations and some governments
sought far stricter environmental regulations in the Kyoto Proto-
col outcomes and, in particular, in the use of CDM. These in-
cluded an internationally agreed set of environmental standards
and environmental assessment practices. No agreement on a spe-
cific set of standards could be reached, but the rules allow either
the host-country or buyer government to reject a project if it does
not meet their requirements on environmental standards. This in-
cludes issues such as the use of exotic and genetically modified
organisms and activities damaging to biodiversity, such as planting
forests on lands that are naturally grasslands or savannas.

LULUCF projects can have significant environmental bene-
fits. For example, projects under consideration by the BioCarbon
Fund of the World Bank for the first commitment period include
the establishment of corridors to connect remnant forest patches
and forest reserves, the establishment of buffer plantings to reduce
intrusion into conservation areas, and several tree planting proj-
ects to rehabilitate degraded lands. Some of these projects have
adaptive value, as they will also increase the resilience of the eco-
systems and of the local communities to further climate change.
Ironically, one of the most effective actions to reduce greenhouse
gas emissions and to protect biodiversity, that is, actions to avoid
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Table 13.4. A Summary of the Quantities of Sequestration and Emission Reductions through LULUCF Activities in the First
Commitment Period (Watson and Noble 2004)

Estimated Use in First Estimated Use if
Estimated Indicated Period without the United United States and
Potentiala Useb Caps States and Australia Australia Ratify

(million tons of carbon per year)
Annex 1 Countries
Afforestation, reforestation, and deforestation 40–50c 4d — 3 4

Avoided deforestation 20e 15f — 0 15
Forest management 100 720g 98h 70i 98

Crop and grazing-land management 150 18 — 10 18

Total, Annex 1 754 — 83 127

Non-Annex 1 Countries
Afforestation and reforestation Up to 700j �300k 50h �32l 50

Avoided deforestation 1,600 ��1,600 0 0 0

Forest management 70 0 0 0

Crop and grazing-land management 240 0 0 0
Total, Non-Annex 1 — �32 50

Total Sinks in First Commitment Period c. 100 c. 180

Emission reductions required below 1990 levels 140 250

Emission reductions compared with 15% business-as-usual increase over 1990 levels 640 1,000

a These data are from IPCC 2000b, which preceded the agreements in Marrakesh and the revised estimates prepared by parties of carbon gains and losses
from forestry activities. On the whole these estimates do not include many of the factors contributing to the ‘‘free-ride.’’
b Based on national submissions prior to COP6 and FAO data in use at the time of those negotiations.
c This is based on an IPCC estimate of 20–30 MtC/y from uptake from A&R and 90 MtC/y emissions from deforestation; 20 MtC/y of deforestation falls under
Article 3.7, as shown in the row below.
d Net gain from afforestation and reforestation activities and losses from deforestation under Article 3.3, as reported by Annex 1 countries at COP6.
e Eligible under Article 3.7, see Noble and Scholes (2000) for a detailed explanation.
f Based on Australia reducing land-clearing activities and the use of Article 3.7.
g The IPCC estimates are for increased uptake over a 1990 baseline from activities carried out since 1990 whereas the Marrakesh Accords allow forest
management to be measured simply as the net uptake in managed forests. This leads to a far higher potential credit from managed forests, but the Marrakesh
Accords limited total credit by applying a cap for each Annex 1 country.
h Including the United States cap as allocated in Marrakesh Accords.
i This assumes that all ratifying Annex 1 countries will use their full cap. A portion of these sinks are derived from countries that are likely to achieve
compliance without the need to use sinks (e.g., Russia). Nevertheless, these sinks could enter the market either through Article 6 (JI) or Article 17 activities.
j Including agroforestry.
k Based on afforestation and reforestation activities in tropical countries, but many plantations are not eligible as they are not on land that was cleared of
forest in 1990, and many others would fail a strict additionality test.
l Current market indications are that this cap will not be reached.

deforestation, is excluded from the CDM. However, actions that
reduce deforestation in Annex 1 countries will avoid emissions
and, thus, indirectly lead to credits. Similarly Annex 1 countries
may also receive credit from environmentally beneficial activities
such as soil carbon management in agriculture (for example,
minimum till) and the restoration of degraded forests and other
lands.

The use of LULUCF activities can achieve positive outcomes
for mitigation, adaptation, and other environmental concerns.
However, the outcomes cannot be prescribed in a set of rules and
will depend on the interpretations and cooperation of national
governments, including host governments, in the CDM. In the
CDM, its executive board must approve all projects, LULUCF
and others. Their interpretation of the sustainable development
and broader environment requirements will also play a major part
in establishing good practice.
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13.5.2.4 Indirect Anthropogenic Effects
In looking beyond the particular rules agreed to for the first com-
mitment period under the Kyoto Protocol, some further compli-
cations arise in the use of sinks in mitigating the increase in
greenhouse gases in the atmosphere.

Human activities over the past century have led to increased
atmospheric carbon dioxide and nitrogen deposition which, in
turn, has increased the growth rates and carbon storage in many
ecosystems. Many parties to the UNFCCC have already indicated
that they wish to see the ‘‘free-ride’’ due to these indirect anthro-
pogenic effects and from other effects such as changes in the age
structure of forests factored out of the accounting system. If the
accounting system includes only a small component of sinks-based
credits, the errors and distortions from not factoring out the free-
ride indirect effects would be small. This will be the case in the
first commitment period.
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Table 13.5. Some Major Concerns about the Inclusion of Sinks in Compliance with the Kyoto Protocol

Concern Counter-argument or Counter-measure

Sink uptakes and emissions cannot be measured with IPCC has produced Good Practice Guidance outlining appropriate standards for measuring
sufficient accuracy and monitoring sinks (IPCC 2003).

Carbon sequestered in vegetation and soils may be Annex 1 countries are required to measure and account for all uptakes and losses for any
re-emitted to the atmosphere via human actions (e.g., sector included in their national accounting under Articles 3.3 or 3.4 of the Kyoto Protocol.
logging) or disturbances (e.g., fires) Thus any losses of credited sequestered carbon will have to be replaced by new credits. In

CDM projects, the continued sequestration of credited carbon must be verified every five years
by an independent agent and any credits replaced if they are lost.

Planting of forests for mitigation purposes will occur on At current prices of carbon, the net value of agricultural products will usually far exceed that of
land that could be used for food production, leading to the carbon. In cases where the timber value is sufficient to lead to an economic preference for
competition for land where the interests of the poor will forestry over agriculture, it will be rare that the value of carbon will play a significant part in the
be hard to protect decision, and in most cases, the project will not be deemed to be additional as required by

Article 12 of the Kyoto Protocol.

Sinks projects, including both afforestation/reforestation Avoided deforestation, which is the activity most often linked to this concern, is not included in
and avoided deforestation projects, lead to a loss of the CDM. Also, the CDM now includes a temporary crediting mechanism that allows either the
sovereignty over land use in the host country, particu- host or buying party to withdraw from the sequestration agreement at 5 to 20 year intervals.
larly under the CDM All sinks credits must be replaced by other credits no later than 60 years after they are created,

at which time there is no penalty to the host country for releasing the sequestered carbon.

Sinks projects may lead to the planting of large areas The increased financial value due to carbon in large-scale commercial plantations is usually
of exotic mono-specific forest plantations, with impacts too small to make any significant impact on a decision to go ahead with a planting. Thus it
on human livelihoods and biological diversity appears that most large-scale commercial plantations should be ruled ineligible for carbon

credits as they are unlikely to be additional. There are some circumstances, for example, in
projects linked to biofuels or in the rehabilitation of degraded lands where additionality condi-
tions may be met. The Kyoto Protocol and subsequent agreements such as the Marrakesh
Accords require that any such actions be compatible with sustainable development, but many
sought to have stronger environmental safeguards incorporated in the agreements.

Additional forest cover will decrease the albedo of While this effect is real, boreal regions are likely to be the most sensitive, and these areas are
Earth (e.g., through reduced ‘‘snow cover’’ ( Betts not likely to be priority areas for afforestation and reforestation activities for crediting purposes
2000), thus partially counteracting the effect of seques- due to the slow growth rates of trees in cold climates. However, current models indicate that
tering carbon large-scale land use changes will affect the global surface energy budget and lead to changes

in local, regional, and global climates. Some of these changes will reduce the mitigation effects,
such as the albedo effects in the boreal zone, while others will enhance the mitigation effect;
for example, reforestation or afforestation may increase transpiration leading to cooler local
climates (Marland et al. 2003).

The use of sinks credits allows further emissions from The ideal solution to the greenhouse effect is the immediate cessation of fossil fuel emissions
fossil fuels and thus the transfer of carbon from the or the quick re-sequestration of carbon in long-lived geological deposits. However, technologi-
long-lived and stable fossil deposits to the more dy- cal and institutional changes of the scale required to reduce our dependence on fossil fuels
namic atmosphere-biota-soil cycle. The equilibrium cannot be achieved other than over several decades. Sinks provide an opportunity to counter-
condition will thus result in more carbon in the atmo- act some of the increase in greenhouse gases during the transition stage and lessen the
sphere. impacts of climate change on Earth’s ecosystems and human society.

IPCC was asked to assess options for factoring out the indirect
anthropogenic effects. They concluded that there is considerable
doubt whether the scientific knowledge to do this is available,
taking into account variations across ecosystems, prevailing cli-
mate variability, and different management activities. Scientifically
determined correction factors taking into account these influences
will be costly to prepare, fraught with uncertainties, and contro-
versial. An alternative approach is to use a simple discounting fac-
tor or factors and to apply these generically. This would cause
inequities between some countries, which would have to be
taken up in the negotiation of future targets.

13.5.2.5 Comprehensive Accounting of Biological Carbon

There has been a debate whether the accounting of sinks should
be comprehensive or limited to a restricted range of activities,
circumstances, and locations (referred to here as the ‘‘project ap-
proach’’). A comprehensive approach would encourage complete
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monitoring of the biological component of the global carbon
cycle and encourage actions that reduce the amount of green-
house gas derived from these sources.

A major consequence of a comprehensive approach is that
most of the free-ride and the year-by-year variation in carbon
uptake would be reflected in the accounting system. Watson and
Noble (2004) have estimated that the free-ride in a second com-
mitment period could be about 0.6 gigatons of carbon per year. If
a comprehensive approach were to be adopted and this additional
0.6 gigatons of carbon per year were to be factored out in the
second commitment period, the amounts assigned to Annex 1
countries for the commitment period would be reduced by about
3 gigatons of carbon. This is equivalent to about another 15% of
1990 energy emissions on top of whatever reduction target is
agreed to for the second commitment period. The adjustment of
national targets would be an enormously risky process given the
large uncertainties that remain in trying to estimate the size of the
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Table 13.6. List of Possible LULUCF Activities with Potential Effects on Biodiversity or Other Aspects of Sustainable Development

Characteristics for Negative Impacts on Biodiversity
Possible LULUCF Projects Characteristics for Positive Impacts on Biodiversity or Other Aspects of Sustainable Development

Conservation of natural for- generally positive characteristics for a positive impact
ests, savannas, and wood-
lands

Conservation and restoration generally positive characteristics for a positive impact could result in an increase in greenhouse gas emissions
of wetlands

Afforestation and reforestation on degraded lands; if activities occur on areas where undisturbed or non-inten-
(these are the only eligible sively managed ecosystems are destroyed;if fragmentation of habitats is reduced;
LULUCF activities under the if monocultures of exotic species are used;if natural regeneration is encouraged and native speciesCDM)

are used, reflecting the structural properties of surrounding if there is large-scale soil disturbance;
forests; if short rotation periods are used or if harvesting opera-
if clearing of pre-existing vegetation is minimized; tions clear complete vegetation;

if plantings are designed to create diverse landscape units; if sites with special significance for the in-situ conservation
of agrobiodiversity are afforested;if rotation lengths are extended;
if chemicals are used abundantly.if low-impact harvesting methods are used;

if chemical use is minimized.

Restoration of degraded lands generally positive characteristics for a positive impact, de- habitats of species conditioned to extreme conditions
and ecosystems pending upon the extent of degradation could be destroyed;

possible emission of nitrous oxide if fertilizers are used

Forest management if natural forest regeneration occurs and ‘‘sustainable for- if monocultures of exotic species are planted and natural
est management’’ harvesting practices are applied regeneration suppressed

Agroforestry generally positive characteristics for a positive impact un- negative if natural forest or other ecosystems are replaced
less established on areas of natural ecosystems

Cropland management if reduced tillage is used without increased use of herbi- if increased use of herbicides and pesticides
cides if established on areas of natural ecosystems

Grassland and pasture mainly positive if no natural ecosystems are destroyed if established on areas that contained natural ecosystems
management if no exotic species are used if non-native species are introduced

if fire management respects natural fire regeneration
cycles

Adaptation activities generally positive characteristics for a positive impact if the
activities conserve or restore natural ecosystems

free ride even at continental scales, let alone at the individual
country level. Any overestimation of the free-ride would be
translated into emission reduction requirements that would not
show up in the sinks accounting and would need to be made up
through emission reductions through energy-based activities. Any
underestimation would have the opposite effect.

Natural variation in uptake by terrestrial ecosystems adds an-
other burden of uncertainty even when averaged over a five-year
accounting period and all Annex 1 countries. The results of Bous-
quet et al. (2000) indicate that, averaging over all Annex 1 parties
and over a five-year period, the variation in uptake will be at least
plus or minus 0.25 gigatons of carbon per period (Watson and
Noble 2004). Current Kyoto Protocol rules preclude banking
(that is, a carryover of credits from one reporting period to the
next) for credits derived from sinks. So much of this variation
would show up in compliance outcomes. The variation is ap-
proximately the same size as that of the emission reduction targets
in the first commitment period under the Kyoto Protocol, that is,
about 5% of the 1990 Annex 1 emissions. Increasing the averaging
period, allowing banking of sink credits and agreements to ex-
change credits between countries that are affected differently by
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global climate fluctuations such as El Nino, would reduce this
problem. Nevertheless, variations of this size would have major
impacts on trading markets and lead to significant price uncer-
tainty.

There is still a high degree of uncertainty associated with these
estimates. The calculation of the free-ride may be significantly in
error and it remains possible that the size of the free-ride is not
increasing. Until we understand the mechanisms and quantities
involved in the full global carbon cycle and the variation year
by year, anticipating the impact of comprehensive accounting on
compliance targets will be fraught with difficulties and major un-
certainties. If sinks are included only on a project-by-project ap-
proach, then only a small part of the global carbon cycle will be
accounted for. Also, parties will tend to include projects that are
likely to result in net increases in sequestration, making the moni-
toring of losses of carbon from the biota to the atmosphere weak.

13.5.3 Non-carbon Dioxide Greenhouse Gases

The most significant non-carbon dioxide greenhouse gases whose
emissions need to be limited to address Article 2 of the UNFCCC
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include methane, nitrous oxide, halocarbons, and tropospheric
ozone (IPCC 2000a, Chapter 5; IPCC 2001a, Chapter 4). Partic-
ulates, such as sulfate aerosols and soot, are also important in mod-
erating Earth’s climate (IPCC 2001a, Chapter 5).

The major anthropogenic sources of methane emissions in-
clude leakage from gas pipelines and coal mines, and emissions
from landfills, livestock, and rice paddies. Given that the global
warming potential for methane is 23 times larger than that for
carbon dioxide (using a 100-year time horizon), reductions of
methane emissions are particularly important (IPCC 2001a; the
value used for the purposes of accounting under the Kyoto Proto-
col is 21). Opportunities to reduce methane include: capturing
methane from landfills and coal mines and using it as an energy
source (heat and electric power); flaring methane from landfills
and coal mines where it is not cost-effective to capture it and use
it as an energy source; and reducing leaks from gas pipelines
(IPCC 2001c, Chapter 3). In the case of gas flaring and reducing
leaks from gas pipelines, the costs avoided per ton of carbon are
relatively low and well within the current and projected prices of
carbon in the emerging carbon market. In the agricultural sector,
opportunities include improved livestock and rice paddy manage-
ment (for example, water management, tillage, and fertilization
practices).

Emissions of fluorinated halocarbons are growing as they are
being used to replace ozone-depleting substances controlled
under the Montreal Protocol in a variety of sectors, including air
conditioning and refrigerants. These emissions can be significantly
reduced through containment, recovering and recycling refriger-
ants, and/or through use of alternative fluids and technologies
(IPCC 2001c, Chapter 3/3, Appendix). In addition, inadvertent
by-product emissions, for example, HCF-23 in the production of
HCFC-22, need to be eliminated, for example, by incineration.

Emissions of nitrous oxide, which arise primarily from animal
wastes and use of fertilizers in the agricultural sector, can be re-
duced, assuming farmers are provided with appropriate incentives
to change their traditional farming methods. Nitrous oxide emis-
sions from chemical plants can be removed catalytically or chemi-
cally.

The major precursors of tropospheric ozone that need to be
reduced are non-methane hydrocarbons, carbon monoxide, and
oxides of nitrogen. The major source for all three precursors is
the combustion of fossil fuels, although there are other sources
for the non-methane hydrocarbons, that is, industrial processes,
fugitive emissions from fuel storage, and solvents. Reductions in
tropospheric ozone will have significant benefits for human health
and local ecosystems.

13.5.4 Geo-engineering Options

A number of geo-engineering possibilities have been suggested
but a significant amount of research needs to be undertaken to
evaluate their environmental efficacy and cost-effectiveness. Sug-
gestions to date include: increasing the oceanic uptake of carbon
from the atmosphere and transporting it to the deep ocean; plac-
ing reflectors in space to modify Earth’s radiation balance; and
adding aerosols in the lower stratosphere to reflect incoming solar
radiation (IPCC 1996b, Chapter 25; IPCC 2001c, Chapter 4).

The concept of mitigating climate change through increased
biological sequestration of carbon dioxide in oceanic environ-
ments (IPCC 2001a, CBD 2003, Chapter 4) has mainly focused
on adding the limiting micronutrient iron to marine waters that
have high nitrate and low chlorophyll levels (Boyd et al. 2000);
the aim is to promote the growth of phytoplankton that, in turn,
will fix significant amounts of carbon. The introduction of nitro-
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gen into the upper ocean as a fertilizer has also been suggested
(Shoji and Jones 2001). However, the effectiveness of ocean fertil-
ization as a means of mitigating climate change may be limited
(Trull et al. 2001). In addition, the consequences of larger and
longer-term introductions of iron remain uncertain. There are
concerns that the introduction of iron could alter food webs and
biogeochemical cycles in the oceans (Chisholm et al. 2001), caus-
ing adverse effects on biodiversity. There are also possibilities of
nuisance or toxic phytoplankton blooms and the risk of deep
ocean anoxia from sustained fertilization (Hall and Safi 2001). A
series of experimental introductions of iron into the Southern
Ocean promoted a bloom of phytoplankton (Boyd et al. 2000)
but also produced significant changes in community composition
and the microbial food web (Hall and Safi 2001).

The concept of adding aerosols to the lower stratosphere has
largely been rejected given that it would lead to an increased loss
of stratospheric ozone, an associated increase in damaging ultra-
violet radiation reaching Earth’s surface, and a likely increase in
the incidence of melanoma and non-melanoma skin cancer
(IPCC 1999).

13.6 Economic Instruments

13.6.1 Kyoto Mechanisms

The Kyoto Protocol includes a series of ‘‘flexibility mechanisms’’
to facilitate and reduce the costs of Annex 1 countries in meeting
their targets. The simplest of the mechanisms is Article 17, which
allows the transfer and acquisition of emission reductions (emis-
sions trading) between Annex 1 parties to the Protocol that are in
good standing with respect to the various rules of reporting and
accounting. This form of trading simply transfers credits from one
national registry to another with the agreement of both parties.

Two other mechanisms are based on individual projects that
achieve emissions reductions (for example, energy or LULUCF)
or removals by sinks. Article 6 (often referred to as Joint Imple-
mentation or JI) deals with trading between legal entities in one
Annex 1 country through acquiring credits from a legal entity in
another Annex 1 country. Article 12 (the Clean Development
Mechanism or CDM) allows an entity in an Annex 1 country to
accrue credits from projects in a non-Annex 1 country. In each
case, the transactions have to be approved by the acquiring coun-
try and the country hosting the project.

The CDM has two goals: assisting non-Annex 1 countries
achieving their sustainable development goals and assisting Annex
1 countries in achieving compliance with their emission targets.
The CDM also creates opportunities for technological transfer.
Much of the debate over the CDM has focused on the second
goal. Some are concerned that the CDM mechanism will reduce
the effort made in developed countries to achieve the core goals
of the Kyoto Protocol, as the first step towards the ultimate goal
of the UNFCCC, that is, the stabilization of greenhouse gases in
the atmosphere, largely via modifying energy use and energy sup-
ply. Any flexibility mechanism will lower the cost of achieving a
compliance target and thus reduce the incentives to invest in new
research and new technologies.

The focus on the compliance goal of the CDM has often been
in conflict with the better achievement of the sustainable devel-
opment goal. There has been a long debate about the inclusion of
certain types of practices in the CDM. In the energy-related sec-
tors, the eligibility of large hydropower and clean coal technolo-
gies has been controversial. Annex 1 countries are to refrain from
using emission reductions generated from nuclear facilities to
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meet their commitments in both JI and CDM activities. In the
LULUCF sector of the CDM, the range of activities has been
limited to only afforestation and reforestation projects, which is
the establishment of new forests on lands that where not forested
in 1990.

In both JI and CDM trading, the emission reductions have to
be ‘‘additional’’ to what would otherwise have occurred. This
requirement is often seen as ensuring that there is additional effort
aimed at reducing greenhouse gas emissions. However, the addi-
tionality clause is fundamentally more important to atmospheric
accounting in the CDM than under JI. If the emission reductions
in a JI transaction would have occurred without the incentive of
the trading, the effect on the atmosphere remains neutral; the host
country transfers some of its emission reduction credits to the
acquiring country, allowing the acquiring country to emit more
and leaving the host country to carry out extra efforts to meet its
target. Under the CDM, the symmetry of targets does not exist.
If the emission reductions from the project are not truly additional
(that is, they would have occurred without the incentive of the
emission trading), then the acquiring (Annex 1) country is able to
raise its emissions while no extra emission reductions occur in the
host country. The atmospheric greenhouse gas concentrations will
increase as a consequence of the non-additional project. The
identification of additionality and the estimation of the baseline
over which the additional emission reductions are measured will
be a major challenge for the CDM.

In 2003, the EU formally established an emissions trading sys-
tem in which each country is issued allowances as to how much
carbon dioxide its energy-intensive companies (for example,
power plants, oil refineries, paper mills, and steel, glass, and ce-
ment factories; about 12,000 separate installations) are allowed to
emit. In the EU ETS, reductions below the limits will be tradable
across the European Union and in special circumstances outside
the EU bubble. This trading system obviously derives from the
UNFCCC negotiations but is formally independent of the Kyoto
Protocol and is expected to continue, whatever the fate of the
Protocol negotiations. Penalties for non-compliance are set at 40
Euros per ton of carbon dioxide in the first trading period of
2005–2007 increasing to 100 Euros in 2008–2012. In mid-2004,
a ‘‘Linking Directive’’ allowed extra flexibility through JI and
CDM trading. This additional flexibility is expected to reduce
costs by about 20% (Kruger and Pizer 2004), but it also provides
a formal link between the EU ETS and the Kyoto flexibility
mechanisms. The Linking Directive does not allow the full range
of credits into the ETS. Nuclear power and sinks are excluded
and hydropower projects are to be monitored closely. The use of
JI and CDM will also be monitored, as these activities are to be
only supplementary to action taken at home. A limit of 6–8% for
JI/CDM contributions was widely discussed before the Directive
was set up.

13.6.2 Other Instruments and Options

The Kyoto Protocol negotiations have taken a particular path
towards seeking to implement the broader goals of the UNFCCC.
Negotiators adopted a cap-and-trade approach whereby quantita-
tive caps (targets) are set for each Annex 1 country whose govern-
ment usually passes these targets on to various national sectors as
targets for particular commercial entities. These entities would be
penalized if they exceeded their allowances, so they have an in-
centive to cut emissions. By allowing the entities to trade emis-
sion permits, those with low marginal costs of abatement will
make extra cuts and sell credits to entities that find it more costly
to cut emissions.
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Another decision that has to be taken in designing a cap-and-
trade program is whether to apply the targets ‘‘upstream,’’ where
carbon enters the economy (when fossil fuels are imported or
produced domestically) or farther ‘‘downstream,’’ closer to the
point where fossil fuels are combusted and the carbon enters the
atmosphere. An analysis by the Congressional Budget Office of
the United States concluded that, in general, an upstream pro-
gram would have several major advantages over a downstream
program (CBO 2001).

An alternative is a carbon tax approach in which commodities
or activities that lead to carbon emissions are taxed, thus providing
an incentive to reduce the use of these commodities or activities.
This is often seen as a simpler approach to achieving incentives
for emission reductions. However, taxes are usually politically un-
popular in most countries. Neutral carbon taxes have been sug-
gested, where the carbon tax is introduced along with the removal
or reduction of other taxes. However, these will usually lead to
changes in the distribution of tax liabilities. Some have suggested
that the cap-and-trade and tax approaches may be combined to
overcome the main weaknesses of both schemes. In a hybrid ap-
proach, a cap-and-trade system would be set in place, but if the
cost of permits rose too high, they could be purchased at a fixed
price. This amounts to using a tax as a safety valve for the cap-
and-trade system (Jacoby and Ellerman 2002).

Some critics object to the entire structure of the Kyoto trading
system. Victor (2001) criticizes the Kyoto Protocol for setting tar-
gets without a clear idea of the costs involved in reaching those
targets; he argues that huge transfers in property rights are in-
volved both nationally and internationally and the allocation of
these rights was not seriously addressed either nationally or inter-
nationally among the non-Annex 1 countries. McKibbin and
Wilcoxen (1999) make a similar criticism and propose a two-tier
system of emission credits—allowing an emission in a particular
year that will have to be traded at a capped price and emissions
endowments that have a permanent allowance to emit and that
can be traded at a flexible price.

Many other variants have been suggested. Experience in the
U.S. sulfur dioxide and nitrous oxide trading system and the
Montreal Protocol on Ozone have often been looked to for guid-
ance. However, neither is a good match. The EU ETS alone is
ten times larger than the U.S. sulfur dioxide and nitrous oxide
trading system and brings in the complexity of dealing with many
countries with different pre-existing conditions. In the Montreal
Protocol, each country met its targets and there was thus no need
for trading; however, there may be lessons to be learned from
how the targets were met within countries (for example, auction-
ing emission rights).

13.6.3 Technology Transfer to Lower Costs

The transfer of environmentally sound technologies is a major
element in any global strategy to combat climate change. Tech-
nology transfer between countries and regions widens the choice
of mitigation options and economies of scale, and learning will
lower the costs of their adoption. A framework for meaningful
and effective actions for technology transfer includes: assessing
technology needs; establishing a technology information system;
creating enabling environments for technology transfer; providing
capacity-building for technology transfer; and funding to imple-
ment the various activities. There are a number of mechanisms to
facilitate technology transfer, including: national innovation sys-
tems, official development assistance, the multilateral develop-
ment banks, and the Global Environmental Facility and the Clean
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Development Mechanism, both of which are financing instru-
ments associated with the UNFCCC.

13.7 Economic Costs of Reducing Greenhouse
Gas Emissions
There is a wide range of estimates of the costs of mitigating cli-
mate change. The breadth of this range reflects differences in both
modeling methodologies and in the policies used to reduce emis-
sions. Given the use of well-designed policies, the IPCC esti-
mated that half of the projected increase in global emissions
between now and 2020 could be reduced with direct benefits
(negative costs), while the other half could be reduced at less than
$100 per ton of carbon (IPCC 2001c, Chapters 1, 3, 5, 6). Re-
ductions in emissions can be obtained at no or negative costs by
exploiting no-regrets opportunities, that is, by reducing market or
institutional imperfections such as subsidies; taking into account
ancillary benefits (for example, local and regional air quality im-
provements); and using revenues from taxes or auctioned permits
to reduce existing distortionary taxes through revenue recycling.
For example, in countries with significant local and regional air
pollution problems, the social and economic benefits associated
with using more climate-friendly technologies can be consider-
able through improved human health.

In the absence of international carbon trading, the estimated
costs of complying with the Kyoto Protocol for industrial coun-
tries range from 0.2% to 2% of GDP; with full trading among
industrial countries the costs are halved to 0.1% to 1% (IPCC
2001c, Chapters 7–10). The equivalent marginal costs range from
$76 to $322 in the United States without trading and from $14 to
$135 with trading. (See Figure 13.5 in Appendix A.) These costs
could be further reduced with use of sinks (carbon sequestration
using reforestation, afforestation, decreased deforestation, and im-
proved forest, cropland, and grassland management), project-
based trading between industrialized countries and developing
countries through the CDM, and reductions in the emissions of
other greenhouse gases (for example, methane and halocarbons).

There is a wide range of estimates for the likely price of car-
bon during the first and second phases of the EU trading scheme,
that is, 2005–2007 and 2008–2012, respectively (Nicholls 2004).
All experts, primarily from investment banks and consultancies,
recognize that the price is dependent upon a number of factors
including: whether Russia ratifies the Kyoto Protocol and it en-
ters into force; the allocation of allowances to industry under the
EU trading system; the price of coal and gas; and the extent of
the use of overseas credits, which is allowed under the Linking
Directive. However, there is no agreement on the price, with
estimates ranging from 5–15 Euros per ton of carbon dioxide dur-
ing the first phase, and rising for the second phase.

Known technological options could achieve stabilization of
carbon dioxide at levels of 450 to 550 parts per million over the
next 100 years. The costs of stabilization are estimated to increase
moderately going from 750 to 550 parts per million, but signifi-
cantly going from 550 to 450 parts per million. (See Figure 13.6
in Appendix A.) However, it should be recognized that the path-
way to stabilization as well as the stabilization level itself are key
determinants of mitigation costs (IPCC 2001c, Chapters 2, 8, 10).
The secondary economic benefits (auxiliary benefits) of mitiga-
tion activities could reduce the costs. The costs of stabilization,
based on three global models, at 450 and 550 parts per million are
estimated to be between $3.5 and $17.5 trillion, and $0.5 and $8
trillion, respectively, over the next century (1990 US$, present
value discounted at 5% per year for the period 1990 to 2100).
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These estimated costs will only have a minor impact on the rate
of economic growth; for example, the percentage reduction in
global average GDP over the next 100 years for stabilization at
450 parts per million ranges from about 0.02% to 0.1% per year,
compared to annual average GDP growth rates of 2–3% per year.
The reduction in projected GDP averaged across all IPCC story-
lines and stabilization levels is lowest in 2020 (1%), reaches a max-
imum in 2050 (1.5%), and declines by 2100 to 1.3%. The annual
1990–2100 GDP growth rates over this century across all stabili-
zation scenarios was reduced on average by only 0.003% per year,
with a maximum reaching 0.06% per year.

In contrast to the costs of mitigation/stabilization are the costs
of inaction, that is, damage caused by climate change. These costs
are difficult to calculate because of uncertainties in the rate and
magnitude of regional climate change and the resulting impacts
on ecological systems, socioeconomic sectors, and human health.
In addition, some ecosystem and human health damages are hard
to quantify in economic terms. Many ecosystem goods and ser-
vices do not trade in the marketplace, for example, climate control,
flood control, pollination, and soil formation and maintenance,
while religious and aesthetic issues, and placing a value on a
human life are highly controversial. IPCC (1996b, Chapter 6)
estimated the economic costs associated with a doubling of atmo-
spheric carbon dioxide and a 2.5� Celsius temperature warming
to range between 1.5% and 2.0% of world GDP (1–1.5% GDP
in developed countries, and 2–9% in developing countries). The
marginal damage was estimated to range from $5 to $125 per
ton of carbon (highly dependent upon the assumed value for the
discount rate). Nordhaus (1994) organized an expert group,
which estimated the economic costs for a 3� Celsius temperature
warming by 2090 to range between 0% and 21% of world GDP
(IPCC 1996b, Chapter 6), with a mean value of 3.6% and a me-
dian answer of 1.9%. The expert panel also estimated the eco-
nomic costs for a 6� Celsius temperature warming by 2090 to
range between 0.8% and 62% of world GDP (IPCC 1996b,
Chapter 6), with a mean value of 10.4% and a median answer of
5.5%.

Applying cost-benefit analysis to climate change is much more
difficult than for many public policy issues because many of the
benefits of mitigation will not be realized for decades, whereas a
significant fraction of the costs will occur soon, and the estimated
costs are very sensitive to the assumed value for the discount rate.
Cline (2004), using a discount rate of 1.5%, estimated the relative
efficiencies of: the Kyoto Protocol, a global carbon tax, and emis-
sions reductions that mitigate damage in 95% of scenarios (com-
paring the mitigation costs to the worst-case damage costs). The
benefit to cost ratios were positive in all three cases, being 1.77,
2.1, and 3.8, respectively, but the costs are both significant and
quite uncertain, with costs borne by this generation but benefits
increasing over time.

13.8 Institutional Responses
Addressing climate change and reducing greenhouse gas emissions
will require the development and implementation of multilateral
agreements such as the UNFCCC and its Kyoto Protocol, and a
wide range of actions by local and national governments, regional
economic organizations, the private sector, NGOs, bilateral and
multilateral organizations and partnerships, the Global Environ-
ment Facility, media, and consumers. (See Box 13.1.)

Different actors have different roles along the research, devel-
opment, demonstration, and widespread deployment value chain
and pipeline for climate-friendly technologies (PCAST 1999). In-
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BOX 13.1

Potential Roles of Different Actors

The potential roles of intergovernmental processes in addressing climate national governments in industrial countries (for example, states, munici-
change include: palities) may wish to take the lead in promoting climate-friendly policies
• establishing a long-term global emissions target with intermediate tar- and assuming voluntary emissions targets as a signal to national govern-

gets and an equitable allocation of national and/or regional emissions ments of willingness and ability to move on climate policy. In developing
rights, possibly coupled with common policies and measures; and countries, such entities, particularly in higher-income cities, may also wish

• finalizing the rules for carbon trading and moving toward full implemen- to consider climate policies.
tation of an international carbon trading system. The private sector should consider increasing investment for research,

development, demonstration, and deployment of climate-friendly technolo-
National governments can take the following steps: gies; establish voluntary standards (for example, for energy efficiency);

• All governments should consider establishing a national policy and reg- and ensure efficient functioning of emissions trading systems.
ulatory environment, with associated institutional infrastructure, for the International financial institutions should provide financing for climate-
efficient deployment of climate-friendly energy production and use tech- friendly production and use technologies; promote energy sector reform
nologies, including energy sector reform, energy pricing policies, carbon (including energy pricing policies, elimination of fossil fuel and transporta-
taxes, elimination of fossil fuel and transportation subsidies, internaliza- tion subsidies, internalization of environmental externalities); promote
tion of environmental externalities, mechanisms for market scale-up of mechanisms for market scale-up of climate-friendly technologies; promote
climate-friendly technologies (for example, short-term subsidies for use energy efficiency standards, training, and capacity building; stimulate the
of new technologies during market build-up, and quota systems that flow of climate-friendly technologies to developing countries by providing
establish a minimum share of the market), energy efficiency standards, carbon financing; and assist countries in reducing vulnerability to climate
labeling systems, education, and training. change by mainstreaming climate variability and change into national eco-

• Governments, especially from industrial countries, should consider in- nomic planning.
creasing investment in energy R&D, with a greater emphasis on energy The role of the Global Environment Facility is to provide grant re-
efficiency technologies, renewable energy technologies, carbon capture sources to developing countries to develop regulatory and policy frame-
and storage, and hydrogen, and establish public-private partnerships works to promote climate-friendly technologies, demonstrate effective and
for research; innovative measures to reduce greenhouse gas emissions, aggregate

• Governments with obligations, or likely to assume obligations, under the markets for climate-friendly technologies, build capacity for addressing
UNFCCC and its Kyoto Protocol should consider establishing domestic climate change mitigation and adaptation, and provide financing for adap-
allocation of emissions rights and establish a national tradable emis- tation measures.
sions system (net costs of emissions abatement can be reduced by Academia’s role involves continued research, monitoring, and data
taxing emissions or auctioning permits and using the revenues to cut management for improved understanding of the impact of human activities
distortionary taxes on labor and capital); on the climate system, and the consequent implications for the vulnerabil-

• Industrial countries should consider assisting developing countries ac- ity of socioeconomic systems, ecological systems, and human health. It
cess climate-friendly technologies by establishing an appropriate intel- should continue to conduct energy research.
lectual property rights regime, coordinating relevant bilateral aid Local communities play an important role in promoting energy conser-
programs so as not to distort climate-friendly technology markets, and vation activities and developing coping strategies to adapt to climate vari-
continuing to fund the GEF; and ability and change.

• All governments should consider integrating climate variability and The role of media and nongovernmental and civil society organizations is
change into national economic and sector planning, especially for water to promote awareness, that is, to inform civil society and government officials
resources, agriculture, forestry, health, and coastal zone management. of the seriousness of climate change and the ramifications of their actions.

Consumers shape the market by purchasing ‘‘green energy’’ and en-
Local governments can take steps to establish local markets for climate- ergy efficient technologies; theyinfluence government policies through ad-

friendly technologies (for example, through purchase agreements). Sub- vocacy.

novative partnerships will be particularly important in technology
transfer and financing.

A critical condition for significant investment in climate-
friendly technologies is the establishment by governments of an
appropriate policy and regulatory framework, for example, the
elimination of perverse fossil fuel subsidies, the internalization of
environmental externalities, and the provision of appropriate in-
centives for new technologies to overcome initial market barriers.

At the R&D (laboratory/bench) and demonstration (small to
medium to commercial scale pilots) stages, there are roles for both
the government and the private sector, recognizing that barriers
to investment in R&D and demonstration include the difficulty
of capturing the economic benefits of the R&D and demonstra-
tion, long time horizons associated with capturing the benefits,
high risks, and high capital costs. At the stage of widespread de-
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ployment there are clear roles for the private sector and for aid
agencies, trade agencies, the GEF, and the multilateral develop-
ment banks. At this stage the major barriers are high transaction
costs, the fact that the prices for competing technologies rarely
include externalities, and a lack of information. However, there is
a critical stage in the pipeline buy-down (reducing the cost per
unit), which is normally an area of neglect by all actors, where
the barriers include financing the incremental costs, cost uncer-
tainty, and technological and other risks.

A mechanism is needed to fill this gap in the innovation pipe-
line. Mechanisms for technology cost buy-down could be in-
cluded in energy sector reform. One approach that has been used
in industrial countries where energy sector restructuring has taken
place, is the establishment of small guaranteed markets to assist
in launching new climate-friendly technologies, where qualifying
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new technologies compete for shares of these markets. One ex-
ample of such a program is the Renewable Non-Fossil Fuel Obli-
gation in the United Kingdom. A clean energy technology
obligation (CETO) could be a key element in energy sector re-
form in developing countries and countries with economies in
transition to accelerate the deployment of promising new tech-
nologies using a range of competitive instruments, such as auc-
tions. CETO competitions could be organized by guaranteeing
markets sufficiently large that clean energy technologies manufac-
turers could expand production capacity to levels where the econ-
omies of scale can be realized, reducing unit costs by advancing
along the learning curve. The incremental costs of these competi-
tions in developing countries could be covered by bilateral donors
or through an international fund, potentially managed by the
GEF.

Regional and international financial institutions should play
an enhanced role in financing and attracting private capital to
climate-friendly technologies, for example, renewable energy and
energy efficiency technologies, in emerging markets. Carbon fi-
nance, through the emerging national and international markets,
can also play a vital role in promoting these technologies by in-
creasing the internal rate of return for investments in these tech-
nologies.

Local governments can play an important role in the develop-
ment of local renewable energy markets by influencing energy
demand, use, and development in their jurisdictions, for example,
through policy and purchasing, through their regulatory func-
tions, and by expediting planning procedures. There is also a gap
in the insurance and risk-transfer market for new renewable en-
ergy technologies, which, because of their small scale, have diffi-
culty in passing internal business hurdles. The opportunity,
therefore, arises for the public sector to work with the finance
and insurance sectors to address these and other specific barriers.

Technology transfer results from actions taken by a wide range
of actors, including project developers, owners, suppliers, buyers,
recipients, and users of technologies; financiers and donors; gov-
ernments, international institutions, and civil society organiza-
tions (IPCC 2000c). Governments of industrial and developing
countries need to provide an appropriate enabling environment
to enhance technology transfer, by reducing risks, through inter
alia sound economic policy and regulatory frameworks, transpar-
ency, and political stability.
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Main Messages

Despite changes in perceptions of nature—culture links (for example,
the people and parks debate), many policies and economic incentives
concerning management systems and conservation strategies are still
based on separating people from their environments, freezing and stereo-
typing both cultures and ecosystems. Such policies have a limited
success in addressing the linkages between ecosystem functioning, de-
velopment, and human well-being. There is a range of possibilities of inter-
actions between humans and nature. Responses concerning economic
development and conservation strategies need to take into account the histori-
cal, political, economic, and cultural contexts of these interactions. It is only
too common to lay the responsibility for environmental problems and conserva-
tion either in the hands of local communities or blame the private sector, while
disregarding the linkages between local, national, and international policies
and economic pressures. Overcoming the idealization of cultures and the di-
chotomic view of local communities as either ‘‘noble’’ or ‘‘bad’’ savages is
equally important to promoting sustainable responses to ecosystem manage-
ment and development. Recognizing various types of knowledge (scientific,
local, indigenous) and their role in conservation, production systems, and man-
agement strategies may help to avoid the extremes of either dismissing local
perceptions, practices, and knowledge as ‘‘unscientific’’ and harmful, or idealiz-
ing them.

Standard ‘‘blueprint’’ or ‘‘straightjacket’’ approaches to integrate human
and economic development and ecosystem management do not seem to
work. Paying attention to the larger context in which communities and govern-
ments are operating—and are linked to (including basic needs and capabilities)
formal and informal knowledge systems, forms of ownership, and institutional
organization—most likely increases the chance of success of conservation and
development programs. Conventional ‘‘best-practices’’ responses which de-
contextualize knowledge are less successful in addressing the needs of com-
munities or the goals of ecosystem management.

Understanding the complexities of different cultural perceptions of land-
scapes, management of resources, and local institutional arrangements
contributes to alternative and more effective strategies to ecosystem
management and socioeconomic development. Overcoming the idealiza-
tion of landscapes and ecosystems as pristine, frozen in time, and dispos-
sessed of human culture is important for the success of ecosystem
management responses. Restoration and conservation initiatives pivot on the
question of how far we need to go back in time. Therefore, these initiatives
hinge on historical developments and the perspective of communities on their
ecosystems. For example, while the ‘‘idea’’ of using sacred areas as a basis
for conservation is not new, there is a recent growth in translating the sacred
into conservation legislation or legal institutions granting land rights. However,
this approach requires extensive knowledge concerning the specific ways in
which the link between the sacred, nature, and society operates in a specific
locale. Sacred areas may vary from a few trees to a mountain range, and their
boundaries may not be fixed. Local specifics need to be studied thoroughly in
a participatory way in order to develop initiatives that suit the local situation,
and care needs to be taken to avoid an approach that is too instrumental.

In an international perspective, market-economic policies and technologi-
cal change are interrelated as flows of resources, goods and services
transcend national and regional boundaries linking local transformations
of landscapes to global environmental change. This will continue to influ-
ence intensification and commoditization of resource use, land reforms, and
the substitution of local technologies, which all affect local livelihoods, human
well-being, and the environment. Responses such as co-management, conser-
vation units, and integrated rural development are not only relevant to local
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economies, but also influence new carbon sequestration programs based on
incentives for particular production systems.

A balance between a global environmental awareness and related inter-
national institutions, and respect for the sovereignty of national and local
governments over their landscapes and resources, are more likely to
contribute to avoiding conflicts. Lack of cooperation and backlashes lead
to undesirable outcomes for ecosystem services and human well-being.
Taking this balance into account also increases the chances for successful
transboundary conservation initiatives.

Many governments and environmental organizations are realizing that
the biggest challenge of conservation in the twenty-first century is for it
to take place outside parks and enforced boundaries, thus integrated into
agricultural and urban systems. Conservation and development responses
entail a mosaic of strategies that include different types of production and
management systems along with the valorization of rural and urban land-
scapes. Conservation outside parks will continuously grow in importance,
opening new economic opportunities. Examples of responses such as incen-
tives for agrotourism may help to promote conserving cultural landscapes, to
value farming systems, and to address economic needs. Responses address-
ing the links between the rural and the urban may provide important alterna-
tives to address the growing complexity within which human populations and
ecosystems are nested.

The literature shows that conditions that favor better outcomes of envi-
ronmental management tend to include: representative participation and
governance, clear definition of boundaries for management, clear goals
and an adaptive strategy, flexibility to adjust to new contexts and de-
mands, and clear rules and sanctions defined by participants. In this con-
text, any process related to ecosystem management and economic and human
development is mediated by given land tenure conditions that influence the
distribution of benefits derived from local and indigenous knowledge, innova-
tions, and practices. Co-management, joint ventures, and other forms of control
of resources are nested within historical conditions of land tenure control, the
nature of the resources, and institutional arrangements. Hence, these forms of
management are more likely to be successful if they accommodate changes
and are flexible to changes in production systems and markets.

Cultural perceptions and practices affect biodiversity, including agrodi-
versity and management practices of ecosystems. Agrodiversity includes
cultural memory and different pathways through which knowledge is transmit-
ted, such as oral histories, rituals, sharing experiences, arts, and so forth;
these are as important as inventorying species and creating germplasm collec-
tions. Furthermore, it is well known that the emphasis on substituting local
technology and knowledge instead of building upon them, for instance in rela-
tion to intensification of agricultural production, often leads to different forms of
land degradation and a decline in food security.

Fostering the articulation of international and national conventions and
regulations linking biodiversity and local and indigenous knowledge is
important, taking into account that knowledge is produced in the dy-
namic context of inter- and intra-group interactions, power relations, and
historical settings. Responses such as compensating for the utilization of
local and indigenous knowledge and resources entails taking into account rela-
tions between companies, national and regional governments, and communi-
ties as well as the power dynamics of these relations. Responses such as
certification programs are more likely to be effective in addressing local econo-
mies and human well-being if they take into account the impact of particular
resource extraction upon people and communities using the same resource
basis, but not necessarily sharing resource ownership. Certification programs
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are better served if accessible to communities and small producers’ coopera-
tives that often are not familiar with bureaucratic and costly procedures of
certification. Responses such as ‘‘Fair Trade’’ tools are more effective if they
promote the participation of local producers in processes of commercialization
and price negotiations, and the transformation and retailing of their products.
Such responses are not only important for rural development and the conser-
vation and management of natural resources, but also for commercial enter-
prises retailing the local producers’ products.

Eco-, cultural, and agrotourism can provide important opportunities to
link conservation and development. However, as the literature suggests,
these forms of tourism are not necessarily the same thing as community-
based tourism. Community-based tourism entails institutional capacity
building in marketing and negotiation, defining access to benefits, and
representative participation in decision-making processes of community
members, tourism operators, and government agencies. Conflicts about
resource use, development of infrastructure, the conversion of ecosystems,
and dispossession of communities have negative impacts on the possibilities
of ecotourism contributing to human well-being and economic development. In
cultural tourism, problems may emerge in the representation and ownership of
cultural symbols, the reproduction of stereotypes, consent among and within
communities, and the blurring of boundaries between the public and private. In
both forms of tourism, economic incentives and credit programs to foster tour-
ism activities and capacity building could benefit from representative participa-
tion of local communities. The risks and opportunities provided by tourism are
related to the economic position of communities and relations of power. Eco-
nomic deprivation can lead to overexploitation of resources and the acceptance
of unfavorable positions in the tourism industry (low-skilled labor, sex industry,
drugs). Increase in land use value for tourism real estate development pur-
poses may lead to displacement and dispossession. This is especially a risk
for communities that enjoy informal or communal land rights.

Recreation, conservation, and environmental education can go hand in
hand. Cultural tourism can serve to educate people about the importance
of cultural diversity, as well as the importance of the latter for the conser-
vation of biodiversity, provided the risks are taken into account. Tourism and
recreation can be linked to environmental education, fostering knowledge
about the functioning of ecosystems and provoking tourists to critically examine
human–nature relations. Environmental education may serve very diverse au-
diences, ranging from schoolchildren to university students, protected area
managers, policy-makers, and representatives of the private sector. In all
cases, top-down education is less effective than education that is based on
sharing experiences and attempts to reach a joint understanding of the dynam-
ics of human–nature interactions.

There is a growing demand for the maintenance and creation of green
spaces in urban landscapes. Green spaces and urban parks provide op-
portunities to integrate spiritual, aesthetic, educational, and recreational
needs; they may also generate other ecosystem services such as water
purification, wildlife habitat, waste management, and carbon sequestration.
These green spaces may further contribute to human well-being by reducing
stress and, hence, violence.

14.1 Introduction

14.1.1 Overcoming the Dichotomy of Nature
versus Culture

Much of the thinking on nature conservation and ecosystem
management is still based on separating nature from culture. Cul-
tural perceptions of landscapes reflect a gradient ranging between
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the extremes of complete separation to the integration of culture
and nature. These are reflected in histories of colonial occupation
as well as academic developments over the past century. Transfor-
mations of landscapes have been and will continue to be influ-
enced by cultural perceptions of nature as well as by sociopolitical
and economic demands and aspirations. Species and entire land
covers have been introduced or removed to ‘‘domesticate’’ the
land and/or to recreate wilderness (Crosby 1986; Crumley 1994).

Academically, the understanding of culture and nature has
changed dramatically in diverse fields such as geography, ecology,
economy, and anthropology, where environmental deterministic
and dichotomous views of the nineteenth and early twentieth
century about the influence of environment upon culture are
now being dismissed (Orlove 1980; Ellen 1982; Biersack 1999;
Kottak 1999; Little 1999). The very concept of ecosystems re-
flects the changes in thinking about human–environment interac-
tions, rejecting the idea of fixed equilibrium, closed systems, and
static nature (Moran 1990; Golley 1993). Building a vision for the
new millennium on the environment requires overcoming the
dichotomy of nature versus culture, the perception that natural
and anthropogenic landscapes are mutually exclusive, and instead
building respect for the diversity of perspectives on environmental
conservation and management.

This brief history provides context for the way we understand
the relations between nature and culture. When we talk about
culture ‘‘. . . we locate the reality of society in historically chang-
ing, imperfectly bounded, multiple and branching social align-
ments, . . . the concept of a fixed, unitary, and bounded culture
must give way to a sense of the fluidity and permeability of cul-
tural sets. In . . . social interaction, groups are known to exploit
the ambiguities of inherited forms, to impart new evaluations or
valences to them, to borrow forms more expressive of their inter-
ests, or to create wholly new forms to answer to changed circum-
stances. Furthermore, if we think of such interaction not as
causative in its own terms but as responsive to larger economic
and political forces, the explanation of cultural forms must take
account of that larger context, that wider field of force. ‘A cul-
ture’ is thus better seen as a series of processes that construct,
reconstruct and dismantle cultural materials, in response to identi-
fiable determinants’’ (Wolf 1990, p. 387).

There are a number of relevant issues today relating to nature–
culture interactions. In a global perspective, market-economic
policies and social systems are interrelated as the flow of resources,
goods, and services increasingly transcend and subsume national
and regional boundaries. Market pressure, technological changes,
and government policies influence production and consumption.
Influences include the intensification of local resource use, land
use reforms, and the substitution of local technologies. These af-
fect local livelihoods, institutions, and the relations between peo-
ple and nature (Arizpe 1996; Granfelt 1999). Increased global
awareness of these effects in turn influences policies regarding is-
sues such as global common resources, people, and parks issues,
and regulations on biodiversity. A plethora of agents and institu-
tions participate in bringing about and are affected by the above-
mentioned changes ranging from local activist groups, business
and lobby groups, civil society organizations, governmental agen-
cies, to international bodies.

Understanding the complexities of different cultural per-
ceptions of landscapes, management of resources, and local in-
stitutional arrangements contributes to alternative strategies to
ecosystem management and socioeconomic development. In a re-
cent review of management of common pool resources revisiting
thirty years of research on this subject since Hardin’s seminal arti-
cle ‘‘the tragedy of the commons’’ (1968), Dietz et al. (2003) call
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attention to the need to avoid ‘‘one size fits all’’ when considering
management and conservation of natural resources. Furthermore,
it is important to realize that local communities do not operate in
a vacuum, they create multilevel alliances, adopt and adapt global
influences to foster their own livelihoods, yet do so on the basis
of their own cultural repertoires, a process referred to by some as
‘‘glocalization’’ (Comaroff 2000).

In the 1990s, the focus of conservation initiatives shifted to
the local level, with demands for accountability and decentraliza-
tion of authority over natural resources. The call for decentraliza-
tion was driven partly by a combination of democratization
processes and economic demands. Problems, however, occur
with many governments decentralizing only responsibilities, not
budgets or real decision-making powers, and often not recogniz-
ing local knowledge and authorities (Toffler 2003; Ribot 1999).
In this context, there have also been some changes in the debate
on ‘‘people and parks.’’ Conception and policies regarding the
creation of conservation units have moved and continue to move
back and forth between exclusion of communities and local forms
of resource management (frequently in disregard of local political
and cultural contexts) and inclusion. Policies range from a drive
to protect pristine nature while disregarding local historical uses
of resources on the one hand and, on the other hand, treating
local communities as indisputable stewards of nature (West and
Brechin 1991; Stevens 1997; Brandon et al. 1998; Hulme and
Murphree 2001).

The above mentioned shifts coincide with changing attention
from local to transnational conservation efforts: the creation of
corridors for migrating species and trans-frontier conservation
areas. We find examples in South and Central America, central
and southern Africa, and Asia. The increased focus on trans-
frontier conservation is partly based on the realization that ecosys-
tems do not stop abruptly at national boundaries, but is also a
result of wider societal debates about the importance of globaliza-
tion (Draper et al. 2004).

The international dimension of ecosystem conservation has
increasingly become an issue of geopolitical importance, and thus,
sensitive to backlashes and conflicts. A global concern over the
fate of particular ecosystems, especially tropical forests, has also
created a sense of entitlement and ‘‘right of voice’’ beyond na-
tional boundaries. Different views, authority, and sovereignty
need to integrate mechanisms that, while in tune with interna-
tional treaties, also include the views and aspirations of national
and local forms of use. It is important to pay attention to the way
in which local communities creatively respond to socioeconomic
and environmental change without losing sight of global–local
interlinkages.

This chapter addresses emerging issues underlying responses to
human–environment problems in policy-making and institutions.
The issues are organized in relation to three overarching themes:
cultural perceptions, knowledge systems, and tourism and educa-
tion.

14.1.2 General Background on Drivers and Types of
Responses

The definition of culture cited above provides a clear link to the
way the concept of ‘‘drivers’’ is used in this chapter. Human–
ecosystem interactions are processual and dynamic and, in this
sense, drivers and responses co-evolve and are difficult to separate
as one becomes the other depending on one’s perspective and/
or level of analysis. On the other hand, recognizing drivers and
responses within particular categories (typology) helps to provide
comparative insights into the way society and communities solve
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their problems, that is, economically, legally, etc. In introducing
each topic, the chapter emphasizes the need to look at historical
and contemporary contexts within which driver–response inter-
actions develop, mediating conditions between macro and micro
levels, and implications for ecosystem services at different scales.

It is fundamental to acknowledge here the differences in cul-
tural perspectives influencing the ways in which people think
about and take (economic) decisions (Wilk 1996). The discussion
on ‘‘rational choice’’ and human behavior toward the environ-
ment has endured in the social sciences, including economics, for
decades (Barlett 1982; Appadurai and Breckenridge 1986, Isaac
1993, Acheson 1994). It is important to recognize models of deci-
sion-making that do not always fit formal economic models of
‘‘rational choice.’’ Social scientists have dealt with the underlying
principles of human decision-making in several ways, from ques-
tioning economic maximization models through cultural analysis
(for example, formalist–substantivist debate in anthropology; see
Isaac 1993; Wilk 1996) to adopting theories of bounded rational-
ity (for example, institutional economics; see Simon 1957, 1990).
The basic idea underlying these debates acknowledges that people
integrate their local context, including the resource base at their
disposal, into their decision-making. In this sense, the chapter
emphasizes that the concepts of ‘‘drivers’’ and ‘‘responses’’ are
context-dependent.

The discussion of cultural services responses is organized fol-
lowing three basic guidelines. First, the topic is considered in a
historical perspective and relevant issues are identified, particularly
regarding main ‘‘drivers’’ and notable problems during the past
30 years; relevant issues include policy and geopolitical issues,
technological changes, and changes in production and consump-
tion patterns. Second, responses are identified according to the
typology in Chapter 2. In most cases, however, the set of re-
sponses capture the synergetic nature of responses, for instance,
those that represent an intersection between legal responses (for
example, a law defining conservation units) and institutional re-
sponses (for example, related changes in land ownership and rules
of access to resources resulting from legal changes). Finally, in
assessing each type of response, the process presented in Chapter
3 is taken into account, that is, the binding constraints, enabling
conditions, trade-offs, and synergies for each type of response are
discussed.

14.2 Cultural Perceptions: Human Cognitions,
Spirituality, Aesthetics, and Arts

14.2.1 Cultural Perceptions of Landscapes

Land- and waterscapes not only have physical attributes, they are
subjected to and influenced by cultural perceptions as well. As
Simon Schama (1995, pp. 6–7) has put it: ‘‘[t]here is an elaborate
frame through which our adult eyes survey the landscape . . .
Before it can ever be a repose for the senses, landscape is the work
of the mind. Its scenery is built up as much from strata of memory
as from layers of rock.’’ Culture and memory play an important
role in creating different, sometimes contesting meanings for any
one place. Multiple identities associated with landscapes—both
rural and urban—can exist simultaneously at local, regional, and
national levels, with one or another being forced into dominance
by historical and political circumstances (Stiebel et al. 2000;
Ranger 1999). Relations between landscape and religion, for in-
stance, have to do with both moral and symbolic imaginings, but
also with staking one’s claim, such as to land contested by immi-
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grants or invading states and development agencies (Dzingirai and
Bourdillon, 1997; Spierenburg 2004).

Certain cultural perceptions of landscapes become dominant
or imposed through economic and political forces. In the African
context, Ranger (1999) illustrates how dominant colonial views
commonly saw Africans, living within their environment, as not
having notions of landscape, not aesthetically appreciating the
land they occupied. Yet Africans have long invested their envi-
ronments with moral and symbolic qualities, and with beauty.
Such views of the colonized were evident in other continents as
well.

Language is among the most powerful forms of cultural map-
ping, and cultures provide maps of meaning through which the
world is made more intelligible. Places themselves are rich cul-
tural archives, for instance, the variety of names for a single site
points to openness to cultural presences and shared histories in an
increasingly multicultural world (Moore 1998; Stiebel et al.
2000). Language—including the poetry of song and dance that is
part of popular historiography (Luig and von Oppen 1997)—can
also unlock the secrets of the landscape; examples range from
aborigine’s song lines and pastoralists’ oral mappings to European
romantic operas. These ways of placing oneself in and on the land
help stake one’s claim to a part of the present, writing new histor-
ies, sometimes involving social and moral imagination (Coplan
1994; Cohen and Odhiambo 1989).

The downside of this particular discursive process of staking
one’s claim is that many armed conflicts, especially in Eastern Eu-
rope and the developing world, have been portrayed as ‘‘ethnic’’
or ‘‘tribal’’ wars when the opposing parties refer to certain identi-
ties and histories while fighting over certain natural resources.
The label of ‘‘tribal war’’ blurs the vision to influences from out-
side the region fuelling armed conflict, as is the case with the so-
called ‘‘blood diamonds’’ (De Boeck 1998; Lunde et al. 2003).

Recent studies have illustrated the misconception concerning
pristine environments. One of the most provoking examples of
the pristine versus anthropogenic debate is the Leach and Fairhead
(2000) hypothesis proposing an interpretation of islands of forests
in parts of Africa as signs of afforestation by people, instead of
deforestation. . In the Amazonian context, Balée’s interpretation
of the ‘‘culture of Amazonian forests’’ suggests that a considerable
portion of the region is composed of vegetation of anthropogenic
origin resulting from long-term uses by pre-Columbian popula-
tions (Balée 1989). More recently, Willis and colleagues (2004),
examining archeological and paleo-ecological studies, found con-
siderable evidence of human uses in areas of the Amazon basin,
Congo basin, and the Indo-Malay region of Southeast Asia where
tropical forests are considered undisturbed. Their findings suggest
a different perspective on the regenerative capacity of these areas.
Attention to long-term interactions between people and land-
scapes has contributed to a more dynamic view of ecosystems and
the role of human populations. Similarly, it provides examples of
alternatives to use resources, for instance, by considering forms of
forest management aiming at concentrating economic resources
(Posey 1998; Crumley 1994; Balée 1999; Heckenberger et al.
2003).

The history of conservation spans various centuries and many
different countries. Dating as far back as 5,000 and 4,000 years
ago, China and Egypt were engaged in timber management (West
and Brechin 1991; Menzies 1994; Rangarajan 2001). In the
United States, regulations have been created since the 1600s
(for instance, to impose limits on deer hunting). By the mid-
eighteenth century, the need for conservation was particularly
heightened as attention was drawn to the damaging impact of
human activity on the landscape, particularly on the desecration
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of forests, and the need for adopting better strategies for managing
and conserving the landscape. One of the first international con-
servation treaties—the Migratory Bird Treaty—was signed in
1916 between the United States and Great Britain. Overall,
greater emphasis was given to the significance of nature and its
related aesthetic appeal, and this prompted the emergence of the
conservation movements and ‘‘nature appreciation’’ in North
America (Beinart and Coates 1995). However, the economic po-
tential of protected areas to attract tourism has also been a reason
to foster conservation, as the case of Costa Rica’s national conser-
vation policy shows. (See Box 14.1.)

Conservation strategies have frequently reflected orthodox
idealization of both ecosystems and people. On the one side, the
majority of conservation units were created by excluding resident
people, often at the cost of social conflict and displacement.
Conversely, since the 1980s, recognition for the role of local
communities has often led to reproducing a view of locals as
‘‘noble savages,’’ relying on the concept of ‘‘traditional’’ or ‘‘in-
digenous populations’’ to assign rights to land and other resource
use (Conklin and Graham 1995; Draper et al. 2004).

The use of the term ‘‘traditional’’ is widespread and often mis-
interpreted within the context of conservation and ecosystem
management. Although in many instances the term is applied
rightfully to stress the importance of local and indigenous knowl-
edge systems regarding resource management, it carries different
meanings depending on the context. While alternative terms such
as ‘‘local’’ and ‘‘indigenous’’ may also be misused, in most con-
texts these terms may reflect better what is intended. Using the
word ‘‘traditional’’ to refer to local and indigenous knowledge
may be static and backward-looking, and an opposition to moder-
nity. On the other hand, the term ‘‘traditional population’’ has
been applied as a political tool to support local communities (and
by local communities themselves) to guarantee access and rights
to land and resources, particularly within conservation areas and
parks. However, it is also used to disqualify some communities
that share similar rights, but do not fit in whatever characteristics/
traits are used to define who is ‘‘traditional.’’ The term ‘‘commu-
nity’’ carries similar problems of interpretation, such as assuming
there is homogeneity and local consensus on belonging,
boundedness, and aspirations among people settled in close prox-
imity or participating in similar economic activities. Both the
terms ‘‘traditional’’ and ‘‘community’’ require careful use and em-
pirical understanding of the local and historical conditions within
which they are applied (Sinha et al. 1997; Gibson and Koontz
1998; Sylvain 2002).

BOX 14.1

The Costa Rica Experience (Evans 1999)

The Costa Rica experience illustrates the important roles played by
different key players such as environmental groups, education and
nongovernmental organizations, indigenous movements, ecotourism,
and the work of the National Biodiversity Institute in defining conserva-
tion policies. Interestingly, the emergence of the conservation move-
ment reflects a process that some call the ‘‘ ‘grand contradiction,’ in the
sense that conservation occurred simultaneously with massive defor-
estation in unprotected areas.’’ In Costa Rica, 25% of the country’s
land mass is considered either a national park or protected area as a
response to the rapid destruction of its tropical ecosystems due to the
expansion of export-related agriculture.
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14.2.2 Responses Related to Cultural Perceptions:
Multilevel Policies, Institutions, and Social Identities

Perceptions of natural and anthropogenic land- and waterscapes
have been changing rapidly during the past decades. There is an
increased awareness of global environmental problems such as cli-
mate change. Furthermore, there are changes in the circulation of
information and commodities; all of this creates linkages among
local, regional, and global issues (Arizpe 1996; Moran et al. 2002).
The diversity of perspectives to address current environmental
problems—embedded in cultural, political, and economic differ-
ences and interests—presents challenges both in terms of defining
priorities, as well as of aligning local and national socioeconomic
aspirations with international agreements aimed at changing eco-
nomic practices affecting the global environment. The dismissal
of the Kyoto Protocol by the United States—grounded in ques-
tioning the scientific and economic basis of the protocol—
illustrates the complexity of these issues.

14.2.2.1 Awareness of the Global Environment and Linking
Local and Global Institutions

Awareness of the globe working as a system has motivated the
need to deal with ecosystems in an integrated way. This process
has been characteristic of the so-called post-Stockholm way of
thinking, that is, an emphasis on the human environment concept
(which actually was the title of the Stockholm 1972 conference)
and the discussion of environmental problems at a global scale.
Global models of management and global institutions dealing
with the environment have become prominent not only in envi-
ronmental management, but also in international politics. Amal-
gamation of scientific thinking and public awareness, civil society,
and business has been present not only at international govern-
ment forums from Stockholm 1972 to Rio 1992 and from Kyoto
1997 to the World Summit on Sustainable Development in 2002
in South Africa, but also in science initiatives such as the Club of
Rome, the Man and the Biosphere Program, the International
Geosphere–Biosphere Program, and the Millennium Ecosystem
Assessment, to cite a few of the most relevant.

Awareness of global environmental problems by the larger
public has also led to the emergence of different views about
rights to entitlement to global ecosystems and environmental re-
sources (Ostrom 1990). Examples range from the public engage-
ment in discussing the fate of tropical forests to pressures regarding
regulations to curb the greenhouse effect (Geores 2003). Interna-
tional organizations now voice their opinions regarding national
policies and international bank loans to development projects,
while national governments complain about their lack of sover-
eignty and international ‘‘ecological imperialism.’’

Local organizations also take advantage of emerging global in-
stitutions and conventions to bring their case to wider political
arenas. One among several examples is ‘‘The Samarga Declara-
tion.’’ The declaration by the Udegei people of Sikhote Alin
mountains of the Russian Far East aims at preventing the granting
of industrial logging concessions in an area that they consider
theirs; it received attention and support not only from the Russian
Association of Indigenous Peoples of the North but also from
international human rights and environmental groups (Taiga Res-
cue Network 2003; Molenaar 2002).

The strengthening of national and regional institutions, partic-
ularly NGOs, mediating international and local priorities of eco-
system management and conservation is fundamental in this
process. Box 14.2 illustrates the example of a Brazilian NGO—
the Socio-environmental Institute—working toward these goals.
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BOX 14.2

The Socio-environmental Institute in Brazil

One of the most successful civil movements integrating environmental,
sociocultural, and educational activities at various levels is represented
by the Brazilian NGO Instituto Socio-Ambiental (www.socioambiental
.org). Building upon long-term work with indigenous communities, ISA
has articulated intervention and political work with a strong emphasis
on the organization of information, databases, geographic information
systems, and remote sensing for monitoring boundaries, mining and
logging activities, development programs in indigenous areas, conser-
vation units, and areas of relevant social and economic interest, such
as key watersheds around the megacity of São Paulo.

ISA’s work also involves a pioneer education program among indig-
enous communities. ISA is contributing to increased political organiza-
tion and wider participation around topics of social and environmental
importance in collaboration with other NGOs as well as community
associations and government agencies. In a 1998 collaborative effort
among dozens of national and regional institutions (NGOs and govern-
ment organizations), ISA contributed to an effort that brought research-
ers and practitioners together to define areas of conservation priorities
for the Brazilian Amazon. Not surprisingly, close to 75% of priority
areas fall inside areas designated as indigenous reserves where, in
many cases, centuries of continuous occupation has contributed to a
diverse environmental mosaic. ISA’s example serves to illustrate a mid-
dle ground approach, discussing social and environmental issues by
involving a wide range of social groups and participant institutions.

Another response to a growing awareness of global linkages is
the trend to establish transboundary conservation areas, as has al-
ready been mentioned. Most transboundary conservation areas
have been in existence for only a relatively short period, making
an assessment of impacts rather difficult. However, recent studies
from southern Africa suggest that transboundary areas can con-
tribute to local human well-being through increased revenues
from tourism, but can also pose a threat to human well-being
through the marginalization of local communities in (interna-
tional) decision-making bodies and preferential treatment of tour-
ists over local people (Wolmer 2003). At the same time, the
creation of transnational corridors as special zones for economic
cooperation and development presents a growing threat to envi-
ronmental conservation and local livelihoods. Examples include
the Amazonian route to the Pacific Ocean and the South Africa–
Mozambique economic corridor (Grant and Söderbaum 2003),
among others. Ecosystems do not exist in a vacuum and are not
separate from economic and political histories. Consequently,
awareness and action concerning local, national, and global envi-
ronmental problems often intermingle cultural views, scientific
knowledge, and economic ideologies proposing different forms
of resource control and entitlement.

14.2.2.2 Multiple Responses: From Restoring Landscapes to
Valuing Cultural Landscapes

As noted, landscapes are subjected to and influenced by cultural
perceptions as well as political economic interests. Thus ideas
about what landscapes should be conserved are also influenced by
such perceptions. There is a growing recognition that a wider
variety of landscapes, including agricultural, urban, and industrial
landscapes, need to be conserved (see Box 14.3), and that certain
species may have come to depend upon human-made environ-
ments. The importance of human environments for semi-
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BOX 14.3

Plans for a New York Biosphere Reserve

The Columbia University/UNESCO Joint Programme on Biosphere and
Society (CUBES) has established the Urban Biosphere Group, which
is leading a discussion on how UNESCO’s Biosphere Reserve concept
may help the city of New York and its inhabitants to manage the enor-
mous ecological footprint of the city and promote urban sustainability.
According to the Group, the city is only metaphorically a ‘‘concrete
jungle’’ (www.earthinstitute.columbia.edu/cubes/sites/nyc.html). Di-
verse flora and fauna find habitats in the built environment of the city
as well as in its parks, vacant lots, community gardens, and backyards.
Another important habitat is the Hudson River Estuary, which is also
an economic asset to the city.

CUBES plans to organize an international partnership of cities, in-
cluding New York City, Madrid, Rome, São Paolo, Seoul, and Cape
Town, where scientists and stakeholders will examine how the Bio-
sphere Reserve concept may be applied to urban areas to promote
socially inclusive and environmentally sustainable urban processes.

domesticated and domesticated species has long been acknowl-
edged (Clements 1999; Harris 1989). Now, however, there is also
the recognition that urban environments have become an essen-
tial part of conservation of a variety of non-crop fauna species as
well as wild animal species.

Nature conservation, however, still seems to be dominated by
a search for ‘‘the pristine,’’ a concept that often leads to conserva-
tion policies that ‘‘freeze’’ landscapes within enforced boundaries
and attributes any disturbance to human intervention that needs
to be undone. Many conservation efforts entail ‘‘restoring’’ land-
scapes to their ‘‘pristine, natural state,’’ even though it may be
hard to determine what that state actually was and how far back
we need to look. There is, for instance, a lively debate going on
in the Netherlands, where the government as well as NGOs are
buying up farms to ‘‘restore the land to its original state.’’ The
Dutch national organization for agriculture and horticulture
(LTO Nederland) recalls that most ‘‘natural landscapes’’ in the
Netherlands are the result of a centuries-long interplay between
farming, herding, and attempts to control water in this country of
which large parts are situated below sea-level (LTO Nederland
2003).

Restoration of landscapes may involve the removal of species
considered invasive or alien—a popular issue in conservation cir-
cles worldwide—or the reintroduction of species that have disap-
peared over time. (See Chapter 5.) These interventions may not
always be appreciated by the local populations living in or near
areas that are being restored. The reintroduction of brown bears
in Spain and France is a case in point. (See Box 14.4.)

The classification of species as alien or endemic is not just a
biological issue. Cultural issues and interpretations also play an
important role in decisions concerning the need to eradicate or
reintroduce certain species. (See Box 14.5.) The concept of alien
species is, on the one hand, related to ecological changes and
species composition of a particular region and, on the other hand,
related to ideas of desirability, both economically and aesthetically.
Alien species are sometimes referred to as ‘‘invasive’’ species (see
Chapter 5) depending on their level of dispersion and competi-
tiveness with species characteristic of a particular ecosystem. The
concept is also a function of the temporal and spatial scale used
for analysis. More often than not, people tend to incorporate ‘‘ex-
otic’’ species as part of their perception of a given landscape and

PAGE 408

BOX 14.4

The Reintroduction of Brown Bears in the Pyrenees

In 1989, a technical workshop was held in the Aran Valley of the Pyre-
nees on the sustainability of reintroduction of brown bears in the area.
Two plans were tabled: an ‘‘island’’ type of reintroduction involving the
release of about 60 bears, and a policy of conservation of the natural
environment to facilitate the natural immigration of bears. At the work-
shop the first plan was rejected and the second adopted. Following the
workshop, the French government released three bears into France
that soon crossed the French–Spanish border, despite protests by the
Autonomous Government of Catalonia. All but one city council of the
Aran Valley rejected the reintroduction, claiming that it was incompati-
ble with the economically important livestock breeding in the valley.
One city council welcomed the reintroduction since it was promised
grants for the establishment of a nature reserve for the bears.

Despite local objections, the Worldwide Fund for Nature presented
a new, international initiative in 1996 involving 15 European countries,
to reintroduce large carnivores to Europe, including brown bears in the
Spanish Pyrenees. The then Director of WWF’s Europe and Middle
East Programme claimed: ‘‘By the end of the century, we aim to have
proved to farmers and local communities that many of their fears about
animals such as wolves and bears are excessive.’’(http://lynx.uio.no/
jon/lynx/wwflynx1.htm). He furthermore claimed that agricultural sub-
sidies encourage ‘‘irresponsible farming’’: ‘‘One reason why hill farmers
lose sheep is because they buy stock using government aid, and then
turn the animals out to graze, unsupervised. You’d never get a farmer
doing that with animals he’d paid for with his own money.’’

BOX 14.5

‘‘Alien’’ Species Control in the Cape, South Africa

In the dry winter of 2000, fires raged in the mountains surrounding
Cape Town. Conservation authorities concluded that alien species
such as the wattle and gum trees were to blame, since these consume
far more water than the local fynbos, causing the groundwater level to
drop, rendering the area vulnerable to fires. This conclusion was
quickly taken up and published widely by South African newspapers
and journals, which for weeks on end published horror stories about
the effect of the aliens, calling for the conservation of the fynbos. Fol-
lowing the spate of fires, the provincial government of the West Cape
proposed rather farreaching legislation that would require land-owners
to completely clear their land from alien species before it could be
sold. Local farmers worried whether this legislation would also apply to
vineyards and apple orchards so important for the local economy.

Comaroff and Comaroff (1999) argue that the seeming obsession
with alien species and the loud calls to protect the fynbos—referred to
locally as an ‘‘indigenous’’ species rather than an ‘‘endemic’’ species—
can be linked to the increased importance of the concept of ‘‘autoch-
thony’’ in a world where transboundary flows of people, plants, animals,
goods, and capital are increasing in scale. They see parallels with the
widespread fear in many segments of South African society of ‘‘illegal
aliens,’’ that is economic and political refugees from other African coun-
tries. Draper (forthcoming), however, argues that the issues is more
complicated. Whereas the wattle and gum tree are fought hand to
tooth, another alien species, ‘‘rooigras,’’ has come to symbolize the
South African ‘‘veld.’’
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as part of their ethnobotanical repertoire, particularly when eco-
nomic, agricultural, and aesthetic motivations are involved.

14.2.2.3 Recognizing ‘‘Sacred Areas’’

A recent development in nature conservation tries to link sacred
areas to conservation by using sacred areas as a point of departure
when creating protected areas (Mountain Institute 1998). The
idea in itself is not new. In the colonial period, the British had to
incorporate the concept of sacred groves and the land for local
priests to collect their salaries (pahanoi in Jharkhand, India) or
lands to feed the ancestral ghosts (bhutkheta in Jharkhand, India).
This was enshrined in the Chotanagpur Tenancy Act (Bahuguna
1992; Chandran and Subash 2000).

While the ‘‘idea’’ of linking sacred areas and conservation is
not new, recently there has been an increase in translating ‘‘the
sacred’’ into legislation or into legal institutions granting land
rights. However, this approach requires extensive knowledge
concerning the specific way in which the link between the sacred,
nature, and society operates in a specific locale. Sacred areas may
vary from a few trees to a mountain range, and their boundaries
may not be fixed. In some cases, access may be restricted to a few
religious specialists, in other cases they are open to the public to
perform acts of worship that may involve the harvesting of some
of the natural resources from within the sacred area. Local spe-
cifics need to be studied thoroughly in a participatory way to
develop initiatives that suit the local situation, and care need to
be taken to avoid an approach that is too instrumental. (Box 14.6
discusses the role of the sacred in land reform in Zimbabwe, and
Box 14.7 discusses Tibetan and Buddhist ecology.)

14.3 Knowledge Systems

14.3.1 Scientific, Indigenous, and Local Knowledge

There is increasing recognition of the validity and importance of
farmers’ knowledge of ecosystems, species, germplasm, and soils
(Brush and Stabinsky 1996). Similarly, numerous studies have

BOX 14.6

Sacred Areas in the Struggle against Land Reforms
(Spierenburg 2004)

In 1987, a land reform program was introduced in the north of Zim-
babwe, with the aim of ‘‘rationalizing’’ local land use practices and
rendering them ‘‘ ‘more efficient.’’ The program would entail the reloca-
tion of farmers from areas that were classified by project staff as ‘‘non-
arable.’’ The relocation would cause considerable deforestation. The
program would furthermore render about a third of the farmers in the
area landless (Derman 1993; Spierenburg 2004). Local resentment
against the program was expressed by the mediums of royal ancestral
spirits, Mhondoro. They rejected the program claiming that the govern-
ment could not hold authority over an area that actually belonged to
the ancestral spirits. The spirits were said to be particularly angry about
plans to locate farmers to Tsokoto, an area they considered sacred.
Some of the mediums had joined the freedom fighters in Zimbabwe’s
struggle for independence, which is why it was difficult for government
to dismiss their statements offhand. Attempts by government to buy
the mediums’ support by offering them handsome rewards for their
support of the struggle failed. In the end, the program was never fully
implemented, as the staff members charged with the relocation feared
repercussions from the spirits.
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BOX 14.7

Tibetan and Buddhist Ecology (Swearer 2001)

Religion forms a significant component of the worldview and as such
contributes to the way people look at the ecology of their region. A
religion which induces peace and allows no harm to come to plants or
animals is likely to be much more concerned with policies and pro-
grams relating to ecological conservation. This is especially true of
Buddhism. In fact, ‘‘Buddhist environmentalists assert that the mindful
awareness of the universality of suffering produces compassionate em-
pathy for all forms of life, particularly for all sentient species.’’ (p. 226)
Buddhist doctrines of karma and rebirth link together all sentient life
forms in a moral continuum. This was why an environmental policy
based primarily on a utilitarian cost-benefit analysis could not possibly
be sufficient. It integrates environmental ethics as general principles,
collective action guides, and takes into account particular contexts.
While all species have a shared dharmic nature, they have an intrinsic
value to individuals. This is an ideal principle on which to base a
scheme of biodiversity. This attitude toward the environment is seen in
the attitudes and practices of Buddhists in their daily life. Critics claim
that this attitude is against Buddhist history and the past—that the
individual should not engage with the world but should attempt per-
sonal salvation and purification. Others counter that narratives of place
can make a crucial contribution to environmental ethics.

demonstrated the importance of local and indigenous knowledge
of aquatic systems (Dyer and McGoodwin 1994). Nevertheless,
the drive for modernization and technological change is often
based on the substitution of small-scale practices. Understanding
of crop and forest biodiversity lies in the oral history and cultural
memory of local and indigenous communities, but is frequently
disregarded as backward and unneeded.

The pace of technological, agricultural, and environmental
changes, and large-scale environmental modification by infra-
structure development often happens at the expense of local re-
sources and knowledge (Scott 1998). While this has an impact on
local food security and economies, it is also relevant to (national
and international) issues of conservation and economy. Priorities
for economic development are often based on technological
modernization (such as monoculture and industrial fishing) and
frequently contradict policies to promote local and indigenous
knowledge, conservation of germplasm, and local management
strategies. Despite their productivity, local technologies are often
perceived as extensive when compared to high-input production
systems. While technological change may contribute to increased
food production, one needs to be careful with substituting local
technologies, knowledge, and forms of production. This does not
automatically mean that one or the other is better; one should
avoid extremes of either dismissing or idealizing both forms of
knowledge, technology, and production systems (Netting 1993;
Brondizio and Siqueira 1997; Posey 1998; Nazarea 1998; Pinedo-
Vasquez et al. 2001; Zarin et al. 2004; Brondizio 2004a).

Wynne argues that there is a distinct difference in the way
local farmers respond to uncertain environments and the way nat-
ural scientists do: ‘‘Ordinary social life, which often takes contin-
gency and uncertainty as normal and adaptation to uncontrolled
actors as a routine necessity, is in fundamental tension with the
basic culture of science, which is premised on assumptions of ma-
nipulability and control. It follows that scientific sources of advice
may tend generally to compare unfavorably with informal sources
in terms of the flexibility and responsiveness to people’s needs’’
(Wynne 1992, p. 120).
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Likewise, local knowledge plays a key role in lowering the
degree of uncertainty in aquatic systems. Knowledge on habitat
conditions, and on the behavior and life history of the fish species
comprises the base to make choices about where, when, and how
to fish. Acheson and Wilson (1996) argue that the focus on how
to perform the fishing activity differs strikingly from the focus of
scientific management systems on how much fish can be with-
drawn. Box 14.8 discusses the responses of local communities to
growing commercial pressure over fishing resources and the evo-
lution of ‘‘fishing accords’’ in the Amazon.

Science tries to replace ‘‘haphazard’’ experimentation by con-
trolled experiments that are context-independent and thus more
widely applicable. This is one of the reasons why governments
and development agencies have long favored ‘‘scientific’’ solu-
tions, and where they have become interested in local knowledge,
often try to de-contextualize it by compiling ‘‘best practices’’ that
can be disseminated to other parts of the country or even the
world. Scientists who do acknowledge the existence of local
knowledge generally apply scientific methods to verify and vali-
date the knowledge to reach a wider acceptance in policy and
academic communities.

BOX 14.8

Community-based Management of Floodplain Resources

The introduction of new fishing-related technologies such as motor
boats, synthetic fibers, and ice boxes, led to the intensification of fish-
eries in the Amazon since the 1960s. The mounting pressure of com-
mercial fishers in the floodplain lakes caused constant confrontations
between local residents and outside fishers. Since the 1970s, the popu-
lations living along the rivers have developed a local management
system to restrict commercial lake fishing. The ‘‘fishing accords,’’ as
they are locally known, are formal documents that restrict access to
floodplain lakes and limit the use of fishing resources (McGrath et al.
1993). These documents vary regionally in format and rules types
(Lima 1999, McDaniel 1997, Castro and McGrath 2003); yet, they have
in common the strategy of discussing and voting the rules collectively,
writing a document that is legitimated by the residents’ signatures, and
carrying out a self-monitoring system.

Unlike many community-based management systems described in
the literature as traditional and based on verbal understanding, the
‘‘fishing accord’’ emerged recently, and its structure is framed in written
documents with a clear system of rules. This unique aspect of the
fishing accords is due to the influence of the Catholic Church in foment-
ing political organization of the rural populations in the Amazon over
the last decades (Castro 2002). Until recently, the illegal status of the
fishing accords, which violated the open access to the water system,
combined with the lack of political support by the government, limited
the scope of this local management system. In the last decade, how-
ever, the local populations gained support from local and international
nongovernmental organizations (NGOs). As a result, the Brazilian gov-
ernment has launched a research program aimed at developing legal
instruments to recognize the local management systems.

The fishing accords are by no means free of problems (Castro
2002); yet, despite many barriers still to overcome, the process of
recognition of this local management system by the government has
created, for the first time, the ground for participation of local users in
the management of resource use, leading to the integration of local
and scientific knowledge, increased legitimacy, and a basis for negotia-
tion of conflicting interests.
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Scoones (1996) attributes the failing of many land reforms and
other projects trying to render the landscape more ‘‘legible’’ to
the distrust between local farmers and the ‘‘purveyors of the sci-
entific solution.’’ Local farmers understand the solutions offered
to them; it is not ignorance that engenders their reluctance to
adopt the proposed practices, but a more fundamental disquiet
about the technical rationale for the suggested solution under
local circumstances and a suspicion about ulterior motives. Local
farmers have preferred to follow their own informal and flexible
alternatives for survival because changing their methods will dis-
rupt their production. Top-down approaches to implementation
limit the possibilities of exchanging perspectives and negotiating
outcomes between local farmers and external agents. The result is
the emergence of forms of resistance that are actively pursued but
perceived by outsiders to represent ignorance of the ‘‘correct’’
solution, implying that people require education and persuasion
(Scoones and Cousins 1994).

The persistent perception that ignorance is at the root of resis-
tance or noncompliance does not lead to questioning of the as-
sumptions behind the intervention or a reexamination of its
scientific premises (Scoones 1996; Posey 1998). This does not
mean that resistance is the sole or main reaction to external intro-
duced knowledge and technologies. Actually, most farmers, indig-
enous or not, draw upon different sources of knowledge and
integrate different technologies and techniques that best fit their
interest, needs, and conditions (Reij and Waters-Bayer 2001;
Scoones 2001). Experimentation and diffusion of knowledge are
central tenets of livelihood strategies at any level (Netting 1993).

14.3.2 Responses: Protection, Compensation, and
Certification

The growing recognition of local indigenous knowledge has also
led to its commercial exploitation. Market imperatives and inter-
national monetary policies have caused developing countries to
gear their economies towards export. In most cases, this has led
to the exploitation of their natural resources beyond long-term
sustainability. At the same time, the richness and possibilities of
resources, for example medicinal herbs, and their possible eco-
nomic benefits, became an important argument for the conserva-
tion of nature. The prospecting for local resources has led to
exploitation of local knowledge without communities being
compensated. Few mechanisms are available to feed the benefits
back to local communities that in many instances contributed to
the production of the knowledge concerning certain species, or
even the production of the species themselves.

14.3.2.1 International Agreements and Conservation of
Biological and Agropastoral Diversity

Increased exploitation as well as a growing consciousness con-
cerning the disappearance of local resources and the knowledge
about these has led to concerns for the need to protect local and
indigenous knowledge. The international community has recog-
nized the close and traditional dependence of many indigenous
peoples on biological resources, notably in the preamble to the
Convention on Biological Diversity, which has been ratified by
over 170 countries. Article 8(j) in the CBD specifically addresses
local indigenous peoples and their knowledge. The CBD adopted
the facilitation of indigenous peoples’ participation ‘‘in develop-
ing policies for the conservation and sustainable use of resources,
access to genetic resources and the sharing of benefits, and the
designation and management of protected areas.’’
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Many governments are now in the process of implementing
Article 8(j) of the Convention through their national biodiversity
action plans, strategies, and programs. Some have adopted specific
laws, policies, and administrative arrangements for protecting in-
digenous knowledge, emphasizing that prior informed consent of
knowledge-holders must be attained before their knowledge can
be used by others (Cunningham 1996). Other international con-
ventions have followed suit, such as the Ramsar Convention on
Wetlands; the signatories have adopted Resolution VIII 19 that
fosters the incorporation of cultural values in conservation efforts
with the obligation of doing so with the active participation of
indigenous communities. In many cases, protection of local/
indigenous knowledge is a byproduct of the protection of biodiv-
ersity, while in others the main aim is to guarantee economic
benefits to communities.

Apart from (inter) national policies, there are also instances of
local strategies to protect as well as transmit local and indigenous
knowledge. Local knowledge is, just as scientific knowledge, pro-
duced in a context of power relations. Not everybody will have
access to local and indigenous knowledge; some of it may be con-
sidered the domain of specialists. Specific groups in communities
may be excluded from such knowledge on the basis of their socio-
economic position and/or gender (Clark 2003). Knowledge may
not be equally shared within communities; some of it may be
considered sacred and/or secret, which poses problems concern-
ing legislation. Other problems relating to legislation are the fact
that a lot of the knowledge is produced by groups of people,
not by individuals; is developed over time; and continues to be
developed. Legislation may ‘‘freeze’’ knowledge as well as the
rituals and practices associated with this knowledge (Laird 1994;
Brush and Stabinsky 1996).

The World Intellectual Property Organization has been the
voice behind intellectual property rights. But instead of support-
ing ‘‘local knowledge,’’ WIPO became a western capitalist-biased
organization that envisions any type of knowledge whether it is
medicinal plants, songs, crafts, or any other form, as a commodity.
Local communities are concerned with the extent of exploitation
of local knowledge and how it is being used or removed from its
culturally appropriate context and how it is being usurped as a
capitalist commodity.

An issue is the western patenting system which is used to pro-
tect the IPRs of monopolists. The scale and tendency to focus
on corporations is exemplified by industrially advanced Western
European countries who have been strong supporters of IPR and
who have imposed this system on Third World countries. Patents
could translate into wealth and power for foreign transnational
companies and may have negative impacts in the biodiversity of
particular areas, depending on the level and structure of market
demand and exploration practices. There are about four million
patents in the world, which already provide a source of wealth for
companies working in ecosystems across the world (Shiva 1997;
Settee 2000). Local and indigenous communities, however, in-
creasingly are organizing themselves by establishing NGOs and
lobbying governments and international organizations to change
legislation concerning patents; WIPO is increasingly willing to
lend an ear to the protests.

Much of the local and indigenous knowledge is not written
down, but transmitted through daily practices, stories, songs,
dance, theatre, and visual arts. Not only knowledge but also atti-
tudes and perceptions are transmitted that way (Dove 1999). In-
creasingly, programs on local/indigenous knowledge take these
forms of transmission into account, and try to incorporate these
into educational activities.

PAGE 411

Language is crucial to mapping biodiversity. There is concern
that when languages disappear, knowledge may disappear as well
(Cox 2000). Increased recognition of this threat has resulted in a
number of initiatives to protect local and indigenous languages,
including UNESCO’s ‘‘Safeguarding of the Endangered Lan-
guages’’ program (http://www.unesco.org/culture/heritage/
intangible/meetings/paris_march2003.shtml). This program spe-
cifically recognizes the possibility that dispossession and loss of
habitat are important risk factors leading to the disappearance of
certain languages. Box 14.9 illustrates two UNESCO programs
related to intangible cultural heritages.

Local and indigenous knowledge does not only pertain to spe-
cies that are harvested on an extractive basis, but also to produc-
tion methods, cultivars, and germplasm (Brondizio 2004b;
Padoch et al. 1998; Brookfield 2001). Production systems that
evolved over long periods of time benefit from cultivars and
methods adapted to particular micro-environments, as well as so-
cial conditions (Altieri and Hetch 1990, Caballero 1992, Netting
1993). An important part of indigenous knowledge about fishing
systems is related to secret fishing spots. In contrast to terrestrial
ecosystems, water-based environments lack clear property bound-
aries. Yet complex tenure systems based on environmental infor-
mation such as lunar-tide pattern and triangulation of beach
marks, regulated by social relations, can be observed (Cordell
1989).

Diversity of production systems increases the resilience not
only to factors such as climatic change, but also facilitates alterna-
tive economic options to minimize risks in household food supply
(Wilken 1987; Hladik et al 1996). In Dynamics and Diversity, Soil
Fertility and Farming Livelihoods in Africa, Scoones (2001) and col-
leagues show that conventional methods using demonstration
plots are inadequate to extrapolate to larger areas. They argue that
researchers should look at the entire farm with all its components
and the ways in which farmers invest labor and inputs to maintain
or increase fertility in different parts of their land. In most cases,
different levels of land management intensity co-exist to attend
household and market demands; and in most areas, one finds
complex environmental mosaics with a high diversity of crop and
wild species. Likewise, coastal communities rely on the combina-
tion of water- and land-based activities to lower the risk of each
environment. Box 14.10 illustrates the importance of accounting
for social indicators such as the nutritional status of children, in
understanding the impact of changes in production system and
environment upon the well-being of local populations.

Some initiatives at the international level are concerned with
local knowledge systems and their associated landscapes and
agrodiversity. One example is the Food and Agriculture Organi-
zation program ‘‘Globally Important Ingenious Agricultural Heri-
tage Systems.’’ GIAHS aims at enhancing, demonstrating, and
promoting these systems through a number of pilot sites repre-
senting different types of agricultural and pastoral production sys-
tems and their associated landscapes. It includes examples dealing
with rice and maize based systems, root crops, pastoral systems,
irrigation and soil management systems, agroforestry, and extracti-
vist systems from around the world. This program is still in its
early phase, so it is not possible to assess its impact to date (http://
www.fao.org/ag/agl/agll/giahs/). The UNESCO World Heri-
tage Program deserves mentioning for its recognition of a wide
range of agricultural and other cultural landscapes, including the
Rice Terraces of the Philippine Cordilleras and the forest of ‘‘Ce-
dars of God’’ (Horsh Arz el-Rab) in Lebanon (p://whc.unesco
.org/nwhc/pages/home/pages/homepage.htm). Finally, the People,
Land Management, and Ecosystem Conservation program is in a
more advanced stage of development; it was built upon under-
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BOX 14.9

UNESCO’s Intangible Cultural Heritage Program and Local and Indigenous Knowledge Systems

UNESCO has initiated two programs related to intangible cultural heritage. case of the Sunyanta epic (Mali), the seventh-yearly performance by griots
Implemented by UNESCO’s Division of Culture, the first program consists is preceded by rehearsals during which griots argue about the interpreta-
of three components: safeguarding endangered language, creating ‘‘living tion of the Sunyata stories and their meaning for the interpretation of
human treasures’’ systems, and identifying and preserving ‘‘masterpieces current events in society. This process is a crucial aspect of the epic
of oral and intangible heritage’’ (www.unesco.org/culture/heritage/ (Jansen 2000).
intangible). In the context of the Division of Culture’s emphasis on intangi- The second UNESCO program, ‘‘Local and Indigenous Knowledge
ble heritage, the term ‘‘preservation’’ means the safeguarding of heritage Systems in a Global Society,’’ is an intersectoral program whose focus is
in the context and environment in which it is generated. In the Master- not so much on the preservation of local/indigenous knowledge as on
pieces of the Oral and Intangible Heritage of Humanity program, the ‘‘mas- promoting the recognition of the value of this kind of knowledge as a
terpieces’’ refer to cultural spaces that are defined as places in which fundamental component of sustainable development (UNESCO/Links bro-
popular and traditional cultural activities are concentrated, or as the time chure 2002). The program aims at securing an active and influential role
usually chosen for some regularly occurring event, or forms of popular for local communities in sustainable development and resource
and traditional expressions (for example, as languages, oral literature, management processes by strengthening dialogue among traditional
music, dance, games, mythology, rituals, costumes, craftwork, architec- knowledge holders, scientists, and decision-makers, and establishing co-
ture), and other arts as well as traditional forms of communication and operative processes. Local and indigenous knowledge systems are con-
information. sidered to be dynamic, and special attention is paid to the way they are

Nominations for the masterpieces program should be accompanied by generated, the context in which they are generated, as well as the way in
detailed plans to preserve the masterpiece, for which funding can be which each generation reassesses, renews, and reinvents its knowledge.
obtained. The main challenge of the program is to prevent the stifling of The program aims at strengthening transmission of knowledge, practices,
dynamic practices. The nominating guidelines demand that ‘‘The expres- and worldviews, from elders to youth, and developing quality education
sion is presented as a clearly defined corpus of the orality concerned.’’ that contributes to this end, so as to sustain traditional knowledge as a
However, ‘‘clearly defined’’ is open to interpretation. For instance, in the living and dynamic resource within local and indigenous communities.

BOX 14.10

Nutritional Status as a Social Indicator of Well-being

Despite its importance to smallholders’ food security strategies, local pro- and were not consumed; corn was usually fed to the animals (Murrieta et
duction systems tend to be neglected by developmental agencies— al. 1999).
usually for not being market oriented and/or for being considered Nutritional status provides a way to evaluate the efficiency of food pro-
backward in terms of technological use and productivity. In some cases duction systems as well as household and community food security (Frisan-
(exemplified by several agroforestry activities) these production systems cho 1990). Through the use anthropometric data—a series of standardized
are not even considered as agricultural work, and are labeled as ‘‘extract- techniques to measure the body and its parts—and diet surveys, one can
ivism,’’ carrying with it the prejudice and the stigma of lacking a ‘‘civilized’’ evaluate the nutritional status of individuals, households, and communities.
process of plant domestication and the necessary labor specialization. At the community level, growth and development of individuals, mainly of
Nonetheless, local crops also tend to be considered of ‘‘bad taste’’ and/or children under 10 years old, have been presented as good health and
of poor nutritional value. The outcome of these misperceptions tend to nutritional indicators of a population, especially in poor areas of the world.
induce changes in the agricultural work and productivity and bio-physical Being in an active growth process, a child’s physical development is sus-
environment, but not necessarily induce higher and better household food ceptible to and directly affected by both the availability of food (quality and
consumption. quantity) and the incidence of diseases, which ultimately reflect social, cul-

One example is the implementation of agricultural projects among rural tural, economic, and physical environmental conditions. Height-for-age and
populations of the Amazon estuarine region which tend to favor mecha- weight-for-age are the measurements most widely recommended by the
nized agriculture and cash crop fields. The projects intended to increase World Health Organization to assess protein-energy deficient children.
community household income and well-being. However, instead of imple- While height-for-age is used as an indicator of the past state of nutrition,
menting new crops side by side with food items that were part of the local weight-for-age and weight-for-height are used as indicators of current nutri-
diet, the project designers opted to replace them. Manioc, a crop culti- tional status. For adults, body mass index (a relation between height and
vated by slash-and-burn technique and a staple food and one of the main weight) is also used to assess nutritional status. While providing a good
sources of energy among Amazonian populations, was often dismissed indicator of household and community well-being, diet surveys and anthro-
as an important food crop and replaced by more ‘‘nutritious’’ crops such pometric techniques also permit assessing possible differential gender and
as beans and corn. Beans, despite being a staple food in other parts of age access to food and household resources, thus allowing a broader un-
Brazil, were not considered a desired food by many household members derstanding of household and community structure and dynamics.
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standing and translating the experience of local farmers to their
colleagues, operating across rural areas representing different in-
ternational realities (Brookfield 2001, PLEC 2002, Brookfield et
al. 2003). Box 14.11 illustrates this example in more detail.

There are also a number of local and regional level initiatives
to conserve biodiversity, including agrodiversity, by setting up
seed banks (for example, at Kew Gardens). However, storing
seeds is not sufficient (Nazerea 1998). People and Plants, for in-
stance, also compiled local and indigenous knowledge associated
with the species, and provided training for local ethno-botanists.
Nazerea proposes the establishment of memory-banks in addition
to seed banks, including oral histories, evaluation criteria, ranking,
and sorting schema and cognitive drawings (1997). Another ex-
ample incorporating some of these strategies is illustrated in Box
14.12 on the cultivation of medicinal plants in India.

14.3.2.2 ‘‘Best Practices’’

Though very important lessons can be learned from diverse expe-
riences in local communities, it should be noted that local and
indigenous knowledge evolves in specific contexts and one needs
to be very careful with de-contextualizing it. This applies to sev-
eral types of responses aiming at addressing issues of ‘‘knowledge
systems’’ and environmental management. Conventional ‘‘best
practices’’ methods focusing on content may not be the best way
to deal with local/indigenous knowledge. A content-based best-
practices approach is based on the assumption that it is possible to
objectively validate or disqualify local knowledge. Yet the ques-
tion arises what indicators can be used to determine whether a
practice is a ‘‘best practice’’? Who decides what a best practice is?

There are many aspects that determine whether a practice is
a best practice such as economic performance, improvement of
individual rights, the range of beneficiaries, and its sustainability
over time. The social and economic context is important, since it
defines who benefits from opportunities opened up by particular
development programs and what factors constrain local participa-
tion. Basic issues such as land tenure conflicts and rights, institu-
tional organization, farmer’s and fishermen’s access to basic
services, and markets for their products, need to be considered.

BOX 14.11

The People and Land Conservation Program

The People, Land Management, and Ecosystem Conservation program
has further developed the concept of farmer-to-farmer learning by cre-
ating a network of farmers, communities, and sites across 13 countries.
The work emerges from the collaboration between the United Nations
University, the United Nations Environmental Program, and the Global
Environment Facility, with national, regional, and local organizations in
these countries. Following a consistent, but adaptive research design,
PLEC researchers have partnered with local farmers and extension
officers to learn from and systematize local experiences, knowledge,
and creative solutions to increase and sustain land productivity. The
work of PLEC has involved inventories of agrodiversity and production
systems. Using local forms of social organization as the basis for dem-
onstration activities, PLEC has helped to create channels to diffuse
technologies and exchange experiences. Considerable efforts have
been put into the valorization of farmer’s knowledge and overcoming
preconceptions and stereotypes not only of extension officers in rela-
tion to small-scale farmers, but also of farmers themselves in relation
to other farmers.
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BOX 14.12

Project in India on the Cultivation of Medicinal Plants

A company called Gram Mooligai Company Limited (GMCL) procures
herbs from traditional herb gatherers of the vallaiyar community in Viru-
dunagar district of Tamil Nadu, India. It makes these herb-gatherers
shareholders and offers better prices. Twenty five villages of the Viru-
dunagar, Sivagangai, Dindigul, and Theni districts of Tamil Nadu have
benefited. This public limited company is a spin-off from the Medicinal
Plants Conservation Network (MCPN). It is supported by the Bangalore-
based Foundation for the Revitalization of Local Health Traditions
(FRLHT). It began in 1993 involving state forest departments of the
Karnataka, Kerala, and Tamil Nadu states of India in medicinal plants
conservation. It also involves research institutes and NGOs. In the
Madurai region they were helped by Covenant Center for Development.
GMCL was registered in January 2000 as a public limited company. A
federation of 164 self-help groups called mahakalasam created san-
ghas or self-help groups in villages.

GMCL now has 0.5 million subscribed shares among 44 gatherer
and 12 cultivator sanghas in the Virudunagar district. They avoid con-
tamination by not collecting plants along the roadside or plants that
have moisture. GMCL now sources more than 300 tons of medicinal
plants for pharmaceutical and herbal companies. The prices are pre-
announced, weighing is transparent and the villagers can sell directly
from their villages. The company encourages sustainable harvesting.
Sometimes, however, the prices offered are not competitive and rivals
try to undercut. (Vijayalakshmi 2003)

14.3.2.3 Compensating for Knowledge
Compensation for the use of local and indigenous knowledge by
third parties is an important, yet complicated response (Moran
1999). Given the way in which such knowledge is produced, de-
termining who owns what knowledge may not be easy. The dis-
tribution of knowledge varies according to type, use, and access
to resources. Some knowledge may be shared and produced by
numerous local communities (Reyes-Garcia et al. 2003). In other
cases, production and diffusion of knowledge may be restricted to
certain groups or individuals within communities (Moran 1999).

Local authority structures are an important, but not the only
factor, that needs to be taken into account in deciding, in close
cooperation with local communities, who should be responsible
for distributing benefits. As remarked above, local and indigenous
knowledge may concern different domains and may be produced
by different individuals or groups within communities. Though
possessing certain knowledge may enhance someone’s position in
society, the idea that powerful people within communities are
related to or responsible for local and indigenous knowledge is
not necessarily correct. Thus the popular idea that local and indig-
enous knowledge can be promoted by strengthening ‘‘traditional’’
authorities may not be valid in many cases. (See Box 14.13.) Such
a strategy is not always ‘‘innocent’’; both governments and enter-
prises may find it easier to deal with such authorities than with
whole communities (Ribot 1999).

Furthermore, the distribution of benefits is influenced by rela-
tionship among companies that seek local and indigenous knowl-
edge, national legislation and authority structures, and regional
government bodies (Schutz 1970; Berger and Luckman 1971;
Laird 1994).

14.3.2.4 Responses Changing Resource Ownership and Control
Control over resources is another crucial issue that influences the
distribution of benefits derived from local/indigenous knowl-
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BOX 14.13

An NGO Imposing ‘‘Traditional’’ Authorities in Mali
(Kassibo 2001)

The government of Mali has initiated a decentralization process that is
not yet completed. Locally elected ‘‘communes’’ have been established
that have some decision-making powers, but forest resources are still
controlled by the state.

A British NGO introducing a forestry management project into the
Mopti region opted to re-invent tradition as the basis for the project
instead of supporting local calls to decentralizing control over the forest
to the commune. The NGO based its project on the oral traditions of
one of the ethnic groups in the area. According to these traditions, in
the pre-colonial era groups of young people constituted associations
called ton, which were charged with forest protection. They were ac-
countable to the village authorities and supported by the land chiefs in
resolving conflicts. Under colonization, the French authorities banned
this system, and appointed civil servants to manage the forest. Access
and user rights of local populations were severely restricted. From the
colonial period to the present day, local populations have never ceased
to try to reclaim their participation in forest management.

The NGO appropriated the traditional approach to legitimize its in-
tervention in the area of environmental management and to more effec-
tively lobby the central state administration for recognition. An ‘‘outside’’
actor by definition, the NGO created successors to the ton in the form
of watch brigades, and established village associations that were to
supervise the brigades and report back to the NGO. The NGO financed
all operations of the brigades and village associations, and supervised
them. Brigades and associations were accountable to the NGO, but
neither they nor the NGO itself were accountable to local government
structures. The NGO had no real accountability downward to the com-
munity, although members of the brigades and associations were nomi-
nated by the community. Furthermore, the brigades and village
associations had no real control over the forest; they basically fulfilled
the patrolling function of the Conservation Service, but without sanc-
tioning powers.

The NGO did not take into account the fact that the local communi-
ties had become multi-ethnic when they imposed the neo-traditional
structures derived from the oral traditions of one of the groups in the
area. Some groups felt misrepresented by these structures, and as a
result of the lack of downward accountability there was a lot of favorit-
ism. Furthermore, the structures set-up by the NGO were used by the
state to claim that there was no need to decentralize control over the
forest to the existing, democratically elected local government bodies.

edge. Various tenurial options exist, including co-management,
joint ventures, and the creation of conservation and sustainable
management units to assign forms of land tenure rights to com-
munities. Factors such as historical land tenure control, complexi-
ties of local institutional arrangements, and types of resource uses,
all play a role. While guaranteeing tenure rights and access to
resources to particular groups, legislation may constrain the level
of flexibility to allow changes in production system, adoption of
new technologies, accommodation to population increases, and
higher pressure over particular resources. For instance, communi-
ties that are ‘‘allowed to stay’’ in conservation areas are often for-
bidden to carry on or increase their agricultural activities (West
and Brechin 1991; Stevens 1997; Agrawal and Ostrom 2001; Mc-
Grath et al. 1993; National Research Council 2002; Ostrom 1990).

Uncertainty concerning tenureship not only poses problems
for the distribution of benefits, but also for strategies that are be-
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coming more and more common, for example reinforcing tradi-
tional leadership to conserve local and indigenous knowledge.
The link that is not always made explicit is that communities do
need control over natural resources, but whether this should be
through traditional leadership remains to be seen and depends on
the local context and history. Local government institutions that
are democratically elected and have real authority over resources
in some cases may be better options. Yet many governments seem
to have a tendency to shift responsibilities back and forth between
‘‘traditional’’ authorities and local government bodies, without
giving any of them real decision-making powers. This decreases
communities’ control over resources and increases central gov-
ernment’s control, often undermining the efforts of both sides
(Ribot 1999; Spierenburg 2003). Another problem concerns the
control over territories that contain resources deemed of national
importance, such as oil and minerals. In most cases, central gov-
ernments refuse to devolve authority over such resources.

14.3.2.5 Certification Programs

Certification programs have emerged as tools to control the
source and distribution of particular products and their means of
extraction (Zarin et al 2004). Examples include forest products,
fisheries, and agriculture. The criteria on which certification is
based include biological and ecological components of pro-
duction areas and ecosystems, approved management plans and
environmental impact assessments, compliance with national leg-
islation, and the participants involved, among other issues. Less
attention is given to the impact of particular resource extraction
upon people/communities in those areas using the same resource
base. Sustainable forest certification ensures that wood products
that are being sold to consumers have gone through a checklist to
guarantee that they meet the standards set by the certification
process (Certified Forest Products Council 2002). Although this
is a very positive response, many communities do not have access
to certification programs for their products or are not aware of
their existence, thus limiting their participation in a growing mar-
ket. In addition, the financial costs involved in establishing a certi-
fication program reduce the chances for local communities to be
able to participate independently. Capacity building at the local
level to prepare, implement, and monitor certification programs
could be implemented alongside the regulations requiring certi-
fication in international markets.

14.3.2.6 ‘‘Fair Trade’’

‘‘Fair trade’’ is a long-lasting movement initiated to help disad-
vantaged or politically marginalized communities; its aim is to
obtain better prices and providing better trading conditions, as
well as raise consumers’ awareness of their potential role as buyers.
Yet from the early 1990s, fair trade began to overlap with initia-
tives focusing on the environmental performance of trade (Robins
1999).

Among the successor perspectives is the so-called ‘‘Rainforest
Harvest,’’ which focuses on the conservation of tropical forests
and their dwellers. Proposed in the late 1980s by Jason Clay, the
‘‘Rainforest Harvest’’ centered on helping indigenous and other
rainforest communities. The baseline argument was that the in-
troduction of fair and environment-friendly markets was a power-
ful approach to protect people’s standards of living and promote
their empowerment (Clay 1992). Prompted by conservationists
and indigenous advocacy groups, and made possible by consum-
ers’ interest, a series of trade initiatives began to be installed that
encompassed concerns over environmental management by in-
digenous and rural communities, linking issues of social justice
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and recognition of the stewardship of these communities over
natural resources. Though this is a very positive response, care
should be taken of the issues already mentioned in relation to the
benefits generated by local and indigenous knowledge.

Furthermore, successful fair trade initiatives depend upon
local skills concerning market negotiations as well as leveling skills
vis-à-vis middlemen and retailers. Commodities such as coffee,
while experiencing a growing market, have seen decreasing prices
due not only to increases in production (the ‘‘Viet Nam factor’’),
but also as a function of the centralized control of stocks by a
handful of companies. Shortening the commodity chain between
producers and consumers is one of the most notable contributions
to rural development that may allow communities to increase
their income and to value their resources and production systems.
Box 14.14 illustrates fair trade examples of the Amazon and high-
lights key principles facilitating the success of fair trade initiatives.

BOX 14.14

Fair Trade in the Amazon

The Amazon is perhaps the chief platform for forms of fair trade. The the task is easy. Some common problems include irregular sourcing,
pioneer and flagship initiative was ‘‘Rainforest Crunch,’’ a candy bar con- structural dependence on subsidies, bureaucratic processes of export that
taining Brazil nuts produced by the U.S. company ‘‘Community Products.’’ require specialized management skills, lack of storage capacity with com-
An enterprise derived from ‘‘Ben and Jerry’s’’ ice cream industry, the munities, deficiencies in quality control and lack of training capacity, low
newly formed enterprise followed different management rules such as re- efficiency of the workforce, and high transportation costs (Anderson and
turning a percentage of the profits to conservation programs. A second Clay 2002). In addition, fair trade agreements can be troublesome, partic-
flagship initiative was ‘‘The Body Shop’’ cosmetic industry of England that ularly to indigenous groups where cultural transformations are an impor-
implemented a ‘‘trade not aid’’ commercialization program with communi- tant issue. The reason is that commercial production commonly occurs at
ties around the world, declaring that it would pay ‘‘Third World producers, the expense of subsistence in labor scarce situations, and a movement
First World prices’’ (Clay 1992; 1997). With several trading partners, the away from traditional subsistence practices may imply cultural changes
company became particularly known for commercializing Brazil nut oil with (Behrens 1992; Godoy et al. 1995). Although some production levels
the Kayapo indigenous group of Brazil (Corry 1994; Turner 1995). might avoid unwanted changes, they may require the payment of unsus-

In addition to these well-known initiatives, numerous other agreements tainable premium prices for the products (Morsello 2002).
based on fair trade deals were implemented. In the Amazon, the leading Although they have their difficulties, fair trade deals still offer substan-
commercial sector in this effort is perhaps the cosmetic industry. Pion- tial advantages and opportunities: increased income as a result of short-
eered by large corporations such as the Body Shop and Aveda, cosmetic ened market chains and premium prices, improvements in management
industries have adopted declarations of ‘‘beauty with social responsibility skills, resources to control the territory, economic opportunities for remote
plus environmental conservation’’ as a common marketing strategy. How- communities, and, in some cases, also reductions in inequalities (Ander-
ever, a wide range of other sectors are involved as well, spanning from son and Clay 2002; Morsello 2002). Some conditions for success include
the food industry, essential oils, medicinal plants, fibers, and resins, to the (Clay 1996; Anderson and Clay 2002): undertaking resource inventories
automobile industry. Retail industries are also increasingly jumping into and markets research; starting with traditional products and markets; add-
the ‘‘fair trade’’ business. By now, ‘‘South–South’’ fair trade deals are ing value locally; improving harvesting techniques; keeping the strategy
becoming increasingly common; an example is one of Brazil’s largest simple; diversifying market niches yet concentrating on a small number of
supermarkets, which implemented a program to directly trade products products; establishing product standards; establishing partnerships with
with rural communities. research and government organizations; not exaggerating the profits or

Fair trade projects are frequently promoted by NGOs; the Tagua initia- benefits; requiring community investments and using loans, not grants;
tive in Ecuador is a famous example. In an extractive community of Afro- and adopting certification or labeling.
Americans living within a biodiversity-rich but economically extremely poor There are nevertheless many uncertainties about conditions for suc-
area, the NGO Conservation International fostered the production of but- cess because systematic and empirical research on the subject and com-
tons made of the Tagua nut or vegetable ivory (Hidalgo 1992; Ziffer 1992). parative studies are particularly scant and difficult to set up. As a
A traditional product in the process of being abandoned, the NGO actions consequence, it remains unclear whether these activities are successful
reversed and improved the socioeconomic situation (Robins 1999). for one of the terms of the equation—indigenous peoples societies or

Although they are a growing business, rainforest harvest deals are not the forests they live in—let alone for the combination of both. Important
free from criticism. It has often been said that they (1) support consumer- unresolved issues include: whether forest communities are being exploited
ism by ‘‘green washing’’; (2) have a hidden agenda to integrate indigenous and how they are compensated; under what conditions local transforma-
peoples into national societies; (3) resemble a renewed version of the tion is beneficial; whether system of paying premium prices and the possi-
traditional Amazon system of debt-bondage; (4) are an unviable proposi- bility of dependence on specific dealers; the exclusivity demanded by
tion for tropical forests; and (5) produce social and cultural disruption some implementers based on their high investments to start up the pro-
(Corry 1994; Entine 1994; Turner 1995). duction; the links with biological conservation; and which forms of labeling

Even those who have confidence in the approach do not pretend that are more suitable, certification or ‘‘ethical codes.’’
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14.4 Tourism: Recreation and Education

14.4.1 Valuing the Environment and Culture in
Tourism

Tourism and recreation are related to cultural perceptions of land-
and waterscapes and of culture itself, both embedded in economic
dimensions. Tourism is a large revenue generator, representing
the most important source of income in some countries. The
growing awareness of cultural diversity and environmental issues
has had an impact on tourists’ expectations and behaviors. In some
cases, the impact of large-scale tourist enterprises on the environ-
ment and local economies has undermined the very basis of tour-
ism. Hence, a growing number of tourists are looking for new
destinations and experiences; this provides both opportunities and
risks for communities and landscapes.
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Fifty years ago, at the time of the first successful Himalayan
expedition, there were fewer than a dozen expeditions and about
a hundred trekkers. Now trekkers have increased to a staggering
half a million and more than a thousand expeditions have been
organized. As a result there is pollution on some Himalayan trails;
the lack of anti-pollution measures by some trekking agencies,
lack of environmental education, and overcrowding of certain
trails has negative impacts on the ecosystems involved (Kohli
2002).

Tourism can, however, provide an alternative form of land use
which decreases pressure for land use conversion (for example,
tropical forests to pastoral lands). Tourism can also contribute to
the maintenance and revival of lifestyles and cultural practices
(Hillman 2003). Opportunities arise for education and awareness-
raising to understand and respect cultural diversity and biodiver-
sity. Conservation areas are especially valued for their educational
significance and for providing recreational services. Valorization
of cultural landscapes and monuments can also be an important
asset to the larger society. Box 14.15 highlights the Rhön Bio-
sphere Reserve in Germany, which aims to integrate environ-
mental conservation and cultural landscapes through traditional
agricultural systems while finding economic solutions for its long-
term sustainability.

Tourism and recreation pose risks as well. Consumptive tour-
ism activities, such as sport fishing, may represent pressure on the
resource. For example, marine recreational angling in the United
States alone comprise more than 15 million fishers in North
America, with a total harvest of 266 million pounds in 2001
(http://www.st.nmfs.gov/st1/recreational/mrf_why.html). Con-
flicts between recreational and professional fishers are occurring
in some parts of the world where recreational fishers retain strong
political power in the fishing councils.

BOX 14.15

The Rhön Biosphere Reserve in Germany (Pokorny 2001)

Biosphere reserves are recognized areas of representative environ-
ments that have been internationally designated to promote solutions
to reconcile the conservation of biodiversity and its sustainable use.
They are nominated by national governments through the focal points
for the Man and Biosphere Programme and UNESCO in their respec-
tive countries. The main concern of the Rhön Biosphere Reserve is
the maintenance of cultural landscapes through traditional agriculture
systems, currently threatened by a constant decrease in the number of
farms and income of farmers. This is done by promoting on-farm tour-
ism, but also through marketing local products. The Biosphere Reserve
has been looking for business partners to develop innovative and envi-
ronmentally friendly products and help create or safeguard jobs in the
rural area.

‘‘The Biosphere Reserve Business Partners’’ project was initiated
by the local government of Hessen. This partnership involves all types
of businesses, for example farms, restaurants, hotels, grocery stores,
crafts, tourist agencies, and riding stables. Business partners in agricul-
ture must meet the European Union Council regulation on organic pro-
duction of agricultural products, including livestock production (EU No
1804/99). Restaurants and grocery stores must offer a minimum num-
ber of products that come from other Biosphere Reserve partners. The
project is now in phase three, looking for a way to introduce a Bio-
sphere Reserve label that would be product/service related rather than
simply focused on businesses; enable the marketing of a variety of
regional products in regional supermarkets, and enable the integration
of non-food products or services.
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Furthermore, representations of nature and culture used to
entice tourists often refer to pristine ecosystems and exotic cul-
tures, reinforcing stereotypes as marketing tools of communities
subjected to tourism. Commoditization of culture can generate
income, but does not always benefit those portrayed. Another
problem is the blurring of boundaries between private and public.
Emphasis on pristine ecosystems can furthermore easily lead to
eviction of people.

The risks and opportunities provided by tourism are related to
the economic position of communities and relations of power.
Some of the most notable risks related to tourism activities, in-
cluding ecological, cultural, and agrotourism, include pollution
and waste, change in consumption pattern and nutrition, change
in land use and livelihood, and the spread of infectious diseases
(tourist to host and host to tourist). Increase in land use value for
tourism real estate development purposes may lead to displace-
ment and dispossession. This is especially a risk for communities
that enjoy informal or communal land rights. Coastal communi-
ties have long suffered from these impacts as the tourist potential
of coastal landscapes continuously pushes the local residents away
from their livelihood strategies. Economic deprivation can lead to
overexploitation of resources and to individuals accepting unfa-
vorable positions in the tourism industry (low-skilled labor, sex-
industry, drugs). This is particularly visible in the relationship be-
tween cultural stereotypes and sex tourism in parts of Asia and
South America.

Recreation and education can go hand in hand. Cultural tour-
ism can serve to educate people about the importance of cultural
diversity, as well as the importance of the latter for the conserva-
tion of biodiversity, provided the risks are taken into account.
Tourism and recreation can be linked to environmental educa-
tion, fostering knowledge about the functioning of ecosystems
and provoking tourists to critically examine human–nature rela-
tions. Yet tourists are not the sole targets of environmental educa-
tion. The Omo Biosphere Reserve in Nigeria, for example, is the
site of environmental education programs for very diverse audi-
ences, ranging from schoolchildren to university students, pro-
tected area managers and policy-makers (Ola-Adams 2001).

The Fitzgerald Biosphere Reserve in Australia conducts
awareness raising activities to help local farmers address the prob-
lem of wind erosion. West (2001) stresses that awareness raising
requires development, especially among communities that experi-
ence periods of economic decline. Recently more attention is
being paid to the transmission of local and indigenous knowledge.
Elders are invited to schools to transmit their knowledge through
stories and art, for example, instructing pupils in their mother
tongue. In all cases, ‘‘top-down’’ education is less effective than
education that is based on sharing experiences and attempts to
reach a joint understanding the dynamics of human–nature inter-
actions.

14.4.2 Responses Related to Tourism and
Recreation

Economic responses have been developed side-by-side with re-
sponses working at the level of social-behavioral changes, legal
and institutional incentives, and cognitive behavior. A good ex-
ample is the public demand and economic-political valorization
for cultural, ecological, and rural and urban tourism. Infrastruc-
ture for cultural and eco-tourism has increased in response to a
growing awareness of cultural and biological diversity (Ashley et
al. 2001). Environmental NGOs have contributed to awareness-
raising and political pressure and are providing capacity building,
with various levels of success. National governments have realized
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the potential benefits of tourism for their economies. Many coun-
tries have developed policies and incentives to develop tourism
industries. Policy-makers need to take into account environmen-
tal, cultural, and historical variability in defining priorities and
strategies. The scope of policies can be constrained, however, by
the economic situation of the country. Internal and regional dif-
ferences may exist in possibilities of providing tourism services
and generating benefits. Box 14.16 illustrates the importance of
accounting for diverse views on the use of state parks and forests
in the midwestern United States.

14.4.2.1 Cultural Tourism

Cultural tourism involves representations of culture at different
levels—regional, national, and local. The questions that arise per-
tain to who represents whom and what cultural symbols are used.
A recent conflict over attempts to patent an Inuit symbol used as
a marketing tool by a tour operator shows how pertinent these
questions are. Attention needs to be paid to a number of issues
such as revenue sharing for cultural items, rights pertaining to
certain cultural symbols, and the blurring of boundaries between
the private and the public. Indigenous rights interplay with na-
tional imperatives of revenue earning. Furthermore, different

BOX 14.16

Taking into Account Diverse Views on the Use of State
and National Forests in the Midwestern United States
(Welch et al. 2001)

The diverse pool of users around many parks in densely populated
areas entails a variety of opinions and views on how to use public
areas and which ones to conserve. Much of the controversy centers
on how people view and use natural resources. A preservationist ap-
proach focuses on limiting the human interference. A conservationist
approach focusing on multiple uses entails sustainable harvesting of
forest resources. Recreational users concentrate on access to the pub-
lic land and having suitable conditions for their activities in the forest.
Different coalitions are formed among various interest groups.

Disagreement over the management of the national forests has led
to lawsuits and an effective cessation to logging. The loss of tax dollars
from timber concessions is a sore point for county-level administrations
and has had a perceived negative impact on the quality of services
supplied by these entities. In the midwestern United States there is a
growing debate between the proponents of the use of state and na-
tional forests for recreation and conservation and those supporting the
original purpose of some parks as areas for managed logging opera-
tions. However, even recreational activities are controversial such as
the opening of parks to off-road vehicles or hunting.

Interest groups often use ecological arguments to support their po-
sition on the use of public land. Preservation groups focus on the
importance of unbroken tracts of mature forest for neotropical migrant
birds. Other groups concerned with habitat for game species lament
the shrinking area of heterogeneous forest patches of variable age
and the decline of tree species reliant on disturbance. One important
contribution of the academic community in collaboration with the U.S.
Forest Service has been on the study and survey of different groups
of users. Such studies contribute to the understanding of controversial
views and opinions of different user groups and local communities and
may serve to inform not only park management plans, but also educate
the public benefiting from different ‘‘services’’ provided by the conser-
vation area.
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groups will benefit differentially from tourism depending on local
arrangements.

14.4.2.2 Ecotourism

Ecotourism can provide economic alternatives to value ecosys-
tems services. There may be potential conflicts in resource use
and the aesthetics of certain ecosystems. Different ecosystems are
subjected to different types and scales of impact from tourism in-
frastructures. Furthermore, some ecosystems are easier to market
to tourists than others are. The market value of ecosystems may
vary according to public perceptions of nature. Freezing of land-
scapes, conversion of landscapes, dispossession, and removing of
human influences may result, depending on views of what eco-
tourism should represent. Yet when conservation receives no
budgetary subsidy, tourism can provide revenues needed for con-
servation purposes.

Cultural and eco-tourism are not necessarily the same thing as
community-based tourism (Binns and Nel 2002). Concerning
access and benefit-sharing, tensions often exist between tour op-
erators, local communities, conservation units, and other govern-
ment departments. In some cases, local communities may actually
run tourism enterprises themselves; in other cases, they may only
have access to low-paid menial jobs. Issues that are important are
matters of local decision-making powers concerning land use, in-
frastructure, and dealing with externalities, for example, the
choice of tour operators and types of tourists, boundaries between
the private and the public, goods that are imported by tourists,
and waste management. Capacity-building tends to be more suc-
cessful if it not only involves individual professional training, but
also includes institution building, marketing, and negotiating ca-
pacities. (Box 14.17 discusses conflicts arising from tour opera-
tions without local input.)

14.4.2.3 Rural and Urban Tourism

Rural and urban tourism have been receiving increasing support
in recent years, including in terms of tax incentives and credit.
Changes are occurring in perceptions concerning what types of
landscapes and cultural practices are of interest to tourism. Indus-
trial monuments and certain types of resource use are now seen as
having historical, social, and environmental potential for tourism.
This also broadens the scope of environmental conservation in
areas outside of protected areas. Small-scale farming production,
while facing difficult competition in agricultural markets, can find
an alternative in providing tourist services. This is just one exam-
ple of how tourism can contribute to the maintenance of certain
lifestyles and production methods. Other examples include farm-
tourism combinations in Italy, Germany, Israel, and Russia. In
Canada, ecotourism packages available to European markets offer
tourists a chance to live in teepees and experience traditional First
Nation peoples’ lifestyle. The tours also offer chances to go on
horseback and explore traditional trails. Hunting tours are offered
to European and American hunters, in which First Nation peoples
are used as guides because of their local knowledge of the envi-
ronmental landscape.

14.5 Conclusion
Cultural perceptions and practices affect biodiversity and ecosys-
tem management practices. Nevertheless, many natural resource
management systems and conservation strategies still separate peo-
ple from their environments, freezing and stereotyping both cul-
tures and ecosystems. Such systems and strategies are less effective
in addressing linkages between ecosystem functioning, develop-
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BOX 14.17

Conflicts with and over Tour Operators in Zimbabwe

In the Zambezi valley in Zimbabwe, several districts have been granted
appropriate authority over wildlife and participate in the Communal
Areas Programme for the Management of Indigenous Resources
(CAMPFIRE). These districts have the right to utilize wildlife and other
resources to generate benefits that ideally should be devolved to the
so-called producer communities, that is, the local communities that live
with wildlife and through good stewardship assure the presence of
wildlife. In many cases revenues are derived from sports hunting oper-
ations. Some CAMPFIRE projects have been very successful, with the
districts actually devolving large sums of money derived from wildlife
to local communities and giving them the authority to decide how the
revenues are distributed (Nabane et al.1995; Spierenburg 1999; Mur-
phree 2001). In other districts, severe conflicts have arisen over the
distribution of benefits to local communities (Dzingirai 1995).

Another bone of contention has been the selection of tour operators
who are awarded hunting concessions by the district authorities. In
most districts, local communities have no say in this selection. One
district had started its own tourist operation, employing two licensed
hunters to accompany tourists. These hunters were on good terms
with the neighboring community, entering into joint ventures, always
impressing upon visitors that they were actually hunting in an area that
(since it is part of a Communal Area) belongs to the community, and
urging them to respect that. In another part of the district, however, a
concession had been awarded to a tour operator who falsely consid-
ered the area as his private property. He employed guards who at
night would move into the neighboring villages, overturning cooking
pots to see if villagers had been poaching (Hasler 1996). The villagers
have repeatedly, but in vain, demanded that the concession be
awarded to another operator.

ment, and human well-being. Overcoming the nature–culture di-
chotomy towards a more encompassing view of ecosystems that
does not isolate cultural services from other ecosystem services is
necessary to face the challenges of the new millennium. There is
a range of possibilities of interactions between humans and nature.
Conservation and management strategies that take into account
the historical, economic, and cultural contexts (including differ-
ent knowledge systems, forms of ownership, and institutional or-
ganization) of these interactions are more effective in terms of
contributing to both ecosystem and human well-being. Generally,
standard, blueprint approaches do not seem to work.

Furthermore, global-national-local linkages are important. In
a global perspective, market-economic policies are interrelated as
flows of resources, goods and services transcend national and re-
gional boundaries. Market pressures, consumption patterns, tech-
nological changes, and (inter)government policies will continue
to influence intensification of resource use, land reform, and sub-
stitution of local technologies; all affect local livelihoods, capabili-
ties, and environments. It is only too common to lay the
responsibility for environmental problems and conservation in the
hands of local communities, or blame the private sector, while
disregarding the linkages between economic pressures and local,
national, and international policies. Neither local communities
nor private enterprises operate in a vacuum; all creatively seek
opportunities to have their opinions heard and to promote their
interests by concluding alliances at the local, national, and global
level. Understanding the complexities of different cultural per-
ceptions of landscapes, management of resources, and local insti-
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tutional arrangements contributes to alternative strategies of
ecosystem management and socioeconomic development.

Nature–culture relations have been the subject of intense de-
bates, such as the people and parks debate. As a result, ideas about
what land- and waterscapes should be conserved, as well as how
they should be conserved, have changed. There is a growing rec-
ognition that a wider variety of landscapes, including agricultural,
industrial, and aquatic landscapes, need to be conserved. Many
governments and national and international conservation organi-
zations have recognized that the biggest challenge of conservation
in the twenty-first century is for it to take place outside parks and
enforced boundaries, and thus be integrated into agricultural and
urban systems.

Concepts and policies regarding the creation of conservation
units have moved from exclusion of communities and local forms
of resource management to inclusion. It is, however, difficult to
assess the impacts of community participation on ecosystems and
human well-being. Studies that have attempted to do so have
had mixed results. Some programs do contribute to biodiversity
conservation and local economic needs. In other cases the contri-
bution to human well-being has been easier to assess than the
contribution to the conservation of biodiversity. In cases where
the contribution to human well-being has been limited, this is
often attributed to flaws in the decentralization process. Further-
more, numerous authors have problematized the concept of
‘‘community.’’ Perceptions of land- and waterscapes are influ-
enced by cultural repertoires, which in turn are influenced by and
influence knowledge production (scientific as well as local and
indigenous).

Local and indigenous knowledge is important in conserving
ecosystems and contributing to human well-being. The under-
standing of crop, forest, and aquatic biodiversity lies in the oral
history and cultural memories of indigenous and local communi-
ties. Yet the pace of technological and agricultural change, and of
large-scale environmental modification by infrastructure develop-
ment, often happens at the expense of local resources and knowl-
edge. This has an impact on local food security and economies,
and is also relevant to national and international issues of conser-
vation and economy. Local and indigenous peoples have reacted
proactively to such changes by organizing themselves (for exam-
ple by establishing NGOs) and concluding alliances at local, na-
tional, and global levels.

Fostering the articulation of international and national con-
ventions and regulations linking biodiversity and local and indige-
nous knowledge is important, taking into account that knowledge
is produced in dynamic context of inter- and intra-group interac-
tions, power relations, and historical settings. Compensating for
the utilization of local knowledge and resources entails taking into
account the power dynamics of the relations among companies,
national and regional governments, and communities. Certifica-
tion programs are more likely to be effective in addressing human
well-being if they take into account the impact of particular re-
source extraction upon people and communities using the same
resource basis, but not necessarily sharing resource ownership.
Certification programs work better if they are made more accessi-
ble to communities and small producers’ groups that are not al-
ways familiar with bureaucratic procedures, and cannot afford
high costs for certification. Responses such as ‘‘Fair Trade’’ tools
are more effective if they promote the participation of local pro-
ducers in the commercialization process, price negotiations, and
the transformation and retailing of their products.

The economic exploitation as well as the growing conscious-
ness concerning the disappearance of local resources and the
knowledge about these has led to growing concerns of the need
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to protect local and indigenous knowledge. The international
community has recognized the dependence of many indigenous
peoples on biological resources, notably in the preamble to the
CBD. Many governments are struggling to develop national poli-
cies to protect local and indigenous knowledge. Intellectual prop-
erty rights, as advocated by WIPO, entail the risk of considering
any type of knowledge as a commodity, removing it from its cul-
tural context. Many legal strategies fail to take into account local
and indigenous strategies to protect as well as transmit knowledge.

Eco-, cultural, and agrotourism can provide important oppor-
tunities to link conservation and development. However, in many
cases, they do not directly benefit the local communities, that
is, they are not necessarily community-based. The latter entails
institutional capacity building in marketing and negotiation, rep-
resentation among community members, tourism operators, and
governments, and defining access to benefits. Conflicts about re-
source use, development of infrastructure, conversion of ecosys-
tems, and dispossession of communities have negative impacts on
the possibilities of ecotourism contributing to human well-being.
In cultural tourism, problems may emerge in the representation
and ownership of cultural symbols, reproduction of stereotypes,
consent among and within communities, and blurring of bound-
aries between the public and private. Studies show that the risks
and opportunities provided by tourism are related to the eco-
nomic position of communities and relations of power. Economic
deprivation can lead to overexploitation of resources and accept-
ing unfavorable positions in the tourism industry (low-skilled
labor, sex-industry, drugs). Increase in land use value for tourism
real estate development purposes may lead to displacement and
dispossession. This is especially a risk for communities that enjoy
informal or communal land rights.

Recreation, conservation, and environmental education can
go hand in hand. Cultural tourism can serve to educate people
about the importance of cultural diversity, as well as the impor-
tance of the latter for the conservation of biodiversity, provided
the risks mentioned are taken into account. Tourism and recre-
ation can be linked to environmental education, fostering knowl-
edge about the functioning of ecosystems and provoking tourists
to critically examine human–nature relations. Environmental
education may serve very diverse audiences, ranging from school-
children to university students, protected area managers, policy-
makers, and representatives of the private sector. In all cases, top-
down education is less effective than education that is based on
sharing experiences and attempts to reach a joint understanding
of the dynamics of interaction between humans and nature.
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Main Messages

Integrated responses intentionally and actively address ecosystem ser-
vices and human well-being simultaneously. They are gaining in impor-
tance in both developing and industrial countries, albeit with mixed
results. Although many integrated responses make ambitious claims about
their likely benefits, in practice the results of implementation have been varied
in terms of ecological, social, and economic impacts.

Integrated responses are closely allied to the concept and implementa-
tion of sustainable development. The interrelationship between ecological,
economic, and social systems and the motivation to bring them together in
policy and other interventions links the two.

Trade-offs and synergies are central to the development of integrated
responses. Integrated responses seek to explicitly manage trade-offs and to
identify positive and negative synergies between different objectives and be-
tween ecosystem services and human well-being.

Integrated responses occur at international, national, and sub-national
levels. Examples at the international level include some multilateral environ-
mental agreements, and international agreements such as the Rio Conven-
tions. Policy integration is a growing feature of many national governments.
This is evidenced through national strategies for sustainable development and
many other initiatives. Integrated responses are perhaps more usually associ-
ated with sub-national and local programs, including multisectoral approaches
such as integrated coastal zone management and integrated river basin man-
agement.

Many integrated responses occur simultaneously at multiple levels. Inte-
grated responses may be ‘‘nested’’ within different discrete levels, for example,
the embedding of Local Agenda 21 within national strategies for sustainable
development, developed under the overall framework of Agenda 21. Integrated
responses may also be of a multiple scale, and not related to distinct govern-
ment or administrative levels, but to geographical units such as a watershed
or a transboundary marine ecosystem.

Scale issues are critical in integrated responses, and cross-scale re-
sponses are necessary. Integrated responses are often deemed successful
at a small-scale, or in a particular locality. However, their effectiveness is lim-
ited when constraints are encountered at higher levels, such as in legal frame-
works and in government institutions. There appear to be limits to scaling up,
not only because of these higher-level constraints, but also because of so-
called ‘‘leakage’’ problems. These occur when interventions at a local level
address only direct, rather than indirect, or underlying drivers of change. Exam-
ples might be where integrated conservation and development projects cause
increased migration into buffer zones, or where a carbon forestry project shifts
deforestation to another location. In these cases, the problems of ecosystem
degradation are merely shifted from one location to another. Cross-scale re-
sponses may be better able to deal with both the higher-level constraints and
leakage problems, and simultaneously tackle the regional and national, as well
as, local drivers of change. Examples of successful cross-scale responses
include some co-management approaches to natural resource management in
fisheries and forestry, and multistakeholder policy processes.

Integration is also about getting a wider range of actors involved in policy
processes and about different forms of intervention and action. Success-
fully integrated responses usually include the active participation of key
stakeholders. Increasingly, they are associated with the application of multi-
stakeholder processes and with decentralization, and they may include actors
and institutions from the government, civil society, and the private sector.
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Implementing integrated responses is resource intensive, but the poten-
tial benefits can exceed the costs. Integrated responses are inherently com-
plex, often entailing a combination of actions in a range of domains and at
different scales. This can be very costly and requires specialized skills and
knowledge. For example, the costs of bringing stakeholders to the negotiation
table and of employing participatory methodologies in decision-making are
often high. However, if decisions command the broad support of stakeholders,
they are more likely to be successfully implemented.

Politics plays an important role in integrated responses at all scales.
As integrated responses require bringing together a variety of institutions and
individuals with vested interests, and negotiating trade-offs between sectors
and actors, collaboration and compromise play a vital role. Successful inte-
grated responses often incorporate conflict resolution mechanisms and deliber-
ative inclusionary processes into their decision-making and management
procedures.

Integrated responses do not necessarily bring about more equitable dis-
tribution of benefits to stakeholders. It cannot be assumed that integrated
responses are more or less likely to deliver their stated objectives than non-
integrated responses. In most cases integrated responses meet some of their
objectives, but not all. Many integrated responses assume that there are syner-
gies between objectives and fail to adequately consider and evaluate trade-
offs. This results in unexpected or unanticipated problems and costs, both to
ecosystems and society. Generally, the distribution of benefits is not equitable,
and this stems from an inadequate consideration of the social, economic, and
political dynamics of society. In a number of cases, the failure to appreciate
the heterogeneity of communities, property rights, and access to resources,
power, and knowledge of different sectors within society are of critical impor-
tance and need to be fully understood.

Integrated responses require multiple instruments for their implementa-
tion. Integrated responses have a complex nature, because of their multiple
objectives and often multiscale characteristics. Therefore, a single instrument
is rarely adequate to implement them. Market-based and economic instruments
are used with increasing frequency in integrated responses, for example, in
river basin management and sustainable forest management, but they usually
need to be accompanied by other instruments. These are likely to include re-
distributive measures and property rights adjustments (for example, when set-
ting up new markets) and institutional development and capacity building. Inte-
grated responses, therefore, require a careful coordination of multiple
instruments.

Integrated responses are long-term undertakings not short-term projects.
A review of the literature indicates that integrated responses cannot be treated
as finite, time-bound projects, nor can they easily be added on to existing
policies and interventions. They often require a longer timescale before im-
pacts can be realized or a broad constituency of support can be established.
Integrated responses, therefore, should be seen as intrinsic components of
long-term changes in environmental governance.

Integrated responses require fundamental shifts in governance institu-
tions in terms of skills, knowledge capacity, and organization. The experi-
ence of many integrated responses shows that the conventional organization
of governance institutions militates against successful design and implementa-
tion of integrated responses, because the institutions are separated along sec-
toral lines. This is especially true for government organizations, in both
industrial and developing countries, and creates barriers in the transmission of
knowledge and information and collaboration across the boundaries of organi-
zations. Within organizations, power and prestige is maintained and conferred
by defending knowledge rather than sharing it, resulting in ‘‘turf defending’’
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behavior, which needs to change in order to better support integrated re-
sponses.

Knowledge gaps are persistent and inhibit integrated responses. Knowl-
edge gaps are prevalent in several different dimensions and constitute signifi-
cant constraints to the more widespread successful implementation of
integrated responses. Science itself is defined in disciplinary terms, and this
undermines more holistic inclusionary approaches to understanding complex
social and ecological systems. Furthermore, information needs to be shared
and coordinated across disciplines and organizations.

Assessing integrated responses, assessing trade-offs and providing de-
cision support requires multidisciplinary methods and techniques to cap-
ture the multiple impacts and assess multiple goals. Examples of good
practice can be found in a number of multidisciplinary techniques such as
Multicriteria Analysis. When used collaboratively within a multistakeholder
process, these can help in the analysis of trade-offs, reconciliation of conflicts,
and development of adaptive management strategies.

15.1 Introduction
Integrated responses are those that intentionally and actively ad-
dress ecosystem services and human well-being simultaneously.
Box 15.1 expands and explains this definition, although integra-
tion will be different in each specific context. In a broader sense,
terms such as ‘‘mainstreaming’’ or ‘‘coordination of ’’ are often
used synonymously for integration.

This chapter synthesizes and further analyses the findings pre-
sented earlier in this volume by assessing the main features of
integrated responses and their effectiveness, using examples from
international, national, and sub-national scales.

Attempts to address the impacts of human activities on eco-
systems have traditionally been based on sector-by-sector ap-
proaches, which ultimately have resulted in fragmented actions
and institutions. Such approaches have not achieved optimum re-
sults as the linkages and interactions between natural and social
systems have been largely ignored, compromised, or not suffi-
ciently strengthened.

Consequently, the necessary adoption of responses that inte-
grate ecological, economic, and social goals to achieve multiple
and cross-cutting benefits for present and future generations is
increasingly recognized. Integration has become an important
concern in thinking about and putting into place sustainable solu-

BOX 15.1

Definition: Integrated Responses

Integrated responses are those which intentionally and actively address
ecosystem services and human-well-being simultaneously.

Integrated responses ideally involve all key stakeholders and span dif-
ferent institutional levels horizontally and vertically.

Integrated responses operate on different scales, mainly international,
national, and sub-national. These scales are interrelated and determine
and influence each other.

Integrated responses, even if primarily focusing on a particular ecosys-
tem service, aim to address their specific impacts holistically, that is, in
view of the related impacts on other ecosystem services, and their
consequences for human well-being.
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tions that support human development (Folke et al. 2002; Gund-
erson and Holling 2002).

The concept of integration is attractive, particularly, as it im-
plies synergies or win-win solutions for complex problems.
Trade-offs or adverse consequences, as well as the costs of integra-
tion are, however, less regularly considered.

The concept of integration is strongly associated with systems
thinking, which has gained much currency in debates on the en-
vironment in the past few decades (Berkes and Folke 1998;
Berkes 1996; Costanza and Folke 1996). This holistic understand-
ing also underscores ‘‘sustainability science,’’ which can be con-
sidered as an integrative approach that blends concepts from
various disciplines (Kates et al. 2001; Gunderson and Holling
2002; Adger et al. 2003). Integrative responses, therefore, serve as
a significant step toward the universal goal of sustainable develop-
ment.

15.2 Dimensions of Integrated Responses
Integration can be understood in several ways. First, conceptually,
in the way the linkages between social and ecological systems are
understood and different kinds of knowledge brought together.
Second, institutionally, in the way that concerns for ecosystem
services and human well-being are addressed in the formulation
of legal frameworks, property rights, and in the organization of
the government, civil society, and the private sector. Third, in the
way in which policies, decisions, and management interventions
are implemented at different scales.

15.2.1 Linkages between Social and Natural
Systems

Concerns about integration have grown since sustainability be-
came a prominent concept and paradigm guiding policy. It is
widely accepted that sustainable development requires the inte-
gration of social, economic, and environmental goals. However,
debates surrounding sustainability have also motivated more fun-
damental changes in worldviews, which call for an integrated per-
spective on social and ecological systems or society and nature. It
is no longer sensible to view environment and society as two
separate entities. Scientists have begun to argue that the distinc-
tion between them is artificial and arbitrary (Berkes and Folke
1998). Human societies affect ecosystems and environmental con-
ditions and, likewise, environmental conditions and ecosystems
both impose constraints on, and provide opportunities for, soci-
etal development. Societies co-evolve with nature through dy-
namic and reflexive processes occurring at a variety of scales, from
local to global. An emerging body of theory defines such co-
evolving systems as linked socioecological systems (Berkes and
Folke 1998; Gunderson and Holling 2002; Olsson et al. 2003).
Integration, therefore, begins with the recognition that environ-
ment and society are closely linked.

Ecosystems are complex, heterogeneous, and evolving. They
often extend across administrative boundaries and are nested in
larger landscapes. In contrast, the institutions that manage them
tend to formulate ‘‘blueprint’’-style responses that are designed to
be applicable in a wider set of circumstances and that are not
context specific or sensitive to local conditions. They are also
resistant to change, inflexible, and are very defensive of their ad-
ministrative territory. There is often a fundamental mismatch be-
tween institutions and the dynamic characteristics of ecosystems.
Inadequate responses to environmental issues often result from
this mismatch, which has been designated ‘‘problems of fit’’ be-
tween institutions and ecosystems (Young 2002; Folke et al.
1998).

................. 11430$ CH15 10-21-05 14:13:08 PS



429Integrated Responses

Problems of fit have two sides. One is the misfit that often
exists between environmental governance regimes and the eco-
systems they are concerned with managing. The other concerns
the misfit between the institutions themselves and the economic,
social, and political contexts in which they operate (Brown and
Rosendo 2000). Misfit in institutions refers to different and often
conflicting goals, inability to cooperate, and failure to consider
context-specific social, economic, and environmental factors. In-
tegration can be understood as an attempt to address problems of
fit.

There is an emerging consensus about the need for a funda-
mentally different scientific approach to meet sustainability chal-
lenges—an approach that is capable of bridging the divide
between disciplines that analyze the dynamics of ecosystems and
those that analyze economics and social interactions (Scheffer et
al. 2002). A concern has begun to emerge within many disciplines
themselves regarding the importance of synthesis and integration
with other disciplines. These concerns are being reflected in new
interdisciplinary and multidisciplinary research initiatives and in-
stitutions. Thus it would appear that designing strategies to
achieve sustainable environment–society interactions requires in-
tegration, in this case, of scientific disciplines (Adger et al. 2003).
Sustainability science, for example, has recently emerged as an
integrative approach that blends concepts and understandings
from across disciplines (Kates et al. 2001).

There is also a call for integration of different kinds of knowl-
edge. Interventions to address the decline of ecosystems have
drawn mostly on western scientific knowledge and worldviews.
This has resulted in the exclusion of other equally valuable and
valid types of knowledge. In the social dimension, integration can
be about the combination of different disciplines and knowledge
systems.

15.2.2 Integration of Different Actors,
Stakeholders, and Institutions

A growing body of evidence suggests that addressing environ-
mental problems or managing natural resources often requires
collaboration between different actors (see, for example, the liter-
ature on co-management and decentralization). The idea is to
involve all relevant stakeholders and make use of their compara-
tive advantages. For example, many local communities, who are
dependent on natural resources for livelihoods, are deeply knowl-
edgeable of their environment and demonstrate the capacity to
define common rules and sanctions, all of which contribute to
making them potentially effective resource managers (Ostrom
1990; Gibson et al. 2000). However, on their own, these actors
are unlikely to be able to deal with wider pressures and con-
straints, such as the ones brought about by globalization. Other
actors have the outreach and capability to address such constraints,
examples being governments, NGOs, businesses, and donors.
Underpinning stakeholder involvement is the notion of participa-
tion, which has become a central ingredient to improve the effec-
tiveness, legitimacy, and equity of environmental governance
(World Bank 1996). Participation and stakeholder inclusion can
be seen as a form of integration between different actors con-
cerned with environmental management.

15.2.3 Horizontal and Vertical Integration

Integration can be referred to as either horizontal or vertical. Ho-
rizontal integration implies achieving greater coherence within
and among sectors and institutions. It is about promoting linkages
within the same level of social organization. A horizontally inte-
grated response is one that links actors, stakeholders, and institu-
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tions at the same level or scale. Vertical integration implies linking
discrete levels of governance, from local to international, and in-
stitutions across different levels.

Vertical integration is important in contexts where hierarchi-
cal forms of management dominate, which in the absence of col-
laboration and coordination tend to lead to fragmented responses
unable to deal with complex problems. It is also crucial when
promoting collaboration between actors at different scales. A ver-
tically integrated response is one that addresses a given issue at
multiple scales.

Responses can also integrate across different sectors and scales
(Berkes 2002). A cross-scale response is one that works across
different issues and multiple scales simultaneously. Integration,
therefore, can also be understood as promoting cross-scale ap-
proaches.

15.2.4 Assessing Integrated Responses

Integrated responses represent a diverse set of interventions and
approaches. This assessment defines integrated responses as those
that intentionally and actively address ecosystem services and
human well-being simultaneously; in other words, they have
more than one objective—one or more related to ecosystems, and
one or more targeted at aspects of human well-being or develop-
ment. Integrated responses include direct interventions or actions
‘‘on the ground,’’ but also national and international policies and
programs that in turn support these actions. Table 15.1 character-
izes some of these integrated responses. Though it is a selective
list, it illustrates the range of integrated responses in terms of their
scale, objectives, the key actors involved, and the instruments
used. It highlights the cross-scale nature of many integrated re-
sponses (for example, Agenda 21) and the participation by gov-
ernment and civil society actors in many of them.

As Chapter 3 explains, a variety of approaches and tools can
be used to make an assessment of responses. In this section, inte-
grated responses are assessed to identify lessons learned and the
important constraints and enabling factors. Where possible, meta-
analyses and reviews have been utilized to inform the assessment,
then case studies are employed to exemplify or illustrate key
points. The key questions which guided this assessment are as
follows:

What drivers of change does the response seek to address? Which are
the important actors—government, nongovernmental organizations and
civil society, or the private sector? What scale is the response focused on?

Although many integrated responses include actors from dif-
ferent sections of society, they will be initiated by a specific set of
actors. For example, although many of the national-level re-
sponses (NEAPs, Local Agenda 21) are initiated by government
institutions, they will also seek to include actors from different
walks of life and, often, at different scales (international-national-
local) as in the case of Agenda 21.

What instruments are used to implement integrated responses?
Many different instruments are used to implement or bring

about integration. The instruments used depend on the objectives
of the responses and which drivers it addresses, the scale at which
it occurs, and the actors involved. Integrated responses include
economic, legal, and institutional instruments, voluntary ap-
proaches and partnerships, projects and mechanisms specific to
particular sectors and contexts.

What impacts on ecosystems and human well-being can be identified?
Evidence on the impacts of integrated responses is reviewed,

and where possible general trends are identified and lessons
drawn. Trade-offs and synergies are considered and explained
where they are found.
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Table 15.1. Assessment of Integrated Responses

Integrated Ecosystem Services Aspects of Human
Response Drivers Addressed Concerned Well-being Scale Key Actors Instruments Used

Multilateral habitat conver- biodiversity, cultural equity, health, and global and inter- governments, civil legal instruments, volun-
Environmental sion, trade in wild- services, and others others national society, private tary instruments (for ex-
Agreements, life and other sector, multilateral ample, codes of ethical
including CBD, species, over- agencies conduct, guidelines, re-
CCD, UNFCCC harvesting porting), financial and

market-based
instruments

Agenda 21 numerous potentially all all local, national, international orga- voluntary instruments,
and global nizations, gov- primarily plans of action

ernments, civil
society, and pri-
vate sectors

National Envi- numerous, includ- biodiversity, water all national national govern- legal and voluntary
ronmental ing land use quality, food, wood ments, donors instruments including
Action Plans change and cli- and woodfuel, nutri- capacity building

mate change ent cycling, waste

Integrated Con- overharvesting, biodiversity economic and in- sub-national civil society, market-based, legal, and
servation and land conversion come generation NGOs, private institutional instruments
Development and fragmentation sector, donors,
Projects and governments

Sustainable land use change, wood and woodfuel, incomes, equity, live- sub-national government and voluntary and market-
Forest deforestation water, biodiversity lihoods, vulnerability civil society based instruments, in-
Management groups, some cluding fair trade, part-

private sector nerships, labeling, and
certification

Integrated pollution provision, regulation, material, health, pro- sub-national, government, legal, regulatory, institu-
River Basin cultural duction, and liveli- occasionally NGOs, civil soci- tional, and market-based
Management hoods transnational ety, private sector instruments

Integrated land use change, biodiversity, water incomes and liveli- sub-national, government, civil regulatory, legal, institu-
Coastal Zone pollution, over- quality, food, wood hoods, health, vul- regional, trans- society, business tional (property rights)
Management fishing and woodfuel, nutri- nerability national, or sector instruments

ent cycling national

What are the enabling conditions and constraints to integrated re-
sponses, what lessons can be drawn from the assessment?

The specific and general issues affecting responses are out-
lined. However, difficulties exist because many integrated re-
sponses have multiple objectives, so it is often difficult to define
success. Frequently, integrated responses are successful or effective
in meeting some, but not all, of their objectives. They may have
unplanned or unforeseen benefits or costs. This may be where
explicit recognition of trade-offs between objectives is necessary.
Drawing lessons across different types of integrated responses can
also be difficult given their very diverse objectives, settings, and
scales.

The responses are categorized according to the scale at which
they are primarily focused: international, national, and sub-national.
At the sub-national level, a number of quite different responses
are assessed, but they each link ecosystems and human well-being
(for example, integrated coastal zone management, and integrated
conservation and development projects). Many integrated re-
sponses work across scales and link levels of governance in multi-
level and cross-scale responses, so although the text is arranged in
three sections, the divisions between the scales or levels are often
blurred and many of the responses may fit together as nested ini-
tiatives. For example, Agenda 21 is an international integrated
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response, linked to national strategies for sustainable development
and to Local Agenda 21 programs. Integrated conservation and
development projects may be nested within a regional biodiver-
sity conservation strategy, which in turn is nested within the set-
tings of the Convention on Biological Diversity. Sustainable forest
management approaches may be reflected in national forest strate-
gies, the implementation of sub-national projects, as well as inter-
national agreements. The linkages between the scales and levels
are therefore considered.

15.3 International Responses
In the 1970s, consensus began to emerge regarding the need for
concerted action at the international level to protect the life-
sustaining processes of Earth’s biosphere. The 1972 United Na-
tions Conference on the Human Environment held in Stockholm
was groundbreaking in this respect, pulling together scientific evi-
dence regarding the impacts of human activities on the global
environment and establishing the United Nations Environment
Programme. Throughout the 1980s, various reports attempted to
bring global environmental issues to the attention of govern-
ments, the most influential being the 1987 Our Common Future
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report produced by the World Commission on Environment and
Development, known for having popularized the concept of sus-
tainable development (WCED 1987). The 1992 United Nations
Conference on Environment and Development, held in Rio de
Janeiro, also known as the Rio or Earth Summit, resulted in inter-
nationally recognized governance structures for global environ-
mental management. Agenda 21 and the Rio Principles were
regarded as significant turning points in redirecting national and
international policies toward the integration of environmental di-
mensions into economic and developmental objectives (UNEP
2001, p. 7). It is, however, also argued that the Rio process con-
tributed much to the existing incoherent structure for interna-
tional environmental governance.

The 2002 World Summit on Sustainable Development pro-
vided an opportunity for the international community to review
the progress in the implementation of UNCED outcomes. The
WSSD Plan of Implementation has been designed as a framework
for action to implement the commitments of the Rio Summit
and Agenda 21 (IISD 2002). Much of the criticism of WSSD
focused on the fact that hardly any binding agreements were en-
dorsed and that some issues were even negotiated backwards
(IUCN 2002). The perceived accomplishments of WSSD when
compared with the environment-focused Rio Summit included
the stronger integration of social and economic needs, and the
stronger involvement of non-state actors such as the private sector
and NGOs, in concrete, implementation-oriented, public-private
or ‘‘Type II’’ partnerships (IISD 2002; Witte et al. 2003).

The following section discusses key international response
processes, namely Agenda 21 and its follow-up, international en-
vironmental governance, multilateral environmental agreements,
and the debates surrounding trade and environment.

15.3.1 Agenda 21

Agenda 21, as a major outcome of 1992 Earth Summit, was de-
signed as a comprehensive strategy to address environment and
development challenges. Its main goals encompass poverty allevi-
ation, equitable economic growth, conservation, sound manage-
ment of natural resources, and stakeholder inclusion. As such, it
serves as a conceptual framework for integrated responses aimed
at sustainable development on different scales, across different
drivers and actors.

As a concept, Agenda 21 does not provide any distinct meth-
odology towards the development and implementation of re-
sponses across drivers, scales, or actors. However, through Agenda
21 an attempt was made to address and relate to each other the
direct drivers (such as land cover change, air and water pollution,
and over harvesting) and indirect drivers of change. The latter are
primarily economic, sociopolitical, scientific and technological,
and cultural in nature.

Chapter 8 of Agenda 21 outlines a programmatic approach for
integrating environment and development at the policy, planning,
and management levels. The overall objective is to improve or
restructure decision-making processes so that the consideration of
socioeconomic and environmental issues is fully integrated and a
broader range of public participation is assured. Suggested activi-
ties include, inter alia:
• conducting a national review of economic, sectoral, and envi-

ronmental policies, strategies, and plans to ensure the progres-
sive integration of environmental and developmental issues;

• strengthening institutional structures to allow the full integra-
tion of environmental and developmental issues, at all levels
of decision-making;
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• developing or improving mechanisms to facilitate the involve-
ment of concerned individuals, groups, and organizations in
decision-making at all levels; and

• establishing domestically determined procedures to integrate
environment and development issues in decision-making.
Setting priorities is left to national governments in accordance
with their prevailing conditions, needs, national plans, poli-
cies, and programs.
At the international level, Agenda 21 calls for, among other

things, (1) availability of funding mechanisms, including public
and private funding and international development assistance, to
support the transition to sustainability; (2) the adoption of ecolog-
ically sound technologies, which in turn requires (3) research for
technological innovation and technology transfer from industrial
to developing countries; (4) improved scientific knowledge of so-
cial and ecological systems and their linkages, (5) education, train-
ing, and capacity building; and (6) international and national legal
instruments and mechanisms. Most of these requirements are con-
strained by either lack of funding, limited transfer of technologies
and scientific knowledge, or limited enforcement of binding legal
instruments (UNESC 2002; UNU 2002a).

At the national level, Agenda 21 introduced the concept of
national strategies for sustainable development (discussed below)
as a means for integrating economic, social, and environmental
objectives into overall planning and with the participation of non-
state actors. Agenda 21 resulted in a variety of follow-up initia-
tives on the local level by local authorities and civil groups. Many
Local Agenda 21 projects were particularly successful in imple-
menting the often abstract concept of sustainable development
into tangible results for local stakeholders. (See Box 15.2.) Key
elements of these projects included (1) multisectoral engagement
in the planning process, (2) consultation with stakeholders, (3)
participatory assessment of local social, economic, and environ-
mental conditions and needs, (4) participatory target setting, and
(5) monitoring and reporting procedures, including local indica-
tors (ICLEI 1996).

Over the past decade, public-private partnerships have been
an emerging tool of integration between different sectors and
across stakeholders on given subjects of sustainable development.
Many of the Local Agenda 21 projects are pioneering public-
private partnerships for that reason. While such partnerships can-
not be accepted as a substitute for government and intergovern-
mental binding regulation, they are, however, considered by
many as an effective complementary approach for implementing
Agenda 21 and the WSSD Plan of Implementation (Witte et al.
2003; UN 2003). Almost 300 public-private partnerships were
concluded during WSSD, involving different sets of govern-
ments, international agencies, local authorities, business, and civil
society organizations (UN/DESA 2002). However, the lack of
specific guidelines for the coherence, accountability, and evalua-
tion of such partnerships caused much criticism, mainly from
nongovernmental organizations (Witte et al. 2003). Since many
of these partnerships have just been started, it is too early to assess
their integrative function.

15.3.2 International Environmental Governance

The need for international approaches to tackling environmental
issues derives from the many cases of transboundary initiatives or
disputes over management of resources, such as regional waters
or the transport of hazardous waste. International environmental
governance as a term bundles all international efforts to set coher-
ent and achievable policies and coordinated actions in response to
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BOX 15.2

Local Agenda 21: The Case of the United Kingdom (ICLEI 1996)

The United Kingdom Local Agenda 21 National Campaign was estab- For their first task, the steering group defined the substantive elements of
lished in 1993 by the country’s five local authority associations—the Asso- Local Agenda 21 in the U.K. context, recognizing the need to implement
ciation of District Councils, the Association of County Councils, the these elements differently according to local circumstances. The first two
Association of Metro Authorities, the Confederation of Scottish Local Au- elements focus on the internal operations of local authorities: managing
thorities, and the Association of Local Authorities in Northern Ireland. The and improving municipal environmental performance and integrating sus-
establishment of the Campaign followed the participation of these associa- tainable development into municipal policies and activities. The other four
tions in the U.K. national delegation to UNCED. Since then, the Campaign elements focus on the local community: awareness-raising and education;
has recruited more than 60% of the United Kingdom’s local authorities to public consultation and participation; partnership-building; and measuring,
commit to a Local Agenda 21 planning process. The Campaign has also monitoring, and reporting on progress towards sustainability.
served as an organizational model for the creation of Local Agenda 21 The Campaign then developed manuals, tools, pilot projects, and sem-
campaigns across the world. inars to assist local authorities to take action in each of these areas. A

The first step in the creation of the Campaign was the establishment Step-by-Step Guide to Local Agenda 21 and also a variety of guidance
of a steering committee, made up of senior local elected officials, to gov- documents on specific aspects of Local Agenda 21 planning were pub-
ern the Campaign’s activities. The steering committee recruited the Local lished. In addition, a national database and a monitoring scheme for the
Government Management Board—a technical agency of the local author- implementation of Local Agenda 21 have been set up.
ity associations—to serve as the Campaign secretariat. Recognizing the The U.K. Local Agenda 21 quickly became part of everyday business
multisector and partnership-building approach to Local Agenda 21, the for the majority of U.K. local authorities. The high rate of success in such
voluntary membership of the steering group was soon broadened to in- a short period of time is ultimately based on the readiness of local authori-
clude senior representatives of environmental NGOs, the business sector, ties to actively commit themselves to a leadership role in sustainable
women’s groups, the educational sector, academia, and trade unions. development.

global environmental change across a wide range of drivers,
actors, and scales.

There is much variation in the extent to which existing inter-
national responses can be considered integrated. IEG occurs
through (1) promotion of international cooperation and coordi-
nation, (2) emphasis on sustainable development, (3) involvement
of stakeholders and governance structures at multiple levels, (4)
the cross-cutting nature of the issues addressed, and (5) linkages
among the institutional arrangements involved.

Over the past thirty years, IEG has evolved from a focus on
specific issues and regions, to an emphasis on cross-cutting themes
and global strategies (UNEP 1999, 2001a). This evolution de-
notes a greater concern with developing integrated responses at
the international level. The strategies and international agree-
ments resulting from the Earth Summit in 1992 (Agenda 21 and
the Rio conventions) are explicitly concerned with integration
under the broad principle of sustainable development, including
economic and social development as well as environmental pro-
tection.

IEG is primarily facilitated through the U.N. system. The
United Nations Environment Programme holds the principal
environmental mandate within the United Nations for environ-
mental policy coordination (see UNEP Malmö Declaration).
However, in practical terms UNEP as a U.N. program (rather
than a full-fledged U.N. specialized agency or organization) does
not have the financial resources to lead the international environ-
mental governance process appropriately (UNEP 2001a; WBGU
2001). UNEP also shares the responsibilities for environmental
issues with many other U.N. and Bretton Woods bodies. In fact,
the U.N. system appears too fragmented in design, too sectoral in
its approach, and too incoherent in its decision-making to address
global environmental issues effectively (WRI 2003; WBGU
2001).

Widely accepted underlying concepts in IEG include key
principles such as Rio Principle 7 (‘‘Common but differentiated
responsibilities’’) and Rio Principle 15 (‘‘Precautionary ap-
proach’’) (UNCED 1992). Applying these principles, however,
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has been problematic. With respect to global responsibilities
North-South disagreements are common over who is responsible
for global changes, who is affected by its consequences, who
should act in response, what should be done, and who should
pay for it. National interests also continue to undermine efforts at
creating and strengthening international environmental regimes
for certain thematic areas following the precautionary approach,
in particular if national social and economic interests are con-
cerned (WBGU 2001; Figueres and Ivanova 2002).

Judged by the participation of civil society groups in large
international meetings, such as WSSD and UNCED, the active
involvement of such groups seems strong. Civil society continues
to have little to no direct power in IEG, yet the organizations
have a strong voice. Few governments include NGO representa-
tives in their national delegations, for example, for meetings on
multilateral environmental agreements. Clear and transparent
rules for the selection of NGOs attending such international
meetings are often lacking, as in the case of the United Nations
Convention to Combat Desertification. Some convention secre-
tariats maintain regular contacts with civil society organizations,
so-called multilateral consultations or multistakeholder dialogues,
and promote consultations with specific groups, such as indige-
nous peoples or the industry sector. Civil society involvement has
made the process of negotiating, revising, and implementing
MEAs more inclusive (Gemill and Bamidelle-Izu 2002). How-
ever, many technical and open-ended meetings still do not pro-
vide for the participation of civil society (Dodds 2001).

Within civil society itself, there are also clear differences in
the abilities of different groups to influence outcomes in IEG.
International NGOs, for example, tend to be strongly involved in
negotiations—perhaps due to their access to information and abil-
ity to back their arguments with scientific evidence. The lobbying
capacity of the business sector is also powerful, often indirectly
through lobbying of national governments. Science and the scien-
tific community play an important role, as both influence the
way problems and their solutions are framed. Relevant regional
approaches have been made to improve civil society participation
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in environmental governance through enhancing access to infor-
mation, public participation in decision-making, and access to
justice. (See Box 15.3.)

The role of the judiciary in the promotion of sustainable de-
velopment and adequate integration of environmental law is fre-
quently underestimated. (See Box 15.4.) Consequently, the need
for awareness raising, cross fertilization and capacity building
within the judiciary, law enforcement, and prosecution is easily
overlooked.

The main mechanisms of IEG include environmental treaties,
so-called Multilateral Environmental Agreements (discussed in
the next section) as well as ‘‘soft law,’’ which includes nonbinding
guidelines, norms, and action plans, which are developed for vol-
untary compliance by national governments only. Examples in-
clude Agenda 21, the UNEP-administered Global Programme of
Action to address land-based sources of marine pollution, or the
guidelines of the World Commission on Dams. (See Box 15.5.)

Governments increasingly express their concern that the cur-
rent environmental governance structure is no longer appropriate
for tackling the international agenda on environment and devel-
opment. Reforms will not only have to address compliance,
enforcement, and liability, but to obey the common but differen-
tiated responsibilities of developing countries and their right to
development (UNEP 2001, p. 27; WBGU 2001). In this context,
any approach to reform international environmental governance
will need to be responsive on the following:
• Credibility: reformed institutional structures must command

the universal commitment of all States, based on transparency,

BOX 15.3

UNECE Convention on Access to Information, Public
Participation in Decision-making, and Access to Justice in
Environmental Matters: The Aarhus Convention
(http://www.unece.org/env/pp/)

The UNECE Convention on Access to Information, Public Participation
in Decision-making, and Access to Justice in Environmental Matters
was adopted on June 25,1998, in Aarhus, Denmark, at the Fourth
Ministerial Conference in the ‘‘Environment for Europe’’ process.

The Aarhus Convention is a new kind of environmental agreement.
It links environmental rights and human rights. It acknowledges that we
owe an obligation to future generations and establishes that sustain-
able development can be achieved only through the involvement of
all stakeholders. The agreement links government accountability and
environmental protection, and focuses on interactions between the
public and public authorities in a democratic context. The Aarhus proc-
ess is forging a new process for public participation in the negotiation
and implementation of international agreements.

The Convention is about government accountability, transparency,
and responsiveness. It grants rights to the public, and imposes obliga-
tions on treaty parties and public authorities regarding access to infor-
mation, public participation, and access to justice.

The Convention entered into force October 30, 2001, and progress
on ratification has been relatively rapid. The first meeting of the parties
took place in Lucca, Italy, October 21–23, 2002. The meeting adopted
a number of decisions, thereby establishing two working groups, on
genetically modified organisms and pollutant release and transfer reg-
isters, respectively. The meeting also agreed on an innovative compli-
ance mechanism, on rules of procedure, and on a number of other
issues.
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BOX 15.4

Johannesburg Principles on the Role of Law and
Sustainable Development

The Johannesburg Principles on the Role of Law and Sustainable De-
velopment, which were adopted during WSSD in 2002, highlight the
key role of the judiciary in implementing and enforcing applicable inter-
national and national laws in the area of environment, sustainable de-
velopment, and poverty alleviation (UNEP 2002a and 2002b). The
following principles were adopted:

• A full commitment to contributing toward the realisation of the
goals of sustainable development through the judicial mandate to
implement, develop and enforce law, and to uphold the Rule of
Law and the democratic process;

• Commitment to realizing the United Nations Millennium Develop-
ment Goals, which depend upon the implementation of national
and international legal regimes that have been established to
achieve the goals of sustainable development;

• An urgent need for a concerted and sustained program of work
focused on education, training and dissemination of information,
including regional and sub-regional judicial colloquia in the field
of environmental law; and

• Collaboration among members of the judiciary and others en-
gaged in the judicial process within and across regions, as es-
sential to achieving a significant improvement in compliance with,
implementation, development, and enforcement of environmental
law.

An 11-point program of work was adopted, which including, among
other things, included a call to improve the level of public participation
in environmental decision-making, access to justice for the settlement
of environmental disputes, the defense and enforcement of environ-
mental rights, and public access to relevant information (UNEP 2002b).

fairness, and confidence in an independent substantive capac-
ity to advise and adjudicate on environmental issues;

• Authority: reform must address the development of an institu-
tional mandate that is not challenged. This should provide the
basis for a more effective exercise of authority in coordinating
environmental activities with the United Nations;

• Financing: adequate financial resources linked to broader de-
velopment cooperation objectives must be provided;

• Participation of all actors: given the importance of the environ-
mental consequences of the actions of major groups, ways
must be found to incorporate their views in decision-making.
The discussion on the reform of environmental organizations

and their structures generally reflects the need for a stronger envi-
ronment agency (WBGU 2001). Suggestions include, inter alia,
upgrading UNEP to a fully-fledged specialized agency or World
Environment Organization, equipped with suitable rules and its
own budget funded from assessed contributions from member
States. Other options include advanced consolidation between
UNDP and UNEP or restructuring the United Nations Eco-
nomic and Social Council (UNEP 2001). In order to decide on
the most effective manner of strengthening international environ-
mental governance, the following questions need to be addressed:
• How can coordination and synergies on environment-related

issues among various organizations be improved?
• How can the consistency of environmental standards and

agreements be enhanced, particularly in the context of envi-
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BOX 15.5

World Commission on Dams (World Commission on Dams 2000)

In 1997, conflicting views of the appropriateness of dams worldwide had holistic assessment of when, how, and why dams succeed or fail in meet-
resulted in a significant stalemate in development planning. The World ing specific development objectives. It reflects a comprehensive approach
Commission on Dams was established by an initiative from the World to integrating social, environmental, and economic dimensions of develop-
Bank and IUCN. WCD brought together participants from governments, ment. It further provides the rationale for a fundamental shift in assess-
the private sector, international financial institutions, civil society organiza- ment, planning, and implementation of water and energy resource
tions, and affected people. Public consultation and access to the Commis- management, including:
sion was a key component of the process. The WCD Forum, with 68
members representing a cross-section of interests, views, and institutions, • a rights-and-risks approach as a practical and principled basis for
was consulted throughout the Commission’s work. Funding of the WCD, identifying all legitimate stakeholders in negotiating development
likewise, involved all interest groups. A total of 53 public, private, and civil choices and agreements,
society organizations pledged funds to the WCD process. • seven strategic priorities and corresponding policy principles for

One of the key objectives of WCD was to review the development water and energy resources development—gaining public accep-
effectiveness of large dams and assess alternatives for water resources tance; comprehensive options assessment; addressing existing
and energy development. The other key objective aimed at developing dams; sustaining rivers and livelihoods; recognizing entitlements
internationally acceptable criteria, guidelines, and standards, where appro- and sharing benefits; ensuring compliance; and sharing rivers for
priate, for the planning, design, appraisal, construction, operation, monitor- peace, development, and security, and
ing, and decommissioning of dams. • criteria and guidelines for good practice related to the strategic prior-

The WCD final report, Dams and Development: A New Framework for ities, ranging from life-cycle and environmental flow assessments to
Decision-Making, was released in November 2000. The report presents a impoverishment risk analysis and integrity pacts.

ronmental and trade agreement, and how will disputes be
dealt with?

• What role would civil society, particularly environmental
nongovernmental organizations, have in strengthened gover-
nance of the global environment?

• What role could be accorded to the private sector?
• What level of financing could be available, and with what

level of predictability and stability, to ensure that mandates are
realized?

15.3.3 Multilateral Environmental Agreements

Multilateral environmental agreements constitute a very substan-
tial body of international law and the most concrete component
of international environmental governance (WRI 2003). There
are over 500 MEAs, of which about 300 have distinct regional
focuses. The objectives and priorities of MEAs vary significantly,
although the core environmental conventions and agreements are
basically divided into five thematic clusters: biodiversity, atmo-
sphere, land, chemicals and hazardous waste, and oceans and re-
gional seas. Table 15.2 gives a selective list of major agreements
and treaties under each of these thematic clusters.

As a general trend, MEAs have evolved from focusing on sin-
gle issues such as wetlands, hazardous wastes, or migratory species,
to cross-cutting themes such as loss of biodiversity, land degrada-
tion, and climate change. The later generation of MEAs, espe-
cially the Rio conventions, explicitly express their relevance to
sustainable development across different scales (WRI 2003).

However, any international agreement is only effective if im-
plemented by the signatories on a national scale. This requires
translation into efficient strategies at national and sub-national
level. It also requires encompassing governments and civil society
including NGOs, academia, and the business sector (Domoto
2001). In most cases, countries need to adapt or amend national
environmental legislation to meet the objectives of MEAs. Spe-
cific programs, institutions, and funds are often created to pro-
mote their implementation. Furthermore, multilateral and
bilateral aid agencies are increasingly making their loans and assis-
tance conditional upon countries adopting environmental mea-
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sures, many of which are consistent with the goals of MEAs. From
this perspective, MEAs are a potent driving force for national legal
and policy changes in relation to the environment (UNESC
2002).

Environmental issues such as desertification, climate change,
and loss of biodiversity and forests are multiply interlinked. How-
ever, these issues are dealt with separately by different conventions
and policy fora, which are negotiated and implemented indepen-
dently of one another, often by different departments or agencies
within national governments. Progress for joint implementation
on the level of MEAs (for example, on national reporting require-
ments) is considered limited (UNEP 2001). Attempts to link the
different levels of governance and stakeholders, from local to
global, have not been successful in most countries, especially as
decentralization and devolution have created additional actors in
environmental governance (Dodds 2001; UNEP 2001).

The international regulation of soil resource conservation is
an example of thematic and administrative defragmentation that
leads to a partial negligence of key environmental issues. Soil is
degraded through a range of processes, including desertification
and erosion of marginal land, but also by industrial contamination,
soil sealing, urban sprawl, and impacts of mining or military activ-
ities. On the international level, attention rests with the issue of
desertification in arid and semiarid areas as addressed directly in
the UNCCD. While the features of soil degradation reach be-
yond drylands, no further international regulation toward a more
sustainable use of soil resources exists. Indirectly, matters related
to soil biodiversity or soil contamination are covered by the Con-
vention on Biological Diversity, the Basel Convention, and Con-
vention on Long-range Transboundary Air Pollution.

On the regional level, few legal frameworks exist for the direct
protection of soil resources (one example is the Alpine Conven-
tion and its distinct Soil Protocol), while other aspects of soil deg-
radation are partly and only indirectly dealt with in other regional
frameworks on water, biodiversity, chemicals, or atmosphere
(UNEP 2004). Equally, scientific advisory processes, which are
essential for adequate assessments, lack a holistic approach on the
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Table 15.2. Major Multilateral Environmental Agreements

Year Year
Agreement Aim Adopted Ratified

Atmosphere-related

Kyoto Protocol to the United Nations achieve quantified emission limitation of greenhouse gases and reduction 1997 not yet
Framework Convention on Climate Change commitments (http://unfccc.int/resource/conukp.html)

United Nations Framework Convention on stabilize greenhouse gas concentrations in the atmosphere at a level that 1992 1994
Climate Change (UNFCCC) prevents dangerous anthropogenic interference with the climate system (http://

unfccc.int/index.html)

Montreal Protocol on Substances that Deplete phase out ozone-depleting substances (http://www.unep.org/ozone/index.asp) 1987 1989
the Ozone Layer

Vienna Convention for the Protection of the protect human health and the environment against adverse effects resulting or 1985 1988
Ozone Layer likely to result from human activities that modify or are likely to modify the

ozone layer (http://www.unep.ch/ozone/Treaties_and_Ratification/index.asp)

Biodiversity-related

Cartagena Protocol on Biosafety to the ensure the safe transfer, handling, and use of living modified organisms 2001 2003
Convention on Biological Diversity resulting from modern biotechnology that may have adverse effects on

biological diversity and human health (http://www.biodiv.org/biosafety/
default.aspx)

International Coral Reef Initiative stop and reverse the global destruction of coral reefs and related ecosystems 1995
such as mangroves and seagrasses (http://www.icriforum.org/)

Agreement on the Conservation of African- coordinate measures to maintain migratory waterbird species in a favorable 1995
Eurasian Migratory Waterbirds conservation status or to restore them to such a status in the agreement area

(http://www.wcmc.org.uk/cms/aew_text.htm)

Lusaka Agreement on Cooperative reduce and ultimately eliminate illegal trade in wild fauna and flora in the 1994
Enforcement Operations Directed at Illegal agreement area and establish a permanent task force for this purpose (http://
Trade in Wild Fauna and Flora www.internationalwildlifelaw.org/lusaka.pdf)

Convention on Biological Diversity conservation of biological diversity, the sustainable use of its components, and 1992 1994
the fair and equitable sharing of the benefits arising out of the utilization of
genetic resources (http://www.biodiv.org/)

Agreement on the Conservation of Small achieve and maintain a favorable conservation status for small cetaceans in 1992
Cetaceans of the Baltic and North Seas the agreement area (http://www.ascobans.org/)

Convention on the Conservation of Migratory avoid any migratory species becoming endangered and improve their 1979 1983
Species of Wild Animals conservation status (http://www.unep-wcmc.org/cms/)

Convention on International Trade in ensure that international trade in specimens of wild animals and plants does 1973 1975
Endangered Species of Wild Fauna and Flora not threaten their survival (http://www.cites.org)

Convention Concerning the Protection of the protect the world’s cultural and natural diversity of outstanding universal value 1972 1975
World Cultural and Natural Heritage (http://whc.unesco.org/)

Convention on Wetlands of International conservation and wise use of wetlands and their resources (http:// 1971 1975
Importance, especially as Waterfowl Habitat www.ramsar.org/)

Chemicals and Hazardous Wastes Conventions

Stockholm Convention on Persistent Organic protect human health and the environment from persistent organic pollutants 2001
Pollutants (http://www.pops.int/)

Basel Protocol on Liability and Compensation provide for a comprehensive regime for liability as well as adequate and 1999
for Damage Resulting from Transboundary prompt compensation for damage resulting from the transboundary movement
Movements of Hazardous Wastes and their of hazardous wastes and other wastes (http://www.basel.int/pub/protocol.html)
Disposal

Rotterdam Convention on the Prior Informed protect human health and the environment from potential harm arising from 1998
Consent Procedure for Certain Hazardous the international trade of certain hazardous chemicals and pesticides (http://
Chemicals and Pesticides in International Trade www.pic.int/)

Basel Convention on the Control of protect human health and the environment against the adverse effects that 1989 1992
Transboundary Movements of Hazardous may result from the generation and management of hazardous wastes (http://
Wastes and their Disposal www.basel.int/)

(continues)
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Table 15.2. Continued

Year Year
Agreement Aim Adopted Ratified

Land Conventions

United Nations Convention to Combat combat desertification and mitigate the effects of drought in countries 1994 1996
Desertification experiencing serious drought or desertification, particularly in Africa (http://

www.unccd.int/)

Regional Seas Conventions and Related Agreements

Global Programme of Action for the Protection prevent the degradation of the marine environment from land-based activities 1995 1995
of the Marine Environment from Land-based by facilitating the duty of States to preserve and protect the marine
Activities environment (http://www.gpa.unep.org/)

Convention for the Protection of the Marine eliminate pollution of the Mediterranean Sea area and protect and enhance 1976
Environment and the Coastal Region of the the marine environment in that area (http://www.unepmap.org/)
Mediterranean

Kuwait Regional Convention for Cooperation on prevent, abate, and combat pollution of the marine environment from oil and 1978
the Protection of the Marine Environment from other harmful or noxious materials in the region shared by Bahrain, Iran, Iraq,
Pollution Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates (http://

www.unep.ch/seas/)

features of global soil degradation. In a way, soil has been the
victim of its own unassuming character: it is difficult to see it
as distinct from other milieus, and its slow, complex process of
deterioration has not aroused media or public interest (El-Swaify
2000).

With the international MEAs being highly fragmented (from
local to global and within governance structures), most govern-
ments face a multitude of different departments or national agencies
dealing with various international, environmental, development,
and trade agreements (Hisschemoller and Gupta 1999; UNEP
2001). For example, the CBD involves measures relevant to bio-
diversity protection, trade, and intellectual property rights. This
requires different ministries, agencies, and departments to interact.
Also, those agencies responsible for negotiating with particular
MEAs may differ from the agency or agencies in charge of the
MEA implementation (Van Toen 2001).

Most MEAs include no binding compliance and enforcement
provisions, but put an emphasis on conflict solving in a noncon-
frontational manner. The tendency has been to rely mostly on a
‘‘carrot’’ approach by offering national governments assistance to
meet their obligations (Churchill and Warren 1996). The will to
develop national or international indicators and parameters for
management effectiveness and compliance has been largely lack-
ing. The failure in complying with agreements is often, but not
exclusively, related to lack of resources and institutional capacity,
particularly in developing countries. Funds that would enable de-
veloping countries to prepare for, participate in, and implement
international agreements remain scarce. Case studies of the Pacific
Islands found that the burden of meeting the reporting and part-
nership process requirements (conferences, correspondence, and
internal reporting and follow-up) for multiple MEAs was unac-
ceptably heavy and, given extreme limitations of skilled resources,
was often addressed at the cost of actually implementing the ac-
tions required by the MEAs (UNU 2002b).

Development and implementation of MEAs is clearly relevant
for sustainable development (OECD 2001a, b). However, effec-
tive goals, parameters, and indicators regarding integration be-
tween social, economic, and environmental objectives are rare
(Ovejero 1999). Achieving synergies across environment and de-
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velopment require mainstreaming environmental agreements into
national planning processes, such as sustainable development strat-
egies and poverty reduction plans. The Rio conventions have po-
tential for this kind of integration given the cross-cutting nature
of the issues they seek to address, all of which have implications
for poverty. Integrating national priorities with international pri-
orities and obligations is, however, likely only when significant
benefits are identified for major stakeholders. Integration must be
demand-driven and pursued when there is adequate planning and
implementing capacity, as well as resources. These are critical is-
sues in developing countries, where governments often feel over-
burdened with various international commitments and lack the
capacity and financial resources to pursue cross-sectoral, inte-
grated strategies.

15.3.3.1 The Ecosystem Approach as a Broad Framework for
Integrated Responses
The ecosystem approach has been developed as an overall strategy
for integrated environmental management promoting conserva-
tion and sustainable use in an equitable way. In essence, the eco-
system approach modifies and broadens the multiple-resource use
paradigm into a holistically conceived ecosystem management. It
requires one to view landscapes in a comprehensive context of
living systems and their complex interdependencies. The ap-
proach has importance beyond traditional commodity and ame-
nity considerations. With this view, management practices that
optimize the production or use of one or a few natural resources
can compromise the balances, values, and functional properties of
the whole.

Initial concepts on the ecosystem approach by the International
Joint Commission in the Great Lakes Basin (see Allen and Hoekstra
1992; Allen et al. 1993; Hartig 1998; Boyle et al. 2001) were
taken up and further developed by the CBD, which adopted it as
its main vehicle for the holistic implementation of its objectives
(see CBD Decision V/6 at the fifth Conference of the Parties).
The ecosystem approach focuses on managing environmental re-
sources and human needs across landscapes and is a response to
the tendency of managing ecosystems for a single good or ser-
vices, trying to balance trade-offs to both human well-being and
ecosystem services. (See Figure 15.1.) Currently, the ecosystem
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Figure 15.1. The Ecosystem Approach. The ecosystem approach contains the above elements, although it is not limited to them. The
operational implementation of the ecosystem approach foresees the implementation of all principles together. Its application should be adapted
to specific situations and frame conditions. (CBD Subsidiary Body on Scientific, Technical and Technological Advice 2003; Ecosystem
Approach Annex 1)

approach under the CBD constitutes a set of guiding principles
and strategies (see Box 15.6) rather than an applicable methodol-
ogy. Criteria and indicators are, therefore, yet missing for a
broader application of the ecosystem approach.

The ecosystem approach is reflected in several sectoral natural
resource management concepts, such as sustainable forest man-
agement, which was mainly developed independently, but is rec-
ognized by the CBD as being largely compatible with the
ecosystem approach (CBD COP 7, Decision VII/11 2004; Davey
et al. 2003; Wilkie 2003). Other concepts include, for example,
bioregional approaches, integrated coastal zone management, and
integrated conservation and development projects.

The ecosystem approach has also been applied to health issues,
recognizing the inextricable link between humans and their bio-
physical, social, and economic environments (Lebel 2003; IDRC
2003). Groundwater management can also be based on the eco-
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system approach (Neufeld 2000). International institutions have
adopted the concept in their strategies, for example, in UNESCO’s
Man and Biosphere Programme (UNESCO 2000), in FAO’s
Code of Conduct for Responsible Fisheries (FAO 2003), and
UNEP’s Strategy on Land Use Management and Soil Conserva-
tion (UNEP 2004). It has been pointed out that an institutional
application of the ecosystem approach requires adequate organiza-
tional changes (Mullins et al. 1999).

The ecosystem approach has been criticized for being too
vague and undetermined to be of practical value, while others
have highlighted its flexibility (Emerton 2001; Hartje et al. 2003;
Hartje 2003; Marconi et al. 2000; Smith and Maltby 2001; Smith
et al. 2000a, 2000b; UNEP 2003). Negative consequences of fo-
cusing on the overall ecosystem function and processes have also
been pointed out—especially the failure to consider specific areas,
resources, or species that may need a more targeted approach for
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BOX 15.6

Principles of the Ecosystem Approach

• Management objectives are a matter of societal choice.
• Management should be decentralized to the lowest appropriate

level.
• Ecosystem managers should consider the effects (actual or poten-

tial) of their activities on adjacent and other ecosystems.
• After recognizing potential gains from management, there is a need

to understand the ecosystem in an economic context. Any ecosys-
tem management program should: (1) reduce those market distor-
tions that adversely affect biological diversity; (2) align incentives to
promote sustainable use.

• A key feature of the ecosystem approach includes conservation of
ecosystem structure and functioning.

• Ecosystems must be managed within the limits to their functioning.
• The ecosystem approach should be undertaken at the appropriate

scale.
• Recognizing the varying temporal scales and lag effects which char-

acterize ecosystem processes, objectives for ecosystem manage-
ment should be set for the long-term.

• Management must recognize that change is inevitable.
• The ecosystem approach should seek the appropriate balance be-

tween conservation and use of biological diversity.
• The ecosystem approach should consider all forms of relevant infor-

mation, including scientific and indigenous and local knowledge, in-
novations, and practices.

• The ecosystem approach should involve all relevant sectors of soci-
ety and scientific disciplines.

Adapted from the CBD Decision V/6 adopted at the CBD COP 5 held
in Nairobi, May 2000. For the full text on the decision, including the
rationale underlining each of the principles, see http://www.biodiv.org/
decisions/.

their conservation. Another shortcoming highlighted is the failure
to include key actors such as the private sector. Despite the em-
phasis on complex, dynamic ecosystems as critical natural capital
assets whose functioning must be conserved, there is also much
uncertainty and lack of guidance regarding how to balance con-
servation and sustainable use in such ecosystems. It is felt that
required knowledge (for example, on the state, dynamics, and
criticality of ecological and institutional aspects), is yet undevel-
oped or does not yet exist in many circumstances.

Further, constraints in applying ecosystem approaches include:
(1) different time scales in natural ecosystem dynamics and their
human utilization; (2) the requirement for broad collaboration
between stakeholders, when many places are characterized by a
lack of trust and poor communication between stakeholders, sig-
nificant power inequalities, and divergence of interests; (3) nego-
tiating trade-offs between stakeholders in a fair, equitable, and
cost-effective way; and (4) economic under-valuation of ecosys-
tem services. Box 15.7 summarizes a U.S. experience with recur-
ring barriers in implementing the ecosystem approach.

15.3.3.2 Funding Mechanisms for Multilateral Environment
Agreements
Funding for international environmental governance comes from
bilateral development agencies, multilateral agencies such as U.N.
bodies, the World Bank, as well as from domestic national bud-
gets, private foundations, civil society groups and private inves-
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tors. The Global Environment Facility has been specifically
designed to facilitate integrated responses for major environmen-
tal challenges. The GEF, which is governed by its own governing
council, was set up in the run up to the Rio Summit and formally
established in 1994. GEF projects are implemented mainly by
three agencies, the World Bank, UNDP, and UNEP. It currently
concentrates on six focal areas: biodiversity, ozone, energy, inter-
national waters, and since recently, land degradation and persistent
organic pollutants. In the first ten years since its inception, GEF
funded some 700 projects in 150 countries, involving a budget of
$3 billion, plus an additional $8 billion in co-financing through
other sources (UNEP 2001).

In terms of integration, the most interesting GEF features in-
clude the incremental cost approach, coordination with MEA
secretariats, and cross-sectoral operational programs. The incre-
mental cost approach of the GEF is designed to support cross-
scale projects with proven global environmental benefits. Such
projects often pilot new integrated approaches. Projects that ex-
clusively serve national development objectives are excluded from
the GEF.

As the key funding mechanism for major MEAs—including
the CBD, UNFCCC, and since recently, CCD—the GEF is
guided by MEA governing bodies with regard to what activities
are eligible for GEF projects. For example, UNFCCC member
governments establish guidance for GEF spending of the UNFCCC
Special Climate Change Fund or the Least Developed Country
Fund. While these procedures add to the challenge of inter-
institutional coordination, they also ensure activity-focused inte-
gration.

The GEF has developed operational programs (OPs), which
outline specific approaches in developing and implementing proj-
ects within different focal areas. The GEF OP12, for example, on
integrated ecosystem management draws on the ecosystem ap-
proach (GEF 2000). OP12 aims to create opportunities to address
issues that cut across the various GEF focal areas (biodiversity,
climate change, international waters, and land degradation) within
a common programmatic framework. It facilitates inter-sectoral
and participatory approaches to the planning and implementation
of natural resource management on an ecosystem scale.

15.3.4 Integration between International Trade and
Environmental Governance

The dual trends of global economic integration (‘‘globalization’’)
and the escalation of global environmental problems have magni-
fied the linkage between trade and environment. Trade and envi-
ronment are fundamentally related and the linkage between the
two spheres is considered both complex and critical (Shahin
2002). During GATT negotiations and subsequently in the
WTO, the linkage between trade and environment has been re-
ceiving growing attention.

Trade-related environmental measures include environmental
taxes, environmental subsidies and procurement policies, envi-
ronmental technical standards, trade bans and quarantines, and en-
vironmental labeling (UNDP 2003a, p. 323). Many developing
countries perceive these measures skeptically as thinly disguised
trade barriers, designed to constrain their development options.
While some of these environmental policies and rules result from
intergovernmental negotiations and are contained in MEAs, oth-
ers are imposed unilaterally, usually by industrial countries, raising
questions regarding their legitimacy and fairness. In such cases,
many developing countries see such environmental impositions as
green imperialism or eco-imperialism, which will endanger, in
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BOX 15.7

Recurring Barriers in Implementing the Ecosystem Approach: U.S. Findings
(U.S. Interagency Ecosystem Management Task Force 1995)

A U.S. Interagency Ecosystem Management Task Force was mandated Resource allocation and management. Agency coordination in ecosys-
to increase understanding of the ecosystem approach and its applicability. tem efforts can be improved by recognizing the interdependency of
Based on case studies, the task force identified barriers to implementing agency budgets. The ability of each agency to take an ecosystem ap-
the ecosystem approach, as well as solutions that would improve the proach is affected by its ability to budget for long-term goals, organize
effectiveness of the approach. Among its findings: around and fund interdisciplinary activities, and quickly modify programs

Federal agency coordination. A coordinated and comprehensive in response to new information.
framework is essential to implement the ecosystem approach. Knowledge base and the role of science. Existing information and

Partnerships with non-federal stakeholders. The ecosystem approach knowledge bases are often inadequate for system-wide ecosystem analy-
requires active partnerships and collaboration with non-federal parties, ses. The linkage between scientists and managers is essential in estab-
particularly state, local, and tribal governments, neighboring landowners, lishing or securing a shared vision of desired ecosystem conditions.
nongovernmental organizations, and universities. Together, they must also Information and data management. Managers must have coherent and
project and articulate a desired ecosystem outcome with a shared vision complete information from all of the sources in order to make reasonable
for the future. decisions on their actions that affect the ecosystem.

Communication between federal agencies and the public. Current out- Flexibility for adaptive management. Adaptive management requires a
reach activities must be strengthened. Most federal employees who willingness to undertake prudent experimentation—consistent with sound sci-
should be interacting with the public are not trained in the skills required entific and economic principles—and to accept occasional failures. This con-
to engage the broader public. trasts with the strongly risk-averse nature of most agencies and managers.

the long term, their growth and development (UNDP 2003a,
p. 325).

Agenda 21 expressly links the economy (in particular, ‘‘an
open, non-discriminatory and equitable multilateral trading sys-
tem’’) and the environment to human well-being (UNCED
1992, Chapter 1, p. 3; Shahin 2002). The current Doha round
of international trade negotiations equally underlines the mutual
support of an open and non-discriminatory multilateral trading
system with actions to protect the environment and the promo-
tion of sustainable development. (See Box 15.8.)

However, the dispute on how exactly trade and environment
issues should be made compatible without undermining either
system is largely unsolved. The potential for conflict stems, inter
alia, from the fact that environmental regimes allow for extra-
territorial measures, which under WTO rules constitute flagrant
violations. Furthermore, the WTO concept of nondiscrimination
in trade contradicts the basic premise of global environmental re-
gimes, where countries can, and should, discriminate against spe-
cific products and processes based on their environmental impacts
(UNEP and IISD 2000, Shahin 2002: pp. 48–49). One advantage
of the WTO system over MEAs is the availability of clear mecha-
nisms for dispute resolution as compared to often insufficient en-
forcement and compliance regimes in environmental agreements.

Environment-concerned groups often view WTO rules, trade
liberalization and globalization in general, as root causes for acceler-
ated unsustainable consumption and production patterns, which
result in resource depletion and environmental degradation (Do-
moto 2001). These groups are calling for an integration of environ-
mental approaches in WTO rules. Many developing countries on
the other side remain deeply suspicious that accommodation of
trade-restrictive measures on environmental grounds may further
limit their market access in industrial countries. Industrial countries
are often thought of as neglecting the needs of developing coun-
tries following common, but differentiated responsibilities, includ-
ing the right to development and basic human needs such as food,
health, and education (Sampson and Chambers 2002, pp. 2–7).

The interrelationship between MEAs and the multilateral
trading system, which includes the GATT trade agreements as
overseen by the WTO, is one of the key issues in the trade/
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environment discussions (Brack 2002). Around 20 international
MEAs incorporate trade measures with partly significant effects
on international trade flows (UNEP and IISD 2000, p.16, Ricup-
ero, 2001, p. 35). Three broad sets of reasons to incorporate trade
measures into MEAs can be identified (Brack 2002):
• to provide a means of monitoring and controlling trade in products

where the uncontrolled trade would lead to or contribute to environ-
mental damage. For example, CITES requires export permits
for trade in endangered species, and the Basel Convention
requests prior notification and applies consent procedures for
shipment of hazardous waste, which is subject to the Conven-
tion;

• to provide a means of complying with the MEA’s requirements. The
Montreal Protocol, for example, requires parties to control
both consumption and production of ozone depleting sub-
stances as control measure to achieve its objectives; and

• to provide a means of enforcing the MEA, by forbidding trade with
non-parties or non-complying parties. For example, the Interna-
tional Convention for the Conservation of Atlantic Tunas
bans imports of certain species and products of non-parties or
non-complying parties.
The effectiveness of trade measures in MEAs is difficult or

‘‘virtually impossible’’ to assess (Brack 2002). The necessity of
MEA trade measures has not yet been challenged before the
WTO (see Ricupero 2001, p. 35), although threats of such a chal-
lenge have been raised in a number of cases, for example, in the
context of CITES. If judged by cases where environmentally
based trade measures were imposed unilaterally, such measures
were considered in the majority of cases not necessary or justifi-
able. However, such rulings may not necessarily be applicable in
the case of multilateral agreements (Brack 2002, p. 336).

The compatibility of international trade rules and trade mea-
sures under MEAs is a long-standing, controversial issue. Major
groups such as the European Union seek clarification on the in-
terrelation between the two systems, while most developing
countries reject the need for such discussions. It is argued that the
perceived conflict between the multilateral trade system and
MEAs may most likely be addressed only if an official WTO dis-
pute, challenging trade measures under CITES, the Kyoto Proto-
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BOX 15.8

The Doha Trade Round and the Environment

A potential start on greening global trade rules may come from the World vant international environmental and developmental organizations, es-
Trade Organization’s current negotiating round (called the Doha Round) pecially in the lead-up to the World Summit on Sustainable Develop-
launched in the Fourth WTO Ministerial Meeting in Doha, Qatar, held No- ment. (Doha Ministerial Declaration 2001, Par.6).
vember 9–14, 2001 (WRI 2003). The Doha Ministerial Declaration focuses
in detail on the relation between nondiscriminatory multilateral trading sys- The Doha Declaration also established a new, if limited, mandate for ne-
tems, sustainable development, and the protection of the environment: gotiations on the trade-environment nexus with WTO members agreeing,

‘‘with a view to enhancing the mutual supportiveness of trade and environ-
We strongly reaffirm our commitment to the objective of sustainable ment’’ (Doha Ministerial Declaration 2001, Par. 31), to negotiate: (1) the
development, as stated in the Preamble to the Marrakesh Agreement. relationship between existing WTO rules and specific trade obligations set
We are convinced that the aims of upholding and safeguarding an out in MEAs; (2) procedures for regular information exchange between
open and nondiscriminatory multilateral trading system, and acting for MEA secretariats and the relevant WTO committees, and the criteria for
the protection of the environment and the promotion of sustainable the granting of observer status; and (3) the reduction or, as appropriate,
development can and must be mutually supportive. We take note of elimination of tariff and non-tariff barriers to environmental goods and
the efforts by members to conduct national environmental assessments services (Doha Ministerial Declaration 2001, Par. 31).
of trade policies on a voluntary basis. We recognize that under WTO The outcomes of Doha have not been universally welcome. Questions
rules no country should be prevented from taking measures for the have been raised whether the new trade talks it launched are really a
protection of human, animal or plant life or health, or of the environ- development round that adequately reflects the needs and aspirations of
ment at the levels it considers appropriate, subject to the requirement developing countries. Questions have been raised about the transparency
that they are not applied in a manner which would constitute a means of negotiations, the pressures brought to bear on developing countries,
of arbitrary or unjustifiable discrimination between countries where the and the potential consequences of the new trade round on local and poor
same conditions prevail, or a disguised restriction on international communities worldwide. The failure of the Cancun meeting in September
trade, and are otherwise in accordance with the provisions of the WTO 2003 on the issue of agricultural subsidies versus regulations on invest-
Agreements. We welcome the WTO’s continued cooperation with ment, competition policy, government procurement, and trade facilitation
UNEP and other inter-governmental environmental organizations. We (Mutume 2003; Halle 2003) may also endanger further progress in ad-
encourage efforts to promote cooperation between the WTO and rele- dressing crucial trade and environment issues.

col, or the Cartagena Protocol, is launched (Brack 2002, p. 350).
However, the dilemma presented by the need to preserve market
access opportunities for developing countries while facing the
need to maintain the space to implement measures that address
legitimate environmental objectives is internationally acknowl-
edged (ICTSD 2003).

15.3.5 Enabling Conditions and Constraints at the
International Level

Environmental policy integration at the international level is al-
most exclusively dependent on the commitment of governments
to agree on binding compromises for given issues. The United
Nations serves as a facilitator among sovereign states, but has lim-
ited capacity to progress beyond the expressed views of govern-
ments. The challenge of linking and effectively integrating
economic, social, and environmental dimensions of development
is well recognized, and appropriate international frameworks exist
to enable direct national implementation. However, the interna-
tional setting for addressing international environmental and
development governance is fragmented, incoherent, and unbal-
anced. Efforts toward larger coordination or even integration are
consequently limited and progress is slow.

Major challenges still ahead include a reform of the interna-
tional environmental governance structure and coherence be-
tween international trade and environment mechanisms. Much of
the international debate is naturally focused on feasible compro-
mises along economic, cultural or political interests. The concept
of sustainable development, while rapidly endorsed globally, still
largely lacks viable criteria and indicators for its qualitative and
quantitative assessable implementation, particularly on a national
level. Also, more efforts are required to demonstrate benefits of
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a widely integrated international policy framework for concrete
national development objectives.

An effective integration of international environmental policy
is mainly constrained by the apparent power imbalance between
international environment and economic arrangements. Indepen-
dent of how much international support can be gained for up-
grading UNEP to a World Environment Organization, environ-
mental sustainability ought to be more commonly integrated into
economic decision-making. Here again, standardized procedures
for measuring environmental performance in relation to financial
and social performance are a necessary first step, as for example
provided by the Global Reporting Initiative (WRI 2003). In this
regard the international business sector should be more engaged
in integrating environmental aspects.

Public access and participation of all affected stakeholders is
essential for fully integrated responses. In this context, public par-
ticipation is not restricted to access to information and direct par-
ticipation, but also includes effective representation, judicial
redress, and other mechanisms that enable meaningful, demo-
cratic environmental governance. On the international level,
often enough, such a degree of access and participation is not
available for impoverished stakeholder groups. Clearer and more
effective rules for a more meaningful access of civil society groups,
for example, to United Nations–led negotiations on global envi-
ronmental governance are needed. However, as civil society
groups gain in influence, they will increasingly demand principles
of good governance, including transparency and accountability
(WBGU 2001; WRI 2003).

15.4 National Responses
Governments are increasingly adopting integrated responses, in-
cluding policy-making practices, action plans, and strategies.
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Many nations have initiated efforts to achieve greater coherence
and integration between different policy domains. A typical ex-
ample is the integration of environmental concerns into other
areas of policy. This is important in order to create enabling con-
ditions for responses linking provisions of ecosystem services and
human well-being. Sometimes this is referred to as mainstream-
ing. Policy integration constitutes both an integrated response in
itself and a central element or mechanism for other integrated
responses. Some national planning initiatives also demonstrate a
potential for integration. They adopt a strategic approach, linking
longer-term visions to medium-term targets and short-term coor-
dinated actions. There is a vast experience with national strategic
planning, but few initiatives can be considered (or enable) inte-
grated responses. Table 15.3 lists the main strategic planning mod-
els that have been applied in recent decades. These demonstrate
different degrees of integration, from no significant integration to
high integration.

Some models, like national development plans, adopt a strate-
gic planning approach that includes fiscal targets, major infrastruc-
ture development, and economic reforms, which may contribute
to improvements in human well-being. They are, however, nar-
rowly focused on economic concerns and do not constitute inte-
grated responses. Other types of national strategic planning are
also sector-driven but demonstrate some (but still limited) poten-
tial for integration. National conservation strategies are one exam-
ple; they aim to provide a comprehensive, cross-sectoral analysis
of conservation and resource management issues and propose a
greater integration of environmental concerns into development
processes. Poverty reduction strategy papers offer another ap-
proach that seeks to address a multidimensional problem within
an integrated framework. However, environmental issues are not

Table 15.3. National Strategic Planning Models (Dalal-Clayton et al. 1994)

Approach Main Objectives Led by

National Development Plans to focus on fiscal targets, major infrastructural development, national governments (often the central Ministry of
industrial development, etc. Finance and/or Development Planning)

National Conservation Strategies to provide a comprehensive, cross-sectoral analysis of con- IUCN and implemented by different sectors
servation and resource management issues in order to inte-
grate environmental concerns into the development process

National Environmental Action Plans to provide a framework for integrating environmental consid- World Bank and undertaken by host-country orga-
erations into a nation’s overall economic and social develop- nizations (usually a coordinating ministry) with
ment programs technical assistance from the Bank

National Tropical Forestry Action to produce informed decisions and action programs with ex- FAO and implemented by the country concerned
Plans plicit national targets on policies and practices, afforestation

and forest management, forest conservation and restoration,
and integration with other sectors

Convention-related National Plans to define a strategy for the implementation of international conventions on climate change, biodiversity, and
conventional at the national level desertification, in collaboration with national gov-

ernments

Country Energy Plans to formulate an energy policy and coordinate energy plan- World Bank under the Energy Sector Management
ning at the national level Assistance Program (ESMAP)

Environmental Strategies, Country to present information on conditions and trends; identify and bilateral aid donors, governments, and NGOs
Environmental Profiles, and State of analyze causes, linkages, and constraints; and indicate
the Environment Reports emerging issues and problems

Green Plans to promote environmental improvement and resource stew- produced to date by Canada and the Netherlands
ardship, with government-wide objectives and commitments

Poverty Reduction Strategies detail plans for sustained reductions in poverty World Bank and bilateral aid donors in collaboration
with national governments
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adequately covered within PRSPs, and the main focus is on the
economic dimensions of poverty (Booth 2002; Sanchez and Cash
2003).

Other national strategic planning processes demonstrate
greater potential for integration. These include approaches con-
cerned with environment that also deal with social and economic
issues. National environmental action plans, for example, have
been expressly designed to provide a framework for integrating
environmental considerations into a nation’s overall economic
and social policies and programs. They still focus on environment,
but give more explicit attention to links and synergies with social
and economic dimensions. National strategies for sustainable de-
velopment are among the few national-level initiatives that dem-
onstrate a high degree of integration or that can be considered
truly integrated responses. An NSSD is a strategic approach that
aims to integrate the economic, social, and environmental objec-
tives of society, seeking trade-offs where this is not possible, while
ensuring that such trade-offs are agreed among many sectors of
society.

In both industrial and developing countries, the adoption of
integrated (or potentially integrated) responses has been greatly
influenced by international processes discussed in the previous
section on international responses. UNCED represents a major
landmark in this respect by generating an international consensus
regarding the need for sustainable development, which requires
strategic responses capable of achieving economic, ecological, and
social objectives in a balanced and integrated manner. Agenda 21
has become instrumental for the translation of sustainable devel-
opment from concept to practice, calling for the adoption of ac-
tions at multiple levels (global, national, and local). It also calls
upon countries to prepare national plans to implement the inter-
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national agreements reached at Rio, including those on biodiver-
sity, climate, and forests. National implementation plans for these
agreements in many instances represent integrated responses at the
national level.

However, there are substantive differences in the determinants
leading countries in the North and in the South to adopt inte-
grated responses. In the South, integrated plans and strategies have
often been externally conceived, motivated and promoted by
multilateral development banks, development cooperation agen-
cies, U.N.UN organizations, international NGOs, and other ex-
ternal organizations. Some are linked to the release of aid funds,
while others have been pursued as planning mechanisms to imple-
ment international agreements (Dalal-Clayton et al. 1994). The
situation in developed countries has been different, since ap-
proaches are related to international processes such as Agenda 21,
but have generally been domestically driven, following national
government styles and cultures, and sometimes those of businesses
and networks of civil society, rather than the dictates of external
agencies (Dalal-Clayton et al. 1998). This is manifest not only in
the preparation of NSSDs, but also of other approaches such as
Green Plans.

Also, there are differences in the particular approach taken in
terms of integration. The plans and strategies of industrial coun-
tries often focus narrowly on environmental concerns, even when
dealing with multidimensional challenges such as sustainable de-
velopment, while in developing countries greater efforts have
been made to address social and economic issues, as well as envi-
ronmental concerns, in a more integrated manner. Thus there is
much scope for countries from the North and South to learn from
each other (OECD 2002a).

This section focuses in more detail on policy integration, na-
tional environmental action plans, and national sustainable devel-
opment strategies, which are approaches that fall within the range
from medium to high potential for integration. Evidently, these
responses not only display different degrees of integration, but
also represent substantively different approaches to integration.
Therefore, they are not directly comparable, but are used as key
examples of national integrative responses from which lessons can
be drawn.

15.4.1 Environmental Policy Integration

Policy integration is a central element of efforts to improve the
decision-making structures of government in order to reach poli-
cies that are economically viable, socially equitable and ecologi-
cally sound. In the government sphere, attempts at integration
have focused primarily on enabling a more systematic consider-
ation of the environment when decisions are made on economic,
trade, fiscal, and other policies, as well as the implications of poli-
cies in these sectors for the environment. At the national level,
debates on environmental policy integration predominate.

Policy integration refers both to the degree of internal coher-
ence of policy goals between different domains of policy-making
and the process of designing integrated policies (Jacob and Volkery
2003). From a process perspective, a policy is considered inte-
grated when all the potential social, economic, and environmental
consequences of that policy are recognized, aggregated into an
overall evaluation that defines acceptable trade-offs, and then in-
corporated into the strategies of all relevant ministries and agen-
cies. An integrated policy from a goals perspective occurs when
decision-makers in a given sector recognize the complementary
elements, and the repercussions of their decisions on other sectors,
and adjust them appropriately so as not to undermine the policies
of other sectors. In this sense, policy integration is a pre-requisite
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or first step toward integrated responses as defined in this chapter.
Integration, therefore, can also be understood as coordination be-
tween policies and the ministries responsible for such policies.

Policy coordination may take different forms ranging from
improved communication between departments and ministries to
jointly identified policy priorities. Metcalfe (1994) has developed
a scale to assess the extent to which national policies are coordi-
nated. The scale was defined to assess EU states, but it is broadly
applicable (OECD 1996). An adapted version of this policy coor-
dination scale is shown in Box 15.9. Levels one to four are
concerned with the importance of communication across govern-
ment departments and ministries. Each body retains its autonomy,
but joint efforts are made to avoid duplication and to achieve a
level of coherence. Levels five to eight focus on deliberate at-
tempts by ministries to work together, up to the point of develop-
ing mutually supportive policies and establishing common
priorities.

Although coordination is important, integration is about more
than improving communication among different bodies and min-
imizing contradictions between policies. Integrated policy is
when there is a deliberate effort to realize mutual benefits be-
tween policies. This happens when policies generate benefits not
only for the home sector, but also for other sectors. An economic
policy that also enables the conservation of ecosystems, for exam-
ple, would qualify as a strongly integrated policy.

In the specific case of EPI, integration has not only been pro-
moted at the national level, but also within supra-national institu-
tions that impact on national governments. The EU, for example,
is highly committed to integrating environmental protection re-
quirements into the definition and implementation of all EU poli-
cies and activities (Article 6 of the Treaty of the European
Community). This commitment was substantiated in 1998 with
the initiation of the Cardiff Process, the goal of which became to

BOX 15.9

Levels of Policy Coordination (adapted from OECD 1996)

Level 1: Independence. Each department retains autonomy within its
own policy area irrespective of spillover impacts on cognate depart-
ments/areas.

Level 2: Communication. Departments inform one another of activities
in their areas via accepted channels of communication.

Level 3: Consultation. Departments consult one another in the process
of formulating their own policies to avoid overlaps and inconsistencies.

Level 4: Avoiding divergences in policy. Departments actively seek to
ensure that their policies converge.

Level 5: Seeking consensus. Departments move beyond simply hiding
differences and avoiding overlaps/spillovers to work together construc-
tively through joint committees and teams.

Level 6: External arbitration. Central bodies are called in by, or are
imposed upon, departments to settle irresolvable inter-departmental
disputes.

Level 7: Limiting autonomy. Parameters are pre-defined which demar-
cate what departments can and cannot do in their own policy areas.

Level 8: Establishing and achieving common priorities. The core execu-
tive sets down and secures, through coordinated action, the main lines
of policy.
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ensure that all relevant EU bodies develop their own strategies for
integrating environment and sustainable development into their
respective policy areas. Table 15.4 reflects the genesis of the envi-
ronmental policy integration process in the EU.

15.4.1.1 Instruments for Policy Integration

Different mechanisms and instruments are necessary depending
on the kind of integration being promoted, whether it is EPI
within specific ministries or within the government as a whole
(meaning integration between the different ministries and other

Table 15.4. Environmental Policy Integration in the European Union (Cardiff European Council 1998)

Year Event or Treaty Description

1972 Stockholm Conference Develops notion of ‘‘eco-development,’’ emphasizing the interdependence between ecological and de-
velopmental goals.

1973 First Environmental Action Establishes that effective environmental protection requires the consideration of environmental conse-
Plan (EAP) quences in all ‘‘technical planning and decision-making processes’’ at national and community level.

1983 Third Environmental Action ‘‘[T]he Community should seek to integrate concern for the environment into the policy and development
Plan of certain economic activities as much as possible and thus promote the creation of an overall strategy

making environmental policy part of economic and social development. This should result in a greater
awareness of the environmental dimension, notably in the fields of agriculture (including forestry and
fisheries), energy, industry, transport and tourism.’’

1986 Single European Act New Environment Title (Article 130r) introduces the objective of integrating environment into other
policies at all levels.

1987 Fourth Environmental Action Devotes a subsection to the ‘‘integration with other Community Policies’’ and announces that ‘‘the
Plan Commission will develop internal procedures and practices to ensure that this integration of environmen-

tal factors takes place routinely in relation to all other policy areas.’’

March 1992 Fifth Environmental Action Promotion of integration in five economic sectors: agriculture, energy, industry, transport, and tourism.
Plan (CEC 1992) EPI is to be achieved in a spirit of shared responsibility among all key actors and by making use of

economic and communicative instrument and voluntary agreements.

1992–93 Treaty on European Union Article 2 of the EEC treaty states: ‘‘The Community shall have as its task . . . to promote throughout the
Community a harmonious and balanced development of economic activities, sustainable and non-
inflationary growth respecting the environment.’’ Article 130r(2) includes the requirement that: ‘‘Environ-
mental protection requirements must be integrated into the definition and implementation of other Com-
munity policies.’’

1997–99 Amsterdam Treaty Establishes sustainable development as one of the objectives of the EU and an overarching task of the
Community. Article 6 requires that: ‘‘environmental considerations should be integrated into other poli-
cies in order to deliver sustainable development.’’

June 1988 Cardiff Summit ‘‘The European Council welcomes the Commission’s submission of a draft strategy [for integration of
the environment into other EU policies] and commits itself to consider it rapidly in view of the implemen-
tation of the new Treaty provisions. It invites the Commission to report to future European Councils on
the Community’s progress’’ (Cardiff European Council 1988, paragraph 32). European Council invites
all relevant sectoral councils to establish their own strategies for integrating the environment and sustain-
able development. Transport, energy, and agriculture are asked to start this progress and provided
reports to the Vienna Summit.

December 1988 Vienna Summit Transport, agriculture, and energy councils produce initial reports. Further integration plans are invited
from development cooperation, internal market, and industry councils for Helsinki.

June 1999 Cologne Summit European Council called upon the fisheries, general affairs, and ecofin (finance) councils to report on
the EPI process and sustainable development in 2000. Commission submitted its report (of 26 May
1999) on mainstreaming of environmental policy (CEC 1999b).

December 1999 Helsinki Summit European Council calls on nine Councils of Ministers (energy, transport, agriculture, development coop-
eration, internal market, industry, general affairs, finance, and fisheries) to complete work on environ-
mental policy integration and to submit comprehensive strategies by June 2001. The Commission
submits a report on ‘‘environment and integration indicators’’ (CEC 1999c), a report reviewing the
integration process ‘‘from Cardiff to Helsinki and beyond’’ (CEC 1999d), and a ‘‘global assessment’’ of
the results of the fifth EAP (CEC 1999a). The European Commission is invited to prepare a long-term
policy on sustainable development by June 2001.
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bodies that form the government). Lafferty (2002) proposes a list
of key mechanisms for each of these situations. Box 15.10 gives
an idea of what putting EPI in practice entails, when the aim is to
promote integration within a given government ministry or sec-
tor, while Box 15.11 does the same for situations where the goal
is to ensure EPI within the government as a whole.

The EU has developed specific guidelines for implementing
EPI into the daily work of Community institutions. These in-
clude the introduction of detailed environmental assessments of
all key policy initiatives; explicit reflection of environmental re-
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BOX 15.10

Mechanisms for Achieving Environmental Policy
Integration within Ministries (adapted from Lafferty 2002,
p. 17)

Sectoral report. Provides an initial mapping and specification of sec-
toral activity, which identifies major environmental/ecological impacts
associated with key actors and processes, including the governmental
unit itself.

Stakeholder forum. Establishes a system of dialogue and consultation
with all relevant actors and citizens.

Sectoral strategy. Formulates a sectoral strategy for change, with basic
principles, goals, targets, and timetables.

Sectoral action plan. Defines a sectoral action plan, matching priori-
tized goals and target-related policies with designated responsible
actors.

Green budget. Incorporates the action plan into the sectoral budget
and allocations.

Monitoring program. Develops a strategy-based system for monitoring
impacts, implementation processes, and target results, including speci-
fied cycles for monitoring reports and revisions of the sectoral strategy
and action plan.

quirements in decisions and new proposals; review of existing
policies and the preparation of integration strategies in key sectors;
and review of current organizational arrangements to ensure pol-
icy integration (UNESC 1999). By legally requiring governments
to adopt environmental considerations into their practices, EU
directives can be an important driving force for EPI at the national
level.

Any mechanism or combination of mechanisms for promot-
ing EPI, however, will have limited impacts if the overall integra-
tion effort fails to adequately assess and identify the key
environmental challenges for the sector, or if it fails to stipulate
realistic targets, benchmarks, and measures for objective assess-
ment of outcomes (Lafferty 2002). As with other integrated re-
sponses, an integrated policy must be viable, in both economic
and political terms, and respond to real needs.

15.4.1.2 Outcomes of Policy Integration

Assessing policy integration involves looking at both process and
outcome (Persson 2002). In Western Europe, for example, EPI
strategies and mechanisms based on the imposition of environ-
mental norms and criteria on policy sectors have often been un-
successful. This is because sectors have refused to accept such
norms and criteria. Sectoral strategies, which involve encouraging
different sectors to develop their own programs and priorities for
EPI, have a greater potential of overcoming this problem. How-
ever, this requires changing entrenched institutional norms and
routines. It may be that EPI needs to be approached as an on-
going, long-term process designed to promote internal capacity
and policy learning (Hertin and Berkhout 2001). Some develop-
ing countries seem to be even further away from actively tackling
the challenge of policy integration. Others, however, have recog-
nized the need to promote integration between environmental
and other policies. A case study from Brazil outlined in Box 15.12
illustrates the tortuous route of policy integration. It illustrates the
benefits of stakeholder involvement in the design of policies that
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BOX 15.11

Mechanisms for Achieving Environmental Policy
Integration in Government (adapted from Lafferty 2002, p. 19)

Constitutional provisions. Sets in place the constitutional mandate for
the special status given to environmental/sustainable development
rights and goals.

Overarching strategy. Formulates a long-term sustainable development
strategy for the domain (including timetables and targets), with a clear
political mandate and the backing of the chief executive authority.

Politically responsible executive body. An option is to designate a spe-
cific governing body entrusted with the overall coordination, implemen-
tation, and supervision of the integration process, including a strategic
national forum.

Information agents and programs. Aims to ensure clear communication
between sectors to achieve overarching goals.

National action plan. Allocates responsibilities between sectors to
achieve overall goals, including clear targets and a calendar for their
achievement. Requires EPI to be implemented within sectors.

Programme for assessment, feedback, and revision. Undertakes peri-
odic reporting of progress with respect to targets at both the central
and sectoral levels.

Conflict resolution systems. These are aimed at resolving conflicts of
interest between environmental and other societal objectives.

work for both environment and development, as well as the per-
sisting barriers to greater horizontal and vertical integration be-
tween different actors.

To date, policy integration has often consisted of adding envi-
ronmental considerations to economic policy or vice-versa. Sim-
ple ‘‘add-ons’’ do not constitute an integrated response because
economic, social, and environmental considerations are not in-
cluded from the start. This is not surprising since a three dimen-
sional approach is much more difficult to implement, requiring a
careful analysis and management of trade-offs, including consider-
ations between short-term pressures and longer-term benefits
(OECD 2001a). The main stumbling block is the traditional seg-
mentation of government that impedes integrated policy-making.
Government agencies and departments are highly specialized,
have accumulated knowledge to govern their particular policy
field, have networks with their target groups already in place,
and are often unimaginative regarding their goals and instruments
(Jacob and Volkery 2003).

15.4.2 National Environmental Action Plans

A national environmental action plan is a national level planning
exercise designed to integrate environmental management into
the overall development objectives of a country (Lampietti and
Subramanian 1995). An NEAP involves identifying the major en-
vironmental issues facing a country, defining the underlying
causes of environmental degradation, setting priorities, and defin-
ing the interventions needed to address such priorities, including
policies and legal and institutional reforms. NEAPs are under-
taken by governments, but typically with the assistance of devel-
opment institutions. The World Bank, for example, often
required countries to prepare a NEAP as a pre-condition for pro-
viding development funding. Thus a NEAP typically outlines the
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BOX 15.12

Integration of Agrarian and Environmental Policies in the Brazilian Amazonia

Government policies have been identified as a main driving force for de- into forested areas and the persistence of government incentives. Interest-
forestation and unsustainable patterns of agricultural colonization in Brazil- ingly, credit for small farmers was among such incentives. Without appro-
ian Amazonia (Mahar 1989; Schneider 1995; Binswanger 1991; Mahar priate technical support many farmers used the credit to invest in cattle,
and Schneider 1994). Policies have often been directly contradictory and which required clearing forestland to establish pastureland. The farmers’
conflictive, implemented by different agencies acting in isolation, and gen- movements recognized that a more comprehensive strategy was needed
erally poorly integrated. Agrarian policies have supported agricultural de- to encourage framers to switch to more sustainable patters of land use.
velopment, often favoring large farms and agro-industrial enterprises, With the support of NGOs, they successfully advocated and guaranteed a
while environmental policy has focused on forest conservation. The link- special credit program called PROAMBIENTE (pro-environment), whereby
ages and connectedness of various economic activities or forms of land farmers would receive special credit to implement agroforestry systems,
use have rarely been taken into account in policy formulation and imple- avoiding the use of fire and receiving a grant for the maintenance of
mentation (Cavalcanti 2000). environmental services.

But greater integration has been initiated in recent years as a conse- However, integration has only happened in one direction. While
quence of the emergence of new actors and their reaction to various agrarian measures have assimilated environmental issues, the opposite
public policies. This includes rural organizations, farmers’ unions, and the has not happened. There are still conflicts between the actors involved
landless movement, among others. These actors have been able to influ- in the environmental and agrarian arenas. Civil society has played a
ence the land tenure and other policies. In the Marabá region, in Eastern pro-active role in the policy process related to agrarian policies. Only
Amazonia, the implementation of land reform projects rose from less than the state and environmentalist organizations have participated actively
2 per year in 1987 to 17 in 2000 (INCRA 2001) due to pressure from in environmental policies, such as the Forestry Code or Law on envi-
landless framers. These organizations are very critical of development ronmental crimes, which regulates natural resources use and establish
models embedded in government policies and seek to implement alterna- penalties for mismanagement of environment goods and services. Al-
tive development projects, including initiatives linking development and though the environmental policy is regarded as innovative, it has been
conservation (financed mainly by international NGOs), which they believe more difficult to implement and is divorced from the sub-national context
should become references for future public policies. and the governmental, private sector, and civil society actors at whom

Increases in deforestation in 2000 were attributed to farmers moving it is targeted.

financial and technical assistance the country requires in order to
implement proposed actions, in particular the external funding
needed. These initiatives were strongly promoted during the
1980s and early 1990s and share similarities with national conser-
vation strategies, also promoted during the same period.

From the perspective of integration, NEAPs have been pro-
moted as an important step toward integrating environmental
considerations into national economic and social development
strategies (Lampietti and Subramanian 1995). The World Bank,
for example, expected NEAPs to evolve into an integral part of
the national development policy-making framework (World Bank
2000). Some NEAPs aim explicitly to analyze and address envi-
ronmental issues within a framework that considers linkages be-
tween ecosystems and human well-being. However, the majority
remain largely environment oriented. Probably the most impor-
tant integrative characteristics of NEAPs include their emphasis
on involving key stakeholders and analyzing the causes and conse-
quences of environmental degradation from a multidimensional
and multidisciplinary angle. They also often propose actions for
better compliance with and enforcement of various international
agreements countries have committed to, therefore contributing
to strengthening the integration between international and na-
tional policy frameworks.

15.4.2.1 Instruments Used in NEAPs

The categories of policies and instruments more commonly used
in NEAPs include regulatory instruments, market-based instru-
ments, property rights, and ways to increase stakeholder engage-
ment in the NEAP, as well as public awareness regarding
environmental issues. There is no agreed set of criteria for select-
ing instruments. Possible criteria include, for example, cost effec-
tiveness, equity, institutional capacity, financial capacity, and
political and social feasibility (Lampietti and Subramanian 1995).
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Regarding the institutional structure for implementation,
NEAPs are generally implemented by a designated environmental
agency that liaises with other sectors within and outside govern-
ment. Putting NEAPs into practice requires effective coordina-
tion mechanisms and a variety of structures and systems to address
environmental protection at the national and local level. These
structures and systems are often complex, as they require integra-
tion to span sectors and levels and varying capacities and re-
sources. Figure 15.2 illustrates the coordination structure
developed to implement Sri Lanka’s NEAP.

15.4.2.2 Impacts of NEAPs

NEAPs have been successful at raising public awareness of envi-
ronmental issues, strengthening national environmental manage-
ment institutions, and introducing environmental policies and
innovative pilot projects (OED 1996). These impacts, however,
have been mixed and uneven. Public awareness of environmental
issues improved particularly in those countries where the prepara-
tion process was highly participatory. Lessons from NEAPs in Af-
rica suggest that environmental strategies had a better chance of
successful implementation when a range of stakeholders partici-
pated in their implementation. The earlier generation of NEAPs,
however, did not benefit from a broad participatory approach
(World Bank 2001).

The impacts of NEAPs on environmental management capac-
ity have also been mixed. NEAPs tend to rely on legislative
reform to improve environmental management, particularly
command-and-control instruments, to achieve environmental
objectives. Institutional reform has been hampered by two impor-
tant factors. On the one hand, the traditional bureaucratic institu-
tions are often not flexible enough to accommodate the cross-
sector characteristics of environmental problems. On the other
hand, when restructuring involves reforming environmental pro-

................. 11430$ CH15 10-21-05 14:13:27 PS



446 Ecosystems and Human Well-being: Policy Responses

Figure 15.2. Coordination Structure Developed through the National Environmental Action Plan in Sri Lanka

tection, monitoring, and licensing, government officials may be
tempted to seek new, or maintain old, rent-seeking opportunities
(Lampietti and Subramanian 1995). Implementing a NEAP re-
quires considerable environmental management and technical ca-
pacity, which many developing countries lack. Although most
NEAPs include assistance to build human and institutional capac-
ity, the NEAP processes tends to rely on international consul-
tancy, thus failing to strengthen national capacity (OED 1996).

NEAPs have generally been supply-driven, without securing
local ownership (OED 1997). Many appeared to be ‘‘one-off
efforts that ended with a document’’ (OED 1996, p. 3). Few suc-
ceeded in stimulating the integration of environmental considera-
tions into economic and social policies. More importantly, few
NEAPs have resulted in an on-going, self-sustaining strategic en-
vironmental planning process at the national level (OED 1996).
Many governments initiated them primarily to meet the require-
ments imposed by donors to provide aid loans (World Bank
2001). Ownership was often undermined by pressure to acceler-
ate the preparation of NEAPs, while lack of systematic follow
up further constrained their impact. Generally, NEAPs have not
resulted in substantial long-term shifts in management style or in
on-going activities.

15.4.3 National Strategies for Sustainable
Development and Related Initiatives

National strategies for sustainable development aim to provide a
national policy framework to tackle environment and develop-
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ment issues. Agenda 21 emphasized the importance of national
strategies and supportive policy instruments to help translate the
concept of sustainable development into practice. In the 2002
WSSD, countries reaffirmed their commitment to put into place
NSSDs or similar plans, as well as coordinating bodies called Na-
tional Councils for Sustainable Development bringing together
representatives from government, civil society, and the economic
or business sector, to facilitate implementation and monitor prog-
ress (UNEP/RRCAP 2003). The OECD Development Assis-
tance Committee (2001b, p. 8) defines an NSSD as:

A coordinated set of participatory and continuously improving proc-
esses of analysis, debate, capacity-strengthening, planning and invest-
ment, which seeks to integrate the short and long-term economic, social
and environmental objectives of society—through mutually supportive
approaches wherever possible—and manages trade-offs where this is
not possible.

NSSDs are more comprehensive than NEAPs, which aimed
to promote integration of environmental considerations into so-
cial and economic policies, but in most situations only accom-
plished to strengthen environmental management instruments
and institutions. The main features of NSSDs are inclusion, flex-
ibility, and integration. NSSDs aim to reflect the structures, needs,
priorities, and resources of each country. It is agreed that an
NSSD should comprise a set of mechanisms and processes that
together offer a participatory system to develop visions, goals, and
targets for sustainable development. It is also accepted that this is
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not a one-off initiative, but a continuing participatory process,
with monitoring, learning, reviewing, and continuous innovation
(OECD 2002a). Therefore, an NSSD is not supposed to be a
blueprint or a master plan, but a context-specific, flexible, and
on-going process.

National councils for sustainable development or similar enti-
ties are multistakeholder mechanisms or focal points for the im-
plementation of the Earth Summit agreements (Earth Council
2004). Now active in over 90 countries, an NCSD brings to-
gether representatives from the civil society, the private sector,
and governments to ensure broad-based participation in planning
and policy-making, and in integrating the social, cultural, eco-
nomic, environmental, and other dimensions of sustainable devel-
opment into national action plans. Many NCSDs have played
roles in the preparation of NSSDs (for example, in providing ex-
pertise). NCSDs often monitor the implementation of NSSDs.
These institutions typically play a wide range of roles, including
offering advice to government, serving as a forum for debate, act-
ing as a vehicle for promoting awareness and information dissemi-
nation, and providing a venue for cooperative action as well as
commitment to implementation (UNESCAP et al. n.d; OECD
2002a).

15.4.3.1 Instruments and Mechanisms Used in NSSDs

The OECD Development Assistance Committee identified a
number of mechanisms that can be used in the preparation of
effective NSSDs. Some examples include mechanisms aimed at
promoting stakeholder participation; strategic assessment mecha-
nisms to inform planning; prioritization, planning and decision-
making mechanisms; mechanisms to mobilize and allocate finan-
cial resources; and monitoring and accountability mechanisms
(OECD 2001b). The manner in which these mechanisms are used
needs to be consistent with a set of basic strategic principles, such
as those compiled by OECD (2002a):
• strategies need to be people-centered, and stakeholders need

to agree on a long-term vision with a clear time-frame for
implementation;

• strategies need to integrate, wherever possible, economic, so-
cial, and environmental objectives, and trade-offs need to be
negotiated where integration cannot be achieved;

• strategies need to be fully integrated into the budget mecha-
nism to ensure that plans have the financial resources to
achieve their objectives;

• priorities need to be based on a comprehensive analysis of the
present situation and of forecasted trends and risks, examining
links between local, national and global challenges.
These principles also constitute key enabling conditions for

successful sustainable development strategies.

15.4.3.2 Impacts of NSSDs

Many strategic initiatives at the national level to promote sustain-
able development in developing countries are externally driven
and envisioned. They are often set as requirements to secure aid
loans or comply with international agreements. This contributes
to lack of country ownership, which in turn impacts negatively
on political commitment to implementation. In some circum-
stances, dependency on external funds leads to competition be-
tween agencies with different agendas rather than collaboration.
It also results in integration being only partly a priority, and multi-
sectoral ideas and plans not being mainstreamed effectively. Most
sustainable development strategies are little more than wish-lists
with no clear objectives, achievable targets, and performance in-
dicators. Although participation is strongly emphasized, as a gen-
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eral rule the participants represent only a narrow selection of all
key stakeholders. These initiatives are often not supportive of ex-
isting processes, strategies, and capacities, but look to build new
ones. In some cases, they are not even tailored adequately to local
contexts. The necessary institutional changes to support integra-
tion have generally not been sufficient (OECD 2002a).

Although NSSDs and NCSDs have initiated national debates
on sustainable development and encouraged a more intrinsic
treatment of environmental concerns, in most countries eco-
nomic imperatives still dominate overall development strategies.
Social considerations are also underrepresented in policy-making.
Therefore, stronger synergies between these three factors—with
more visible impacts—need to be developed and put into prac-
tice. Political commitment is vital, and more awareness is needed
of the more long-term structural change implications of integra-
tion. While institutional development can gain from one-off or
project-oriented interventions, more concerted efforts are needed
to establish integration as a regular feature into governance insti-
tutions.

15.4.4 Enabling Conditions and Constraints at the
National Level

A number of lessons can be learned from the experience of
national-level integrated responses. First, many of these responses
are externally driven, either by donors as a form of ‘‘conditional-
ity,’’ or by the demands of compliance with international agree-
ments. This means that they may neither necessarily or strongly
reflect the priorities and interests of the country itself, nor of dif-
ferent sectors of its society. In turn, this may undermine the sense
of ownership not only by governments, but also by civil society
stakeholders. For example, OECD finds that NSSDs are generally
not coordinated effectively and lack necessary national ownership
(OECD 2002a). In the case of NEAPs, the links to donor assis-
tance also mean they comply with project time scales which mili-
tates against a longer- term more strategic perspective.

Second, although many of these responses seek stakeholder
participation in their formulation and implementation, a common
constraint is in the mechanisms employed to widen participation,
both horizontally across sectors within the government sector and
into the private sector, and vertically at the sub-national and local
scales. The form of participation, where any exists, is generally
passive (consultative for example), not active.

Third, to be effective, the national integrated responses re-
quire political commitment at a high level. In many cases they are
viewed as ineffective because they fail to be seen as important by
key government departments, such as economic planning. They
are not seen to contribute to the strategic development goals or
economic performance of a nation.

Fourth, the compartmentalization of the government is a con-
straint to national integrated responses. Finally, the data and infor-
mation needs, for successful national integrated responses, are
demanding. Often, the capacity to collect and synthesize the type
of information required does not exist, and furthermore, the
process of monitoring is costly.

A review of NSSDs and related initiatives in the Asia-Pacific
region illustrates these issues (UNESCAP et al. n.d.). The major-
ity of the NSSD bodies are of an advisory nature, which does not
grant them authority to enforce recommendations. Insufficient
human resources and skills as well as financial resources also limit
their ability to engage more effectively and productively in policy
processes. Inadequate involvement of local-level actors such as
local governments and NGOs has led, in some cases, to an under-
representation of local concerns. Ironically, while environment
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has been put at the center of sustainable development debates,
when it comes to priority setting, it is economic concerns that
have usually been prioritized. In most countries in the Asian and
Pacific region, environmental objectives are still viewed as being
distinct and largely independent from economic development ob-
jectives. Most sustainable development initiatives have not man-
aged to establish links with economic planning agencies, where
power to define national development strategies is usually con-
centrated.

These factors are confirmed by OECD (2002b), which sug-
gests five enabling conditions to support policy integration at the
national level. These include a policy framework supportive of
sustainable development; specific mechanisms to steer integration;
clear commitment and leadership; effective stakeholder involve-
ment; and effective knowledge management. The absence of one
or more of these enabling conditions can frequently become a
constraint. In particular, policy integration often requires modify-
ing the government architecture so it becomes less compartmen-
talized. This also necessitates instituting measures for power
sharing, revising roles and responsibilities, and building supportive
work force dynamics. Achieving these changes may involve creat-
ing or strengthening specific mechanisms to steer and mainstream
integration.

Experience shows that policy integration often does not hap-
pen spontaneously. Some have argued that, if they are to be truly
effective, imperatives for integration, apart from those outlined
above, should be legally binding (Klein 2001). Policy integration,
however, takes place in a variety of legal and institutional settings,
not all of which will accept such impositions. It is, therefore, nec-
essary to consider, in each case, whether making integration com-
pulsory is an enabling condition or a constraint. In a jurisdiction,
subsidiarity may well be seen as mechanism of integration. Sub-
sidiarity recognizes that action will occur at different levels of ju-
risdiction, depending on the nature of the issues. International
policies, for example, should be adopted only when they are more
effective than policy action by individual countries, or by jurisdic-
tions within countries. Environmental policies in different juris-
dictions can reflect differences in environmental conditions or
development priorities, leading to variations in environmental
standards within countries or among groups of countries. Harmo-
nization of environmental standards, procedural requirements, or
laws, supplemented where feasible by negotiated minimum proc-
ess standards, can play an important role by ensuring that these
essential differences respect a common framework.

Of particular importance are mechanisms that promote com-
munication, collaboration, and coordination among various min-
istries and levels of government. Measures to assist different
sectors to design their own integrated policies also enable integra-
tion, and may be more effective. Continuous, high-level political
commitment and leadership is vital. Without it, policy integration
becomes more formal than substantive, and environmental con-
cerns will continue to be routinely overridden by developmental
and other interests. Clear commitment and leadership at a high
level also serves to influence agenda and priority-setting further
down in the government hierarchy. Efficient and effective flows
of information between the scientific community and decision-
makers are important to design policies that integrate social, eco-
nomic, and environmental considerations. Improved knowledge
and public understanding of science may help to reduce dissent
between the different constituencies involved, and to design poli-
cies that command the support of a wider range of stakeholders.
It is also important that other types of knowledge, such as the
knowledge held by traditional societies, is integrated into the pol-
icy process. Since conclusive scientific evidence related to sustain-
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able development either is not available or is incomplete, ensuring
that data gaps are filled and that information is updated has to be
an ongoing part of the process. Policy that supports research and
development also becomes a forward thinking strategy to aid
policy-making and assessing results in the future.

Enacting policy integration has strong potential for conflicts
of interest due to the demanding and multidimensional goals. At
the same time, efforts at environmental policy integration can
provide a crucial platform and arena for attempts to transcend
such conflicts (Lafferty 2002). It certainly cannot be assumed that
finding win-win solutions can always be realized and that any
conflicts between different goals can be resolved to the satisfaction
of all relevant interests. Trade-offs between environmental and
other societal objectives may be unavoidable, and means of priori-
tization are essential. While other objectives may at times be
deemed more important than environmental concerns, there
must be means to decide policy priorities democratically.

The national integrated responses themselves may be a good
starting point for cross-departmental linkages in governments.
They may initiate a consultation process and the development of
skills and capacity for further integrated responses. For example,
the preparation of NEAPs by multidisciplinary teams comprising
specialists from a range of areas is considered an important en-
abling condition (World Bank 2000). When essential data are
lacking, the environmental action plan process may involve de-
veloping information systems and building data analysis capacity
at the national level—and this should be part of the continuous
process to identify gaps, strengthen, assess and then put into place
the next step. In this way, these responses may be developing the
capacity and know-how, which will spill over into other govern-
ment activities. For example, frameworks such as Comprehensive
Development Strategies and poverty reduction strategies claim to
be built on the experiences of the NEAPs.

15.5 Sub-national and Multiscale Integrated
Responses
Many integrated responses are implemented at the sub-national
level. This is often where the impacts and outcomes of integration
at different scales can be observed in terms of changes to human
well-being and ecosystems. Frequently the sub-national level is
where integrated responses are operationalized. As noted, many
integrated responses occur at multiple scales. Some, such as inte-
grated coastal management and watershed management work ex-
plicitly across scales and ecosystems. Others, such as Agenda 21,
are at multiple or nested scales. These approaches may result from
the implementation of international and national level initiatives
at sub-national and local scales. This section reviews four widely
adopted integrated responses: sustainable forest management, in-
tegrated conservation and development projects, integrated
coastal zone management, and integrated watershed and river
basin approaches.

15.5.1 Sustainable Forest Management

Sustainable forest management constitutes a set of guiding,
though not legally binding forest principles, which on the inter-
national level emerged from UNCED in 1992. These principles
provide a broad framework for integrated responses. They aim to
ensure that forest ecosystem goods and services meet present-day
needs, while securing their continued availability for, and contri-
bution to, long-term development and human well-being (FAO
2001, 2003). There is considerable disagreement in terms of the
general categories used in assessing sustainability, particularly, with
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regard to biodiversity, whereas agreement on silvicultural guide-
lines is relatively more common. SFM is considered an integrated
response, as most definitions include a reference to different eco-
system services and human well-being (IIED 1996).

SFM, it is argued, allows managed forests to provide income,
as well as forest resources and ecosystem services that society in-
creasingly demands. It also intends to counteract damage to bio-
diversity, soil, and hydrological processes, and to mitigate global
climate change through carbon sequestration (Putz et al. 2000).
SFM has been particularly promoted in tropical forest regions as
the standard approach to achieving biodiversity conservation out-
side of protected areas (Rice et al. 2001). Social forestry could be
viewed as a form of SFM, in that it aims to involve local people
in forestry activities. The term social forestry is used interchange-
ably with community forestry, farm forestry, and forestry for local
development (Dankelmen and Davidson 1989; Gregersen et al.
1989).

15.5.1.1 Drivers and Scale Addressed by Sustainable Forest
Management
SFM attempts to address both direct and indirect drivers of change
in forest ecosystems. Direct drivers include harvesting of timber
and non-wood forest products, in addition to land use changes,
particularly conversion to agriculture (see Hartshorn 1998). Indi-
rect drivers include mainly trade and market influences that lead,
for instance, to timber mining usually, but by no means exclu-
sively, in tropical regions. Other indirect drivers include the si-
multaneously increasing demand for ecosystem services provided
by forests, including water resource protection, climate regula-
tion, biodiversity conservation, or recreation.

SFM is essentially a sub-national scale instrument that is based
on tools applied at the local level. The local level may include the
project, concession, landscape, or watershed scales. SFM may be
applied across scales, and it may also be a guiding principle in-
forming and shaping national forest policies. (See Chapter 8 for
examples.)

15.5.1.2 Actors Involved in Sustainable Forest Management
SFM involves a wide range of possible actors, including govern-
ments, local communities, NGOs, and private businesses. In
many countries, governments are key actors, who not only con-
trol or own large areas of forest but also determine legal and eco-
nomic instruments. Forest communities and forest dwellers,
including small and large-scale farmers, landless families, artisans,
traders, and small-scale entrepreneurs, often depend on a wide
range of forests resources for their livelihoods. Other important
stakeholders include forest product and service consumers in
urban or peri-urban communities (MacQueen 2002). Environ-
mental and development NGOs are usually involved in fostering
SFM adoption at the local level. Finally, the private sector is in-
volved in the commercialization of forest products and the transi-
tion to sustainable practices. SFM may be initiated by any of these
actors and may involve different combinations of actors from each
of these groups.

Studies on SFM implicitly agree that the integration of differ-
ent stakeholders leads to processes and outcomes that are more
efficient and effective (Mayers and Bass 1999; Colfer and Byron
2001; Wollenberg et al. 2001). However, until recently, few stud-
ies examined the social and economic costs of collaborative
decision-making, conflict resolution, consensus building, partici-
pation, and other processes (Cooke and Kothari 2001).

15.5.1.3 Instruments and Mechanisms for SFM
SFM constitutes a large number of different instruments and
mechanisms aiming at the scientific, technical, legal and adminis-
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trative, economic, and social components of sustainable manage-
ment of forests. (See also Chapter 8.)

Criteria and indicators for evaluating progress in implement-
ing SFM have been developed for all key forest ecosystems in
different regions. Nine such initiatives currently exist globally
(Wijewardana 1998; FAO 2001). Criteria and their indicators, as
well as other technical guidelines, generally address all aspects of
harvesting, as well as the various pre and post-harvesting stages.
They also address socioeconomic benefits and needs, as well as
legal, policy, and institutional frameworks. They are designed to
increase the growth of marketable timber or non-wood forest
products, with efforts aimed at lowering the damage to the forest
stand and critical ecosystem processes; to a somewhat lesser de-
gree, they also include social development aspects (Putz et al.
2000; Rice et al. 2001). The degree of implementation of criteria
and indicators at the national level varies considerably. In many
cases, action is limited by lack of trained personnel or institutional
capacity (FAO 2001).

Certification is a combined economic, legal, and behavioral
instrument (See also Chapter 8). Although increasing in recent
years, certified timber accounts for only a very small proportion
of total tropical timber trade (Rice et al. 2001). It is likely that
there is an unfulfilled demand for certified tropical timber in large
consumer countries (for example, Barbier et al. 1994; Sobral et
al. 2002). Key certification schemes have been noted for their
expressive incorporation of community relations, labor rights,
health and safety concerns, and social benefits of forest operations
(for example, Forest Stewardship Council, Principle 4, Nardelli
2001). Diversifying markets for lesser-known species has been
suggested as a mean to enhance the productivity per unit of forest
(Buschbacher 1990). However, simply creating markets for a
larger number of species may lead to more species being overex-
ploited, and evidence from Latin America shows that multispecies
exploitation cannot in itself guarantee the adoption of SFM prac-
tices (Rice et al. 2001).

Trade controls such as log export bans have been promoted
as an incentive for improved forest management through larger
investments in local processing (Bomsel et al. 1996). Export bans
have been implemented in various tropical forest countries (Bar-
bier et al. 1994; Rice et al. 2001). Although, these export restric-
tions have stimulated growth and employment in the processing
timber industries, they have also led to excessive processing ca-
pacities and consequently increased logging (Rice et al. 2001,
p. 20). However, temporary banning or controlled trade (for ex-
ample, for endangered species) may prove an important tool (Bar-
bier et al. 1994).

Forest concessions, as the dominant means of allocating har-
vesting rights in many countries, have usually failed in terms of
protection and enhancement of other ecosystem services and
human well-being. Security for land and resource tenure is
thought to provide incentives for investment in long-term man-
agement (Buschbacher 1990). While secure tenure may be neces-
sary to promote investments in long-term management, it is
unlikely that this is sufficient for SFM (Boscolo and Vincent 2000;
Rice et al. 2001). However, there is also evidence that frequent
renewal of short-term concessions based on demonstrated forest
management performance may provide stronger incentives for
SFM (Gray 2002). Alternative approaches such as competitive al-
location proved to be more effective in reducing corruption and
in promoting productive and efficient management and revenue
generation (Gray 2002; Landell-Mills and Ford 1999).

Improving logging and milling efficiency is seen as a way of
increasing profits, while enhancing incentives for long-term man-
agement and reduced logging damage (Johnson and Cabarle

................. 11430$ CH15 10-21-05 14:13:34 PS



450 Ecosystems and Human Well-being: Policy Responses

1993; Gerwing et al. 1996; Holmes et al. 2000). It is, however,
also pointed out that greater efficiency may be associated with
more rather than less forest destruction (Rice et al. 2001).

15.5.1.4 Impacts of Sustainable Forest Management

SFM has the potential to positively impact on a variety of ecosys-
tem services, simultaneously. Uncertainties remain, however, in
relation to the effects of exploitation on biodiversity and other
key services (Bawa and Seidler 1998). Adequate understanding of
ecologically sustainable and economically and socially viable forest
management in complex tropical forest systems is often lacking
(Boot and Gullison 1995), although much progress has been made
in given cases, including, for example, the Deramakot Project in
Sabah (GTZ 1994) and the Precious Woods Holding in the Ama-
zon and Costa Rica (Freris and Laschefski 2001). While most
countries have already set up SFM procedures, they usually focus
on the management process rather than its impact in terms of
sustainability (Gray 2002). Although governments and develop-
ment agencies have devoted years of effort and hundreds of mil-
lions of dollars in promoting SFM, this form of management has
failed in its attempt to curb deforestation (Rice et al. 2001). In
contrast, the promotion of SFM has been perceived by many
countries as a form of promoting forest exploitation instead of
halting deforestation (Winterbottom 1990).

Human well-being and poverty reduction are referred to in
different ways and at different scales in many SFM responses
(Poschen 2000). (See also Chapter 8.) However, there are still
significant uncertainties about the role of SFM on increasing the
well-being of local forest dwellers and other key actors. Angelsen
and Wunder (2003) argue that the role of sustainable forest man-
agement in poverty alleviation is largely overestimated. Mecha-
nisms that explicitly refer to aspects of human well-being, such as
certification, remain expensive and are rarely adopted by commu-
nities because of market risks and costs (Mallet 2000). Again, al-
though SFM in theory enhances human well-being, in practice the
evidence from its implementation is not conclusive.

15.5.1.5 Trade-offs between Ecosystem Services and Human
Well-being in SFM

The literature on forest environmental services often assumes that
services are complementary and, therefore, increased investment
in one service will have positive spin-offs for others. In practice,
however, relationships between ecosystem services are not well
enough understood. Relationships are often dynamic and, there-
fore, switch between positive, negative, and neutral impacts at
different levels of service supply vary, and are usually site specific.
For instance, fast-growing plantations may have a detrimental im-
pact on water supplies, while being valuable in terms of carbon
sequestration. Biodiversity conservation may reduce income gen-
eration from timber and non-wood product exploitation. The
most diverse forests are not necessarily optimal for landscape
beauty or watershed protection (Landen-Mills and Porras 2001).

Trade-offs among ecosystem services cause problems, for in-
stance, when markets for ecosystem services are developed. Al-
though the commercialization of ecosystem services maximizes
the returns to forest investment, merging and marketing forest
services requires a clear understanding of their internal relation-
ships. Also, allocative efficiency gains are restricted, since individ-
ual services do not have their own prices to send out signals about
their relative value. Emerging trade-offs through bundling of ser-
vices are likely to vary across forest types and actors. The lack of
knowledge of technical relationships between services currently
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constrains the development of efficient markets for bundled forest
services (Landen-Mills and Porras 2001).

Trade-off studies on forest services are scarce. Brown and
Corbera (2003) report on research investigating the sustainable
development dimensions of agroforestry carbon sequestration
projects in Mexico. Although these projects have been widely
promoted as a means of fostering local development and securing
global benefits through carbon sequestration, a number of trade-
offs were found to exist. (See Table 15.5.) The actual realization
of ‘‘win-win’’ outcomes will depend on a careful crafting of proj-
ect measures and on institutional acting as based on equity and
efficiency at multiple scales ranging from local resource manage-
ment and decision-making to national government frameworks.

15.5.2 Integrated Conservation and Development
Projects

Integrated conservation and development projects, also termed
community-based conservation projects, aim to intentionally and
actively link biodiversity conservation and development of local
communities (Wells et al. 1992; Hughes and Flintan 2001).
ICDPs have become very popular over the last decade and absorb
a major proportion of international funds available for biodiversity
conservation (Wells et al. 1999; Alpert 1996).

15.5.2.1 Drivers and Scale Addressed by ICDPs

ICDPs emerged in response to the growing recognition that con-
ventional protection approaches, which tend to ignore local needs
and calls for equity, are largely inefficient or even counter-

Table 15.5. Trade-offs in Forest Carbon Sequestration Projects
in Mexico (adapted from Brown and Corbera 2003)

Manifestation in Mexico Forest Carbon
Nature of the Trade-off Projects

Trade-offs between maximizing carbon sequestration may jeopar-
ecosystem services dize biodiversity and other ecosystem services

Trade-offs between enhancing forest carbon sequestration may
ecosystem services and make livelihoods more risky because of depen-
human well-being dency on external finance and policy and actors

enhancing carbon sequestration will have op-
portunity costs (for example, from harvesting
timber and non-wood products)

Trade-offs between different stakeholders have different priorities in
stakeholders projects, include risk taking versus risk minimi-

zation; time preferences for income and invest-
ment streams

critical differences in access to markets and
decision-making are between rich and poor and
between men and women

richer farmers—who have more land and more
secure property rights—are more likely than
poorer farmers to capture benefits

potentially a move from communal resource
management to private property regimes, with
results for equity inequities may be exacerbated
by carbon projects

Trade-offs between differ- maximizing income from carbon sequestration
ent aspects of human may not be compatible with diverse livelihood
well-being strategies
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productive as pressure from growing rural populations is threaten-
ing the viability and integrity of protected areas (Newmark and
Hough 2000; Worah 2000).

Direct drivers targeted by ICDPs include mainly unsustainable
natural resource harvesting and land use changes. The scale of
operation is sub-national or local and focuses primarily, though
not exclusively, on areas adjacent to protected areas, so-called
buffer zones (Wells et al. 1992). In some cases, ICDPs may cross
national boundaries.

15.5.2.2 Actors Involved in ICDPs

ICDPs integrate local communities in buffer zones and protected
areas, alongside NGOs and government organizations, and, in
some instances, private enterprises. NGOs are the most common
promoters and implementers of ICDPs. Buffer zones and pro-
tected areas are in many cases regulated by specific laws and ad-
ministered by government agencies. Therefore, governments
have at least a partial role in the implementation or regulation
of ICDP activities. Private enterprises are commonly involved in
commercial transactions concerned with natural resource prod-
ucts or services.

15.5.2.3 Instruments and Mechanisms Employed in ICDPs

ICDPs employ a set of diverse instruments ranging from the eco-
nomic and institutional to the behavioral. Economic instruments
are particularly important as ICDPs seek to integrate conservation
and development through the provision of income-orientated in-
centives for local populations. Common activities fostered by
ICDP projects to provide income include handicrafts, beekeep-
ing, agroforestry, ecotourism, harvesting, and marketing of non-
wood forest products, as well as sharing revenues of park entrance
fees and employing local people as park rangers or wildlife guides
(Wells 1995).

ICDP activities can also involve changing particular behavior,
environmental education, or improving community infrastruc-
ture. The provision of schools, health services, and sanitation has
been widely used as an incentive for people to cooperate with
project conservation objectives. Furthermore, a number of initia-
tives promote alternative sources of food, fuel, and building mate-
rials in order to reduce pressure on natural resources. Finally,
ICDPs are implemented or supported through institutional
mechanisms. Projects often apply a combination of economic and
non-economic incentives to secure the cooperation of local com-
munities and to provide alternatives to unsustainable activities.

15.5.2.4 Impacts of ICDPs

Most ICDPs are established to alleviate pressure from local com-
munities on protected areas and, therefore, to increase the provi-
sion of ecosystem services, among which biodiversity is the main
concern. Despite the popularity of ICDPs, a number of assess-
ments conducted over the years have concluded that most ICDPs
have not achieved their objectives. Early assessments suggested
that since projects were still not fully implemented, success was
limited (Hannah 1992; Wells et al. 1992; Kiss 1990). Nevertheless,
more recent assessments in several regions of the world continue
to provide a largely negative view of the success of ICDPs (Wells
et al. 1999; Newmark and Hough 2000). It appears that ICDPs
have rapidly advanced from an untested idea to ‘‘best practice’’ in
conservation, without their effectiveness ever being demonstrated
and substantiated by practical results (Wells et al. 1999).

The efficiency of ICDPs to enhance ecosystem services is lim-
ited by a number of factors. While local people often pose a num-
ber of threats to biodiversity, large-scale government and business
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investments are generally much more serious in their impacts.
There is, therefore, a fundamental mismatch between the causes
of biodiversity loss and the focus of ICDPs (Kiss 1999). In Indo-
nesia, for instance, the impact of local communities on ecosystem
degradation ranks well behind road construction, mining, logging
concessions, and sponsored immigration, when measured by their
threats to protected areas (Wells et al. 1999). ICDPs focusing on
local communities, therefore, fail to succeed in conserving bio-
diversity because they are often aimed at the wrong target.

Addressing the problem of biodiversity loss involves slowing,
halting, and reversing land use change. This requires, conse-
quently, a change in the behavior of a large number of people
dispersed over large and ecologically significant areas over a long
period of time. By contrast, ICDPs are characterized by being
very limited in time and by the number of beneficiaries. Also, in
terms of scale, ecosystems conservation must be realized most
usually at a landscape scale, while development initiatives are
often context specific and small scale (Ferraro 2001).

Another factor is the largely unproven assumption that devel-
opment in areas adjacent to protected areas will necessarily lead to
conservation within the protected areas. The balance of evidence
suggests that efforts to establish alternative sources of income from
ecosystem services can only work in combination with the adop-
tion of strict and effective measures of resource protection (Kiss
1999). Otherwise, communities are tempted to add rather than
substitute income sources and resource extraction. Often, estab-
lishing ICDPs is likely to result in ‘‘unconstructive dynamics and
incentive structures’’ (Kiss, 1999, p. 3). (See Box 15.13.)

Many ICDPs fail because the economic incentives presented
to communities are insufficient to foster behavioral changes (Gib-
son and Marks 1995). Sometimes the incentives offered also fail
because they overlook the social and cultural importance of cer-
tain activities, such as hunting, that cannot be easily substituted.

Leakage can be a problem as ICDPs may export over-use of
resources to other areas. In the Mamirauá Ecological Reserve
project in Brazil, for example, negotiated fishing rules and regimes
between local users and external communities led to the overex-
ploitation of fishing resources in previously unaffected areas
(Hughes and Botelho 2000). Also commercialization of non-
wood forest products has been reported to induce overharvesting
or overcultivation (Ferraro and Simpson 2001). On the other
hand, ICDPs may also attract more pressures on resources. In
countries where poverty is widespread, even modest benefits pro-
vided by ICDPs may induce higher pressures on natural resources
through migration into the project area (Wells et al. 1999; Noss
1997; Barrett and Arcese 1995; Wells et al. 1992). Also, tourism
may damage protected areas and buffer zones.

Overall, the bottom line is that conservation is not likely to
result from all ICDPs (Salafsky et al. 2001). The linkages between
conservation objectives and development activities, which are
central to the rationale of ICDPs, are generally poorly understood
or enforced. Many projects only provide nominal opportunities
for community-wide participation and often do not succeed in
linking development benefits directly to community conservation
obligations. Simplistic ideas of making limited short-term invest-
ments in local development, then hoping this will somehow
translate into sustainable resource use and less pressure on pro-
tected areas, need to be abandoned (Wells et al. 1999, p. 6).

ICDPs were developed among other things due to the con-
cern over the impacts that protected areas implementation has on
local communities. In particular, conflicts over rights to land and
severe restrictions on harvesting resources called attention to the
unfair distribution of the costs of biodiversity conservation
(Newmark and Hough 2000).
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BOX 15.13

Unconstructive Dynamics and Incentive Structures of ICDPs (adapted from Kiss 1999)

The project approach to integrating conservation and development often Misplaced ‘‘ownership’’: having designed and mobilized the funding
leads to unconstructive dynamics and incentive structures. The main prob- for a project, the project supporters are often more intent on making it
lems that affect integrated conservation and development projects include: succeed than on the beneficiaries. This leads them to continue at all costs

A poor ‘‘donor/recipient’’ dynamic: this occurs when the main objec- and make compromises that they should not make, just to keep it alive.
tive of the beneficiaries quickly becomes obtaining as many benefits as A focus on activities, rather than impacts: projects consist of spe-
possible from the project and getting the project to address their most cific activities, and project supporters become preoccupied with imple-
urgently felt needs (which rarely relate directly to biodiversity conserva- menting them, and (inevitably?) come to measure progress and
tion). This raises false levels of expectation and builds dependency in- achievement in terms of implementation. The result is the general ab-
stead of self-sufficiency or empowerment. Instead of good relations and sence of effective ecological socioeconomic monitoring and evaluation in
cooperation, it leads to worsened relations and hostility when benefits fail these projects. Even if an attempt is made to identify impact indicators, in
to meet expectations, or when they are phased out. practice, monitoring and evaluation usually focuses on the implementation

A ‘‘get on with it’’ mentality: once a project has been identified and of activities. In addition, the focus on activities usually amounts to exces-
expectations are raised (among donors and recipients) everyone involved sive focus and time spent on community development activities, with proj-
becomes focused on getting project activities moving and getting the project ect supporters forced into the role of ‘‘social control’’ (ensuring equitable
going. This explains why so often we launch into implementing projects even use and proper accounting of development funds) for which they have no
though we realize we do not have: (1) an adequate understanding of either mandate and little capacity.
ecological or socioeconomic/political conditions, or (2) real consensus be- ‘‘Magnet effect’’: even very modest projects become (or become per-
tween project supporters and communities on the objectives and on respec- ceived as) islands of relative prosperity in the midst of poverty, attracting
tive roles/responsibilities. We all know that we should take the time to do this immigrants to the area. The result is a dissipation of project benefits, and
but buckle under the pressure of trying to get the project off the ground. increased demands and stress on the natural environment.

If ICDPs have in some cases been able to raise overall in-
comes, they have in other cases failed to evenly distribute benefits
among different community groups. Failure usually derives from
erroneous assumptions. Often, it is assumed that ‘‘communities’’
are homogenous, easily defined and recognizable and that social
cohesion allows project activities to be aimed at the community
as a whole. In reality, however, there may be a great deal of social
differentiation within communities, which affects who benefits
from project activities and who looses from restrictions on re-
source use. For instance, ICDPs are often biased against women
in their activities and in benefit-sharing (Flintan 2000).

Another problematic aspect is that ICDPs may unintentionally
promote dependency rather than reciprocity, in particular, when
local communities are treated as recipients of aid rather than as
partners in development (Newmark and Hough 2000).

15.5.3 Integrated Coastal Zone Management

Coastal ecosystems are critically important for human well-being.
Almost half of the world’s population lives in coastal areas and
depends directly on coastal resources for livelihoods. The services
provided by coastal ecosystems, such as protection against climate
change–induced sea level rise, storm protection, and nutrient
regulation are all vitally important. Many coastal zones are experi-
encing more rapid economic growth than inland areas. Popula-
tion growth, expanding development activities, pollution, and
overexploitation of natural resources are leading to the degrada-
tion of many coastal ecosystems.

Integrated coastal zone management has become a widely ac-
cepted response to sustain coastal zones (Clark 1996; Cicin-Sain
and Knecht 1998; Kay and Alder 1999; Beatley et al. 2002; Har-
vey and Caton 2003). There are two main reasons why integrated
management of coastal zones is necessary. The first concerns the
impacts that coastal and ocean uses, as well as activities further
inland, can have on coastal and ocean environments. The second
is related to the effects that coastal and ocean users can have on
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one another (Cicin-Sain and Knecht 1998). ICZM is a conscious
management process that acknowledges these interrelationships.

15.5.3.1 Drivers and Scale

Coastal regions are highly dynamic environments and changes in
the landscape brought about by natural processes are to be ex-
pected. However, pressures exerted by humans are changing these
areas dramatically and to a point that they are not able to recuper-
ate from disturbances. This leads to the degradation of coastal
ecosystems. ICZM seeks to address multiple drivers of ecosystem
change (both direct and indirect) originating from processes oc-
curring at different spatial and organizational scales.

Economic development can significantly affect the ecology
of the coastal zone, ecosystem processes, and natural resources
availability. For example, the removal of mangroves for aquacul-
ture interferes with the functions that these habitats perform as
buffers for storms and fish nurseries (Cicin-Sain and Knecht
1998). The types of economic activities established in a given
region will often depend on subsidized credit and other incen-
tives, as well as global market trends. Such factors are important
drivers of coastal change.

The growing population of the word’s coastal zones presents
a major challenge to their sustainability. Coastal zones in many
countries are among the most attractive places to live, both eco-
nomically and aesthetically (Beatley et al. 2002). Some are sea-
sonal tourist destinations, the population of which increases
manifold during a few months of the year. More people mean
expanding infrastructure, greater need for potable water and food,
and larger amounts of waste. All these developments put ever-
increasing pressure on natural resources, and result in competition
for resources and space by different users.

Inappropriate institutional frameworks often exacerbate the
problems facing coastal zones. Conventional management proc-
esses have tended to segment concerns and deal with problems
on an isolated basis. Regulatory and political structures can also
encourage behaviors that endanger the fragile natural resources of
the coastal area (Beatley et al. 2002). Inefficient planning regula-
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tions, for example, enable the disorderly occupation of coastal
areas, leading to the destruction of ecosystems and often placing
people at risk from natural hazards. Another important problem
that ICZM seeks to address is the inability of different agencies
and levels of government involved in coastal zone management
to work together.

ICZM deals with the drivers or factors that lead to the degra-
dation of coastal resources in at least three major ways. It does so,
first, by addressing conflicts between different uses and users of
coastal resources. Second, by improving coastal planning and
management processes in order to regulate increasing demands on
resources. The third way drivers are addressed is by promoting
institutional change, particularly the processes through which de-
cisions are made about coastal zones and their resources. The lat-
ter implies fomenting more inclusive decision-making, building
capacity, and promoting inter-sectoral and inter-agency coordina-
tion.

ICZM can be implemented at multiple scales. Managing com-
plex areas such as coastal zones means focusing on geographically
defined areas sharing common or interrelated resource manage-
ment, pollution control, economic development, and other so-
cial, political, and environmental concerns. ICZM has often been
implemented on a regional scale, sometimes using the watershed
as the unit of management (Beatley et al. 2002). It is also com-
monly implemented on a local scale where it can respond to more
locally specific interests, needs, and concerns. International ICZM
plans are less common, but are urgently needed since problems
often extend over national borders. Even though the focus of
ICZM may be on a given scale, cross-scale interactions are con-
sidered in terms of the biophysical processes involved and the
institutions responsible for management decisions and their im-
plementation. ICZM, therefore, is best described as a cross-scale
integrated response.

ICZM addresses several dimensions of integration. It involves
balancing, at a number of scales, different, and very often, com-
peting values, interests, and goals (Kenchington and Crawford
1993). ICZM promotes both horizontal and vertical integration.
On the horizontal axis, integration occurs among different sectors
concerned with coastal issues (for example, fisheries, tourism, en-
vironmental conservation, infrastructure development, oil exploi-
tation) and integration between coastal sectors and land-based
sectors that affect the coastal/marine environment (Cicin-Sain
and Knecht 1998; OECD 1993). Integration among nations is
often also a feature of ICZM, particularly when different nations
share enclosed or semi-enclosed seas, or negotiated solutions must
be found for fishing, transbounday pollution, and other issues.

Vertical integration implies, primarily, the integration be-
tween different levels of government (local, regional or provin-
cial, and national). The different levels of government play
different roles, address different needs, and have different perspec-
tives. These differences may pose problems that ICZM seeks to
address by promoting harmonized policy development, planning,
and implementation between different national and sub-national
levels (Cicin-Sain 1998; see also Sorensen 1997). The integration
between different institutions and stakeholders is a central feature
of coastal zone management, particularly stakeholder inclusion in
decision-making (Treby and Clark 2004).

Integration between different disciplines (natural sciences, so-
cial sciences, engineering) is also a fundamental aspect of inte-
grated coastal management. The bringing together of the natural
and social sciences within an integrated framework, coupled with
a learning-based management system, may enable gains to be
made in the science of coastal zone management. As the knowl-
edge base improves, so the management strategies used need to
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evolve (Olsen et al. 1998). Given the unsuitability of ‘‘blueprint’’
solutions for ICZM, a learning approach that draws on an im-
proved knowledge base is particularly important. Essentially,
ICZM is a form of adaptive management (Olsen and Christie
2000).

15.5.3.2 Instruments and Mechanisms for ICZM

A wide range of mechanisms and instruments are commonly used
in coastal planning and management—ICZM draws on both
well-established and more experimental ones. Kay and Alder
(1999) identify a range of techniques that can be combined to
assist in the integrated management of coastal zones. These tech-
niques can be administrative, such as policies, legislation, and
guidelines; social, including the use of traditional knowledge, co-
management, and capacity building; and technical, such as envi-
ronmental impact assessment, landscape visualization, and eco-
nomic analysis (see also Clark 1996; Thia-Eng 1993).

The European Union has compiled a set of enabling mecha-
nisms for ICZM, which range from legal and regulatory instru-
ments to voluntary agreements and international conventions (EC
1999). Guidelines and good practices are particularly useful aides
for those interested in adopting an integrated approach to coastal
management (see Post and Lundin 1996; Pernetta and Elder 1993;
GEF et al. 1996; UNEP 1995, 1996). Efforts have also been de-
veloped to produce guidelines for the incorporation of specific
issues into coastal management such as wetlands (Ramsar 2002)
and climate change (Cicin-Sain et al. 1997).

Brown et al. (2001) outline an innovative set of techniques
to address dilemmas between conservation and development in
managing coastal resources in developing countries. This ap-
proach has been labeled ‘‘trade-off analysis’’ and focuses on in-
cluding the values and interests of all those concerned with coastal
resources into decision-making processes (see also Brown et al.
2002). Using a framework of multicriteria analysis, the approach
engages stakeholders in the research process in order to evaluate
the trade-offs between users and uses of coastal resources, and to
negotiate and design effective, efficient, legitimate, and equitable
governance structures (Adger et al. 2003).

Trade-off analysis is particularly focused on the problems and
dilemmas of those parts of the developing world where the natural
resources of the coast form significant and necessary resources for
livelihood resilience. Here the dilemmas and trade-offs for sus-
taining the coast are especially acute and immediate, given the
high biodiversity and ecosystems values, and the livelihoods and
dependence on coastal and marine resources. In addition to trade
off-analysis, other methodologies have been proposed to facilitate
the development of integrated coastal management. These are
based on consensus, flexible institutional arrangements based on
issues and not sectors, and more equal power in decision making
(see Kay et al. 2003).

15.5.3.3 Impacts of ICZM

Assessing ICZM is challenging, not only because many (but by
no means all) of these initiatives are relatively recent, but also
because there is very little evaluative evidence on its effectiveness
in improving the management of coastal zones and their resources
(Cicin-Sain and Knecht 1998). Evaluations of ICZM have tended
to focus on the quality of program implementation and the degree
to which project objectives have been achieved. Some focus on
management capacity to determine the adequacy of management
structures and management processes as these relate to generally
accepted standards and experience. For example, donor-funded
ICZM initiatives usually emphasize performance evaluation,
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which reveal little about how interventions have impacted on
coastal resources and society (Lowry et al. 1999). Evaluation dif-
ficulties are compounded by the lack of baseline studies. Without
a baseline, it is difficult to analyze the impacts of management
efforts, as highlighted in a recent report of the U.S. Commission
on Ocean Policy (2004).

A growing number of publications on ICZM have emerged
during the last decade (Clark 1996; Cicin-Sain and Knecht 1998;
Kay and Alder 1999). Most cover both the theory and practice
of ICZM and provide valuable planning, implementation, and
operational guidelines. They provide a guide on how to develop
ICZM but rarely go into examining outcomes, partly because
of the problems highlighted above. Their focus, therefore, is on
processes not outcomes. Thus what this assessment can say about
ICZM is mainly related to the process of ICZM development.
Integrated coastal zone programs appear to have positive effects
on two key areas, namely the improvement of coordination be-
tween the different sectors, actors, and levels of government
involved in coastal management, and greater stakeholder involve-
ment in decision-making (Klinger 2004).

ICZM initiatives have introduced the practice of preparing
strategic plans for coastal zones looking at the bigger picture and
the long-term linkage between maintaining the integrity of the
natural system and the provision of economic and social develop-
ment options. In the United Kingdom, for example, coastal de-
fense is currently undertaken within the framework of shoreline
management plans. This is a first step toward more holistic,
broader encompassing coastal management, based on coastal
process cells and sub-cells rather than the administrative bound-
aries of coastal operating authorities. Shoreline management plans
also provide an enabling framework to link the work of the many
stakeholders who need to be involved, while taking into account
their individual roles and responsibilities (Atkins 2004).

ICZM initiatives have created conditions for stakeholder
involvement in coastal management decisions and for partnerships
that have helped to break sectoral barriers. However, studies have
also highlighted that a number of interests are still excluded (At-
kins 2004). In some cases, the ICZM process has failed to identify
all relevant stakeholders and create conditions for their effective
participation. In others, the stakeholders themselves have opted
out because the benefits of involvement were not clear. This is
partly because of uncertainty regarding the role of consultative
processes in coastal zone decision-making by government author-
ities. Partnerships have been important but have not always dem-
onstrated transparent and democratic methods for selecting
participating organizations and individuals that truly reflect the
range of stakeholders in the area.

One of the key lessons that are emerging from ICZM experi-
ences is that more integration per se does not guarantee better
outcomes. The challenge is not only formulating improved strate-
gies, but also implementing such strategies (Olsen 1993). Many
developing nations lack the capacity to implement complex pro-
grams aiming to address many different problems simultaneously.
Focusing on a few issues initially and then gradually addressing
additional ones as capacity increases is often more feasible and
effective. This means adopting an incremental approach to ICZM
(Olsen and Christie 2000). Ultimately, ICZM is a challenge of
governance that requires ‘‘modifying entrenched patterns of be-
havior and societal norms’’ (Olsen 1993, p. 203). However, the
required changes can be difficult to achieve, especially when they
require shifts in the distribution of power and authority. For ex-
ample, competition over management control between different
agencies often undermines the political feasibility of approaches
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requiring a high degree of intergovernmental cooperation and co-
ordination. (See Box 15.14.)

15.5.4 Integrated River Basin Management

The need for the comprehensive management of water resources,
using the river basin as the focus of analysis, has been stressed by
international conferences such as the 1992 Dublin Conference on
Water and the Environment and UNCED. Agenda 21 (Chapter
18) places much emphasis on the need for the integrated manage-
ment of water resources, emphasizing the importance of water for
both ecosystems and human development. IRBM shares many
similarities with the concept of integrated water resources man-
agement, but although both concepts are interrelated, they are
not necessarily identical. Integrated water resources manage-
ment—which emphasizes the need for legal, institutional, and
policy frameworks—is seen as the wider context within which
IRBM as a concrete management approach takes place (GWP
2000; GWP 2004).

River basins are critical spatial and ecological units that sustain
many important economic activities, as well as livelihoods. As
freshwater and other resources provided by river basin ecosystems
become scarcer, competition for their use increases. Resource
degradation narrows options for future development, but these
impacts are not evenly distributed. The poor, in particular, rely
disproportionately on ecosystem goods and services provided by
river basins, and feel the greatest effects when these are degraded
(McNally and Tognetti 2002).

Conflicts among stakeholders regarding tradeoffs among dif-
ferent resource uses are common in river basins. Such conflicts
may be exacerbated in international river basins where socio-
economic inequities between the different countries are often
considerable, as are differences in power. Of the world’s 263 in-
ternational river basins, 158 are believed to be potential flash-
points for future disputes since cooperation between the countries
covering these basins is inconsistent or absent (UNEP 2002c).

River basin approaches are not necessarily new. For example,
the Murray-Darling Commission, a well-known example of river
basin management institutions, has a long development history.
(See Box 15.15.) However, earlier approaches tended to focus on
only a few aspects of water management, such as quantity and
quality, whereas the scope of IRBM is broader. IRBM is explic-
itly concerned with promoting integration, for example, between
land and water management, of upstream and downstream water
related interests, of freshwater management and coastal zone man-
agement, and across all major water use sectors. IRBM should,
therefore, be linked to ICZM efforts to form a process of broad-
scale, integrated ecosystem management (Ramsar 2002; Ramsar
Convention Secretariat 2004).

15.5.4.1 Main Drivers Addressed by IRBM

River basins often include many different ecosystems such as river
systems, riparian forests, lakes, wetlands, and deltas. IRBM seeks
to address, directly or indirectly, all major drivers causing the deg-
radation of river basins. These drivers differ from region to region,
but usually include changes in land and water uses that affect eco-
systems and hydrological functions (for example deforestation),
population growth, pollution, and overuse of natural resources.
IRBM, therefore, seeks to address a complex set of drivers that
undermine the ability of river basins to provide multiple ecosys-
tem services as well as the capacity of people to benefit from such
services.

IRBM also addresses the drivers that lead to the fragmented
and uncoordinated management of water and associated resources
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BOX 15.14

Barriers to Inclusive, Integrated Coastal Zone Management: Evidence from the Caribbean

Inclusive, integrated coastal zone management can be undermined by a the government may diminish as more government departments start to
number of constraints. In Buccoo Reef, Trinidad and Tobago, the main see the potential benefits by engaging communities in making decisions
constraints to stakeholder participation in coastal management include the about, and managing, natural resources.
high financial cost of participation; the high time costs of participation; In other cases, there are few possibilities to expand institutional net-
poor skill development of leaders; poor communication within and be- works because of the peculiarities of institutional structures and opera-
tween groups; and existence of widespread personalized conflict in com- tional arrangements. For example, many government agencies use a
munities. The prevailing policy, legal, and regulatory setting as well as project cycle approach to allocate financial resources. Project timetables
governance structures and institutions also militate against the implemen- are fixed in the project proposal, and funding agencies generally require
tation of integrated coastal management. project managers to deliver outputs according to strict timetables, and

The national legislative setting in Trinidad and Tobago is not conducive funding is dependent on the successful completion of intermediate targets.
to stakeholder inclusion in coastal zone planning and management. There The time allocated to inclusionary processes might be perceived as a
are no legal provisions that make stakeholder participation in environmen- stumbling block to the achievement of project deadlines. Effective inclu-
tal decision-making and policy-development a requirement. The legislation sion can be time-consuming and unpredictable in terms of length of time
also demonstrates other important gaps. For example, property rights to required to complete the project. If a project leader is determined to meet
inter-tidal and other areas are not clear and the roles and responsibilities inflexible project deadlines, it might not be possible to fully engage stake-
of the different agencies concerned with coastal resources are poorly de- holders. The project cycle, therefore, does not support social learning or
fined. This gives rises to disputes, duplication of work, and institutional adaptive approaches to coastal management.
paralysis. Resource managers also feel that the enforcement of existing Low levels of social capital, as well as limited access to spaces of
laws is inadequate. Combined, these factors make implementing ICZM engagement and lack of networks linking groups with shared interests con-
more than a matter of drafting addition regulations. More profound stitute significant constraints to participation in decision-making. Constraints
changes are needed. to participation can also arise from high costs of involvement, in terms of

Structurally, the Trinidad and Tobago government lacks specialist staff time or money. This has implications for who participates and who is ex-
with appropriate skills to implement integrated and inclusive approaches. cluded. The stakeholders involved are often asked to commit a substantial
Officials and field staff often do not know how to engage and work with amount of their time, and sometimes their finances to supporting aspects
different stakeholders. Lack of training, insufficient staff numbers, and in- of resource management. This can create the potential problem of non-
adequate financial resources can be major impediments when undertak- representation, through a self-selection process, whereby those who have
ing participatory planning and management. Consulting with stakeholders the time or resources to attend meetings and offer input may not reflect the
and enabling their participation in the definition and implementation of opinions and attitudes of others in the community or group.
coastal management plans is often a time consuming and resource-intensive Poor interpersonal communication, aggressive behavior or strained
process that requires not only appropriate skills and resources but also intra-community relations can all act as constraints to participation. Poor
will. Government officials often consider the inclusion of stakeholders as communication within and between groups as well as, between these and
impractical, making coastal management more complex. the government is often an important constraint. Equally important is the

Formal natural resource management institutions in Trinidad and To- issue of skill development, especially of leadership qualities and relation-
bago impose constraints on all arms of the government. The lack of space ship management at the community level. In those groups that are poorly
for networks to develop is identified by many within the system as the organized, the inability to develop a coherent message and deliver it to
bottleneck to the development of more integrated and inclusive ap- the appropriate agency is akin to exclusion. Often, communication and
proaches. But in some cases, the constraints on the expansion of net- winning community trust and involvement rests on the commitment, sensi-
works and innovation are self-imposed by the government agencies tivity, and leadership of one person or a very small group of people. Some
themselves. New government agencies, especially, may need to develop groups may not work well together because of historical factors such as
public credibility to achieve ‘‘success.’’ Consequently, they may avoid un- mistrust of public authorities. If such cases exist, ways must be found to
tested methods or approaches. The problem of perceived power loss by build trust.

in river basins (Chew and Parish 2003). As a recent UNDP (2004,
p. 2) publication discussing the role of water for poverty reduc-
tion argues, the water crisis that humankind is facing today has
resulted mainly ‘‘not from the natural limitations of the water
supply,’’ but rather from ‘‘profound failures in water governance,
that is, the ways in which individuals and societies have assigned
value to, made decisions about, and managed the water resources
available to them.’’ One of the greatest challenges of IRBM,
therefore, is to address institutional problems and bottlenecks.
This involves changing practices and attitudes, resolving conflicts
and power imbalances, and including a wider range of stakehold-
ers in decision-making.

15.5.4.2 The Scale of IRBM
IRBM may take place at different scales: at the local to national
scale it ranges from small catchments to major national basins; at
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the national and federal scales it focuses on intra-country trans-
boundary issues; at the international scale it deals with trans-
boundary river basins (examples include the Nile, Danube, and
Rhine).

IRBM is inclusive of management of watersheds. Focusing
on watersheds is a way to address problems that are difficult to
solve at larger scales, such as relationships between land use and
water flow for purposes of stabilizing stream flows, controlling
erosion and sedimentation, and improving groundwater re-
charge (Barrow 1998). For clarification, a watershed (often
called a catchment) is considered to be a topographically deline-
ated area drained by a stream system; that is, the total land area
above some (sometimes arbitrary) point on a stream system. A
river basin is similarly defined, but is delineated on a larger scale
and includes all the lands that drain through the tributaries into
the basin.
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Box 15.15

The Murray-Darling Basin Initiative

The Murray Darling Basin covers 1,019,469 square kilometers of southeast- ity due to poor irrigation practices and deforestation in the catchment
ern Australia and contains the country’s three longest rivers—the Darling, headwaters.
the Murray, and the Murrumgidgee. Key biophysical features are the pres- While these problems have not been and may never be ‘‘solved,’’
ence of over 30,000 wetlands, 35 endangered birds, and 16 endangered quality of decision-making improved in the Murray Darling Basin. Among
mammals. It is also of economic significance to Australia as it generates the measures that contributed to the improvements:
40% of the national income from agriculture and grazing and contains about
half of the national cropland and three quarters of irrigated land, though it • including both nature conservation and resources and agriculture
only drains 14% of the country’s land area. It is administered by five differ- ministers in the MDB Ministerial Council;
ent states that have different climatic conditions, water availability, water • appointing an independent, authoritative Chair of the Commission,
use requirements, and management approaches, as well as over 200 local which could informally mediate in disputes;
governments. Over half of the basin is in the state of New South Wales, • establishing the heads of the relevant government agencies as the
close to a quarter is in Queensland, and the rest in Victoria, the Australian MDB Commission;
Capital Territory, and South Australia (MDBC 2002). • employing technical staff to advise these bodies in the Office of the

A River Murray Commission was formed in 1915 to develop the Murray Murray Darling Basin Commission;
and Darling rivers for navigation and irrigation. Following a review and • contracting independent national scientific authorities to report on
mounting environmental degradation, the Commission was reconstituted the most controversial issues and for auditing;
in 1988 with the Murray-Darling Basin Agreement between the four basin • establishing a Community Advisory Committee, with representatives
states and Australian Capital Territory establishing the Murray-Darling of key stakeholders and the chairs of the eighteen (sub-) Catchment
Basin Initiative and the Commission to run it. With the reinstitution of the Management Committees, with the CAC chair representing the com-
Commission, a new program of work focused on sustainable natural re- munity on the Commission and Ministerial Council;
source management commenced. • creating opportunities for representatives of the key stakeholder

The basin faced two major resource problems. First, over 70% of use- groups to meet and work together. Thus, generating a better under-
able water was being diverted, mainly for irrigation. Consequently, native standing of each other’s concerns and facilitating decisions where
fisheries and water bird populations were collapsing and major wetlands agreements could be reached.
had contracted by half. Pastoralists relying on beneficial flooding for live-
stock production on floodplains saw their productivity decline sharply. Sec- The result of such measures is that difficult decisions can be thoroughly
ond, the lack of dilution of pollutants and the side effects of the dams and assessed by experts working concurrently for all the governments, and
levees were compounding the environmental impacts. Water quality was this knowledge is widely shared. Consequently, a recalcitrant government
also in rapid decline with increased concentrations of nutrients, farm is under a lot of pressure from the community, experts, and other govern-
chemicals and salinity. Of greatest concern was an upward trend in salin- ments to join in difficult collective decisions.

15.5.4.3 Forms of Integration and Instruments for IRBM

IRBM is about managing interactions and integration within and
between natural and social systems. The natural system is of criti-
cal importance for resource availability and quality. The social
(or human) system determines resource use and allocation, waste
production, and pollution of resources, and must also set develop-
ment priorities (GWP 2000). From the perspective of natural sys-
tems, integrated management at the river basin scale is appropriate
because it recognizes the linkages within the ecological system,
such as those that exist between the various habitats and ecosys-
tems and between different biophysical processes. However, inte-
grated management requires more than taking into account
ecosystem dynamics to include sociopolitical dynamics and how
these affect resource use and decisions (Bos and Bergkamp 2001).

A range of instruments and mechanisms exist for supporting
the shift toward IRBM. Useful ‘‘toolboxes’’ have been compiled
to assist decision-makers and practitioners to put together policy
packages for sustainable water management and development.
The Global Water Partnership (2004) has produced one of the
most comprehensive toolboxes for integrated water resources
management, which is relevant for IRBM. It organizes the tools
into three main types. The first set of tools comprise those aimed
at creating the enabling environment for integrated management,
including laws, investments, and policies. They also provide the
framework for the application of other tools. The second set of
tools is concerned with building appropriate institutions and
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strengthening their capacity. The third type includes specific
management tools such as conflict resolution and consensus build-
ing mechanisms. The toolbox does not aim to be prescriptive and
recognizes that the types of tools that can be used, and the way in
which they can be combined, will vary from place to place.

IRBM is a particularly important approach within the Ramsar
Convention on Wetlands. Ramsar has proposed a set of guidelines
aimed at assisting interested parties in developing a ‘‘holistic’’ or
integrated approach to the management of wetlands and river ba-
sins (Ramsar Convention Secretariat 2004; Chew and Parish
2003). The application of an ecosystem approach to IRBM is
emphasized by the Ramsar Convention as well as other interna-
tional institutions involved in promoting the sustainable use and
management of water resources. Examples include the River
Basin Initiative (2004), a joint work program between the Ramsar
Convention on Wetlands and the Convention on Biological Di-
versity and IUCN’s Water and Nature Initiative (2004). One of
the most successful manifestations of the ecosystem approach, in
fact, developed in the context of river basin management in the
Great Lakes Basin (Allen et al. 2003; Kay et al. 1999; Kay and
Schneider 1994; Allen et al. 1993; Hartig 1998).

15.5.4.4 Impacts of IRBM

It may take time for ongoing IRBM initiatives to reach a stage
where tangible, on-the-ground benefits can be seen and compre-
hensively assessed at the basin-wide level. For example, integrated
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management efforts in the Rhine Basin began in the 1950s but
evolved from addressing a relatively narrow set of concerns to a
basin-wide transboundary approach that integrates water manage-
ment with land-use planning and coastal protection. The more
ambitious targets of the Rhine program are long-term. (See Box
15.16.)

General lessons have been drawn from IRBM experiences
that can serve as a useful checklist and planning tool for both
ongoing and future initiatives (see, for example, WWF 2003).
River basins and associated ecosystems are extremely productive
and play a vital role in sustaining livelihoods. By improving land
and water resources management in river basins, IRBM can have
a positive effect on human well-being and ecosystem health.
IRBM within an integrated approach to water resources manage-
ment has been recognized as contributing to the objectives of
poverty alleviation (UNDP 2004). So far, however, few efforts at
implementing IRBM have actually succeeded in achieving social,
economic, and environmental objectives simultaneously (Mc-
Nally and Tognetti 2002).

15.5.5 Enabling Conditions and Constraints

Integrated responses need to be implemented effectively to guar-
antee better outcomes. A major constraint that sub-national and
multiscale responses experience is lack of implementation capac-
ity. Lack of expertise and resources is a particularly persisting
problem in developing countries. For example, developing-country
forestry departments often lack trained personnel to implement

BOX 15.16

The Rhine Basin

The river Rhine flows for 1,320 kilometers from the Swiss Alps, through • higher safety standards in industrial facilities;
Germany and the Netherlands, to the North Sea, in a catchment area of • guaranteed use of the Rhine for drinking water by 2000; and
170,000 square kilometers with a population of over 50 million people. Other • restoration of the ecosystem in such a way that migratory species
countries partly in the Rhine catchment area are Austria, Luxembourg, Italy, could return and become indigenous by 2000—native migratory
Liechtenstein, and Belgium. It has been heavily developed as a shipping species that had disappeared include salmon, sea-trout, allice shad,
channel and for industry and is also used to generate energy, for recreation, sea-lamprey, and sturgeon; and
as a source of drinking water for 20 million people, and to dispose of munici- • reduced sediment contamination so as to restore the North Sea.
pal and industrial waste. It receives pollutants from agricultural and diffuse
sources and has supported large fisheries, though most aquatic life had These goals were in part met. Reduction of phosphorus inputs by 66%
disappeared by the 1960s (ICPR 2001). Over the last two centuries, 90% of exceeded the target. Nitrogen pollution only dropped by 26%, but much
the functional floodplains have been lost to river regulation projects, leading of it is stored in groundwater from which it is transported to the river very
to higher and more rapid flood peaks. Dam structures also prevented salmon slowly. The 50% targets were reached or exceeded for point sources of
and other migratory fish from reaching their spawning grounds. Concerns most of the toxic substances. Substances that remain problematic are
about pollution first became prominent in the aftermath of World War II. primarily those from diffuse sources and from contaminated sediments.

Prior to 1950, inter-country agreements pertaining to the Rhine ad- There are also some signs of the return of salmon and sea trout. Current
dressed freedom of transport and protection of fisheries. The International action plan targets are to reduce damages 10% by 2005, and 25% by
Commission for the Protection of the Rhine from pollution was established 2020; reduce extreme flood levels by at least 30 centimeters by 2005;
in 1950, but little action was taken. Measures to restore and protect the and 70 centimeters by 2020. New kinds of targets added to the 2020 plan
Rhine were only initiated in reaction to catastrophic events, which raised are protection of groundwater quality, balancing abstraction with recharge,
awareness of the need for basin-wide environmental impact assessments. and restoration of habitat connectivity.
A Rhine Action Plan to address pollutant concerns was developed in the In summary, the Rhine program evolved from addressing point sources
aftermath of the 1986 Sandoz plant chemical fire in Basel, Switzerland, of pollution and reactive, event-driven policies, to a more proactive, basin-
during which 30–40 tons of toxic substances washed into the Rhine. The wide, and transboundary approach that integrates water management with
action plan established ambitious goals and went beyond water quality land use and spatial planning to make ‘‘space for the river,’’ and also with
issues to also include ecosystem goals, initiating a more integrated ap- protection of the marine environment. It can also be considered adaptive,
proach to river management. These included: in that the Biannual Ministerial conferences provide an opportunity to con-

tinuously reassess and evaluate existing activities. Other developments
• a 50% reduction in the discharge of nitrogen, phosphorus, and dan- are that the ICPR is cooperating more with NGOs as a way to promote

gerous substances between 1985 and 1995; the exchange of information and common understanding.
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sustainable forest management and are under-funded. Limited ca-
pacity, however, should not be a deterrent to the initiation of
integrated responses. An incremental approach to integration can
be used, initially focusing on a relatively narrow set of issues that
cut across different sectors and then gradually expanding the scope
of the program as experience accumulates and capacity develops.
Capacity is not only important in government but also in civil
society. For example, in both ICDPs and SFM, communities need
skills to manage enterprises that will bring them economic bene-
fits.

Active public participation in decision-making appears to im-
prove the outcomes of integrated responses. It is necessary to help
different stakeholders to understand each other’s perspectives,
work together, and make common decisions (McNally and Tog-
netti 2002). In order to determine the best action for society, it is
necessary to balance multiple objectives and views. Methodolo-
gies such as multicriteria analysis, whereby stakeholders are en-
gaged to consider the merits of different management strategies
and explicitly determine management priorities, can yield positive
results (Brown et al. 2001). Feedback mechanisms to ensure that
the outcomes of participatory processes are incorporated in decision-
making are essential. However, despite its merits, participation on
its own is not a panacea; it has to be used in conjunction with
other mechanisms. Many successful integrated approaches com-
bine bottom-up with top-down approaches.

Policies at the national and international level can support the
implementation of integrated responses. Examples include legisla-
tion enabling public participation in decision-making and com-
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munal management and co-management of natural resources. A
culture of transparency in decision-making is essential for the suc-
cess of integrated responses. A process that is seen as fully open,
based on reliable information, and accessible to all stakeholders
stands a better chance of success. International policy develop-
ments have played an important role in the adoption of integrated
responses at the national and sub-national level. Agenda 21, for
example, has strongly advocated the adoption of ICZM and
IRBM. The Forest Principles adopted at UNCED, although not
legally binding, have promoted the SFM concept, while GEF has
been an important provider of funds for conservation projects
with development objectives.

Integrated responses must invest in building the necessary
knowledge base to inform planning and implementing field oper-
ations. Key stakeholder groups must be identified; land tenure
systems, drivers influencing resource management decisions, and
existing institutional structures relevant to the response must be
understood. One of the most important challenges in the manage-
ment of natural resources is the science-policy interface. Improve-
ments in natural resource management depend on improvements
in understanding the processes involved, both ecological and so-
cial (Cicin-Sain and Knecht 1998). Increasing the success of inte-
grated responses depends on effective monitoring and evaluation
and dissemination of lessons learned for their incorporation in
planning and management processes. Lack of evaluative data on
integrated responses is a major constraint to successful integrated
responses. Criteria and indicators to assess impacts are better de-
veloped in SFM (see CIFOR 1999; Prabhu et al. 1999). Efforts
to develop frameworks and indicators to assess progress in ICZM
initiatives are also being made (Olsen 2003; Olsen et al. 1997).

Working at multiple scales and using scale-dependent com-
parative advantages enables the success of integrated sub-national
responses. The complex problems that integrated responses seek
to address require action at multiple scales, including local, re-
gional, national, and sometimes international levels. However,
potential conflicts between interests and actions at different levels
must be recognized. Each institution working at a particular level
brings unique expertise and perspectives to the planning and man-
agement process. Local governments and communities, for exam-
ple, can contribute the most detailed understanding of problems,
constraints, and limitations that will affect the choice of solutions.
The national government, in turn, can contribute capacity to co-
ordinate policies and harmonize sectoral activities, funding assis-
tance, and ties to relevant international responses.

Integrated responses cannot be fully accomplished within the
scope of a typical three or five year project. They require long-
term financial and technical investment. It also takes time to build
sufficient trust and levels of understanding among stakeholders to
enable effective planning and implementation of integrated re-
sponses. A long-term planning framework enables the success of
integrated responses.

15.6 Effective Integrated Responses

15.6.1 The Limits to Integration

Many chapters in this volume recommend the implementation of
integrated responses, and the assessment in this chapter has pro-
vided examples at different scales and from different contexts.
However, every response cannot be integrated in all instances. In
their discussion of integrated natural resource management, Sayer
and Campbell (2004, p. 21) ask the pertinent question, How inte-
grated do we need to be? They observe that if integrated approaches
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are seen to be all embracing and need to integrate everything, then
successful examples will be very difficult, if not impossible, to
find. They argue that ‘‘early attempts at integrated natural re-
source management sought to understand the total behavior of
the system to develop the ability to predict the outcome of any
management intervention. . . . In reality the skill or professional-
ism of integrated natural resource management lies in making
judgments on what to integrate. It only makes sense to integrate
those additional components, stakeholders or scales that are essen-
tial to solving the problem at hand.’’ This assessment confirms this
observation. Successful integrated responses are integrated ac-
cording to the problem or issue at hand. For every context, the
degree, extent, and type of integration will be specific. There are
general lessons to be learned from the experiences of implement-
ing integration, but there is no ‘‘cookie-cutter’’ model of how an
integrated response should be.

So what are the key factors that determine when and where
integrated responses are most appropriate and most likely to be
successful? The assessment suggests that integrated responses are
most appropriate:
• when the full costs are taken into account,
• where capacity exists in government and civil society institu-

tions,
• where a feasible time scale to achieve objectives is possible,
• where there is compatibility and not obvious conflict between

objectives,
• where the legal and institutional frameworks supporting the

response are already in place, and
• when relevant and timely information is at hand and extensive

new data and research are not necessary.
Furthermore, at all scales, it is apparent from the assessment

that integrated responses cannot be super-imposed by external
agencies, and will be more likely to be successful when key stake-
holders—in government, the private sector, and civil society—
possess a sense of ownership. In other words, integrated responses
cannot be driven from outside—objectives must reflect stake-
holder priorities.

15.6.2 Understanding Trade-offs in Integrated
Responses

The assessment has shown that trade-offs may be particularly sig-
nificant in integrated responses, perhaps more so than in non-
integrated or single objective responses. Trade-offs between dif-
ferent objectives often constitute severe constraints to effective
integrated responses, and trade-offs exist between different scales,
and between different actors or sections of society.

In order to manage trade-offs, information and methods are
necessary to assess and compare direct and indirect impacts on
social, economic, and ecological aspects of different response op-
tions. This information has to be such that the decision-makers
can understand it and it has to help rather than complicate their
task. Single indicators of change are generally not sufficient in the
case of integrated responses. Measures need to reflect multiple
sectors and actors, and enable an evaluation of the impacts of re-
sponses on them. This raises the question of whether integrated
responses need to be supported by integrated research. To an ex-
tent this is the case, particularly where there is a need to under-
stand the linkages, and therefore to assess the potential trade-offs,
conflicts, and synergies between different objectives, especially
between different ecosystem services and aspects of human well-
being.

This is increasingly recognized in the scientific and social sci-
ence literature. There is an emerging consensus about the need
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for a fundamentally different scientific approach to meet the chal-
lenges of sustainability, one which is capable of bridging the di-
vide between disciplines that analyze the dynamics of ecosystems
and those that analyze economics and social interactions (Scheffer
et al. 2002). These concerns are reflected in new interdisciplinary
and multidisciplinary research initiatives and institutions (Adger et
al. 2003). Sayer and Campbell (2004) maintain that integrated
approaches demand a new role for science; although the compo-
nents may not be new themselves, the way they are put together
and conceptualized is novel. Cutting edge research is still needed,
but it has to be set in local contexts and be applied in ways that
recognize the special circumstances of the poor—particularly as
regards risk, dependency, and long-term depletion of productive
potential and environmental externalities. Sayer and Campbell
identify seven critical changes necessary to affect a paradigm shift
in research. The seven conditions are more widely applicable to
research necessary to support integrated responses:
• acknowledge and analyze the complexity of natural resource

systems,
• use action research—become actors in the system,
• consider effects at higher and lower scales,
• use models to build shared understandings and as negotiating

tools,
• be realistic about the potential for dissemination and uptake,
• use performance indicators for learning and adaptation, and
• break down the barriers between science and resource users.

Ultimately trade-offs need to be not only assessed, but also
evaluated and managed. This will happen through a political
process, requiring transparency and legitimacy but supported by a
range of decision and evaluation tools.

15.6.3 Making Better Decisions for Integrated
Responses

Developing and operationalizing integrated responses makes de-
mands on decision-makers and planners. The multiple objectives
mean that information across a range of subjects is necessary and
analyzing the trade-offs and costs and benefits of different options
may make the adoption of new analytical tools necessary in order
to support decision-making. Sayer and Campbell (2004) argue
that integrated natural resource management approaches should
put greater emphasis on better decision-making, maintaining op-
tions and resilience, establishing appropriate institutional arrange-
ments for resource management, and reconciling conflicting
management objectives, rather than on producing technological
packages. Many conceptual models of integrated approaches,
therefore, focus on the decision-making processes.

There is an increasing emphasis on deliberative and inclusion-
ary processes and greater participation by a range of stakeholders
in all aspects of designing, planning, and implementing integrated
responses. Opening up the decision-making process to a larger
number of actors is both advantageous and disadvantageous for
integrated responses. However, most of the case studies reviewed
stress the importance of including all the relevant stakeholders in
the early stages of the development of responses; using established
techniques to identify the appropriate stakeholders; and adopting
fair, transparent processes for their inclusion. Inclusion has to go
beyond tokenism and this often requires empowerment of stake-
holders to take control of certain aspects of the response process,
an inherently political action.
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However, these actors require information to base their deci-
sions on. Integrated responses may require different tools that en-
able the different impacts of responses to be weighed. Table 15.6
summarizes some of the decision-support tools commonly used
and their advantages and disadvantages for integrated responses.

As with most responses, developing and implementing inte-
grated responses requires careful consideration of issues of power,
access to resources and decision-making processes, and control of
information. These considerations, as the assessment has shown,
are applicable at all levels of government and across all scales, in-
cluding international, national, and sub-national.

15.7 Conclusion
This chapter has reviewed integrated responses. Integrated re-
sponses are those responses, which intentionally and actively ad-
dress ecosystem services and human well-being simultaneously.
Many different types of responses may be integrated and they will
employ a range of different instruments in their implementation.
Often the coordination of different responses and instruments is
central to the integration approach. The promotion of integrated
responses and approaches to address problems of environmental
degradation and development is strongly related to the paradigm
of sustainable development. In the last two decades particularly,
the recognition and analysis of linkages between environmental
degradation and entrenched poverty and deprivation have re-
sulted in increased calls for the integration of responses at all scales,
from the global to the local. Hand in hand with this acknowl-
edged need for integrated responses, there is increasing emphasis
and growing interest in the science of complexity for increased
understanding of ecological and social dynamics and of the need
to include stakeholders as full participants and partners in re-
sponses.

However, it is still in the early days, and integrated responses
are relatively novel in many, although not all, areas of policy. In
some contexts they constitute ‘‘policy experiments.’’ Assessment
of these experiences is difficult and requires new methods, the
use of multiple or adapted techniques, and interdisciplinary and
multidisciplinary approaches. This in turn might demand new in-
stitutions and new ways of working together.

The lessons from these policy experiments are encouraging,
but also cautionary. Integrated responses, whether on the interna-
tional, national, or sub-national level, are often expensive (in
terms of resources, personnel, and time) and in many countries
and sectors there is a lack of capacity to effectively implement
them. Disappointing results in the short-term, often related to
inadequate appreciation and assessment of trade-offs, may mean
that support for integrated responses is lost, or their promotion is
seriously challenged. This has been the case, for example, in inte-
grated conservation and development projects. Nonetheless,
major advances on the sub-national level are discernable in water-
shed and river basin management, in sustainable forest management,
and in integrated coastal management. Successful implementation
of integrated responses on the sub-national level require, inter
alia, a strong and effective national and international framework
upon which such technical approaches can be based. The lessons
learned from successful integrated responses do not provide easy
to duplicate ‘‘blueprints’’ but they make clear that operationaliz-
ing sustainable development necessitates integration.
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Table 15.6. Decision Support Tools and Techniques (adapted from Pearce and Markandya 1989)

Conceptual Basis/
Method Description Advantages Disadvantages

Cost-benefit analysis evaluates options by quantifying net considers the benefits and costs of man- no direct consideration of the equity distri-
benefits (benefits minus costs) agement options bution of the costs and benefits

translates all outcomes into commensu- ignores non-quantifiable costs and bene-
rate monetary terms fits

reveals the most efficient option assumes that all stakeholders have equal
income and well-being

Cost effectiveness the least cost option that meets the goals no need to estimate the benefits of differ- relative importance of outputs is not con-
analysis of the decision-maker is preferred ent management options sidered

cost information is often readily available no consideration given to the social costs
resulting from side effects of different
options

Multicriteria analysis uses mathematical programming tech- allows quantification of implicit costs an unrealistic characterization of decision
niques to select options based on objec- makingpermits the prioritization of options
tives functions with explicit weights of theoretical difficulties associated withmodel can reflect multiple goals or objec-stakeholders applied aggregating preferences for use astives for the resources

weights in the model

large information needs

Risk-benefit analysis valuates benefits associated with a policy framework is flexible framework is too vague
in comparison with its risks permits considerations of all risks (bene- factors considered to be commensurate

fits and costs) are not

no automatic decision rule

Decision analysis a step-by-step analysis of the conse- model can reflect multiple goals or objec- objectives are not always clear
quences of choices under uncertainty tives for the resources no clear mechanism for assigning weights

choices to be made are explicit

explicit recognition of uncertainty

Environmental impact provides a detailed economic, social, and requires explicit consideration of environ- difficult to integrate descriptive and quali-
assessment environmental statement of the impacts of mental effects tative analyses with monetary costs and

management options benefitsbenefits and costs do not have to be
monetized no clear criteria for using information in

the decision-making process
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p. 136.

Neufeld, D.A., 2000: An ecosystem approach to planning groundwater: The
case of Waterloo Region. Hydrogeology Journal, 8, pp. 239–250.

Newmark, W.D. and J.L. Hough, 2000: Conserving wildlife in Africa: Inte-
grated conservation and development projects and beyond. BioScience, 50(7),
pp. 585–592.

Noss, A.J., 1997: Challenges to nature conservation and development in Cen-
tral African forests. Oryx, (31), pp. 180–188.

OECD (Organisation for Economic Co-operation and Development), 1993:
Coastal Zone Management: Integrated Policies. OECD, Paris, France.

OECD, 1996: Globalisation: What challenges and what opportunities for gov-
ernment? Paper OCDE/GD (96) 64, OECD, Paris, France. Available at
http://www1.oecd.org/puma/strat/pubs/glo96/toc.htm.

OECD, 2001a: Sustainable development: Critical issues. OECD, Paris, France.
Available at http://www.oecd.org.

OECD, 2001b: Strategies for sustainable development: Practical guidance for
development co-operation. OECD, Paris, France. Available at http://www
.oecd.org.

PAGE 463

OECD, 2002a: Sustainable Development Strategies: A Resource Book. Earthscan
Publications, London, UK, and Sterling, VA. Available at http://www.nssd
.net/working/resource/indexa.htm.

OECD, 2002b: Improving policy coherence and integration for sustainable de-
velopment: a checklist. OECD Observer, Policy Brief, October 2002. Avail-
able at http://www.oecd.org/dataoecd/61/19/2763153.pdf.

OECD-CAD, 2001: The Development Advisory Committee Guidelines: Strategies
for Sustainable Development, OECD, Paris, France. Available at www.oecd.org/
dataoecd/34/10/2669958.pdf

OED (Operations Evaluation Department), 1996: Environmental Assessments and
National Action Plans. OED, World Bank, Washington, DC.

OED (Operations Evaluation Department), 1997: Review of Adjustment Lending
in Sub-Saharan Africa. OED, World Bank, Washington, D.C.

Olsen, S., J. Tobey and M. Kerr, 1997: A common framework for learning from
ICM experience. Ocean and Coastal Management, 37(2), pp. 155–174.

Olsen, S, J. Tobey, and L.Z. Hale, 1998: A learning-based approach to coastal
management. Ambio, 27, pp. 611–619.

Olsen, S. and P. Christie, 2000: What are we learning from tropical coastal
management experiences? Coastal Management, 28, pp. 5–18.

Olsen, S.B., 1993: Will integrated coastal management programs be sustainable:
The constituency problem. Ocean & Coastal Management, 21, pp. 201–225.

Olsen, S., 2003: Frameworks and indicators for assessing progress in integrated
coastal management initiatives. Ocean & Coastal Management, 46, pp. 347–
361.

Olsson, P., C. Folke, and F. Berkes, 2003: Adaptive co-management for build-
ing resilience in social-ecological systems, Manuscript submitted to Journal of
Environmental Management, 20 April 2003. Available at http://www.beijer
.kva.se.

Ostrom, E., 1990: Governing the Commons: The Evolution of Institutions for Collec-
tive Action. Cambridge University Press, Cambridge, UK.

Ovejero, J., 1999: The contribution of biodiversity-related multilateral envi-
ronmental agreements to sustainable development: A discussion of some of
the issues, Prepared for Inter-Linkages: International Conference on Synerg-
ies and Coordination between Multilateral Environmental Agreements, 14,
15 and 16 July 1999, United Nations University, Tokyo, Japan. Available at
http://www.geic.or.jp/interlinkages/docs/Ovejero.pdf.

Pearce, D.W. and A. Markandya, 1989: Environmental Policy Benefits: Monetary
Valuation. OECD, Paris, France.

Pernetta, J. and D. Elder, 1993: Cross-sectoral, Integrated Coastal Area Planning
(CICAP): Guidelines and Principles for Coastal Area Development. IUCN, Gland,
Switzerland.

Persson, A., 2002: Environmental policy integration: An introduction, Discus-
sion paper of the Policy Integration for Sustainability (PINTS) Project of the
Stockholm Environment Institute, Stockholm, Sweden. Available at http://
www.sei.se/policy/PINTS.

Poschen, P., 2000: Social criteria and indicators for sustainable forest manage-
ment: A guide to ILO texts, Forest certification working paper no. 3, Inter-
national Labour Office/GTZ—Programme Office for Social and Ecological
Standards, Eschborn, Germany, 85 pp..

Post, J.C. and C.G. Lundin, 1996: Guidelines for Integrated Coastal Zone Manage-
ment. World Bank, Washington, DC.

Prabhu, R., C.J.P. Colfer, and R. Dudley, 1999: Guidelines for developing,
testing and selecting criteria and indicators for sustainable forest management.
CIFOR, Jakarta, Indonesia. Available at http://www.cifor.cgiar.org/acm/
methods/toolbox1.html.

Putz, F.E., D.P. Dykstra, and R. Heinrich, 2000: Why poor logging practices
persist in the tropics. Conservation Biology, 14(4), pp. 951–956.

Ramsar (The Ramsar Convention on Wetlands), 2002: Resolution VIII.4 on
integrated coastal zone management (ICZM). Available at http://www.ram
sar.org/key_res_viii_04_e.htm.

Ramsar Convention Secretariat, 2004: River basin management handbook.
Ramsar Convention Sectretariat, Gland, Switzerland. Available at http://
www.ramsar.org/wurc_handbook_index.htm.

Rice, R.E., C.A. Sugal, S.M. Ratay, and G.A. Fonseca, 2001: Sustainable forest
management: A review of conventional wisdom. Advances in Applied Biodiver-
sity Science, 3, pp. 1–29.

Ricupero, R., 2001: Trade and environment: Strengthening complementarities
and reducing conflicts. In: Trade, Environment and the Millennium, G.P. Samp-
son and W.B. Chambers (eds.), 2nd ed.. United Nations University Press,
Tokyo, Japan.

River Basin Initiative, 2004: River Basin Initiative. Available at http://www
.riverbasin.org.

................. 11430$ CH15 10-21-05 14:13:46 PS



464 Ecosystems and Human Well-being: Policy Responses

Salafsky, N., H. Cauley, G. Balachander, B. Cordes, J. Parks, et al., 2001: A
systematic test of an enterprise strategy for community-based biodiversity
conservation. Conservation Biology, 15(6), pp. 1585–1595.

Sampson, G.P. and W.B. Chambers (eds.), 2002: Trade, Environment and the
Millennium, 2nd ed.. United Nations University Press, Tokyo, Japan.

Sanchez, D. and K. Cash, 2003: Reducing poverty or repeating mistakes? A
civil society critique of Poverty Reduction Strategy Papers, Church of Swe-
den Aid, Diakonia, Save the Children Sweden and The Swedish Jubilee Net-
work, December 2003.

Sayer, J. and Campbell, B. 2004: The Science of Sustainable Development: Local
Livelihoods and the Global Environment. Cambridge University Press, Cam-
bridge, UK.

Scheffer, M., F. Westley, W.A. Brock, and M. Holmgren, 2002: Dynamic in-
teraction of societies and ecosystems: Linking theories from ecology, econ-
omy and sociology. In: Panarchy: Understanding Transformations in Human and
Natural Systems, L.H. Gunderson and C.S. Holling (eds.), Island Press, Wash-
ington, DC, pp. 195–240.

Schneider, R.R., 1995: Government and the Economy of Amazon Frontier. World
Bank, Washington, DC.

Shahin, M., 2002: Trade and environment: How real is the debate? In: Trade,
Environment and the Millennium, G.P. Sampson and W.B Chambers, (eds.),
2nd ed.. United Nations University Press, Tokyo, Japan.

Smith, R.D. and E. Maltby, 2001: Using the ecosystems approach to imple-
ment the CBD: A global synthesis report drawing lessons from the three
regional pathfinder workshops. Royal Holloway Institute for Environmental
Research (RHIER), University of London, UK. Available at http://www1
.rhbnc.ac.uk/rhier/iucn.htm.

Smith, R.D., E. Maltby, A.H.B.H. Shah, A.F. Mohamed, M.b. Osman, Dato,
and Z.A. Hamid (eds.), 2000b: The Ecosystem Approach under the CBD: From
Concept to Action, Report from Southeast Asia Regional Pathfinder workshop,
Kuala Lumpur, Malaysia, 30 October–1 November. Available at http://
www1.rhbnc.ac.uk/rhier/iucn.htm.

Smith, R.D., E. Maltby, M. Kokwe, H. Masundire, and E. Hachileke (eds.),
2000a: The Ecosystem Approach under the CBD: From Concept to Action, Report
from Southern Africa Regional Pathfinder workshop, Victoria Falls, Zim-
babwe, 17–19 July . Available at http://www1.rhbnc.ac.uk/rhier/iucn.htm.

Sobral, L., A. Verı́ssimo, E. LIma, T. Azevedo, and R. Smeraldi, 2002: Acer-
tando o Alvo 2: Consumo de madeira amazônica e certificação no Estado de São
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Main Messages

Human health is both a product and a determinant of well-being. Mea-
sures to ensure ecological sustainability would safeguard ecosystem ser-
vices and therefore benefit health in the long term (high confidence). In
this chapter, health is the central concern, while noting the reciprocal relation-
ships with other determinants of well-being. Negative health effects of ecosys-
tem disruption are already evident in many parts of the world. In the long term,
some ecosystem change is inevitable. To limit the damage to human health
caused by these changes, mitigation strategies that reduce the driving forces
of consumption, population increase, and inappropriate technology use are
needed.

Ecosystem disruption damages health through complex pathways. Local
conditions exert a very strong influence on the nature, extent, and timing
of the effects on health. Social adaptations may minimize, displace, or
postpone effects of ecosystem disruption on human health, but there are
limits to what can be achieved. Human societies have developed methods
(such as agricultural systems or water supplies) that allow natural resources to
be appropriated for social benefit. Piped water supplies and other man-made
resource appropriation systems provide human populations with a buffer in
times of environmental change. These social adaptations are usually designed
to minimize local impacts. Many effects of ecosystem disruption on health are
displaced, either geographically (such as the costs of rich countries’ overcon-
sumption) or into the future (for example, long-term consequences of climate
change or desertification).

To understand the potential negative health impacts of ecosystem
change, two aspects need to be considered: the current vulnerability of
the population affected and their future adaptive capacity. These two con-
siderations are closely related, since vulnerable populations are less able to
plan and implement adaptive responses. Vulnerability and adaptive capacity
are also tied to other aspects of well-being (material minimum, freedom and
choice, social relations and security).

Decisions about health and ecosystems must consider how one is re-
lated to the other. Choices that are made about the management of eco-
systems can have important consequences for health, and vice versa.
Consideration of ecosystem change enlarges the scope of health responses
by highlighting ‘‘upstream’’ causes of disease, injury, and premature death.
The health sector can make an important contribution to reducing the damage
caused by environmental disruptions, but the greatest gains will be made by
interventions that are partly or wholly placed in other sectors. The health sector
bears responsibility for revealing the links and indicating which interventions
are needed. Decision-makers need to consider the connections between health
and other sectors. Where there are trade-offs, it is important for politicians,
regulators, and the public to understand the consequences of taking one path
in preference to another.

Where a population is weighed down by disease related to poverty and
lack of entitlement to essential resources such as shelter, nutritious food,
or clean water, the provision of these resources should be the priority
for healthy public policy (high confidence). The links between ecosystems
and human health are seen most clearly among deprived communities, which
lack the ‘‘buffers’’ that the rich can afford. Within poor communities, poverty-
related diseases are more prevalent among women and children, often due to
culturally related resource distribution. Poor communities are the most directly
dependent upon productive ecosystems. This means that the poorest and most
disadvantaged communities can be among the first to benefit from ecosystem
protection. There are economic considerations also: a healthy community is
more capable of sustaining local ecosystems than an unhealthy one.
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Where ill-health is caused, directly or indirectly, by excessive consump-
tion of ecosystem services, substantial reductions in overconsumption
would have major health benefits while simultaneously reducing pres-
sure on life-support systems (high confidence). Both human health and the
environment would benefit from a reduction in overconsumption. This would
improve health in the short term as well as contribute to short-term ecological
sustainability. Implementing better transportation practices and systems could
lead to decreased injuries, increased physical activity in sedentary populations,
as well as reduction in local air pollution and greenhouse gas emissions. Inte-
grating national agriculture and food security policies with the economic, social,
and environmental goals of sustainable development could be achieved, in
part, through ensuring that the environmental and social costs of production
and consumption are more fully reflected in the price of food and water. Re-
duced consumption of animal products in rich countries would have benefits
for human health and for ecosystems.

Society needs to balance technological and institutional development. To
achieve this balance, governments must incorporate environmental, social, and
health costs (both gains and losses) into measurements of progress.

Approaches that perpetuate or worsen social inequalities may protect the
health of privileged populations, but are likely to result in the worst
global health outcome overall. Globalization processes increasingly link the
health and well-being of privileged with poor populations. A selective approach
whereby the health and well-being of a small fraction of the global population is
promoted at the expense of the majority entails a high risk for both populations.

16.1 Introduction
There are well-defined relationships between health and the other
components of well-being as defined in the MA framework. Ma-
terial lack, for example, is a strong determinant of health (and
indeed of other aspects of well-being). Both at the country level
and within countries, poorer communities have a worse health
profile than richer ones. Among poor communities, women and
children often bear the largest burdens of disease (WHO 2002).
At the global level, poorer countries are still battling traditional
hazards such as lack of clean water and sanitation, which contrib-
ute considerably to the burden of disease in these countries. For
example, the African region with 11% of the world’s population
has over 50% of the world’s burden of disease resulting from in-
fectious and parasitic diseases; in contrast, in the European region,
with 14% of the world’s population, the burden of disease in this
category is less than 2% of the world’s total (based on WHO
regions, measured in ‘‘disability-adjusted life-years’’ (WHO
2002). (See Box 16.1.)

On the other hand, the lack of good health is a major determi-
nant of poverty. For example, it is estimated that Africa’s GDP
could have been $100 billion larger if malaria had been eliminated
some 35 years ago (WHO 2000). GDP declines by about 1%
when more than 20% of the population is infected with HIV
(WHO 2002); see also reports of the Commission on Macroeco-
nomics and Health (WHO 2001).

Several studies have shown an important connection between
social relations and health. People with good social networks live
longer and are generally healthier (Skrabski et al. 2003). Similarly,
people who fall ill recover faster when good social networks are
in place. Lack of security (or vulnerability) is also associated with
morbidity or mortality, although the relationship is often con-
founded with material lack (that is, vulnerable communities are
often poor). Communities and individuals can be vulnerable for
other than economic reasons. For instance, all inhabitants of low-
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BOX 16.1

Disease Burden and Summary Measures of Population
Health

The disease burden encompasses the total amount of disease or pre-
mature death within the population. Comparing burden fractions attrib-
utable to several different risk factors requires, first, knowledge of the
severity/disability and duration of the health deficit, and second, the
use of standard units of health deficit. The widely used Disability-
Adjusted Life Year (DALY) is the sum of:

• years of life lost from premature death (YLL)
• years of life lived with disability (YLD).

YLL takes into account the age at death. YLD takes into account
disease duration, age of onset, and a disability weight that reflects the
severity of the disease.

To compare the attributable burdens for disparate risk factors we
need to know (1) the baseline burden of disease, in the absence of the
particular risk factor, (2) the estimated increase in the risk of disease/
death per unit increase in risk factor exposure (the ‘‘relative risk’’), and
(3) the current or estimated future population distribution of exposure.
The avoidable burden is estimated by comparing projected burdens
under alternative exposure scenarios.

An example of an application of this method in the field of ecosys-
tem change and health is the assessment of the burden of disease
attributable to climate change.

lying islands are vulnerable to the effects of sea level rise, although
their individual responses will vary depending on economic and
social conditions (Nurse and Sem 2001). Lack of control is an-
other important cause of vulnerability. Many indigenous popula-
tions, for example, face ecosystem changes introduced by forces
outside their control (such as economic interests), and these
threats can have an impact on their overall well-being, including
their mental health.

For most diseases, the burden of disease is not borne evenly by
all members of a community. For example, children and pregnant
women are at much greater risk for morbidity and mortality from
malaria, particularly if malnourished, whereas morbidity and mor-
tality due to heat waves is highest among the elderly (Kilbourne
1997; Greenwood and Mutabingwa 2002). In general, the vul-
nerability of a population to a health risk depends on the level of
material resources, effectiveness of governance and civil institu-
tions, quality of public health infrastructure, access to relevant
information, and existing burden of disease (Woodward et al.
1998). These factors are not uniform across a region or nation;
rather, there are geographic, demographic, and socioeconomic
differences. Failure to understand the reasons why particular pop-
ulation subgroups are vulnerable to a health outcome can reduce
the effectiveness of response options.

Exposure to hazards is often a function of resources, with the
resource-poor most likely to be in harm’s way. For example, in
impoverished communities, economically tied to large urban cen-
ters, but unable to afford safe housing, mudslides cause hundreds
of deaths each year (IFRCRCS 2002). Even where there is no
economic or social differentiation in the exposure to hazards, the
impacts on health may vary considerably from place to place or
group to group.

Figure 16.1 describes the links between ecosystem services
and well-being with a focus on human health. Note that ecosys-
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tem integrity and human health do not always go hand in hand,
in the short term at least. Populations may flourish in degraded
environments, but only where it is possible to import resources
and services from elsewhere.

16.1.1 Overview of Health in the Context of
Ecosystems

Definitions of health vary across cultures. Some cultures focus on
physical evidence of bodily structure and function; others have a
much broader conception. For instance, for the indigenous peo-
ple of New Zealand, the Maori, dimensions of health include
access to heritage and a sense of communion with the environ-
ment (Durie 2001). In its constitution, the World Health Organi-
zation defines health as ‘‘a state of complete physical, mental and
social well-being and not merely the absence of disease or infir-
mity.’’ However it is framed, health serves both as a cause of well-
being and as a consequence. In the absence of good health, it is
difficult to claim a state of well-being, but many of the compo-
nents of well-being (such as shelter, sustenance, and social rela-
tions) are themselves important determinants of health status.

Each of the categories of services provided by ecosystems is
relevant to health. For instance, provisioning services include the
production of food and fiber. In their capacity as regulators of the
environment, ecosystems influence the quality and flow of water
and the local climate. If these services are impaired, the impacts
on health tend to be direct, and relatively acute. More difficult to
demonstrate are the effects of cultural services provided by ecosys-
tems—these are nonmaterial benefits such as spiritual, recre-
ational, and aesthetic outcomes. But even if these aspects of
human experience are not encompassed in the definition of
health, they do have an influence on physical and mental func-
tioning. The history of colonization, for example, shows clear
links between loss of spiritual and cultural identity and rates of
disease and premature mortality (Kunitz 1994).

The links between ecosystem change and cultural services are
described in detail in the next chapter. The effects of ecosystem
disturbance on human health may be relatively direct, or occur at
the end of long causal chains, dependent on many intermediate
events, and subject at many points to modifying influences. There
are also relatively direct links between human health and the
health of animal populations that share a common environment
(Epstein et al. 2003). (See also MA Current State and Trends, Chap-
ter 14.)

As an example of long causal chains, environmental changes
affecting river flows might lead to disputes over water rights, so-
cial unrest, forced migrations of large populations, conflict, and,
indirectly, increased rates of disease and injury (WCD 2000). The
connections between ecosystem functioning and human health
may be bi-directional. Thus where there is environmental disrup-
tion leading to poor health, there may be compounding effects
and ‘‘vicious cycles’’ established (Woodward et al. 2000). For ex-
ample, land degradation and soil loss leads to crop failure, hunger,
and health problems. These health problems will more likely be
experienced by women and children, and, as such, can affect not
only current but future health through poor growth, increased
disease burdens in later life, less productivity, etc. But there are
effects in the other direction also: populations with high levels of
chronic health problems can put less energy and time into grow-
ing crops, preventing erosion, and managing agricultural re-
sources.

The difference between direct and indirect effects applies to
the temporal and spatial scales over which these effects occur.
Owing to the many intermediate factors that may be involved,
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Figure 16.1. Associations between Health, Other Aspects of Human Well-being, and Ecosystem Services

there are frequently considerable time-lags between ecosystem
change and health outcomes. For example, loss of biodiversity
may lead to higher mortality and morbidity via diminishing sup-
plies of bio-pharmaceuticals, but this would be apparent only after
some years. In terms of spatial scales, we are most familiar with
local effects (such as flooding and mudslides on steep denuded
hillsides). More difficult to identify, but perhaps even more im-
portant for human health in the long term, are regional and global
changes such as acid rain, stratospheric ozone depletion, and the
accumulation of greenhouse gases.

Environmental and health policies are often determined with-
out regard for one another, but there are important instances in
which decisions have been swayed by health considerations. Re-
moving lead from vehicle fuels is one case—this resulted from the
accumulating evidence of risks to child health and has had far
reaching consequences for ecosystems worldwide (Reuer and
Weiss 2002).

16.1.2 Impacts of Ecosystem Goods and Services on
Health

There are established links between the state of ecosystems and
the condition of populations that depend on these ecosystems.
Some of these links are shown in Table 16.1, which attempts to
summarize the complex relationships between ecosystem goods
and services (as defined in the Millennium Ecosystem Assessment,
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and described in detail in previous chapters) and the major cate-
gories of disease. The table indicates the likely strength of the
associations, based on knowledge of ‘‘downstream’’ causal path-
ways leading to disease. There is a high level of uncertainty about
these judgments, because few studies provide quantitative evi-
dence of associations between ecosystem change and disease.

16.1.2.1 Biodiversity

Biodiversity underpins the resilience of the ecosystems on which
humanity depends. Loss of biodiversity is occurring at an unprec-
edented rate, driven by overexploitation of productive ecosys-
tems, other land use changes, climate change, pollution events
such as oil spills, the transboundary migration of pollutants and
hazardous substances, introduced species, and biotechnology. (See
MA Current State and Trends, Chapter 4.) This depletion of bio-
diversity threatens vital ecosystem services, including food, fuel
and fiber, fresh water, nutrient cycling, waste processing, flood
and storm protection, and climate stability. One obvious direct
impact of the loss of biodiversity is a reduction in sources of po-
tential therapeutic chemicals. In general, the links between bio-
diversity loss and human health are difficult to demonstrate
scientifically, due to the many factors that may confound such an
association, difficulties in modeling nonlinear relationships, and
lack of suitable data at appropriate scales (Sieswerda et al. 2001;
Huynen et al. 2004). The clearest evidence of an association
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Table 16.1. Relationships between Ecosystem Services and the Major Categories of Disease. Strength of evidence: ‘‘���’’ High,
‘‘��’’ Medium, ‘‘�’’ Low, ‘‘?’’ Uncertain, ‘‘	’’ None or not known.

Climate Regulation,
Fresh Flood and Storm Cultural

Biodiversity Food Water Wood Nutrients Waste Control Services

Infectious parasitic Diarrhea ��� ��� ��� 	 	 ��� ��� 	
diseases Malaria ��� 	 ��� 	 	 � �� 	

Other vector-borne
disease �� 	 �� 	 	 � �� 	

Acute respiratory
infection �� � 	 �� 	 ? ? 	

Other infectious
diseases �� � �� ? ? 	 ? 	

Noncommunicable Chronic diseases �� � � �� ? �� � 	
diseases Malnutrition ��� ��� � ? �� � �� 	

Mental conditions �� ? � ? ? � �� ��

Injuries Poisonings 	 � 	 ? � � 	 	

Drowning 	 	 	 	 	 	 �� 	

probably comes from studies showing that high species diversity
can be an important influence on reduced transmission of zoo-
notic diseases such as Lyme disease (Ostfeld and Keesing 2000).
(See MA Current State and Trends, Chapter 14.)

Diversity and health are linked also in agriculture, where
mono-cropping has been associated with increased vulnerability
to acute food shortages and longer-term nutrient deficiencies
(Waltner-Toews 2001). There is limited evidence of an associa-
tion between experience of the natural world and reduced sick-
ness rates and improved healing (Frumkin 2001).

Human societies have flourished by developing methods (such
as settled agriculture and water storage) that enhance productive
ecosystem services for social benefit. Especially in countries domi-
nated by market economies, these adaptations are often designed
to minimize short-term, local ecological disturbances, while max-
imizing profits. There is a mismatch of scale between social and
ecological systems (Berkes and Folke 1998).

One result of this is that effects of ecosystem disruption on
health are often displaced geographically (such as the costs of rich
countries’ overconsumption—climate change being a good ex-
ample, in which many of the adverse health effects are likely to
appear first in low carbon-emitting countries) or postponed into
the future (for example, long-term consequences of climate
change or desertification). But in general, the links between eco-
system change and human health are seen most clearly among
impoverished communities, who lack the ‘‘buffers’’ that the rich
can afford.

16.1.2.2 Food

The health of human populations is entirely dependent upon the
services of productive ecosystems for food. This is most obvious
in poor countries—especially in rural areas—where food is de-
rived almost exclusively from local sources. Human dependence
on ecosystems for nourishment is less apparent, but ultimately no
less fundamental, in richer urban communities. Historically, loss
of productive ecosystem services has led to the collapse of whole
civilizations. For example, it has been suggested that the Mayan
empire was lost near the end of the first millennium as a result of
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soil erosion, silting of rivers, and drought, leading to agro-ecosystem
failure (UNEP 2002; Haug et al. 2003). See also MA Current State
and Trends, Chapter 5; MA Multiscale Assessment, Chapter 2.

Few studies have attempted to quantify the links between
food-producing ecosystems and human health. From first princi-
ples, such links might be seen most readily among vulnerable pop-
ulations that live on marginal lands. Childhood stunting was
associated with local land degradation in one such study (GRID/
Arendal 1997). Birth weight was associated with land environ-
ment classification in Papua New Guinea (Allen 2002).

Undernutrition remains a major health problem in poor
countries, where poverty is a consistently strong underlying de-
terminant (WHO 2002; FAO 2003). Global burden of disease
estimates indicate that in the year 2000, among the poorest coun-
tries, about a quarter of the burden of disease was attributable to
childhood and maternal undernutrition. Among the rich coun-
tries, diet-related risks (mainly overnutrition) in combination
with physical inactivity accounted for a third of the burden of
disease. Worldwide, undernutrition accounted for nearly 10% of
global DALYs (WHO 2002).

Aggregate food production is currently sufficient to meet the
needs of all, yet of the present world population of just over 6
billion, about 800 million are underfed (FAO 2003), while hun-
dreds of millions are overfed (WHO 2003a).

This imbalance has been driven primarily by social factors,
though ecological factors may play an increasingly important role
in the future. In poor countries, the number of people per hectare
of arable land increased from three in 1961–63 to five in 1997–99
(WEHAB 2002a). Poverty and hunger have tended to force peo-
ple onto marginal drought-prone lands with poor soil fertility.
Where the conditions of poor communities are overshadowed by
the need to earn foreign exchange for debt repayments, this can
lead to the displacement of subsistence farming by cash crops
grown for global corporations (Graber et al. 1995; McMichael
2001).

Agricultural production tripled in the last four decades, mainly
through growth in yield. However, food production has not kept
pace with population increase in many countries and improve-
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ments in yield appear to have slowed (UNEP 2002; WEHAB
2002a). It has been estimated that today, nearly a quarter of usable
land has reduced productivity and about a billion people are af-
fected by land degradation either through soil erosion, water log-
ging, or salinity of irrigated land (DFID/EC/UNDP/World Bank
2002; UNEP 2002).

Providing sufficient food for an expected human population
of 8–9 billion people will require major investments in poverty
alleviation (Mellor 2002). There are also important trade-offs that
have to be made between various possible uses of productive land.
Including population health considerations in this weighing of
choices could have important policy implications. The issue of
overconsumption of food is relevant here, for several reasons.
First, from economic first principles, overconsumption of food is
encouraged by economic and trade practices, which prioritize
short-term profit while externalizing longer-term environmental
and social costs. Second, reductions in animal-based food con-
sumption in rich countries could have important ecological bene-
fits (WHO 2003a). Intensive meat production, in particular, has
major adverse impacts on ecosystems (Leitzmann 2003, Reijnders
and Soret 2003). (See also MA Current State and Trends, Chapter
8.)

16.1.2.3 Fresh Water

Fresh water is a key resource for human health; it is used for
growing food, drinking, washing, cooking, and for the recycling
of wastes. Of all available water globally, only 2.5% is fresh, and
less than 1% is readily available in lakes, rivers, and underground.
Worldwide, almost 4% of the global burden of disease is currently
attributable to unsafe water, inadequate sanitation, and poor hy-
giene. In the next century, water resources will be strongly af-
fected by trends in population, land use, and the management of
freshwater ecosystems. Increasing demand for food, in particular,
will worsen water scarcity. It is estimated that by 2025 nearly half
the world population will live in river basins where water is scarce
and 70% of readily available water supplies will be used (WEHAB
2002d). Water scarcity can lead to use of poorer quality sources
of fresh water, which are more likely to be contaminated, tending
to cause increases in water-related diseases.

At present, 1.1 billion people lack access to safe water supplies,
while 2.6 billion people lack adequate sanitation (WHO/UNICEF
2004; UNESCO 2003a). Lack of improved water and sanitation
is strongly associated with poverty, although this relationship var-
ies between regions (WHO 2002). Along with sanitation, water
availability and quality are well recognized as important risk fac-
tors for infectious diarrhea and other major diseases (Esrey 1996;
Pruss et al. 2002; Strina et al. 2003; Thompson et al. 2003).

The associated effects on human health are severe. Poor coun-
tries, with inadequate provision of water and sanitation, will be
most vulnerable to these effects that impact most severely on chil-
dren. (See Table 16.2.) In addition to direct effects, there can be
indirect health effects. For example, during a water shortage,
women may have to walk further and spend additional time to
supply households with water. This additional time and energy
expenditure may affect a woman’s health and her ability to earn
an income and to care for household members.

The effects of climate change on water resources are difficult
to forecast because of the many factors that influence rainfall, run-
off, and evaporation. Nevertheless the best estimates are that cli-
mate change may increase the number of people affected by water
stress by about 0.5 billion in 2025 (Arnell 1999). Increases in tem-
perature would worsen water quality by increasing the growth of
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microorganisms and decreasing dissolved oxygen. Water-related
disasters—droughts and floods—also have important health im-
pacts. The frequency of heavy rainfall events is likely to increase,
leading to an increase in flood magnitude and frequency and a
reduction in low river flows (IPCC 2001). Heavy rainfall would
tend to adversely affect water quality by increasing chemical and
biological pollutants flushed into rivers and by overloading sewers
and waste storage facilities. In some parts of the world, climate
change also may increase requirements for irrigation water be-
cause of increased evaporation. (See also MA Current State and
Trends, Chapter 7.)

16.1.2.4 Wood Fuel

Most of the world’s population has no access, or limited access, to
electricity supplies, and about two billion people must rely on
wood, dung, and agricultural residues for heating and cooking,
while rich countries typically consume 25 times as much energy
per capita as do poor countries (WEHAB 2002b).

Lack of clean, safe power causes a range of health impacts.
About half of the world’s population still uses solid fuels for cook-
ing and 0.5% of DALYs worldwide have been attributed to indoor
air pollution from this source, particularly among women and
children. Urban air pollution, resulting from the combustion of
fossil fuels for transport, power generation, and industry, ac-
counted for a further 0.5% of DALYs (WHO 2002). Outdoor air
pollution aggravates heart and lung disease (Kunzli et al. 2000).
Indoor air pollution causes a major burden of respiratory diseases
among both adults and children (Ezzati et al. 2002; Smith and
Mehta 2003).

Energy supplies are a fundamental factor in sustainable devel-
opment and are also needed to provide and maintain modern
health services. The need to spend considerable time collecting
fuel can preclude proper education, especially of women, with
indirect adverse effects on health through illiteracy, lost work op-
portunities, family health, and large family size. More indirectly
still, energy use is linked to health effects via desertification, acidi-
fication, ambient air pollution, and climate change.

16.1.2.5 Nutrient Management

Application of agricultural fertilizers and organic wastes (including
sewage) can improve agricultural yields but may also lead to in-
creased concentrations of nitrogen and phosphorus in surface wa-
ters and coastal sea areas (Smil 2000). This can cause certain
cancers (Wolfe and Patz 2002) and eutrophication in both marine
and freshwater ecosystems, with overgrowth of bacteria, phyto-
plankton, macrophytes, and microalgae.

In turn, these problems can lead to increases in water-borne
diseases and poisoning from harmful algal blooms (UNESCO
2003b). There are likely to be other ecological mechanisms by
which increased nutrients can lead to human diseases, but further
research is required to clarify these (NRC 1999; Townsend et al.
2003).

16.1.2.6 Waste Management, Processing, and Detoxification

Well-functioning ecosystems absorb and remove contaminants.
For example, wetlands can remove excess nutrients from runoff,
preventing damage to downstream ecosystems (Jordan et al.
2003). Inadequate management of solid waste increases human
exposure to infectious disease agents (for example, via contamina-
tion of water with feces, or via disease vectors). This leads to a
range of communicable diseases, especially diarrheal illness
(WHO/UNICEF 2004; UNESCO 2003a). Of the 2.6 billion
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Table 16.2. Water and Sanitation-related Diseases (WHO 2003c)

Disease Burden, in
Disability-Adjusted Mortality

Disease Life-Years (thousands) (deaths per year) Relationship of Disease to Water Supply and Sanitation

Diarrheal diseases 61,966 1,797,970 strongly related to unsanitary excreta disposal, poor personal
and domestic hygiene, unsafe drinking water; 90% of deaths in
children under 5

Infection with intestinal helminths 2,882 9,360 strongly related to unsanitary excreta disposal, poor personal
(ascariasis, trichuriasis, and domestic hygiene; 133 million people suffer from high-
hookworm disease) intensity intestinal helminth infections

Schistosomiasis 1,702 15,370 strongly related to unsanitary excreta disposal and absence of
nearby sources of safe water; 160 million people infected

Trachoma 2,329 150 strongly related to lack of face washing, often due to absence
of nearby sources of safe water; 500 million people at risk; 6
million visually impaired

Malaria 46,486 1,272,390 related to poor water management, water storage, operation of
water points, and drainage; 90% of deaths in children under 5

Onchocerciasis 484 (�5) related to poor water management in large-scale projects

Dengue fever 616 18,560 related to drainage water organically polluted, open sewers,
eutrophied ponds

Lymphatic filariasis 5,777 417 related to poor water management, water storage, operation of
water points, and drainage

people who lack adequate sanitation, the majority live in Asia
(Cairncross 2003).

When recycled appropriately, human waste can be a useful
resource that promotes soil fertility (Esrey 2002). However,
where waste contains persistent chemicals such as organochlorines
or heavy metals, recycling onto land can lead to the accumulation
of these pollutants and increased human exposure through food
and water; this may contribute to a wide range of chronic diseases.

16.1.2.7 Climate Regulation
Climate regulation is an important property of Earth’s natural sys-
tems. Each of the ecological services referred to above is sensitive
to climate, and will be affected by climate change. Although cli-
mate change will have some beneficial effects on human health,
most effects are expected to be negative (IPCC 2001).

Direct effects such as increased mortality from heat waves are
readily predicted but indirect effects are likely to predominate
(IPCC 2001; WHO/WMO/UNEP 2003). Human health is
likely to be affected indirectly by changes in productive ecosys-
tems and the availability of food, water, and energy supplies.
These changes will in turn affect the distribution of infectious
diseases, nutritional status, and patterns of human settlement.
Changes in the geographic distribution, abundance, and behavior
of plants and animals affect, and are affected by, biodiversity, nu-
trient cycling, and waste processing.

Attempts have been made to estimate the global burden of
disease attributable to climate change (WHO 2002). But so far
only a small fraction of the health outcomes associated with cli-
mate change have been included in the global burden of disease
calculations, selected on the basis of sensitivity to climate varia-
tion, predicted future importance, and availability/feasibility of
quantitative global models. (See Box 16.2.)

16.1.2.8 Flood and Storm Control
Climate extremes, including floods, storms, and droughts, have
local and sometimes regional effects, both directly through deaths
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and injuries, and indirectly through economic disruption and
population displacement. Extreme climate events are expected to
increase as a result of climate change (WHO/WMO/UNEP
2003).

Health effects of climate extremes include physical injuries,
increases in communicable diseases due to crowding, lack of clean
water and lack of shelter, poor nutritional status, and adverse ef-
fects on mental health (Hajat et al. 2003).

One example was the floods along the Yangtze River in 1998.
For years, loggers had been cutting forests along the river’s water-
shed, and farmers and urban developers had gradually moved to
occupy the river’s flood plains by draining lakes and wetlands.
Record rains fell in the Yangtze basin in the summer of 1998, and
these degrading practices amplified the flooding, leaving 3,600
people dead, 14 million homeless, and $36 billion in economic
losses. Restoring the ecosystem’s flood control services would
now take decades and billion of dollars (UNEP 2002).

Globally, the number of people killed, injured, or made
homeless by natural disasters is increasing (WHO/WMO/UNEP
2003). An important reason for this is increasing settlement on
coasts and floodplains that are exposed to extreme events. A num-
ber of case studies at the local scale have shown that human inter-
actions with ecosystems have also contributed to increasing
human vulnerability. Healthy ecosystems provide a buffer against
the damaging effects of climate extremes. For example, forests
absorb rainfall and reduce rapid increases in runoff, reducing
flooding and soil erosion. Coral reefs and mangroves stabilize
coastlines, limiting the damaging effect of storm surges. (See MA
Current State and Trends, Chapters 9 and 16.)

In many areas the only land available to poor communities is
that with few natural defenses against weather extremes. In recent
decades, there has been a large migration to cities and more than
half the world’s population now lives in high-density urban areas.
Such migration and increasing vulnerability means that even
without increasing numbers of extreme events, losses attributable
to each event will tend to increase (WHO/WMO/UNEP 2003).
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BOX 16.2

Global Burden of Disease Attributable to Climate Change
(WHO/WMO/UNEP 2003)

• Climate change will affect the pattern of deaths from exposure to
high or low temperatures. However, the effect on actual disease
burden cannot be quantified, as we do not know to what extent
deaths during thermal extremes are in sick/frail persons who would
have died soon. In 2030, the estimated risk of diarrhea will be up to
10% higher in some regions than if no climate change occurred.
Since few studies have characterized this particular exposure-
response relationship, these estimates are uncertain.

• Estimated effects on malnutrition vary markedly among regions. By
2030, the relative risks for unmitigated emissions, relative to no cli-
mate change, vary from a significant increase in the Southeast Asia
region to a small decrease in the Western Pacific. Overall, although
the estimates of changes in risk are somewhat unstable because of
regional variation in rainfall, they refer to a major existing disease
burden entailing large numbers of people.

• The estimated proportional changes in the numbers of people killed
or injured in coastal floods are large, although they refer to low
absolute burdens. Impacts of inland floods are predicted to increase
by a similar proportion, and would generally cause a greater acute
rise in disease burden. While these proportional increases are simi-
lar in industrial and developing regions, the baseline rates are much
higher in developing countries.

• Changes in various vector-borne infectious diseases are predicted.
This is particularly so for malaria in regions bordering current en-
demic zones. Smaller changes would occur in areas where the dis-
ease is currently endemic. Most temperate regions would remain
unsuitable for transmission, because either they remain climatically
unsuitable (as in most of Europe) or socioeconomic conditions are
likely to remain unsuitable for reinvasion (for example, in the south-
ern United States). Important causes of uncertainty in these fore-
casts include extrapolation between regions and the factors that
translate potential into actual transmission.

• If our understanding of broad relationships between climate and dis-
ease is accurate, then climate change may already be affecting
human health. The total current estimated burden is small relative to
other major risk factors measured under the same framework. How-
ever, in contrast to many other risk factors, climate change and its
associated risks are increasing rather than decreasing over time.

16.1.2.9 Cultural, Spiritual, and Recreational Services

Cultural services may be less tangible than material services but
are nonetheless highly valued by people in all societies. People
obtain diverse nonmaterial benefits from ecosystems. These bene-
fits include recreational facilities and tourism, aesthetic apprecia-
tion, inspiration, a sense of place, and educational value. There
are traditional practices linked to ecosystem services that have an
important role in developing social capital and enhancing social
well-being.

There is a hypothesis that stimulating contact with the rich
and varied environment of ecosystems, including that of gardens,
may benefit physical and mental health. There is limited evidence
that this may help in the prevention and treatment of depression,
drug addiction, behavioral disturbances, as well as convalescence
from illness or surgery. Regular contact with pets seems to pro-
long and enhance the quality of life, especially in old age. Such
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contact with nature need not be physical; for example, some
benefit may be obtained purely from visual or even visualized
(imaginary) contact. On the other hand, it would follow that
knowledge of the loss of valued ecosystems, even if such knowl-
edge is indirect, may cause a profound sense of loss, and even
harm health.

16.1.3 Health in Scenarios

The effects of ecosystem change on well-being in future decades
are explored in this assessment using four scenarios. (See MA Sce-
narios, Chapter 11.) Each scenario describes a plausible future for
the linked global socioecological system. Health is an ‘‘integrat-
ing’’ outcome of the distribution and interaction of ecosystem
and human services. Institutions—the main legal, cultural, and
attitudinal currents that flow through society—were found to be
a crucial determinant of the protection of ecosystem services,
human services, and human health.

In three of the four scenarios, global health was found—very
broadly—to improve, while in one scenario the health of low-
income populations, which currently constitute the majority of
the global population, remained unchanged or worse. Impor-
tantly, caveats were identified in the three more optimistic scenar-
ios, whereby each could have significant adverse health effects.

Society needs to balance technological and institutional devel-
opment. Belief in the ability of technology alone to solve the
human predicament is unwarranted. On the other hand, the size
and environmental impact of the still-growing global population
requires the extension and deepening of many forms of technol-
ogy. The incorporation of economic, social, and health costs into
measurements of progress is an important institutional change to
facilitate this balance, by providing measurable feedback.

Approaches that perpetuate or worsen social inequalities may
protect the health of privileged populations but are likely to result
in the worst global health outcome overall. Globalization proc-
esses increasingly link the health and well-being of privileged with
poor populations. A selective approach whereby the health and
well-being of a small fraction of the global population is promoted
at the expense of the majority entails a high risk for both popula-
tions. Humans possess the cognitive and organizational capacity
to maintain or even improve global health in the next decades,
but this will require substantial goodwill, cooperation, and work.

16.1.4 Typologies of Response Options and How
They Apply to Health

International, national, and community responses to global eco-
system changes include policies aimed at stopping and reversing
the extent and rate of change (mitigation) and response options
designed to effectively reduce the current and future impacts of
those changes (adaptation). It is recognized that an unusual degree
of anticipatory thinking is required to develop proactive response
options for reducing potential future ecosystem impacts. Such op-
tions should complement, not replace, mitigation policies to slow
or avert the process of change itself.

The impacts of ecosystem changes will be site-specific and
path-dependent; that is, they will depend on local circumstances
(Yohe and Ebi 2005). For example, malaria epidemics occur fol-
lowing rainy seasons in some regions, while epidemics occur
during droughts in others. Further, these impacts will not be ex-
perienced evenly across a population; there will be particularly
vulnerable subgroups. Therefore, public health response options
(interventions) need to be designed at spatial and temporal scales
appropriate to the health outcome of concern, taking into consid-
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eration the social, economic, and demographic driving forces, and
also whom the interventions should target. Interventions can
focus on local, national, regional, and international scales; and
within these, vulnerable subgroups.

As discussed in Chapter 3, the nature of the response options
can be legal, economic and financial, institutional, social and be-
havioral, technological, and cognitive. As discussed in Chapter
19, within each of these, there may be gender issues that could
affect not only the efficiency and effectiveness of interventions,
but also future development. Effects on health may be complex,
and follow a variety of causal pathways. For example, develop-
ments in agriculture that have dramatically lowered the cost of
food in many countries have removed the threat of undernutri-
tion, but have provided conditions for the emergence of new
disease-causing agents (such as antibiotic-resistant Salmonella)
(Waltner-Toews 2001).

The vulnerability of a particular population to the potential
health impacts of ecosystem change will depend on the degree to
which individuals and systems are susceptible to, or unable to
cope with, these changes. Vulnerability depends upon the level of
exposure, the sensitivity (or exposure-response relationship); and
the response options in place to reduce the burden of a particular
adverse health outcome (Ebi et al. 2005).

Populations, subgroups, and systems that cannot or will not
adapt are more vulnerable, as are those who are more susceptible
to ecosystem change. Population subgroups may not have the re-
silience to adapt because of a lack of material resources, lack of
relevant information, lack of effective governance and civil insti-
tutions, and lack of public health infrastructure (Woodward et al.
2000). The effective targeting of interventions requires under-
standing which demographic or geographic subpopulations may
be most at risk, the factors that contribute to their vulnerability,
and which of these factors can be modified within the context of
a particular time and location. Thus individual, community, and
geographical factors determine vulnerability.

Response options can aim to reduce current and/or future
vulnerability. Adaptive capacity describes the general ability of in-
stitutions, systems, and individuals to adjust to potential damages,
to take advantage of opportunities, and minimize the long-term
consequences (Smit et al. 2001). Specific options arise from the
adaptive capacity of a population. Adaptive capacity encompasses
coping capacity (what could be implemented now to minimize
potential damage from ecosystem change) and the response op-
tions that have the potential to expand future coping capacity.
Specific options arise from the coping capacity of a community,
nation, or region. The primary goal of building adaptive capacity
is to reduce future premature death, avoidable disease, and disease-
related discomfort and disability in a population arising from eco-
system change. Examples illustrating these various concepts are
shown in Table 16.3.

Response options encompass both spontaneous responses to
ecosystem change by affected individuals and planned interven-
tions by governments or other institutions. Examples of the latter
include watershed protection policies or effective public warning
systems for drinking water quality. In many cases, continuing and
strengthening established interventions may be the best approach
to reducing vulnerability and increasing adaptive capacity, while
in other cases, new response options will need to be developed
(Ebi et al. 2005). Increasing the adaptive capacity of a population
shares similar goals with sustainable development—to increase the
ability of nations, communities, and individuals to effectively and
efficiently cope with the changes and challenges of ecosystem
change. (See Chapter 19.) Public health scientists describe re-
sponse options in terms of primary, secondary, and tertiary pre-
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vention. Primary prevention aims to prevent exposure to risk of
disease in an otherwise unaffected population (for example, the
supply of bednets to all members of a population at risk of expo-
sure to malaria). Secondary prevention entails preventive actions
in response to early evidence of health impacts (for example,
strengthening disease surveillance and responding adequately to
disease outbreaks such as the West Nile virus outbreak in North
America). Tertiary prevention consists of measures to reduce
long-term impairments and disabilities and to minimize suffering
caused by existing disease. In general, secondary and tertiary pre-
vention is less effective, and more expensive, than primary pre-
vention.

The attributes of different risks affect the choice of response
options, including spatial extent (the extent of land cover change
or of an epidemic); speed of onset (how rapidly the event occurs,
either building slowly like a drought or coming quickly like a
flash flood; the slow spread of malaria or the rapid speed of an
outbreak of influenza); the number of potentially affected individ-
uals (the response to an isolated case of plague versus an epidemic
of dengue fever); the onset-to-peak interval (how long it takes
from the first detection to the maximum level of the hazard, such
as the first impacts of a flood to its peak magnitude, or the first
detected cases of a disease to its maximum prevalence); and the
expected frequency or return period (frequency of drought or
floods, periodicity of disease epidemics).

Other factors affecting choice of responses include knowledge
and understanding of the underlying processes or causes; capacity
to predict, forecast, and warn; capacity to respond (institutional
and otherwise); how the risk might change over time and with
ecosystem change; and ethical appropriateness.

Many of the possible response options to ecosystem change lie
primarily outside the direct control of the health sector. They are
rooted in areas such as sanitation and water supply, education,
agriculture, trade, tourism, transport, development, and housing.
Inter-sectoral and cross-sectoral integrated options are needed to
reduce the potential health impacts of ecosystem change. These
integrated interventions should address the social, economic, and
demographic driving forces of and responses to ecosystem change.

Figure 16.2 follows an epidemiological, causal pathway ap-
proach (Corvalan et al. 2000). This highlights the main driving
forces that are linked to health determinants (existing infrastruc-
ture, social values, and general social, economic, and demographic
conditions); the specific exposures at different levels (either as dis-
tant, often indirect, or proximate, often direct, as well as ranging
from global to local scales); the health impacts (or the positive
health consequences if seen from the point of view of ecosystem
protection); how these links are modified by population vulnera-
bility; and how society (or individuals) respond, in the form of
interventions at all levels (improving on the basic conditions
under driving forces, reducing exposures or providing health-
specific interventions).

16.2 Response Options and Actions outside the
Health Sector
Factors that need to be considered when evaluating evidence that
the protection of ecosystems avoided adverse health impacts in-
clude: the strength of the evidence; the plausibility of the associa-
tion (that is, a probable or demonstrated etiologic chain); the
presence of supporting or contradictory evidence from non-
human systems; the extent that contextual factors and competing
influences could explain the adverse health impact; the policies
and interventions in place that could affect the exposure-response
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Table 16.3. Examples of Current and Future Vulnerability and Adaptation (Kovats et al. 2003)

Definition Current example Future example

Vulnerability: degree to which individuals and populations living in areas on the fringe of the whether these populations might be vulnerable
systems are susceptible to or unable to cope current distribution of malaria are at risk for epi- in the future depends, in part, on the implemen-
with the adverse effects of climate change demics if the range of the Anopheles vector tation of effective prevention activities

changes

Adaptation Baseline: the adaptation measures the exposure-response relationship is influ- increasing access to and use of air conditioning
and actions in place in a region or community enced by the current prevention measures will decrease the percentage of the elderly pop-
to reduce the burden of a particular health out- aimed at reducing the burden of a disease; for ulation that could be adversely affected by
come example, the number of elderly adversely af- future heat waves; for example, the conse-

fected by a heat wave will depend on the num- quences of the 1995 heat wave in the midwest-
bers that have access to and use air ern United States were greater than those for a
conditioning during a heat wave similar heat wave in 1999, in part because of

programs established in the interim

Coping Capacity: the adaptation strategies, pol- a number of cities in mid-latitude countries have over time, strategies, policies, and measures
icies and measures that could be implemented the level of material resources, effective institu- can move from being possible to being imple-
now; specific adaptation plans arise from a re- tions, and quality of public health infrastructure mented (that is, being part of the adaptation
gion or community’s coping capacity to establish and maintain early warning sys- baseline); for example, providing universal ac-

tems for heat waves; until implemented, these cess to adequate quantities of clean water is
systems are within a city’s coping capacity not yet possible, although significant progress

has been made

Adaptive Capacity: the general ability of institu- adaptive capacity is the theoretical ability of a over time, it is hoped that regions and commu-
tions, systems, and individuals to adjust to region or community to respond to the threats nities will increase their adaptive ability and
potential damage, to take advantage of oppor- and opportunities presented by climate change. their resilience to what future climates will bring
tunities, or to cope with the consequences It is affected by a number of factors and encom-

passes coping capacity and the strategies, poli-
cies, and measures that have the potential to
expand future coping capacity; for example, ed-
ucation of women provides a range of benefits
to a population that results in increased ability
to deal with challenges and changes

relationship; and the timing, scale, and location of the assessment
(Scheraga et al. 2003). Assessments made at one point in time or
at one location may provide different answers when the evalua-
tions are repeated over time or over larger geographic areas.

16.2.1 Case Study: Climate Change, Land Use
Changes, and Tick-borne Diseases—Illustrative
Example from Sweden

Diseases transmitted by blood-sucking ticks are especially sensitive
to changes in the local environment, particularly alterations
caused by land use or by land cover changes and changed climatic
conditions. (See MA Current State and Trends, Chapter 14.) The
climate sets the limit for both the altitude and latitude distribution
of ticks and is important for tick population density. Biodiversity
and species composition may affect the transmission of pathogens
in nature and, hence, the risk of disease in an area (LoGiudice et
al. 2003).

Ixodid ticks, which live for up to three years, may transmit
several diseases, of which the most important are Lyme disease
and the severe form of tick-borne encephalitis. The latter is en-
demic in Europe and in most western parts of Eurasia, whereas
Lyme disease is prevalent throughout the temperate zones of the
Northern Hemisphere. About 85,000 cases of Lyme disease are
reported in Europe annually compared to 15–20,000 cases in the
United States (Steere 2001).

Over the last two decades, the incidence of Lyme disease and
tick-borne encephalitis has increased in endemic regions. This is
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partly because of increased reporting through greater awareness
among health personnel and the general public. However, case
studies from Sweden have shown that a real increase in both tick
population density and in disease incidence has occurred since the
early 1980s, and that ticks have expanded their distribution range
northward (Talleklint and Jaenson 1998). These changes have
been associated with milder and shorter winters (Lindgren et al.
2000; Lindgren and Gustafson 2001).

Research findings have enabled preliminary predictions to be
made every year in early spring; that is, prediction of whether the
coming year is a potentially high-risk year for tick bites. Swedish
newspapers, radio, and television news now address the risk of
tick-borne encephalitis and Lyme disease repeatedly each year
when the tick-activity season starts. High-risk areas are shown,
new risk areas pointed out, and effective preventive measures are
mentioned, such as removal of thick undergrowth vegetation in
parks and gardens, and daily body inspection for rapid detection
and removal of ticks. The latter decrease the risk for Lyme disease
but do not protect against the transmission of tick-borne encepha-
litis. Before the high-risk season begins, tick-borne encephalitis
vaccination is made easily accessible for people living or working
in or visiting endemic areas.

16.2.2 Case Study: Responding to the Risk of
Water-borne Campylobacteriosis

From hunter-gatherer societies through agricultural societies to
industrial societies, human settlements have always centered on a
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Figure 16.2. Causal Pathway from Driving Forces, through Exposures to Health Outcomes, in the Context of Ecosystem Change.
The impacts are modified by the population’s vulnerability and the interventions implemented.

reliable supply of good quality fresh water. When supplies have
been disrupted, the effects of thirst upon health are immediate
and can be rapidly fatal. When water quality has been compro-
mised, we have seen some of the largest disease outbreaks the
world has known. Human settlements have, therefore, always
been dependent on healthy freshwater ecosystems to supply pota-
ble water, and water catchment protection is so ingrained in pub-
lic health culture that it is often taken for granted. In modern
times, water treatment plants have fulfilled a ‘‘magic bullet’’ role
and have arguably taken the edge off the perceived importance of
catchment protection—that is, until outbreaks of waterborne ill-
ness in rich countries started to seriously shake public confidence
in public water supplies.

Campylobacterosis is a gastrointestinal disease that may be
spread by food or by water and was first recognized as an ‘‘emerg-
ing’’ human disease in the late 1970s. Campyobacteriosis is now
the most commonly reported infectious disease in rich countries.
The disease is prevalent among domesticated animals such as
poultry, sheep, and cattle, and transmission to humans depends on
‘‘survival trajectories’’ followed by the pathogen between excre-
tion from the reservoir and ingestion by the case (Skelly and
Weinstein 2003). The life-cycle of this organism can be complex
and its survival in the environment is subject to the influence of a
variety of abiotic factors. Pastoral farming has a major impact on
both water flow and quality. As vegetation is lost from hillsides
and riverbanks, the volume and speed of runoff increases. The
natural purification of water percolating through soil and vegeta-
tion is also reduced. This exposes both livestock and humans
downstream to a variety of zoonotic pathogens, including Campy-
lobacter, Cryptosporidium, and Giardia.

Current preventive measures for controlling transmission and
infection with Campylobacter include food and farm hygiene, thor-
ough cooking (or irradiation) of food, use of pasteurized milk and
chlorinated water supplies, and control of the disease in domestic
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and domesticated animals (Chin 2000). Although compliance
with these measures is difficult to formally assess, there is little
question that they contribute significantly to a reduction of the
disease burden, and should be maintained and encouraged on that
basis. However, they have failed to arrest the rapid rise of campy-
lobacteriosis. It is appropriate, therefore, to also consider public
health interventions based on restoring the health of freshwater
ecosystems.

Slowing runoff is important because of the limited survival of
fecal pathogens, whose half-lives are more likely to be exceeded
before human exposure occurs. Waters from catchments with
native vegetation are least likely to contain viable pathogens; re-
vegetation could therefore be advocated as a public health inter-
vention. Importantly, it is not only the direct transmission of
Campylobacter in drinking or recreational water exposure that will
be affected. If livestock infections are also decreased as a result of
regrowth of native plants in water catchments, the number of
human infections acquired occupationally (farm, abattoir) and by
the food-borne route (animal products) will also be reduced.

The lesson from this case study is that, in many cases, scien-
tifically based public health interventions can be devised only
with an understanding of the ecology of the disease.

16.2.3 Case Study: Linking Ecosystems and Social
Systems for Health and Sustainability—River
Catchments

The management of river catchments poses an emerging ‘‘up-
stream’’ public health issue—spanning concerns regarding the
safety and sustainability of freshwater ecosystems, socioeconomic
development, and multistakeholder governance processes. As
such, river catchment management has implications for both the
environmental and socioeconomic determinants of health and ex-
emplifies the importance of response options and actions outside
the health sector.
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During the 1990s, water governance priorities shifted from
their developmental focus on infrastructure provision (domestic
water supply, sanitation, and irrigation) to recognize the critical
need for an ecosystems approach that manages freshwater re-
sources as an integral part of natural cycles (UNCSD 1998; World
Water Forum 2000; Helming and Kuylenstierna 2001). Priorities
for water resource management at the turn of the twenty-first
century include recognition and maintenance of: (1) catchments
as critical to the management of freshwater ecosystems—enabling
fresh waters to be viewed within a landscape or systems context;
(2) the socioeconomic, ecological, and human health values of
freshwater ecosystems, their services, and functions; (3) processes
that support freshwater ecosystem integrity, structure, function,
and adaptive capacity, including quality, quantity, and timing of
flow (Baron et al. 2002); and (4) protecting the determinants of
health through catchment management.

The place-based links between environmental and socioeco-
nomic determinants of health were examined in a case study of
catchment (ecosystems) and community (social systems) in New
Zealand’s Taieri River catchment. In the Taieri Catchment &
Community Health Project, public health issues of concern
ranged from the direct health impacts associated with the ecologi-
cal determinants of water-related disease to the indirect health
impacts of catchment management, freshwater ecosystem change,
and rural sustainability—mediated through socioeconomic deter-
minants of health (Duncanson et al. 2000; Hales et al. 2003; Skelly
and Weinstein 2003).

The Taieri catchment case study combined knowledge gener-
ation with actions to address the social and ecological dimensions
of catchment and community health issues. The multi-method
study examined the links between ecosystem change and the de-
terminants of health through socioecological analysis of knowl-
edge strengths and deficits in the catchment; community-oriented
participatory action research with diverse catchment stakeholders;
and selected collaborative research initiatives—including a whole
catchment questionnaire survey and specific biophysical studies.
All phases of the research were based on building collaborative
relationships with community reference groups (including resi-
dents living throughout the 5,650 square kilometer rural catch-
ment) and co-researchers (included agencies, researchers, and
indigenous organizations involved with science and decision-
making regarding environment, health, development, and con-
servation issues in the catchment).

The catchment case study drew attention to the linked role of
ecosystems and social systems as a mutually reinforcing basis for
health, experienced as healthy living systems, livelihoods, and life-
styles. There was a transition from a research-initiated project
through a ‘‘Community-University Partnership’’ to the ‘‘Taieri
Alliance for Information Exchange and River Improvement’’ (the
TAIERI Trust). This trust represents a shift from separate univer-
sity and community interests to an integrated organization com-
bining the interests of community, academic, and agency
stakeholders to foster the health and sustainability of the river and
local communities. This collaborative approach to knowledge,
participation, and action demonstrates the application of success-
ful decision-making processes into the research setting.

This case study strengthens the argument that place-based
actions outside the health sector can respond to environmental
and socioeconomic concerns—building resilient ecosystems and
social systems that provide a double dividend for health and sus-
tainability. Research and experience in the Taieri catchment case
study led to the recommendation for ECO-PAR (Ecosystem-
based Community-oriented Participatory Action Research) as a
generic approach to integrated, collaborative health, and sustain-
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ability research. ECO-PAR is founded on interaction between
knowledge, participation, and action and facilitates a unified ap-
proach to ecosystems, social systems, health, and sustainability
(Parkes et al. 2003).

16.2.4 Case Study: Ciguatera (Fish Poisoning) and
Ecological Change

Certain marine algae produce potent toxins that cause illness
when consumed via contaminated fish or shellfish. The number
and geographic distribution of harmful algal blooms appears to
have increased in recent decades, in parallel with other changes
in marine ecosystems, nutrient contamination of waterways, and
climatic change (van Dolah 2000). There are several clinical syn-
dromes associated with these events. The most common is ciguat-
era (fish poisoning) caused by consuming reef fish contaminated
with algal toxins.

Traditional environmental health practice has focused on di-
rect effects of pollutants on human health. Ciguatera is an exam-
ple of a different kind of environmental problem. Morris (1999)
writes, ‘‘Harmful algal blooms are an example of an alternative
paradigm, in which human-induced stress on complex living sys-
tems leads to the emergence of new, potentially harmful microor-
ganisms (or the reemergence of ‘old’ pathogens from previously
restricted environmental niches), which, in turn, cause human
disease.’’

Figure 16.3 illustrates some of the potential social and ecologi-
cal drivers of ciguatera and the pathways to health impacts. Indi-
rect drivers of change (population increase and resource
consumption) affect direct drivers (global climate change and land
use change). Rise in sea surface temperature, contaminated run-
off, and other anthropogenic factors lead to disturbance of the
marine ecosystem (including coral bleaching), increased growth
of toxic algae, and contamination of reef fish. This, in turn, causes

Figure 16.3. Potential Ecological Pathways in Fish Poisoning
(Ciguatera)
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ciguatera in people consuming the reef fish, or alternatively, it
causes people in island communities to avoid this important pro-
tein source, potentially leading to malnutrition.

16.3 Response Options and Actions by the
Health Sector
In order to respond effectively to threats from ecosystem change,
the health sector must be able to carry out effective monitoring
and surveillance of disease and risk factors for disease; interpret
data provided by surveillance systems; use surveillance data in
conjunction with environmental and other data to develop mod-
els to predict disease occurrence; link changes in disease rates to
specific environmental factors; and intervene to remove the
causes of disease or to lessen the damage they cause (Wilson and
Anker 2005).

Tracking death registrations through periods of extreme
weather is an example of the first condition for effective response
(Hajat and Kovats 2002). An example of the second is the capacity
to relate changing patterns of communicable disease to climate
variability (Hales et al. 1999a; Hales et al. 1999b). The 2003/
2004 epidemic of severe acute respiratory syndrome showed how
quickly new pathogens can spread around the world. The source
of SARS is not known but organisms of the kind that caused
SARS frequently emerge from human disruption of biota-rich
ecosystems. In this instance, public health systems in a large num-
ber of countries responded effectively to the threat of a global
epidemic and provide an example of the third category of re-
sponse options (WHO 2003b).

Pressures on the health sector as a result of ecosystem distur-
bance are likely to be most acute in developing countries. Ways
in which these pressures could be reduced include:
• strengthening environmental health services;
• providing technical and financial assistance to implement the

Health for All strategy, including health information systems
and integrated databases on development hazards;

• strengthening advocacy and health communications at all lev-
els; reviewing delivery of basic health services at the local level
to ensure that priority problems of poor people are adequately
addressed;

• making essential drugs affordable and available to the world’s
poorer nations, including (where necessary) alterations in the
multilateral trade system, national policies, and institutional
drug supply management;

• implementing long-range health and human resource plan-
ning to train, recruit, and retain staff and developing codes of
conduct for international recruitment of health professionals;

• strengthening health services for displaced communities and
those affected by war or famine or environmental degradation;

• implementing health impact assessment of major development
projects, policies, and programs and monitoring indicators for
health and sustainable development (WEHAB 2002c).
The following sections examine in more detail some of the

actions that can be taken by the health sector to lessen harmful
effects of ecosystem damage on human populations.

16.3.1 Improved Decision-making in the Health
Sector

Decisions affecting ecological systems, whether by politicians or
private organizations and individuals, are determined by a wide
range of inputs. These include empirical evidence, value systems,
and financial constraints. Despite this complexity, the health com-
munity has an important role to play in presenting evidence of
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likely public health consequences from any environmental
change. Important policy decisions such as legislation on environ-
mental lead, asbestos, and secondary tobacco smoke are largely
dependent on health scientists measuring the links between these
exposures and health outcomes, reaching a reasonably broad con-
sensus, and presenting these findings to policy-makers. In these
cases, the demonstration of a clear and significant health risk has
taken precedence over other competing influences. Although
most of the success stories are for environmental factors acting at
a local level, examples such as the Montreal Protocol on CFC
emissions show that health considerations can also be important
in influencing decisions on global environmental issues.

16.3.2 Methods for Measuring and Prioritizing
Environmental Influences on Health

In recent years, there have been important methodological devel-
opments in the linkages between environment and disease data-
bases and in quantitative analytical techniques demonstrating
relationships between them. (See Box 16.3.)

These linkage methods could potentially be applied to wide-
area ecological measures other than climate. One such study cor-
related World Resources Institute measures of ‘‘ecological disin-
tegrity’’ against data on life expectancy, infant mortality, and
percent low-birth-weight babies for 203 countries (Sieswerda et
al. 2001). There was a ‘‘modest relationship’’ between the ecolog-
ical and health measures, but Sieswerda et al. pointed out that
these relationships are inconsistent, the data are of uneven quality,
and that other factors (such as GDP) appear to have a stronger
influence. Another linkage study found no evidence of a negative
relationship between loss of biodiversity and human health at the
global scale (Huynen et al. 2004).

In the last decade, the World Health Organization promoted
the use of ‘‘burden of disease’’ assessments. These measures ex-
press the total health effect (including both mortality and morbid-
ity) of any disease or risk factor. The most widely used units of
disease burden are DALYs, the sum of years of life lost from pre-
mature death (taking into account the age of death compared to
natural life expectancy) and the number of years of life lived with
a disability (taking into account the duration of the disease and
weighted by a measure of the severity of the disease) (Murray
et al. 1994); One advantage of these measures in the context of
environmental change is that they allow impacts of different
causal pathways to be combined, such as the combined effects of
climate change on infectious diseases, malnutrition, and the im-
pacts of natural disasters (WHO/WMO/UNEP 2003). This po-
tentially allows direct comparisons of the effects of different
ecological changes and can therefore help set priorities.

Burden-of-disease assessments depend on access to sufficient
quantitative data to relate changes in the risk factor to the inci-
dence of specific diseases. In the environmental health field, they
have therefore been most successfully applied to discrete and rela-
tively localized environmental factors with well-characterized
health effects, such as air pollution and environmental lead. It is
more difficult to apply these assessments to ecosystem changes
acting through more diffuse causal pathways. For example, it is
plausible, or even probable, that the reduced availability of fresh
water would adversely affect health by increasing a range of
water-borne diseases and through effects on agriculture, therefore
negatively impacting food availability. It is, however, impossible
to make accurate quantitative measurements of their contribution,
in the context of the multitude of other causal factors, such as
human behavior and economic influences on agricultural produc-
tion.
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BOX 16.3

Developments in Linking Disease to Environmental Factors

Advances in computing power and software have facilitated linkages be- ing the effect of specific ecological characteristics (such as the proportion
tween environmental and disease databases, and have therefore made of land area covered by forest) and therefore allow estimation of the dis-
epidemiological analyses of large-scale ecological change considerably ease effects of alterations in these ecological conditions.
more feasible. Exposure and disease data can be linked either in time or On a global scale, most attention has been focused on investigating
space. Time series methods are particularly well developed for studying the link between climate (and therefore climate change) and vector-borne
the effects of air pollution. In essence, the process involves linking obser- disease. For example, maps of climate variables have been linked to
vations of temporal (typically daily) variations in exposure with a disease maps of the distribution of both malaria (Rogers and Randolph 2000) and
outcome measure at the same point, or with an appropriate time-lag after- dengue (Hales et al. 2002) in order to define the climatic conditions under
wards. The quantitative relationship between the pollutant and disease which each disease is most likely to occur. These statistical models can
outcome of concern can be defined by regression techniques (after speci- then be applied to scenarios of future climate change, to project plausible
fying an appropriate error structure, and controlling for the effects of con- climate-driven changes in disease distribution into the future.
founders such as seasonal variations) (Corvalan et al. 1997). Linkage methods have been tried recently with broad area ecological

Geographic information system software can be used to link predictor measures, other than climate (Sieswerda et al. 2001). There was a ‘‘mod-
and disease outcome data in space as well as over time. In addition, a est’’ but inconsistent relationship between the ecological and health mea-
wide range of satellite sensors provide detailed information on ecological sures, the data were of uneven quality, and other factors (such as GDP)
characteristics such as vegetation, altitude, and climate, with complete appear to have a stronger influence. Another linkage study found no evi-
global coverage at low or no cost. As for time series studies, regression dence of a negative relationship between loss of biodiversity and human
techniques (again taking account of potential confounders and spatial health at the global scale (Huynen et al. 2004). Soskolne and Broemling
auto-correlation between data points) can be used to quantify the relation- (2002), in recognizing the importance that the health sector contributes,
ship between ecological characteristics and disease outcomes. emphasize that methods are needed for developing sensitive measures

The majority of studies of this type have been applied to specific dis- capable of linking ecological degradation with health outcomes. Herein
eases on a sub-national scale. Many of them are designed to generate lies a challenge for eco-epidemiologists.
predictive maps for disease control, but are equally applicable to measur-

Considerations of time scale are important: the burden of dis-
ease attributable to climate change is modest compared to other
risk factors over the short time scales for which most political
decisions are taken (a five-year horizon, at most), but is more
significant when impacts are considered over several decades
(WHO/WMO/UNEP 2003). The discount rate chosen for
DALY calculations has a very large effect on the rankings of long-
term problems like climate change. The rate at which future gains
and losses are discounted can be modified for the DALY formula,
but the burden-of-disease framework fails to take into account
that some environmental changes, such as biodiversity loss, are
irreversible. There is no means of weighting effects from which
there is no recovery. Finally, such frameworks do not account for
the different valuation that people give to health risks over which
they have direct individual control, compared to those controlled
by the community as a whole or by other agencies. For example,
there is greater concern over deaths among passive smokers rather
than active smokers. Ecological changes usually fall into the cate-
gory of externally imposed change.

Burden-of-disease assessments are therefore appropriate for
aggregating health impacts through a range of mechanisms and
can potentially aid in priority setting and decision-making in the
context of ecosystem change. However, they must be considered
as only one component of evidence, as they do not take full ac-
count of features such as complex causal pathways, long time-
scales, potential irreversibility, and individual versus community
responsibility (WHO/WMO/UNEP 2003). These important
properties need to be included in the final considerations about
any response to ecological change.

16.3.3 Methods for Selecting Interventions to
Protect Health

Chapter 3 of this volume reviewed ways in which the effects of
the environment on health and well-being may be measured.
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This chapter covers economic costing, environmental health indi-
cators developed by WHO and subsequently applied in a variety
of settings, and health impact assessment (Corvalan et al. 1999;
Confalonieri 2001). When policy-makers contemplate decisions
that impinge on human health they must make choices, and HIA
is a means of laying out these choices so that significant conse-
quences are not overlooked. These might include, for example,
the effects on the health of communities and individuals of large-
scale transport planning (Freeman and Scott-Samuel 2000).

HIA is a cousin of environmental impact assessment; both are
related to integrated impact assessment (Hubel and Hedin 2000,
Milner 2004). None require major changes to be applied to assess-
ments of ecosystem change. For instance, Mutero (2002) adapted
this approach to examine the effect of irrigation projects along the
Tana River in Kenya on rates of schistosomiasis. HIA is not a
‘‘black box’’ for generating policy—it does not avoid the need for
assumptions, approximations, improvisations, and value judg-
ments; but it offers a systematic approach to collecting and ap-
praising information, and for this reason, has the potential to
improve the quality of decisions that affect the state of ecosystems
and human health.

Cost-effectiveness analysis is increasingly used to select among
different interventions to improve public health. Costs of inter-
ventions (usually measured in monetary terms) are considered
alongside their resulting health gains (usually measured as deaths,
or DALYs, averted). Outcomes from these analyses are quoted as
cost-effectiveness ratios (for example, DALYs per dollar) as a mea-
sure of the value for money of the intervention, often along with
aggregate costs and benefits, to represent the overall impact of the
intervention. When applied in a rigorous and standardized man-
ner, cost-effectiveness analysis can provide an objective ranking
of the efficiency of different interventions. This allows policy-
makers to select those that provide the greatest health gains for
any specified level of resources.
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Cost-effectiveness analysis requires quantitative data on all sig-
nificant costs and benefits, which in turn requires an understand-
ing of all the important links between the intervention and
eventual health outcomes. Cost-effectiveness analysis has been
employed where the intervention is clearly and directly linked to
a health outcome, with relatively complete quantitative data on
the relationships, such as selecting different options to improve
water supplies to reduce diarrhea. Conceptually, it could equally
be applied to decisions that act higher up the causal chain, such as
the effect of land use policies on child health. This is seldom done,
however, because the links are more diverse and complex, intro-
ducing greater uncertainty into the analysis. There are ways to
determine the monetary value of nonmarket systems but these are
not widely agreed upon.

16.3.4 Addressing Risk Perception and
Communication

In order for any research on the health effects of ecological change
to affect either official policy or individual behavior, it is necessary
to take into account how risk is perceived. A deliberate and well-
informed approach to community risk will maximize the chance
of effective changes through policy interventions that enjoy pop-
ular support (Slovic 1999).

Any assessment of ecological change and health should be in-
fluenced by the risk perceptions of those communities that are
most likely to be affected. That is, ecological assessments should
involve open and frequent stakeholder participation from the be-
ginning of the process rather than as an afterthought (Parkes et al.
2003). This approach of community engagement in the process
serves the purpose of accessing local knowledge about the effects
of ecological factors, ensuring that the assessment addresses issues
of greatest concern to those affected and maximizing the proba-
bility that any recommended change in policy or behavior will be
adopted. If a source of information is not widely trusted, it is
unlikely that recommended changes will be accepted. Commu-
nity surveys have shown that some groups tend to be regarded as
highly trustworthy, while others (such as government agencies)
are treated with caution (Maeda and Miyahara 2003). Healthcare
providers tend to be one of the ‘‘high trust’’ groups, underlining
again the important role they can play in explaining the signifi-
cance of healthy ecosystems.

Any such consultation should make the best use of the exper-
tise of both stakeholders and researchers. Stakeholders may have
expert local knowledge but may have inaccurate ideas of the true
nature of risks associated with different factors; researchers should
have more exact knowledge of disease processes and relative risks
but may inappropriately estimate the applicability of general con-
cepts to local situations.

Accurate and accessible reporting of assessment results can
remedy inaccurate risk perceptions and can enhance the public’s
ability to evaluate science/policy issues; the individual’s ability to
make rational personal choices is enhanced. In the past, poor re-
porting misled and disempowered a public that is increasingly af-
fected by applications of science and technology (Myers and
Raffensperger 1998). Stakeholder engagement will make it more
likely that the research is credible and is translated into practice.

Technically intensive, externally driven interventions may
produce rapid results but at the risk of marginalizing local com-
munities. Interventions that engage local communities and trans-
fer expertise are more likely to result in ecologically sustainable
improvements.
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16.4 Cross-sectoral Response Options and
Actions

16.4.1 Health, Social Development, and
Environmental Protection

Trends in inequality, resource consumption and depletion, envi-
ronmental degradation, population growth, and ill health are
closely interrelated (McMichael 1995). This means that better
health, in the long term, will depend on cross-sectoral policies
that promote ecologically sustainable development and address
underlying driving forces. Agenda 21 and the Rio Declaration on
Environment and Development describe a comprehensive ap-
proach to ecologically sustainable development incorporating
cross-sectoral policies (McMichael 2000). The broader topic of
sustainable development is discussed further in the next chapter.
Examples of specific relevance to health are the following strate-
gies, developed for the World Summit on Sustainable Develop-
ment (WEHAB 2002c):
• mitigation strategies that reduce drivers of ecosystem change

while simultaneously improving human health;
• adaptation strategies to reduce the effect of ecosystem disrup-

tion on health (addressing direct, mediated, and long-term
health impacts);

• integrated action for health, such as health impact assessment
of major development projects, policies, and programs, and
indicators for health and sustainable development;

• inclusion of health in sustainable development planning efforts
such as Agenda 21, in multilateral trade and environmental
agreements and in poverty reduction strategies;

• improvement of inter-sectoral collaboration between different
tiers of government, government departments and NGOs;

• international capacity-building initiatives, that assess health
and environment linkages and use the knowledge gained to
create more effective national and regional policy responses to
environmental threats; and

• dissemination of knowledge and good practice on health gains
from inter-sectoral policy.
The conventional indicators of population health, such as life

expectancy, suggest that we have made considerable progress over
the last hundred years in many parts of the world. Economic de-
velopment and environmental protection are responsible for
much of this improvement. An important lesson from history is
that economic growth is a double-edged sword. On the one
hand, it is the engine that generates wealth and opportunity; on
the other hand, economic growth has tended to be socially dis-
ruptive and environmentally damaging. The experience of coun-
tries that industrialized early is that, initially, harmful effects
predominated (Wohl 1983). What was needed to turn economic
growth into social benefit was the development of robust, inclu-
sive political processes and strong public institutions such as public
health and local government (Szreter 1997).

What present-day summary indicators of health status fail to
reveal is the gross inequalities within and among nations, between
rural and urban areas, and among population subgroups. In some
regions (such as southern Africa), life expectancy remains low and
in, some instances, is falling further. Where gains have been made,
they may be relatively fragile, as shown by the rapid deterioration
of health statistics in Eastern Europe after the break-up of the
Soviet Union. Underlying social and political factors include the
change from politico-military colonialism to economic depen-
dence, and migration from rural areas to urban centers resulting in
unemployment, poverty, and social disruption (Avila-Pires 2003).
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The accelerating rates of change brought about by high tech-
nology demand urgent solutions. On the positive side, the associ-
ation of basic research with technological development proved to
be a key factor in progress. But we need to find creative ways of
extending its benefits to all. Technological progress implies social
change and we must stimulate a corresponding effort from sociol-
ogists and philosophers to help us understand and cope with the
swift pace of change.

16.4.2 Linking Health and Ecosystem Responses

For each category of ecosystem services, we have extracted from
earlier sections of the report a sample of recommended responses.
(See Table 16.4.) In each instance, we have listed some of the
possible effects that these responses could have on human health.
For simplicity these are illustrative lists, not intended to be ex-
haustive.

Table 16.4 makes the case that in almost every category of
ecosystem response the consequences for health may be either
positive or negative. The balance will depend on how the policy
or regulation is framed and what account is taken of contingencies
and local circumstances. Using trade and economic levers to
widen food markets, for instance, has been successful in some
instances and, of course, increased food supply can lead to better
health (FAO 2003). However, in other settings, ‘‘globalizing’’
policies have led to deepening poverty, diminished food security,
and deteriorating standards of public health. This illustrates the
fact that national strategies to protect ecosystem services and
human health can be successful only if the global policy context
is supportive.

Table 16.4. Examples of Potential Health Implications of Sectoral Responses

Ecosystem services
under threat Possible Responses Possible Consequences for Health

Floods and storm control waste-water management ▲ improved water quality (fewer enteric infections)

vegetation of water catchments ▼ disease vector proliferation (e.g., urban wetlands)

Food production economic and trade policies to increase reach of global ▲ more food choices—improved nutrition
markets ▲ decreased poverty, consequent improvements in health

▼ reduced food security—especially for the most vulnerable
groups (deepening poverty and reduction in health status)

Climate regulation reduce greenhouse gas emissions (e.g., vehicle ▲ improved air quality
emission standards) ▲ improved water quality
carbon sequestration (e.g., reforestation) ▼ decreased access to health services for the poor

▼ increased fire risk

▼ displaced populations

▼ reduced food production

Wood, woodfuel and economic incentives for re-forestation ▲ reduced flood risk
fiber ▼ increased fire risk

Freshwaterwater charges to reduce wasteful consumption ▲ improved access to sectors in the population

infrastructure (e.g., dams and dikes) ▼ decreased access for low income groups—water-related
diseases

▼ new habitat for disease vectors

Wastes increase recycling ▲ decreased toxic emissions (e.g. from incinerated waste)

reduce amounts of waste ▼ vector-breeding sites—more mosquito-borne disease

Key: ▲ Improved health ▼ Impaired health
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Policies addressing human health needs in relation to food
and nutrition, water and sanitation, and energy services have been
developed as part of the ‘‘water-energy-health-agriculture-
biodiversity’’ process and are summarized in Box 16.4. Imple-
mentation of these policies will depend on national and local cir-
cumstances. For example, in industrialized countries, integrating
national agriculture and food security policies with the economic,
social, and environmental goals of sustainable development could
be achieved, in part, through taxes on food products to ensure
that the environmental and social costs of production and con-
sumption are fully reflected in the price. Taxes should be one
element in a package of policies designed to protect the environ-
ment without jeopardizing food security for the most vulnerable
groups in society. With that proviso, a full-cost approach to food
pricing may bring major benefits to health and ecosystems, for
instance through reduced consumption of animal products
(WHO 2003a). Improvements to traditional fuels and cooking
devices could lead to the prevention or at least reduced emissions
of local air pollutants, while implementing better transportation
practices and systems could lead to increased physical activity in
sedentary populations as well as reductions in greenhouse gas
emissions (Von Schirnding and Yach 2002; WEHAB 2002b).

16.5 Conclusion
Ecosystem disruption damages health in a variety of ways and
through complex pathways. The links between ecosystem change
and human health are seen most clearly among impoverished
communities (who lack the ‘‘buffers’’ that the rich can afford).
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BOX 16.4

Examples of Responses to Improve Human Health (WEHAB 2002a, 2002b, 2002d)

Food and nutrition responses that can improve human health include: cacy and training programs that contribute to improved household
• integrate national agriculture and food security policies with the eco- hygiene practices for the poor;

nomic, social, and environmental goals of sustainable development; • identify best practices and lessons learned based on existing proj-
• ensure equitable access to agriculture-related services and prod- ects and programs related to provision of safe water and sanitation

ucts, with particular focus on food security and sustainable livelihood services focused on children;
needs of the poor; • create multistakeholder partnership opportunities and alliances at all

• orient market forces toward environmentally optimal solutions levels that directly focus on the reduction of child mortality through
through appropriate policies and regulations; diseases associated with unsafe water, inadequate sanitation, and

• exploit and expand locally available resources for improved food secur- poor hygiene;
ity and promoting diversification for more effective risk management; • develop national, regional, and global programs related to the provi-

• focus on needs of rural areas through decentralized cooperative sion of safe water and improved sanitation services for urban slums
initiatives and improvements in rural infrastructure; and in general, and to meet the needs of children in particular; and

• strengthen regional and international cooperation for food security • identify water pollution prevention strategies adapted to local needs
and market stability. to reduce health hazards related to maternal and child mortality.

Water and sanitation responses to improve human health: Energy and fuel responses to improve human health:
• assign the role of water-related public awareness to the agency • reduce poverty by providing access to modern energy services in

responsible for integrated water resource management at the coun- rural and peri-urban areas;
try level; • minimize the environmental impacts of traditional fuels and cooking

• institute gender-sensitive systems and policies; devices;
• raise awareness and understanding of the linkages among water, • improve air quality and public health through the introduction of

sanitation, and hygiene and poverty alleviation and sustainable de- cleaner vehicular fuels; and
velopment; • implement better transportation practices and systems in mega-

• develop in partnership with all relevant actors community-level advo- cities.

This extends to subpopulations within wealthier communities
who have relatively less access to ecosystem resources.

Poor communities are the most directly dependent upon pro-
ductive ecosystems for their health. Measures to promote ecologi-
cal sustainability will (by definition) safeguard ecosystem services
and therefore benefit health in the long term. This means that the
poorest and most disadvantaged individuals and communities can
be among the first to benefit from ecosystem protection, leading
to improvements in health equity.

A healthy community is more capable of sustainable develop-
ment than an unhealthy one. Therefore, where a population is
weighed down by diseases related to poverty and lack of entitle-
ment to essential resources such as shelter, nutritious food, or
clean water, the provision of these resources should be the first
priority for healthy public policy.

Where disease is caused by unhealthy levels of consumption
(especially of food or energy), substantial reductions in this over-
consumption would have major health benefits as well as reducing
pressure on ecosystems. Both human health and the environment
are likely to benefit from a redistribution of resources if this leads
to basic entitlements being distributed more equitably and a re-
duction in overconsumption. Such changes could improve health
in the short term as well as contribute to long-term ecological
sustainability. Win-win outcomes of this kind depend on how
these changes in resource use and management are achieved.

Local conditions are critical in shaping the health manifesta-
tions of ecosystem disruption. Empirical evidence supporting the
link between ecosystems and health is difficult to find. Our
knowledge is increasing but there are still many gaps. One reason
for this is the many confounding factors (associated with environ-
mental change and also determinants of health) that are hard to
measure and to separate from the effect of interest.

The effects of ecosystem disruption on health are frequently
displaced, either transferred geographically (such as the costs of
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rich countries’ food overconsumption) or postponed (as in the
case of long-term consequences of climate change or desertifica-
tion). Decisions about health and ecosystems must consider how
one is related to the other. Choices that are made about the man-
agement of ecosystems may have important consequences for
health, and vice versa. Healthy ecosystems protect human health;
healthy people protect their ecosystems.

Decision-makers need to consider the connections between
health and other sectors. Where there are ‘‘win-win’’ options,
these will be attractive to policy-makers; where there are trade-
offs, it is important for politicians, regulators, and the public to
understand the consequences of taking one path in preference to
another. The health sector bears responsibility for revealing the
links between ecological services and health and indicating which
interventions are needed: this is despite the fact that responses and
interventions to protect human health are often carried out in
other sectors.

Consideration of ecosystem change enlarges the scope of
health responses by highlighting ‘‘upstream’’ causes of disease and
injury. This implies that health considerations should weigh heav-
ily in decisions on ecosystem responses. History shows that health
is one of the most highly valued social outcomes.
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Main Messages

Many of the economic, legal and technological responses used today to
manage ecosystems emphasize economic growth—aiming at aggregate
welfare as measured by income—through the efficient allocation of the
provisioning services of ecosystems. There is little uncertainty that eco-
nomic, legal, and technological responses have improved the material wealth
and livelihoods of many people. However, there is also high certainty that the
regulating, supporting, and cultural services have deteriorated in many parts
of the world and this has had dire consequences on the health, security, good
social relations, and the freedoms and choices of many individuals and local
communities, especially in developing countries. Equity has also been de-
emphasized in the design of many of these responses. There have been losers
and winners, with the vulnerable and the poor experiencing losses most of the
time.

Responses aimed at development have had a mixed record of improving
well-being and have in most instances failed to accommodate the conser-
vation and sustainable use of all ecosystem services. Poverty reduction
strategies in many developing countries have failed to integrate ecosystem
related issues. However, there is an increasing trend of attempts to main-
stream ‘‘environmental’’ in poverty reduction strategies and the accompanying
budgetary frameworks. This is a promising trend with the potential for improv-
ing well-being and reducing ecosystem deterioration. The scenario in industrial
countries is slightly different. One of the main drivers in industrial countries are
subsidies that have dire impacts on ecosystem services within their countries
as well as in the developing countries. There is increasing pressure on indus-
trial countries to revise their subsidy programs, especially those in the agricul-
tural sector.

Responses relying on market mechanisms require well-functioning insti-
tutional frameworks, including legal structures, to work effectively. For
example, there is high certainty that market-based approaches have the poten-
tial to unlock significant supply- and demand-side efficiencies while providing
cost-effective reallocation between old (largely irrigation) and new (largely mu-
nicipal and in-stream) uses of water resources. But it is also well established
that it is important to keep in mind that, while there is a role for the use of
markets to develop efficient water markets, there is also a regulatory role for
governments in providing stable and appropriate institutions for these markets
to operate.

The effectiveness of international and national-local agreements depends
upon decentralization of intervention strategies to the lowest level that
allows successful participation, implementation, and enforcement. Evi-
dence of international legal agreements shows that their success depends on
how they are designed in both substantive and procedural terms, how they
compete with other international agreements, and the context in which they are
to be implemented. At the national and local level, the success of regulatory
instruments depends on how well they target specific incentives and disincen-
tives, and how well the implementation is monitored and enforced.

Technological interventions have had a mix of positive and negative im-
pacts on ecosystems, human well-being, and poverty reduction. Unin-
tended consequences, positive and negative, of technological interventions
have been more the norm than an exception. For example, the impacts on
ecosystems from attempts to increase food production by technological innova-
tions, have been realized mostly as second round effects, and as such they
represent negative externalities. Moreover, the benefits of technological inter-
ventions have varied across and within communities with some gaining more
than others. On the other hand, technologies have been found to be successful
in mitigating ecosystem degradation when they are designed to work within
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the dynamics of the ecosystems, and not ‘‘fight’’ it. Successful technological
interventions revolve around interventions that take into account the temporal
and spatial dynamics specific to local ecosystems and that are driven by a
participatory, democratic, and cooperative model between local communities
who have a rich database of traditional knowledge and outside technical exper-
tise that together are able to produce incremental driven technological inter-
ventions.

Responses have been found to be more effective in reducing poverty
when they respect the different degrees, and types of use, of ecosystem
services by different communities. Response strategies based on capture
of benefits by local people from one or more components of biodiversity (for
example, products from single species or from ecotourism) have been most
successful when they have at the same time created incentives for the local
communities to make management decisions consistent with (overall) biodiver-
sity conservation. For example, at a local level, protected areas have more
often had a detrimental effect on poverty reduction because rural communities
are excluded from a resource that has traditionally provided income-generating
activities. Consequently, if conservation is to be useful, then the recommenda-
tion is for targeted incentives and involving local stakeholders in the design,
implementation, and monitoring of responses.

Poverty reduction can only work if the links between ecosystems and
well-being are explicitly mainstreamed into national poverty reduction
strategies like Poverty Reduction Strategy Papers. Very few macroeco-
nomic responses to poverty reduction have taken into account the importance
of ecosystems to poverty reduction and improving well-being. Assets-based
responses, such as the Livelihood Approach to Rural Development, have quite
often been limited to narrow perceptions of natural capital as an input for
economic production. Yet, there is insufficient information for policy-makers
about the broader links between ecosystem services, human well-being, and
poverty reduction. If policy-makers are to make informed decisions concerning
ecosystem management, then a serious concerted effort to collect and collate
data on ecosystem services and human well-being will need to be initiated
immediately.

Rather than the ‘‘win-win’’ scenarios promoted (or assumed) by many
practitioners, conflict is more often the norm, and tradeoffs between con-
servation and development need to be acknowledged. Over the last gener-
ation, responses motivated by conservation of wetlands and biodiversity have
been adopted more widely. Some of these interventions have displaced resi-
dent human populations and decreased their well-being, and even in some
instances pushed them into poverty. Other interventions have sought to com-
bine conservation and development in the belief of win-win outcomes. These
interventions have had a mixed record to date, and more attention may be
paid to analyze how fair and equitable these responses are across all stake-
holders, and to observe whether tradeoffs need to be negotiated before such
responses are implemented.

In light of the urgent desire to improve well-being among the world’s
poor, and in light of the fragility of many ecosystems needed by people,
especially those in subsistence economies, it is vital to learn from the
mistakes of the past and the present. A systematic way to do this is adaptive
management. Adaptive management necessitates multiple instruments, includ-
ing a mix of law, economic instruments, voluntary agreements, information
provision, technological solutions, research, and education—an integrated re-
sponse strategy. The key word in adaptive management is flexibility. Equally
important is the potential for change within institutions, property rights, and/or
communities. Flexibility and change in turn is highly dependent on the availabil-
ity of a number of key instrumental freedoms—transparency guarantees, par-
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ticipative freedom, protective security, economic facilities, social opportunities,
ecological security—to all individuals.

17.1 Introduction
Societies have developed and used a wide range of innovative
legal, economic, behavioral, and technological responses to man-
age their interactions with ecosystems. These responses in turn
have had impacts on ecosystems, some good and some bad. How-
ever, the impacts of these responses have not been confined to
just ecosystems but have also had positive and negative impacts
on human well-being, defined to include health, security, social
relations, material wealth, and freedom of choice and actions (MA
2003).

It is also increasingly becoming clear that development and
poverty-reduction focused responses can have positive and nega-
tive impacts on ecosystems and human well-being. Experience
shows that some responses—either ecosystem focused or develop-
ment and poverty reduction—have worked well in conserving
ecosystem services, improving well-being, and reducing poverty,
while others have actually caused deterioration in ecosystem ser-
vices, a reduction in human well-being, and increased poverty.

But the situation is much more complex in reality and it is
difficult to make simplistic linear causality relationships between
responses and the consequences on ecosystems and human well-
being. To begin, the consequences of responses are usually not
shared equally among different stakeholders. For example, some
groups may have benefited from a response while others suffered
a drop in one or more of their constituents and determinants of
well-being. Identifying who loses and who gains is a critical com-
ponent in evaluating responses. Responses directed at some eco-
system services can cause unintended impacts on other ecosystem
services and subsequently on the constituents and determinants of
well-being across a range of stakeholders or individuals. It should
also be considered that responses implemented in one place could
have impacts on ecosystem services and human well-being lo-
cated further away. It should also be acknowledged that responses
implemented today might have significant impacts on ecosystem
services and human well-being in the future. The assessment of
responses and the learning process to improve the design and im-
plementation of responses will need to consider these complexi-
ties if the sustainability of human development, the reduction of
poverty, and the integrity of ecosystems to improve human well-
being is to be ensured.

Unraveling these complexities can be considered as a scientific
quest by the scientific community. Decision-makers, on the other
hand, want some answers to some pertinent questions to reduce
or reverse the present trends of deteriorating ecosystems, reduce
poverty, and improve well-being. In the event that answers are
not forthcoming, then decision-makers would like some guidance
from the assessment of the risks involved, and what needs to be
done in the face of this uncertainty. And they need these answers
now. A unique and strong feature of the MA is the guidance, in
the form of key questions provided by decision-makers from both
the human development and ecosystem fields. (See Box 17.1.)

The chapter is structured in the following manner. The next
section provides a synthesis of the chapters in Part II of this report;
the responses discussed are primarily responses directed toward
the management and conservation of ecosystems and ecosystem
services. There is no one systematic format in the way the various
responses are presented. The economic and technological re-
sponses are structured according to the various ecosystem services,
while legal responses are presented according to administrative
scales. The social responses are presented along thematic lines.
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The following section, on the other hand, presents the main
findings of a review of existing development and poverty reduc-
tion strategies. Both sections examine: (1) how effective responses
have been in achieving their objectives; (2) the consequences of
these responses on ecosystem services, the constituents, and deter-
minants of human well-being and poverty; (3) the preconditions
necessary for the responses to be effective; and (4) the potential
for using these responses in the future.

After the two sections examining responses, another section
identifies a number of context specificities and enabling condi-
tions that play critical roles in determining the magnitude of the
consequences of responses and the relative success of responses in
achieving their objectives. A final section revisits the questions
posed at the beginning of the chapter and presents some plausible
answers.

17.2 Ecosystem Management Responses: Their
Effectiveness and Consequences for Human
Well-being and Ecosystem Services
Chapter 2 identified four major categories of response interven-
tions. This section looks at the issues and sectors identified in
Part II of this volume in the context of the four categories: legal
responses; economic and financial responses; social, behavioral,
and cognitive responses; and technological responses.

17.2.1 Legal Responses

This section synthesizes material from chapters in Part II of this
report in relation to key legal responses ranging from the global
through to local levels. Regulatory instruments are important in:
(1) addressing the management of ecosystem services, especially
the regulating, supporting, and cultural services; (2) helping in the
monitoring and regulating of performance; and (3) regulating the
use of proper and adapted technology. Such instruments help to
provide the framework within which social actors are permitted
to act.

There is implicit consensus in the literature that all instru-
ments are embedded within a legal context and that the legal con-
text needs to be compatible with the sociopolitical climate for an
instrument to be successful. This means that separating legal from
other instruments is a difficult and often artificial endeavor.

17.2.1.1 International Level

The assessment reveals that at the international level responses
generally have tended to focus on specific issues rather to than
take a comprehensive approach. For example, this has led to a
proliferation of agreements and governance frameworks on:
• biodiversity (for example, CITES, Ramsar, CCD, CBD);
• food (for example, food aid regimes, trade regimes, technol-

ogy and scientific cooperation regimes, food summits, intel-
lectual property regime, commodity agreements, the Common
Agricultural Policy of the European Union, bilateral fishery
agreements, and ITPGR);

• water (more than 400 agreements in the last 200 years includ-
ing the Watercourses Convention of 1997);

• wood and wood products (for example, IFAP, ITTO, ITTA,
UNFF);

• waste management (for example, Basel Convention); and
• climate change (for example, UNFCC, Kyoto Protocol, bilat-

eral agreements).
Most of these agreements focus on specific environmental and

resource-related problems. Only recently is there a trend to in-
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BOX 17.1

Key User Questions

Decision-makers from the human development and ecosystem fields iden- human well-being, and poverty alleviation? What steps can be taken to
tified key questions that MA users need to have addressed: increase the likely benefits for ecosystems and human well-being of tech-

1. How effective are international agreements for addressing concerns nological change, and decrease the risks and costs?
related to ecosystems and human well-being, and what options exist to 6. How important is governance/institutional reform to the achieve-
strengthen their effectiveness? ment of effective ecosystem management, and what are the characteris-

2. What is the scope for correcting market failures related to ecosys- tics of that reform that are most relevant to the pursuit of goals related to
tem services (internalizing environmental externalities)? How much of a ecosystems and human well-being?
difference would this make for ecosystems and human well-being, and 7. What are the strengths and weaknesses of greater stakeholder
what are the necessary conditions for these approaches to be successful? involvement in decision-making in the management of ecosystem ser-

3. What is the potential impact on ecosystem services and human vices? How can decision-makers find the right balance?
well-being of removing ‘‘perverse subsidies’’ that promote excessive use 8. What tools and mechanisms can promote effective cross-sectoral
of specific services? What trade-offs may exist between ecosystem and (water, agriculture, environment, transportation, etc.) coordination of policy
human well-being (especially poverty) goals? and decision-making?

4. What more can be done to strengthen national-local legal frame- 9. What design characteristics of ecosystem-related responses are
works for more effective ecosystem management to reduce poverty and helpful in ensuring that they provide benefits for poverty reduction?
increase human well-being? And are there scale effects, which make legal 10. What have been the consequences of macroeconomic responses
responses at one level more effective in addressing ecosystem services? like poverty reduction strategies for ecosystems and their services?

5. What are the strengths and weaknesses of an increased focus on 11. What has been the net impact of trade liberalization, globalization,
technological advances for addressing concerns related to ecosystems, and privatization on ecosystems, their services, and human well-being?

crease subsidiary goals of poverty alleviation (for example, CBD,
MDGs, WSSD, CCD), but the operative mechanisms to achieve
the latter are rare. However, in the last few years, there is increas-
ing recognition among these legal frameworks that environmen-
tally sensitive poverty reduction strategies can enhance the
resilience of local people to environmental impacts, while also,
under many circumstances, reducing the burden on the environ-
ment. (See Chapter 5.)

The assessment tends to show that the success of international
legal instruments in achieving their specific goal depends on four
interrelated conditions: (1) the design of the agreement; (2) the
way the agreement has been negotiated; (3) policy coherence at
the international level; and (4) the domestic context in which the
agreement is to be implemented.

17.2.1.1.1 Instrument design

The assessment of Part II chapters, supplemented by additional
literature to complete the picture (Oberthur and Ott 1999; Miles
et al. 2002; IPCC 1990; Vingradov et al. 2003; Epiney 2003),
shows that effectively designed international agreements:

Are legally binding. If the agreement is legally binding, like the
CBD is, it is generally likely to have a much stronger effect than
a soft-law agreement such as Agenda 21 and the Declaration and
Action Plan of the World Summit on Sustainable Development.
This is both the result of the assumption of international law that
agreements made will be implemented (pacta sunt servanda), as well
as verifiable through observation (Henkin 1979).

Have clear objectives. If the agreement has a measurable goal, it
is easier to analyze whether it is meeting its goal (Bodansky 1993;
Gupta 1997). The UNFCCC did not include measurable targets,
though the Kyoto Protocol does. In fact, one of the key factors
which contributed to the success of the Montreal Protocol on
Ozone Depleting Substances and its amendments was the inclu-
sion of targets. In similar fashion, regional water law regimes with
clear objectives have been effective in meeting their goals (Kaya
2003). On the other hand, the CCD and the CBD, which have
qualitative goals, allow more scope for interpretation in imple-
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mentation and their effectiveness has been more difficult to mea-
sure. (See Chapter 5.)

Have clear definitions. An agreement with clear definitions and
unambiguous language, like the Montreal Protocol, is easier to
implement (Franck 1995). On the other hand, the weaknesses of
the definitions in the Basel Convention of 1989 undermined its
effectiveness. In similar manner, the complexity of the definitions
in the climate change regime makes it more open to multiple
interpretations. (See Chapter 13.)

Have unambiguous principles. If there are clear principles, this
can help guide the parties to reach future agreement. The princi-
ples guide the implementation of an agreement. But if there is
lack of clarity on the relationship between the principles, then
there is no clear incentive for taking action. The interpretation of
the precautionary approach in the CBD, Rio Declaration, and
UNFCCC lends itself to considerable speculation (Hey and Free-
stone 1996). There is also conflict between the precautionary
principle and the cost-effectiveness principle in the UNFCCC,
and conflict between the equity principles and the no-harm prin-
ciple in the Watercourses Convention. (See Chapter 7.)

Include an elaboration of obligations and appropriate rights. If there
is a clear elaboration of obligations and rights, the agreement is
more likely to be implemented. (See Chapters 5, 8.) The Interna-
tional Tropical Timber Agreement and the World Heritage Con-
vention have relatively vague obligations, and therefore are
difficult to implement. Meanwhile, even though CITES has clear
objectives, the large number of species that have to be controlled
makes it difficult for customs officials to monitor and implement
effectively. (See Chapter 5.) In instances where language is inde-
terminate (‘‘to explore’’ or ‘‘to encourage’’), it has been difficult
to control implementation.

Have financial resources. If there are financial resources in the
regime, this in general increases the opportunities for implemen-
tation especially for developing countries (Brack 1996). The fi-
nancial mechanism of the Montreal Protocol is a case in point.
The GEF and the other funds available for international water,
climate change, desertification, and biodiversity have increased
the potential for implementation. However, CITES and the
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Ramsar Convention, which did not have financial mechanisms,
have more limited effectiveness. But sometimes, funding levels
are so low that the mere inclusion of a financial mechanism is in
itself not enough. A case in point is the resources allocated for
desertification. (See Chapter 5.) Funding should be increased
where the rich countries value the resource very highly, and
where local communities have high opportunity costs of preserva-
tion.

Develop mechanisms for implementation. Where financial re-
sources are not forthcoming, the design of market mechanisms
in some instances has been found to increase the potential for
implementation. For example, joint implementation, emission
trading, and the clean development mechanism in the climate
change agreements and Type II Agreements at the WSSD have
enhanced the potential for implementation by providing the pri-
vate sector an important role and incentives in the implementa-
tion of these agreements. (See Chapter 13.)

Include the establishment of bodies for the facilitation, monitoring,
and implementation of the agreement. The establishment of subsidiary
bodies with authority and resources to undertake specific activi-
ties to enhance the implementation of the agreements is vital to
ensure continuity and preparation and follow-up to complex is-
sues. (See Chapter 5.)

Establish good links with scientific bodies. As ecological issues be-
come more and more complex, it becomes increasingly important
to ensure that there are good institutional links established to link
the legal process with the scientific community. This has been
well arranged in the Long Range Transboundary Air Pollutants
regime, the Montreal Protocol, and the climate change regime
(Haas 1989; Gupta 2001). In the CBD regime, this is being devel-
oped. However, even the present limited links with the scientific
community are limited to the mainstream natural sciences and
economics. There are very few and, in many cases, no links with
social science focused on development, gender, and human devel-
opment studies.

Establish reporting facilities. The existence of requirements to
report usually puts pressure on countries to undertake measures
and exposes them in the event they have not been able to imple-
ment their goals. The inclusion of such features increases the po-
tential for implementation. (See Chapter 5.) However, while such
reporting requirements assert continuous pressure on countries,
if the ultimate objective and the obligations are not clear, these
documents may be less effective. But even so, if there is a report-
ing format, this makes it easier for implementing officials to im-
plement the documents; and if infractions are reported, this makes
it easier to keep the pressure on countries.

Have noncompliance procedures and sanctions. For an instrument
to be effective, it should include sanctions for violations and/or
noncompliance procedures to help countries come into compli-
ance. (See Chapter 5.) The lack of such sanctions and/or non-
compliance procedures in many environmental regimes is a major
problem (for example, CBD, Watercourses Convention, CCD).
On the other hand, the Montreal Protocol does have successful
noncompliance mechanisms and these have played a role in the
success of the Protocol. Noncompliance mechanisms are now
being developed within the climate change regime.

Have dispute resolution mechanisms. The lack of compulsory ju-
risdiction for dispute resolution is a major weakness in interna-
tional law. However, increasingly, many agreements (CBD,
Watercourses Convention, SADC Protocol) are explicitly refer-
ring to specific options for dispute resolution and these can in-
crease the potential for implementation. The Aarhus Convention,
the Watercourses Convention, and the SADC Protocol allow for-
eigners nondiscriminatory access to the national judicial systems.
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It is still too early to say anything specific, but it is expected that
this will enhance the effectiveness of agreements. (See Chapter 7.)
Establish coordination with other relevant agreements. The literature
indicates that it is vital that these agreements are closely linked
with other agreements and that solutions designed for one regime
do not necessarily lead to problems in other regimes. Many re-
gimes do indeed have articles that link up to other regimes, in-
cluding CITES, CMS, the ozone regime, the Basel Convention,
the UNFCCC, and the CBD.

Establish technology transfer mechanisms. Technology transfer can
address environmental and social issues in developing countries.
However, such technologies may not necessarily be appropriate
or contribute to reducing poverty. (See Chapters 6, 7.) In the
context of climate change, a literature survey of IPCC concluded
that technology transfer is likely to work best in combination with
national systems of innovation; social infrastructure and participa-
tory approaches; human and institutional capacities; macroeco-
nomic policy frameworks; sustainable markets; national legal
institutions; codes, standards, and certifications; equity considera-
tions; rights to productive resources; and research and technology
development (Hedger et al. 2000; Mansley et al. 2000).

Include distributive elements. The inclusion of distributive ele-
ments may increase the effectiveness and sustainability of agreements.
Access and benefit sharing with local people, as encouraged by
the CBD Article 8(j) through participation of local people in the
planning process and in discussion of customary and other regula-
tory frameworks, is one such idea. A similar provision is found in
ITPGR. Benefits shared can be monetary or non-monetary. The
ecosystem approach also offers a basis for successful implementa-
tion. Transboundary conservation areas may be another way to
promote conservation and human well-being. (See Chapter 5.)

17.2.1.1.2 Agreement negotiation

The assessment reveals that, in addition to the design aspects of
the various existing agreements, the ways in which agreements
are negotiated are also critical for the effectiveness of agreements.
While treaty negotiations are in theory based on the assumption
of pacta sunt servanda (that is, the agreement will be implemented)
and call for rules of procedure to be put in place, these rules are
sometimes suspended for practical and/or political reasons. The
assessment shows that the compliance pull (that is, the likelihood
that the agreements will be voluntarily implemented) of agree-
ments can be increased if:

There is leadership shown by specific actors. There is increasing
consensus in the literature that leadership shown by the major
actors, be it structural, instrumental or directional, will have an
influence on the design of a regime. The more leadership in a
regime, the more likely it is that the regime will take on good
design features (Young 1991; Oberthur and Ott 1999). For exam-
ple, in the climate change regime, the leadership from the Euro-
pean Union has been critical in steering the way the instrument
was designed to effectively implement the goal.

Non-state actors are actively involved in the process. There is in-
creasing consensus in the assessment of the need to include non-
state actors into the negotiating process in general. This is seen as
a way to increase the legitimacy and compliance pull of an agree-
ment by ensuring that a variety of interests and information are
represented at the negotiations, and this can help in the actual
implementation process. (See Chapter 5.) On the other hand, the
inclusion of non-state actors may actually lead to capture by vested
interests (Gupta 2003). Besides, stakeholders themselves may not
be willing to accept environmental goals that go against their own
short-term and/or long-term local interests. (See Chapter 5.)
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The instrument is negotiated in accordance with the established rules
of procedure. While all international agreements must be negotiated
in accordance with the established rules of procedure, the com-
plex nature of global decision-making processes requires concur-
rent meetings often only in English. This has placed a big strain
on developing countries, which have limited financial resources
to attend and participate effectively. The negotiations on the
Kyoto Protocol did not provide the developing countries ade-
quate opportunity to negotiate effectively on the instrument as
a whole, and specifically on industrial-country targets, emissions
trading, and the issue of sinks (Yamin 1998; Werksman 1998).
Most developing countries do not have the staying power to ne-
gotiate effectively at all these sessions (Gupta 2002).

Negotiators are given the time and expertise to prepare for the negotia-
tions and have consulted domestic stakeholders accordingly. The Law of
Treaties assumes that countries send only well informed and pre-
pared negotiators to the negotiating table. Interviews reveal that
as the complexity of the negotiations increase, most negotiators
from the developing countries may be well informed about one
or two aspects, but few if any have a complete grasp of all the
issues that are being negotiated (Gupta 1997, 2001; Rutinwa 1997
on the Basel Convention; Nair 1997 on the Montreal Protocol).
The assessment of a number of international treaties show that
very often the national negotiators have not been able to ade-
quately represent the interests and the actual problems faced by
their countries. As a result. international agreements are often cast
in first-world language with first-world solutions that may be ill-
suited for implementation in developing countries (Agarwal et al.
1999).

The instrument includes poverty reduction and human development
measures. While developing countries have tried in almost all envi-
ronmental negotiations to make links to other global regimes
(trade and finance) and the global order (the ‘‘unfair international
economic order’’), and have tried to focus attention on poverty
alleviation, well-being, and development, these items either have
been seen as irrelevant, and hence excluded from the agenda for
discussion, or have been included to pacify the developing-country
negotiators. However, even when they are included, no clear tar-
gets and timetables or mechanisms to actually achieve these goals
are articulated (for example, CBD, UNFCCC, and the WSSD).

17.2.1.1.3 Policy coherence at the international level

The third element for influencing the effectiveness of legal agree-
ments at the international level is policy coherence. There has
been a trend toward synergetic agreements among environmental
agreements and governance initiatives, for example, in the CBD,
CCD, UNFCCC, WSSD, MDGs. (See Chapter 5.) However,
there are contradictions with the trade regime (whose primary
focus is trade rather than environmental protection); agricultural
policies (where the policies of countries to subsidize their agricul-
tural sector has given perverse incentives to farmers to overpro-
duce in the industrial countries, while reducing markets for many
developing countries; see Chapter 6); the intellectual property
rights regime (which may lead to reduced access to food for peo-
ple; see Chapter 7; the investment and private international law
regime (where public private cooperation may actually transfer
resources to the private sector, and be covered by the more re-
strictive rules of confidentiality and liability that operate in private
international law; see Chapter 2); bilateral fisheries agreements
which, combined with heavy subsidies to the fishing sector, are
leading to overexploitation of the resource and reduced access for
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the local people; and the climate change regime (where if the
progress made is slow, many ecosystems will be seriously affected
and environmental refugees are likely to increase; see Chapter 5).

17.2.1.1.4 The domestic context

Lastly, the assessment shows that the success of an agreement de-
pends on the contextual features of the country in which imple-
mentation is to take place. (See Chapters 2, 3.) The agreements
are more likely to be successful where:

There is a high level of awareness and resources. The higher the
awareness and resources (human and financial) within a country,
the greater the likelihood of implementation. For example, stud-
ies by Jacobsen and Weiss (1995) and Sand (1996) found that
developing countries had more difficulty in implementing inter-
national environmental agreements because of the lack of finan-
cial capacity and the lack of awareness. However, even in an
environment of limited resources, the mere existence of interna-
tional agreements created internal efforts within many developing
countries to try to push and advance the agreements.

There is a strong institutional and legal framework. If the institu-
tional and legal frameworks within a country are well developed,
there is a higher likelihood of that an international agreement
will be effectively implemented. At the local level, the question is
whether non-compliance should be dealt with. Although Chapter
5 argues that, from an economic perspective, it is not optimal to
prevent all non-compliance with laws and regulations because the
marginal costs may exceed the marginal benefits of full enforce-
ment, from a legal perspective, non-enforcement of rules can lead
to an environment of disrespect of national laws and is in the
long-term disastrous for creating an effective legal environment.

There is political will. A critical factor remains the availability of
political will to actually undertake measures.

17.2.1.2 Instruments at Local and National Level

The assessment shows that one needs to be careful about the way
one generalizes about the national level. Countries have legal and
cultural experiences that go back more than 2000 years, at least in
the case of water and land management. These experiences have
shaped the way legal rights and responsibilities have developed.
Each country has over the years been subjected to a vast range of
influences, conquests, religious influences, colonialism, the spread
of epistemic communities, the spread of codification of laws, and
now globalization. While in some countries, such as the Nether-
lands, the influences have been integrated into one comprehen-
sive body of law and policy, and new laws in effect rewrite the
older ones, the bulk of developing countries still have multiple
legal practices within their context. As such, when new laws are
designed and negotiated, these may have no effect at the ground
level, if they are not seen as relevant or legitimate by the local
people. In other words, most developing countries have multiple
levels of law-making. Furthermore, institutions are embedded in
each other. Thus administrative rules are embedded in ecosystem
rules that are embedded in a host of other relevant rules which are
in turn embedded in the constitutional system within a country.

Legal instruments at the national level include the elaboration
of rights and responsibilities (for example, who has a right to land
use and water), principles (for example, the precautionary princi-
ple), obligations, standards, monitoring, the establishment of im-
plementing bodies or the delegation of power to existing bodies,
and rules in relation to violation of the agreement.

The assessment of Part II chapters shows that the following
are likely to be effective:
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Designing new and direct incentives within the regulatory framework.
In order to protect ecosystem services, it is vital to recognize the
opportunity costs for the local people and to provide with them
incentives. (See Chapters 5, 8). Examples of such incentives in-
clude:
• In South Africa, direct payments are given to local people

who catch and sell wild animals to game ranches instead of
being killed because of the danger they pose or because of the
value of their skin or hide.

• Land tenure reform. Numerous studies have shown that pri-
vate land tenure rights have promoted the conservation of
ecosystem services while at the same time producing direct
benefits to individuals (Tiffen 1993; Kates and Haarmann
1991; Duraiappah 1998). However, it should be noted that
private land tenure may not be conducive to ecosystem con-
servation in all ecosystems. For example, studies have shown
that communal land tenure was far more conducive for eco-
system conservation than for the well-being of the local com-
munities (Rutten 1992).
Integrating different levels of conservation of ecosystem services through

regional planning. One element of regional planning is the concept
of protected areas. The assessment shows that although protected
areas are considered an important part of biodiversity conserva-
tion programs, notably for ensuring the survival of certain com-
ponents of biodiversity, it points with a high level of certainty to
the fact that protected areas by themselves are not sufficient to
protect biodiversity and related ecosystem services (See Chapter
5.)

We note that protected areas were never intended as instru-
ments for poverty reduction but rather as a way of preserving
biodiversity. Nonetheless, with regard to poverty reduction, as-
sessment indicates that they may actually exacerbate poverty by
reducing access of rural people to the resources that have tradi-
tionally supported their livelihoods, thereby affecting their wel-
fare (Bruner et al. 2001). In addition, the fact that protected areas
are partly a response to degradation and habitat change due to
human activities precludes the use of some ecosystem services that
contribute to human well-being.

The use of protected areas as a standalone measure is not suf-
ficient for the approach to be effective. In order to have a more
efficient functioning of the area, the design should take into ac-
count the ecological, social, historical and political context, and
better weigh the multiple economic values accruing to people at
the local, national, and global levels, by minimizing conflicts with
the needs of society and use of compensation schemes. Measures
on protected areas need adequate resources, greater integration
with the wider region between protected areas, and greater stake-
holder engagement with the objective of giving the local commu-
nities greater rights and ownership, and local people direct
payments for conservation and management

Last but not least, protected areas should be given special at-
tention due to their prominent position within the CBD as a
hybrid instrument of regulatory (legal) and economic incentives
to conserve biodiversity. However, they will need to be designed
in a manner complementary to the local social, economic, and
political settings.

In general, we find regulatory instruments at the national, re-
gional, and local level having the following characteristics:
• Legal instruments focusing on direct management of invasive

species are more effective than an integrated approach. This
tends to work best when the species in question has low dis-
persal ability, when sufficient economic resources are devoted
to the problem and when social actors are all engaged in ad-
dressing the problem.
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• Reintroducing species works best when it is based on ade-
quate science. Availability of suitable habitats, a number of
healthy and genetically diverse species members, and a long-
term program for monitoring are important factors. The rein-
troduction of the Mexican grey wolf in the Colorado plateau
is a successful case in point.

• New regulatory instruments may include regulations on eco-
systems for production as a new tool for protecting ecosystem
services.

• Where the private sector is engaged constructively in discus-
sions within a strong regulatory framework, there may be po-
tential for protecting the environment and human well-being.
The case of Bioamazonia and Novartis shows that the correct
modalities of involving the private sector and allowing public
participation still have to be worked out.

• Regulatory options that promote community forest manage-
ment can work to both protect ecosystem services and human
well-being. In India, it has worked primarily to improve
human well-being.

• Regulatory approaches that promote public participation in
policy-making have a higher chance of being effective.

• Fair and strong law enforcement is often a powerful disincen-
tive for exploitative behavior. Law enforcement procedures in
Indonesia to stop blast fishing have increased local biodiver-
sity.

17.2.1.3 Distributional Issues

Environmental policy and law inevitably has a distributive effect
in terms of responsibilities, impacts, and benefits. Most global en-
vironmental problems are essentially ‘‘wicked’’ problems in that
the distribution of costs and benefits are not aligned, and there is
inadequate scientific certainty and a vast difference in the value
systems of countries. For example, the desire to protect ecosys-
tems and species is not always based on the same altruistic mo-
tives. The pharmaceutical industry has high financial stakes at one
end of the spectrum, while the local people may face high oppor-
tunity costs that are low in absolute terms. (See Chapter 5.) For
example, in the climate change regime, the costs of emission re-
duction, if taken seriously, are high for the developed countries,
while some perceive that it is the developing countries that will
benefit.

The way responsibilities are distributed between the parties
also can have a distributive effect. On the one hand, the funds
established under many of the agreements have a re-distributive
effect, because they transfer resources to other countries to enable
them to participate more effectively in the negotiations and to
fulfill their obligations under the international agreements. On
the other hand, the move away from the ‘‘polluter pays’’ principle
at the international level has led to an inequitable distributive ef-
fect internationally. Thus the small island countries and the least
developed countries, most of whom have negligible greenhouse
gas emissions, will suffer disproportionately in comparison to the
other countries, and for no fault of their own. Many may even
lose large quantities of land and land-based resources and infra-
structure as the impacts of climate change are experienced. In the
meanwhile, the world’s largest polluter, the United States, does
not take on any quantitative commitment, arguing that from a
domestic perspective the costs of taking policy measures far out-
weighs the benefits for Americans.

In the climate change agreements, the distributive effect is
highly questionable because of the focus on cost effectiveness. In
the other agreements, the distributive effects are similarly not al-
ways quite so clear. For instance, if African countries wish to sell
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ivory as national resources from a huge elephant population, to
what extent may the outside world be allowed to prevent such
sales under CITES? If forest-rich countries want to convert for-
estlands into agricultural lands, to what extent do other countries
have the right to prevent such conversion, and who bears the final
costs of this? There are no clear-cut answers to these issues, but
the distributive impacts surrounding these concerns need to be
further explored in a more rigorous and fair manner than pres-
ently done in the international arena.

17.2.1.4 Some Inferences

The key international tool for addressing global ecosystem ser-
vices is treaty negotiation on an issue-by-issue basis. The prolifer-
ation of agreements on natural resources over the last two
hundred years in the area of water and hundred years in the case
of environmental issues has given us a vast amount of empirical
evidence on the success of agreements. This evidence shows that
the success of agreements depends on how they are designed in
both substantive and procedural terms, how they compete with
other international agreements, and the context in which they are
to be implemented. At the national and local level, the success of
the regulatory instruments depends on how well they target spe-
cific incentives and disincentives, and how well the implementa-
tion is monitored and enforced.

17.2.2 Economic and Financial Responses

It is common practice in economic analysis to compare and con-
trast regulatory or what economists call ‘‘command and control’’
approaches vis-à-vis economic and financial interventions. This
section, however, does not apply this commonly used analytical
approach. Instead it focuses on the use of economic instruments
and financial interventions, as described by the Part II chapters of
this volume. It does so based on the following two criteria. The
first criteria will be the effect of the instrument on the continued
flow of ecosystem services. The second criteria relates to the dis-
tributive issues and the impacts on human well-being and poverty
reduction. Regulatory instruments are evaluated in the legal sec-
tion.

Market-based instruments have been implemented to address
environmental concerns ranging from solid waste management,
biodiversity conservation, sustainable land use, and reducing air
pollution. MBIs are said to have great potential for generating
win-win situations (Rietbergen-McCracken and Abaza 2002).
The win-win situations may arise in the case of the use of charges
and environmental taxes, for instance, which have been singled
out as providing revenue to the treasury in a cost-efficient manner
and at the same time benefit the environment ‘‘by encouraging
polluters or users of environmental resources to change their be-
havior to become less polluting and wasteful’’ (Rietbergen-
McCracken and Abaza 2002).

Economic instruments are basically structured to achieve a
mixture of three main objectives (Rietbergen-McCracken and
Abaza 2002, p. 100):
• establish and enforce prices for resources consumed and envi-

ronmental damages associated with production;
• address issues dealing with property rights which directly con-

tribute to pollution or poor stewardship of resources; and
• subsidize the transition to preferred behaviors.

Against this backdrop, the use and appropriateness of MBIs is
assessed, in addressing issues relating to ecosystem services, their
effectiveness in different regions, the preconditions necessary for
the effective use of the economic/financial instruments, and last,
but not the least, how effective these instruments have been in

PAGE 495

achieving the goals related to human well-being and poverty re-
duction.

17.2.2.1 Biodiversity

In the case of biodiversity, two broad sets of responses are exam-
ined: indirect and direct incentives. Incentives are, broadly speak-
ing, mechanisms to change or affect the behaviors of individuals.
Incentives could be negative such as fines or positive such as tax
credits.

Indirect incentives such as development interventions, inte-
grated development projects or community-based natural re-
sources management projects have had mixed success in terms of
achieving conservation and development goals. (See Chapter 5.)
On one hand, indirect incentives have had success in redirecting
labor and capital away from activities such as intensive agriculture
that degrade the ecosystems, encourage commercial activities such
as ecotourism that supply ecosystem services, and can help in rais-
ing income to reduce dependence on resource extraction. On the
other hand, redirecting labor does not necessarily mean success in
reducing the level of degrading activities, as the response itself
may create incentive to hire people to take advantage of the op-
portunities provided by the response (Muller and Albers 2003).
Similarly, commercial activities that maintain ecosystem services,
such as ecotourism, have limited success due to the fact that de-
mand for such activity is not high enough to support a large frac-
tion of the population.

Furthermore, an assessment of ecotourism in the Khao Yai
National Park in Thailand points toward the fact that most in-
come from tourism did not accrue to villagers but to tour compa-
nies instead. The information in this case seems to indicate that
essential elements of poverty reduction and human well-being,
that is, access to resources and income, have not been achieved.
Studies find institutional settings and property rights as critical
elements for making ecotourism a potential tool for poverty re-
duction. (See Chapter 5.)

Direct incentives or payment for conservation, which consists
of cash or in-kind payment to individuals or groups, were found
preferable to indirect payment because they were found to be
more efficient, effective, and equitable (Simpson and Sedjo 1996;
Ferraro 2001, 2002, 2003).

However, the empirical evidence of direct incentives such as
transferable development rights and tax credits in successfully en-
couraging and achieving conservation of biodiversity in situ is
unclear at best and has been the subject of criticism, notably for
being relatively complex. In the case of TDRs, a new market that
requires learning will need to be established. This implies high
transaction costs and the establishment of new supporting institu-
tions. It is also important to stress that TDRs need to be supported
by well-defined property rights over the land and resource.

One major drawback of tax credits and TDRs, in terms of
achieving goals related to ecosystems and the related services, is
that both instruments are unable to target specific habitat types.
There is therefore a high degree of uncertainty about whether
they can protect specific kinds of biodiversity. However, and in
spite of some of the criticisms, there have been successful cases in
the use of property rights to conserve biodiversity. The charcoal
market in St. Lucia is one example whereby use rights in the form
of charcoal rights were successful in preserving biodiversity and
reducing poverty. (See Box 17.2.) The main reasons why the
charcoal right market was a success was because of its simplicity,
using existing institutions instead of depending on new institu-
tions, and last but not the least, it was developed through a partici-
pative process involving the local community.
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BOX 17.2

Case Study of the Mankote Mangrove in St. Lucia (UNEP 2003)

The Mankote Mangrove constitutes 20% of the total mangrove area in St. coal harvesters. Tourism played an important role in offering this
Lucia. Uncontrolled charcoal harvesting through excessive tree loggings alternative.
created a severe environmental decline of the mangroves, which posed a
serious threat to many of the ecosystem services that the mangrove pro- The effort yielded the following results:
vided, including water quality, coastal stability, bird habitat, and fish breed-
ing. Local communities, consisting primarily of poor people, undertook the • The decline in the Mankote Mangrove was halted and reversed.
practice of harvesting charcoal. These communities had no legal right • The density and size of trees increased.
to use the publicly owned mangrove resources. With no possibility for • Charcoal harvests were maintained.
substitution, the loss of access to the mangroves by these poor popula- • The range of employment options for the poor population somewhat
tions due to resource depletion or degradation would have created perma- increased.
nent loss of their only source of income.

To address this problem, the following solution was implemented: This is a clear case where a property and legal rights approach made
sense, because the subsistence harvesters were the primary source of

• The local communities were organized into informal cooperatives and the problem due to uncontrolled harvesting of charcoal. The use of formal
given communal legal and exclusive rights to harvest the charcoal. rights to the resource gave the poor an incentive for long-term manage-

• They were involved in monitoring the program, to get accurate infor- ment of the mangrove as an asset over which they had control. The
mation on the overall health of the mangrove. introduction of a monitoring program further improved the level of and

• Measures to increase the supply of wood outside the mangrove access to information they had about the general condition of the man-
reserve were put in place, as were alternative job options for char- grove.

Moreover, the direct payment approach has been criticized
because it entails on-going financial commitment by govern-
ments, multilateral donors, and firms to maintain the link between
investment and conservation objectives, and can create conflicts
between communities as property rights are transferred to local
participants. Direct payment may also turn biodiversity into a
mere commodity (Swart 2003). In other words, paying for bio-
diversity conservation may give local people the impression that
it is something which is important because there is a ‘‘price tag’’
on it and this may not help in the long run to capture the real/
intrinsic value of biodiversity as it plays a vital role not only in
terms of provisioning services, but also in maintaining vital eco-
system equilibrium (through regulating services) and has also an
impact on the spiritual lives and culture of certain communities.

In spite of the many criticisms of direct incentives, there is a
medium to high certainty that direct interventions have had more
success than indirect interventions. However, it will be necessary
to iron out the issues of how to achieve a sustained flow of money
for payments, the need to more clearly define the issue of rights,
and how to make management decisions consistent with the
overall biodiversity conservation and not turn biodiversity into a
mere commodity.

17.2.2.2 Water

Chapter 7 of this volume finds that, market-based approaches to
water have ‘‘the potential to unlock significant supply- and de-
mand-side efficiencies while providing cost-effective reallocation
between old (largely irrigation) and new (largely municipal and
instream) uses.’’ This argument is based on the principal that allo-
cations of water have seldom taken into account its scarce nature
and value. Furthermore, the argument puts forth the idea that
payment for water conservation can increase water availability and
that properly functioning water markets can provide price signals
for reallocation not only between different uses, but also as signals
to guide conservation activities.

The three main reasons identified by Bjorlund and McKay
(2002) to consider the use of markets for the provision of fresh
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water are: (1) tradable water rights create a value for water that is
distinct from land and able therefore to be conserved in its own
right, (2) full recovery pricing incorporates externalities associated
with the inefficient use and encourages inefficient users to leave
the market, and (3) the use of market forces rather than govern-
ment intervention to facilitate reallocation reduces transaction
costs and delays.

Whether through the use of the water banks for direct pay-
ment of water, water markets and water exchanges where water
rights and permits are traded, or the use of economic instruments
for watershed services, the underlying premises behind all these
types of interventions remain first and foremost the efficient allo-
cation and use of resources. Experiments conducted in several
countries (western United States, southern Australia, Mexico, and
Chile), indicate that payments and incentives for water conserva-
tion can increase water availability, just as water pricing at its full
marginal cost can reduce demand. (See Chapter 7.)

Functioning water markets such as those in the Limari market
in Chile, with its largely laissez-faire water code, can not only
provide price signals for better reallocation between different uses,
but also help guide conservation through flexible management by
farmers of some of the risks caused by uncertainties in water sup-
ply and agricultural markets. However, experience from Chile
suggests that the imposition of an unfettered free market in water
into a developing context with significant existing socioeconomic
inequality may lead to further inequities. (See Chapter 7.)

At the same time, experience gathered from the California
Water Bank, whose purpose was to transfer water from irrigation
to municipalities, was found to have both positive and negative
environmental impacts, with negative effects including damage to
bird and wildlife forage and habitat, as a result of removing grain
crops, reduction in groundwater recharge and groundwater qual-
ity, and also negative impact on fisheries. The positive impacts are
improved surface water temperature, quantity and quality, and
reduced fish entrapment (MacDonnell 1994).

Similarly, the use of economic instruments for watershed ser-
vices—such as transfer payments made to landowners as compen-
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sation for the cost of adhering to specific management practices,
marketable permit systems, generally in the form of cap-and-trade
or credit programs, in order to allocate permitted levels of pollu-
tion and resource use—have shown their limitation in terms of
achieving by themselves the goals related to ecosystems and their
services, including regular flow of water, protection of water
quality, and control of sedimentation (Landell-Mills and Porras
2002). The Chapter 7 assessment points out that a mix of market-
based and regulatory and policy incentives are the most likely to
achieve these goals, notably when the ‘‘threats are beyond the
response capacity of individual communities’’ (Rose 2002).
Among the main conclusions:
• Markets arrangements do not automatically protect ecosys-

tems. A mix of economic and regulatory instruments are
needed, especially when the scale of the threats and responses
are beyond the capacity of individual communities.

• The issue of poverty reduction and human well-being need
to be made explicit. Poverty reduction objectives in the form
of equitable rights are not made explicit in the design of eco-
nomic interventions in the water sector. Furthermore, the
achievement of equity in terms of benefits and costs needs as
a precondition the presence of enabling institutions (for exam-
ple, good governance) in order to enable the poor to have
access to market.

17.2.2.3 Food

The primary focus of economic responses in the provisioning of
food service has been on increasing food production. The impact
on ecosystems from attempts to increase food production has been
realized largely as secondary effects, and they represent negative
spin-offs or externalities of agricultural production. Furthermore,
it has been found that these externalities are often ignored by
individual farmers, small-scale agents, and by governments in the
food and agricultural policies.

The analysis further recommends that the ‘‘need to mitigate
impacts on ecosystem and sustain their capacity for future genera-
tions makes necessary the introduction of appropriate regulatory
frameworks at all levels from local to global, that will control for
the externalities affecting the capacity of ecosystems to sustain
their food provisioning services.’’ (See Chapter 6.) However, it is
also noted that the cost associated with regulation, and represent-
ing the cost of using ecosystem services for producing food is
largely unpaid due to missing markets and lack of well-defined
property rights. Instruments identified as important in maintain-
ing and expanding food production capacity include agricultural
subsidies, fisheries interventions, and livestock interventions.

17.2.2.3.1 Subsidies in agriculture

Water is a critical input in the various technologies developed to
increase food production from ecosystems. One of the criticisms
of the present water pricing structure is the low water fees levied
on farmers in order to increase food production. The low water
prices contribute to inefficient use of water, water shortages, and
depletion of water resources in the long run and degradation of
the ecosystem (Koundouri et al .2003; Pashardes et al. 2002;
Chakravarty and Swanson 2002). Moreover, there is increasing
evidence that rich framers benefit more than the poor farmers
from these low water fees.

There is not sufficient information from the assessment in
Chapter 6 on whether or not economic-based instruments for
groundwater such as pumping taxes, transferable property rights,
and water markets have created greater incentive for farmers to

PAGE 497

save water and reduce the ecosystem deterioration witnessed
under subsidized water regimes. It is also too early to say if these
economic responses create a more equitable distribution of the
use of water or if they have marginalized the poor even further.

17.2.2.3.2 Fisheries

Instruments such as total quotas or total allowable catches are used
in fishery management to prevent stock depletion. Individual
quotas and individual transferable quotas, describing individual
annual nontransferable quota and transferable quotas between
fishermen, respectively, are also commonly used.

The total allowable catch, which sets a total quota for a time
period, is known to create a ‘‘race for fish,’’ which raises the cost
of fishing activity and is a problematic response to overharvesting.
Individual quotas, on the other hand, have an information and
compliance problem; they only work when fishing vessels have
information about each other’s cost structures, and thus require a
large amount of information. Individual transferable quotas solve
the information problems by letting fishermen trade with quotas,
but continue to have compliance problem. ITQs seem to be the
preferred option, but need to be combined with a strict control/
regulatory and enforcement policy.

There are limited references/assessment on how effective this
instrument is in achieving poverty reduction and ensuring equita-
ble distribution across different social groups. Some evidence, no-
tably from developing countries, tends to point toward difficulties
in terms of enforcement and monitoring of these instruments.
Box 17.3 provides an assessment and illustration of the use of
fishery ITQs in Chile.

17.2.2.3.3 Livestock

Livestock grazing and rangeland burning strongly affect the state
of vegetation in rangeland systems. Land tenure and economic
policy in Mongolia, for example, has changed pastoral burning
and practices, reducing forage quality and possibly diversity.

There is strong indication that conversion of rangelands into
cropland by farmers leads to vegetation and wildlife losses (Ser-
neels and Lambin 2001). The assessment points toward the fact
that in Africa and semiarid India, the poorest groups compete in
rangelands for land, with the farmers having the upper hand be-

BOX 17.3

Case Study of the Fisheries Sector in Chile

In the fisheries sector in Chile, fish stocks started depleting greatly
after the industry was privatized in 1973. Particularly affected were
artisanal fishermen who, under the individual transferable quota sys-
tem, cannot compete with industrial fisheries in the market and lose
their livelihoods. To address this issue, individual transferable quotes
were implemented for separate subclasses of fisheries and limited to
industrial/commercial fishers.

The success of the program is unclear. As structured, the ITQ policy
has protected industrial-country fishing interests, but reduced the po-
tential benefits of the market-based quotas. The issue of artisanal
fishermen has not been properly addressed, and regular updating of
information about fishery health remains a problem. The small percent-
age of total catch currently covered suggests that ITQs are not yet
addressing the higher goal of protecting Chilean fisheries.

The rationale for using these measures was two-fold: to apply regu-
latory efforts more consistently and to control access rights.
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cause land tenure regimes and property rights often favor crop
cultivation over livestock grazing (Blench 2000).

This together with evidence from the tribal grazing land pol-
icy in Botswana (UNEP 2000) leads us to with a medium to high
degree of certainty to conclude that the use of private land tenure
and grazing land policy, as economic instruments have not ade-
quately addressed the goals related to ecosystems conservation in
arid and semi-arid ecosystem types. Moreover, these instruments
have created greater inequality between the wealthy cattle own-
ers, pastoralists, and subsistence farmers.

17.2.2.4 Wood and Fuelwood

Forest certification was developed initially to mitigate tropical de-
forestation. However, the assessment in Chapter 8 finds most cer-
tified forests in the North, managed by large companies and
exporting to Northern retailers. (Chapter 8.) This seems to be a
clear indication that this instrument has been more effective in
the North than in the South. The assessment further points out
that where certification becomes the preserve of large companies,
the role and competitiveness of small and medium-sized enter-
prises, which may bring with them sustainability and livelihoods,
may be jeopardized.

Certification standards have provided incentive only to pro-
ducers who were already practicing good practices, rather than
improving bad practice. Some critics suggest that small growers
and community groups should not be put under the same certifi-
cation as large corporations. The heart of the problem is whether
small communities, who occasionally harvest for timber, should
be subjected to the same level of accountability as large corpora-
tions.

Commercialization of non-wood forest products has achieved
modest successes for local livelihoods—a component of human
well-being—but has not always created incentives for conserva-
tion but has contributed sometimes to overexploitation of re-
sources. It has also led to the inequitable distribution of benefits
with stronger groups gaining control at the expense of socially
and economically weaker groups.

The improved formal access to forests has ‘‘helped in most
cases to protect a vital role of forests as safety nets for rural people
to meet their basic subsistence needs.’’ (See Chapter 8.) At the
same time, there has been criticism about the need to have bene-
fits that go beyond subsistence level and that property rights
would need to extend to more secure rights over valuable re-
sources, for the poor to really benefit.

Another criticism deals with the inability of certification to
interpret social standards in complex social contexts. Norms and
methods of traditional societies are not captured by predictions
made by document-based certifications that rely on ‘‘scientific
means of planning and monitoring.’’ (See Chapter 8.) Some envi-
ronmental and social services are produced at levels other than the
forest management unit, which is outside the control of the certi-
fied company.

Fuelwood is another large output of the forest sector. Grow-
ing demand for fuelwood and charcoal remains one of the main
drivers in ecosystem deterioration in regions such as the dryland
forest of Africa. However, formal and informal privatization of
wood and land resources have led to woodfuel resources being
unavailable to fuelwood gatherers. Subsidized fuelwood supplies
from government forests; taxes and other charges to generate
government revenue; or restriction imposed in the name of con-
servation have imposed constraints on who can participate in pro-
duction. (See Chapter 8.)
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Low fuelwood prices combined with subsidized alternative
fuels have the characteristic of generating very little surplus or
incentives/disincentives for the poor engaged in selling fuelwood
for their living, and discouraging sustainable management of the
resource. At the same time, the low price for woodfuels does not
encourage valuing the trees as ‘‘priced assets’’ that need to be
sustained and invested in with a long-term perspective in mind.

Some of the general lessons learned is that market-based re-
sponses are redistributing rights to stakeholders (for example, allo-
cation of used rights to public lands, voluntary certification),
making these stakeholders more effective in securing wood sup-
plies and other ecosystem services as well as helping to change the
wood industries. (See Chapter 8.) However, it is usually the good
practice industries that benefit the most, which does not help cre-
ate incentive for the bulk of wood producers to improve forest
management practice. Economic intervention will not be ade-
quate to answer the issue of illegal traders and asset-strippers; this
will require a legal action and enforcement.

There is a need to combine governance and institutional re-
sponses with development questions. Better information is
needed about the dynamics of wood supply and demand, and the
benefits, costs, and distributional impact of the different economic
interventions.

17.2.2.5 Nutrient Management

Mandatory taxes and fees were found to have the potential as
regulatory instruments for inducing change. These taxes and fees
include effluent charges, user or product charges, noncompliance
fees, performance bonds, and legal liability for environmental
damage. The findings suggest that it is difficult to reach specific
targets in pollution reduction using the tax/fee approach since
regulators have difficulty predicting how polluters will react.
There are no known examples of use of taxes and fees as a nutri-
ent management approach for water quality, but there is a grow-
ing interest in the United States for tradable permits in nitrogen
control to coastal waters. (See Chapter 9.)

Trading programs were proposed to provide economic incen-
tives for voluntary reductions from non-point pollution sources,
and permit requirements for point-source pollution. The lack of
statutory authority for regulating non-point sources of nutrients
under the Clean Water Act emerged as a major problem for the
plan in the majority of watersheds, where non-point sources
dominate nitrogen input. The lack of authority over cross-
boundary pollution was another challenge.

17.2.2.6 Responses to Climate Change

Use of economic instruments was proposed as an effective re-
sponse to climate change. (See Chapter 13.) The economic in-
struments basically involve a series of ‘‘flexibility mechanisms’’ to
facilitate and reduce the costs of attaining an agreed level of emis-
sions targets. Under the Clean Development Mechanism and
Joint Implementation, there is provision of transfers and acquisi-
tion of emission reductions (emissions trading) between various
parties to the Protocol that are in good standing with respect to
the various rules of reporting and accounting.

With regard to the twin goals of the CDM, namely sustainable
development and achieving compliance in terms of setting emis-
sion targets, there seems to be an imbalance as more focus is put
on the latter. Stabilizing greenhouse gases in the atmosphere
largely via modifying energy use and energy supply is a central
position under this scheme. In this particular case, the assessment
found out that any flexibility mechanism would lower the cost of
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achieving a compliance target and induce the incentives to invest
in new research and new technologies.

The assessment states that in the case of a JI transaction, if the
emission reductions would have occurred without the incentive
of the carbon trading rights, there would have been no significant
impact on the atmosphere; the host country transfers some of its
emission reduction credits to the acquiring country allowing the
acquiring country to emit more, leaving the host country to carry
out extra efforts to meet its target.

Another decision in designing a cap-and-trade program is
whether to apply the targets ‘‘upstream,’’ where carbon enters the
economy (when fossil fuels are imported or produced domesti-
cally) or farther ‘‘downstream,’’ closer to the point where fossil
fuels are combusted and the carbon enters the atmosphere. An
analysis by the U.S. Congressional Budget Office concluded that,
in general, an upstream program would have several major advan-
tages over a downstream program (also see Chapter 13 for some
examples). An alternative is a carbon tax approach in which com-
modities or activities that lead to carbon emissions are taxed, thus
providing an incentive to reduce the use of these commodities or
activities. This is often seen as a simpler approach to achieving
incentives for emission reductions. However, taxes are usually po-
litically unpopular in most countries. Some have suggested that
cap-and-trade and taxes may be combined to overcome the main
weaknesses of both schemes, namely the presence of a strong en-
forcement agency for the cap-and-trade scheme and political un-
feasibility for the taxes.

17.2.2.7 Valuation of Ecosystem Services: A Tool for Effective
Economic Responses
Many of the economic responses mentioned in the previous sec-
tions rely on finding the correct value for specific ecosystem ser-
vices. For example, in order to preserve a watershed, it is
necessary to find the value of not just the provisioning services
but also the regulating, supporting, and cultural services it may
provide. Economic valuation of ecosystem services is being in-
creasingly used to find these appropriate values. (See Chapters 3,
4.) Market based valuation methodologies have been discussed
as appropriate for provisioning services while stated preference
method like contingent valuation methods have been suggested
to capture regulating, cultural, and supporting services of different
ecosystems.

Although both classes of techniques are valuable, it should be
acknowledged that these valuation techniques view the individual
purely as a self-maximizing agent in a market environment. How-
ever, in reality, individuals are known to act as moral agents mak-
ing judgments and assigning values from a social perspective; this
will include therefore not only there own well-being but the
well-being of others and in some cases even to a loss of well-
being. Moreover, the philosophy of contingent valuation methods
treats an environmental good as a normal private commodity that
can be purchased and consumed. However, many ecosystem ser-
vices cannot be treated as private goods and have the characteris-
tics of public goods by which it is not just an individual’s value of
that service that counts but the collective value society places on
it that matters and reflects the true value of the ecological ‘‘good’’
(Sen 1995). New techniques based on deliberative community
participation are being increasingly used whereby the values are
based on social choices vis-à-vis market-driven individual values.

17.2.3 Social, Cultural, and Cognitive Responses

17.2.3.1 Consequences of Responses Related to Changing
Perceptions of Ecosystems
Land and waterscapes do not only have physical attributes but are
subjected to and influenced by cultural perceptions as well. Cul-
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ture and memory play an important role in creating contesting
meanings for any one place (Schama 1995; Stiebel et al. 2000).
Transformations of landscapes have been and will be influenced
by cultural perceptions of nature as well as by sociopolitical and
economic demands and aspirations. These transformations in turn
have a (differential) impact on human well-being.

Over time, ideas about the relationship between humans and
nature have changed and continue to change. (See Chapters 5,
14.) The directions these changes take vary from place to place,
and may lead to considerable debate within communities,
whether these are communities in the sense of groups of people
living together, or so-called communities of practice, that is, peo-
ple who share similar professional interests. It is therefore difficult
to assess the consequences of these changes. Nevertheless, some
common trends can be observed in the thinking about the rela-
tionship between ecosystems and human well-being.

17.2.3.1.1 Nature–culture dichotomy

Certain cultural perceptions of landscapes become dominant or
imposed through economic and political forces, often to the det-
riment of local praxis. For a long time a dichotomous approach
to nature–culture relations was dominant in nature conservation
initiatives. This dominance manifested itself in many national pol-
icies concerning the establishment of nature reserves, but also
through the work of international environmental NGOs, and the
selection criteria for international recognition of protected sites
such as the World Heritage Sites. The establishment of conserva-
tion units where human exploitation of natural resources was re-
duced to a minimum in many cases positively contributed to the
protection of certain species. (See Chapter 5.) This strategy has
also contributed positively to the human well-being of certain
sections of the population through safeguarding provisioning and
cultural services. However, for local communities, the conse-
quences have generally been less positive. If concern for environ-
mental conservation does not take into account local dependence
on the use of certain natural resources, then the human well-
being of local populations is threatened through dispossession, as
the case of the Maasai living in the vicinity of the World Heritage
Site, the Ngorongoro crater, shows (McCabe 2003).

A dichotomous approach to human–nature relations has also
been linked to a tendency in nature conservation to search for
‘‘the pristine.’’ This concept may easily lead to conservation poli-
cies that ‘‘freeze’’ landscapes within enforced boundaries and at-
tribute any disturbance to human intervention that needs to be
undone. Many conservation efforts entail restoring landscapes to
their ‘‘pristine, natural state,’’ even though it may be hard to de-
termine what that state actually was and how far back we need
to look. (See Chapter 14.) In some cases, land and waterscape
restoration is based on the introduction of physical elements to
imitate natural habitats, such as artificial shelters to protect against
natural predators, a common strategy in aquatic systems (Gore
1985); in other cases they may involve the restoration of entire
wetlands. (See Chapter 7.)

Restoration may also involve the removal of invasive alien
species—popular issue in conservation circles worldwide—or the
reintroduction of species that have disappeared over time. Again,
the impacts are difficult to assess. In some cases, restoration has
contributed to human well-being by increasing species popula-
tions that can be harvested (Castro and McGrath 2003) or through
increased tourism revenues (Lehouerou 1993). The restoration of
riverflows has in a number of cases contributed to human well-
being by reducing the risks of uncontrolled floods and improving
access to (ground) water. In other cases, human well-being has
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decreased because access to certain natural resources was denied
or because the reintroduced species posed a threat to local eco-
nomic strategies. (See Chapters 5, 14.)

17.2.3.1.2 People and parks

In the past two decades, there have been notable changes in per-
ceptions of human–nature relationships. As a result, ideas about
what land- and waterscapes should be conserved, as well as how
they should be conserved (‘‘people and parks’’ issues) have
changed. There is a growing recognition that a wider variety of
landscapes, including agricultural, industrial and aquatic land-
scapes, need to be conserved, and that certain species may have
adapted to or may even depend upon human-made environments
(Daily et al. 2003). Many governments and national and interna-
tional conservation organizations have recognized that the biggest
challenge for conservation in the twenty-first century is for it to
take place outside parks and enforced boundaries, thus integrating
into agricultural and urban systems. (See Chapters 5, 14.)

Conception and policies regarding the creation of conserva-
tion units have moved from exclusion of communities and local
forms of resource management to inclusion (Brandon et al. 1998).
It is, however, difficult to assess the impacts of community partici-
pation on ecosystems and human well-being. Studies that have
attempted to do so show mixed results. A community-managed
forest in India, which contributed to a higher biodiversity as well
as to local biomass needs, provides an example. (See Chapter 5,
Box 5.6.) In a number of cases the contribution to human well-
being has been easier to assess than the contribution to the conser-
vation of biodiversity (Kangwana 2001; Wells et al. 1992). In cases
where the contribution to human well-being has been limited,
this is often attributed to flaws in the decentralization process
(Barrow and Murphree 2001). Furthermore, numerous authors
have problematized the concept of ‘‘community’’ (for example,
Barrow and Murphree 2001).

Communities are notoriously difficult to define, with bound-
aries between them often blurred and overlapping. Within com-
munities, differentiation exists based on socioeconomic positions,
gender, and positions with local government structures. Ecosys-
tem management may have different impacts on the well-being
of different groups within communities. Local elites may have
better opportunities to capture benefits, while the burden of con-
servation may be put on other groups in the communities. This
entails that the tradeoffs and synergies between different ecosys-
tem services may not be similar for every person with a commu-
nity. Lastly, community-based ecosystem management systems
may take a long time to evolve, longer than the project cycles of
environmental and development organizations. In many cases, it
is therefore too early to assess the impacts of such management
systems on ecosystem and human well-being (Barrow and Mur-
phree 2001). Nevertheless, literature shows that conditions that
favor better outcomes of ecosystem management in terms of both
biodiversity conservation and human well-being tend to include
representative participation and governance; clear definition of
boundaries for management; clear goals and an adaptive strategy;
flexibility to adjust to new contexts and demands; and clear rules
and sanctions defined by participants (Barrow and Murphree
2001; Corbridge and Jewitt 1997)

17.2.3.1.3 Links to the sacred

Recent attempts to link up with local communities’ ideas about
the protection of certain landscapes involve using sacred areas as a
point of departure when creating protected areas (Mountain Insti-
tute 1998). While the idea is not new, what is new is a recent
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growth in translating the sacred into legislation or into legal insti-
tutions granting land rights (Bahuguna 1992). However, this ap-
proach requires extensive knowledge concerning the specific way
in which the link between the sacred, nature, and society operates
in a specific locale. Sacred areas may vary from a few trees to a
mountain range, and their boundaries may not be fixed. In some
cases, access may be restricted to a few religious specialists, while
in other cases they are open to the public to perform acts of wor-
ship, which may involve harvesting some of the natural resources
from within the sacred area.

Relations between landscape and religion have to do with
moral and symbolic imaginings, but also with staking one’s claim,
such as to land contested by immigrants or from invading states
and development agencies (Spierenburg 2004). Literature shows
that the study of local specific contexts and functions of sacred
areas in a participatory and democratic way increases the likeli-
hood that initiatives to use sacred areas as a basis for nature conser-
vation suit the local situation and contribute to human well-
being.

17.2.3.1.4 Local identities and linkage to the national and global

If attempts are made to come to an understanding of the com-
plexities of different cultural perceptions of landscapes, and the
different local institutional arrangements related to natural re-
source management, this can (with medium certainty) contribute
to alternative strategies to ecosystem management and socioeco-
nomic development.

It is, however, only too common to either put the responsibil-
ity for environmental problems and conservation in the hands of
local communities or blame the private sector, while disregarding
the linkages between local, national, and international policies.
Local communities do not operate in a vacuum; they create mul-
tilevel alliances, and adopt and adapt global influences to foster
their own human well-being. Of course, they do so on the basis
of their own cultural repertoires, a process referred by some as
‘‘glocalization.’’ At the same time, local identities seem to acquire
an increased importance in the face of globalization (Geschiere
and Nyamjoh 2001), especially in relation to struggles for control
over resources.

These very local identities are increasingly used to mobilize
international support for the conservation of local natural resource
bases, as the growing recognition of the rights of indigenous peo-
ples shows (Sylvain 2002). International NGOs like Survival In-
ternational but also the United Nations are assisting indigenous
peoples in protecting their rights of access to certain territories.
There are, however, risks involved; the use of the term ‘‘indige-
nous’’ (as well as the use of the term ‘‘traditional’’) may serve to
exclude certain groups who are also dependent on certain natural
resource bases, but do not fit whatever characteristics/traits are
used to define who is ‘‘indigenous’’ or ‘‘traditional’’ (Sinha et al.
1997; Gibson and Koontz 1998).

As these developments suggest, there have been changes in
perceptions of global-local linkages. There is a growing awareness
of global environmental problems by the larger public. This has
led to the emergence of different views about rights and entitle-
ments to global ecosystems and environmental resources. Exam-
ples range from public engagement in discussing the fate of
tropical forests to pressure regarding regulations to curb the
greenhouse effect. Chapter 5 provides an example of joint protests
from local and international NGOs against the signing of a bio-
prospecting contract between the government of Brazil and a
Swiss-based pharmaceutical company. International organizations
now voice their opinions regarding national policies and interna-
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tional bank loans for development projects, while national gov-
ernments complain about their lack of sovereignty and
international ‘‘ecological imperialism’’ (Geores 2002).

Increased awareness of the globe working as a system has mo-
tivated the need to deal with ecosystems in an integrated way.
This process has been characteristic of the so-called post-Stock-
holm way of thinking, that is, an emphasis on the human environ-
ment concept (which actually was the title of the Stockholm 1972
conference) and the discussion of environmental problems at a
global scale. The very concept of ecosystems reflects changes in
thinking about the nature-culture relationship, dismissing the idea
of fixed equilibrium, closed systems, and static nature (Moran
1990). Global institutions dealing with the environment have be-
come prominent players not only in environmental management,
but also in international politics. Amalgamation of scientific
thinking, public awareness, civil society, and business has been
present not only at international government forums from Stock-
holm 1972 to Rio 1992 and Kyoto 1997 to the World Summit
on Sustainable Development in 2002, but also in science initia-
tives such as the Club of Rome, the Man and the Biosphere Pro-
gram, the International Geosphere-Biosphere Program, and the
Millennium Ecosystem Assessment, to cite a few of the most rele-
vant.

The impacts of responses such as multilateral environmental
agreements are difficult to assess. The CBD is one of the few
agreements that specifically address poverty alleviation. (See
Chapter 5.) The Ramsar Convention does not do so, but some
of its COP recommendations do so. In a number of cases national
governments have elected to let (short-term) economic interests
prevail over environmental concerns (see, for instance, problems
pertaining to the Kyoto Protocol), which in the short-term may
increase human well-being in the countries concerned through
economic growth, but whether this strategy in the long run con-
tributes to human well-being is doubtful.

There is a changing focus of attention from local to transna-
tional conservation efforts: the creation of corridors for migrating
species and trans-frontier conservation areas. We find examples in
South and Central America, central and southern Africa and Asia.
The increased focus on trans-frontier conservation is partly based
on the realization that ecosystems do not stop abruptly at national
boundaries, but also results from wider societal debates about the
importance of globalization (Draper et al. 2004). Most trans-
boundary conservation areas have been in existence since a rela-
tively short period only, therefore the assessment of impacts is
rather difficult. However, recent studies from southern Africa
suggest that transboundary conservation can contribute to local
human well-being through increased revenue from tourism, but
can also pose a threat to human well-being through the marginali-
zation of local communities in (international) decision-making
bodies, and preferential treatment of tourists versus local people.
Again, legislation that allows for representative participation by
local communities is crucial (Wolmer and Ashley 2003; see also
Chapter 14).

17.2.3.2 Knowledge Systems, Ecosystem Management, and
Human Well-being

17.2.3.2.1 Knowledge Systems and Management of Natural
Resources
Perceptions of land- and waterscapes are influenced by cultural
repertoires, which in turn both are influenced by and influence
knowledge production (scientific as well as local and indigenous).
Most chapters in Part II address the issue of local and indigenous
knowledge, arguing that such knowledge is important in conserv-
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ing ecosystems and contributing to human well-being. Neverthe-
less, the drive for modernization and technological change is often
based on the substitution of small-scale practices. The understand-
ing of crop, forest, and aquatic biodiversity lies in the oral history
and cultural memories of indigenous and local communities, but
these are often disregarded as backward and unneeded. Given the
pace of technological, agricultural, and environmental change,
large-scale environmental modification through infrastructure de-
velopment often happens at the expense of local resources and
knowledge. While this impacts local food security and economies,
it is also relevant to national and international issues of conserva-
tion and economy (Brondizio and Siqueira 1997; Posey 1998;
Pinedo-Vasquez et al. 2001).

Formal scientific knowledge has contributed to better ecosys-
tem management and increased human well-being. (See Chapter
6.) However, many natural scientists have contributed to a di-
chotomous view on the culture–nature relation, and have pro-
posed interventions that threaten the well-being of local
communities (see Nazarea 1998; Leach and Mearns 1996).
Wynne (1992, p. 120) argues that there is a distinct difference in
the way local farmers respond to uncertain environments and the
way natural scientists do: ‘‘Ordinary social life, which often takes
contingency and uncertainty as normal and adaptation to uncon-
trolled actors as a routine necessity, is in fundamental tension with
the basic culture of science, which is premised on assumptions of
manipulability and control. It follows that scientific sources of
advice may tend generally to compare unfavorably with informal
sources in terms of the flexibility and responsiveness to people’s
needs.’’ Many scientifically based land reform programs designed
to combat soil degradation by ‘‘rationalizing’’ local land use pat-
terns have had the opposite results and undermined local produc-
tion (Scott 1998).

Local/indigenous knowledge pertains both to species that are
harvested on an extractive basis, as well as to production methods,
cultivars, and germplasm (Brondizio and Siqueira 1997; see also
Chapter 14). Production and harvesting systems that evolved over
long periods of time benefit from cultivars and methods adapted
to particular micro-environments, as well as social conditions
(Netting 1993; Altieri and Hetch 1990). Diversity of production
systems most likely increases the resilience not only to factors such
as climatic change, but also facilitates alternative economic op-
tions to minimize risks in household food supplies (Wilken 1987;
Hladik et al. 1996).

17.2.3.2.2 Compensation for and protection of local and indigenous
knowledge

Recently, there is a wider recognition of the validity and impor-
tance of farmers’ indigenous knowledge (Brush and Stabinsky
1996). This growing recognition has also led to its commercial
exploitation. Market imperatives and international monetary poli-
cies have pushed countries in the South to gear their economies
toward export. In most cases, this has led to the exploitation of
their natural resources beyond long-term sustainability, as shown
in the case of fishing in the Amazon and timber cutting in Indo-
nesia. The prospecting for local resources has led to exploitation
of local knowledge without communities being compensated.
The richness and possibilities of resources, for example, medicinal
herbs and their possible economic benefits, became an important
argument for conserving them. Few mechanisms were available,
however, to feed the benefits back to local communities that in
many instances contributed to the production of the knowledge
concerning certain species, or even the production of the species
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themselves. Chapter 5, for instance, shows how the Brazilian gov-
ernment is struggling with legislation in this regard.

The exploitation as well as the growing consciousness con-
cerning the disappearance of local resources and the knowledge
about these has led to growing concern about the need to protect
local indigenous knowledge. The international community has
recognized the dependence of many indigenous peoples on bio-
logical resources, notably in the preamble to the Convention on
Biological Diversity, which has been ratified by 178 countries.
Article 8(j) in the CBD specifically addresses indigenous peoples
and their knowledge. The CBD adopted the facilitation of indig-
enous peoples’ participation ‘‘in developing policies for the con-
servation and sustainable use of resources, access to genetic
resources and the sharing of benefits, and the designation and
management of protected areas.’’

Many governments are now in the process of implementing
Article 8(j) of the Convention through their national biodiversity
action plans, strategies, and programs. A number of governments
have adopted specific laws, policies, and administrative arrange-
ments for protecting indigenous knowledge, emphasizing that
prior informed consent of knowledge-holders must be attained
before their knowledge can be used by others. In many cases,
protection of local/indigenous knowledge is a by-product of pro-
tection of biodiversity, while in others the main aim was to guar-
antee economic benefits to communities.

Apart from national policies, there are also instances of local
strategies to protect as well as transmit local and indigenous
knowledge. One such strategy is restricting the transmission of
certain types of knowledge to specialists; for example, in some
societies knowledge of medicinal plants is considered secret and
can only be transmitted from one healer to another. Such restric-
tions can work effectively within communities, but can also com-
plicate the development of international legislation. (See Chapter
14.)

The World Intellectual Property Organization has been the
voice behind intellectual property rights. Yet, instead of support-
ing ‘‘local knowledge,’’ IPR has become a Western capitalist re-
sponse that considers any type of knowledge, whether it is
medicinal plants, song, crafts, or any other, as a commodity. Local
communities are concerned at the extent of exploitation of local
knowledge, how it is being used or removed from its culturally
appropriate context, and how it is being usurped as a capitalist
commodity. At issue is the Western patenting system, which is
used to protect the intellectual property rights of monopolists.

The scale and tendency to focus on corporations is exempli-
fied by industrially advanced Western European countries, which
have been strong supporters of IPR and have imposed this system
on developing countries. Patents translate into wealth and power
for foreign transnational companies, and are likely to bring nega-
tive impacts in the biodiversity of particular areas, depending on
the level and structure of market demand and exploration prac-
tices (Shiva 1997; Settee 2000). Examples are the patenting of
local and indigenous knowledge concerning medicinal plants by
pharmaceutical companies (see Chapter 5) and the patenting of
locally developed crops (see Chapter 6).

Responses such as certification programs are more likely to be
effective in addressing local economies and human well-being if
they include the impact of particular resource extraction upon
people and communities using the same resource basis, but not
necessarily sharing resource ownership. Certification programs
are better served if they are accessible by communities and small
producers’ co-ops, which are usually not familiar with bureau-
cratic and costly procedures of certification. Responses such as
‘‘fair trade’’ tools that promote participation of local producers in
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the commercialization and price negotiations, transformation, and
retailing of their products is a necessary component not only of
rural development and conservation and management of natural
resources, but also for commercial enterprises retailing these prod-
ucts. (See Box 14.14 for an extensive discussion of fair trade initia-
tives in the Amazon. Box 14.15 describes attempts in a German
Biosphere Reserve to establish a certification program.)

17.2.3.2.3 Production of knowledge and integration of knowledge
systems

Studies show that local resource users often draw on a variety of
knowledge sources, combining formal scientific knowledge with
local and indigenous knowledge. (See Chapter 14.) This mix,
often combined with a mosaic of different livelihood strategies, is
important, especially for the poorer sections of the population, for
human well-being. It is important to note, however, that all forms
of knowledge are produced and disseminated in a context of
power relations. For instance, some knowledge may be consid-
ered sacred and secret, some knowledge may be related to specific
gender roles. Both community-based natural resource manage-
ment programs seeking to integrate local and indigenous knowl-
edge as well as programs aiming to protect local and indigenous
knowledge are more likely to contribute to human and ecosystem
well-being if they take into account the ways in which partici-
pants use a variety of knowledge systems, and pay attention to the
fact that the production of and access to such knowledge systems
is not always equally distributed within communities. Legislation
may ‘‘freeze’’ knowledge as well as the rituals and practices associ-
ated with this knowledge (Laird 1994; Brush and Stabinsky 1996).

Much of the local/indigenous knowledge is not written
down, but transmitted through daily practices, stories, songs,
dance, theater, and visual arts. Not only knowledge, but also atti-
tudes and perceptions are transmitted that way. Programs on
local/indigenous knowledge that take these forms of transmission
into account, and try to incorporate these into educational activi-
ties, are more likely to contribute to both ecosystem and human
well-being (Dove 1999).

Fostering the articulation of international and national con-
ventions, and regulations linking biodiversity with local and in-
digenous knowledge, are important, taking into account that
knowledge is produced in the context of inter- and intra-group
interactions, power relations, historical settings, and their dynam-
ics. Responses such as compensating for the utilization of local
knowledge and resources are more likely to contribute to human
well-being if they take into account relations between companies,
national and regional governments, and communities as well as
the power dynamics of these relations. Conventional ‘‘best-
practices’’ methods that focus on content (rather than the process
of articulation knowledge from different knowledge systems) and
attempt to decontextualize local knowledge are less likely to be
successful.

17.2.3.3 Impact of Responses Related to Tourism, Recreation,
and Education

Tourism is an economic response, but depends on cultural per-
ceptions of land- and waterscapes. It can provide alternative land
use, which decreases pressure for land use conversion (for exam-
ple, tropical forests to pastoral lands). Tourism can also contribute
to the maintenance and revival of lifestyles and cultural practices,
including natural resource management practices. Opportunities
arise for education and awareness-raising on the need to under-
stand and respect cultural diversity and biodiversity. Conservation
areas are especially valued for their educational significance and
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providing recreational services. (See Chapter 15.) Valorization of
cultural landscapes and monuments are important assets to the
larger society.

17.2.3.3.1 Tourism and recreation

Ecotourism can provide economic alternatives to value ecosystem
services, but results are mixed. One of the constraining factors
is potential conflict in resource use and the aesthetics of certain
ecosystems. Different ecosystems are subjected to different types
and scales of impact from tourism infrastructures. Furthermore,
some ecosystems are easier to market to tourists than others. The
market value of ecosystems may vary according to public percep-
tions of nature. Freezing of landscapes, conversion of landscapes,
dispossession and removing of human influences may result, de-
pending on views of what ecotourism should represent. Yet when
conservation receives only limited budgetary subsidy, tourism can
provide revenues that can meet its needs.

Rural and urban tourism have been receiving increasing sup-
port in recent years, including in terms of tax incentives and
credit. Changes are occurring in perceptions concerning what
types of landscapes and cultural practices are of interest to tourism.
Industrial monuments and certain types of resource use are now
seen as having historical, social, and environmental potential for
tourism. In parallel, it broadens the scope of environmental con-
servation in areas outside of protected areas. In the North, small-
scale farming production, while facing difficult competition in
agricultural markets, can find an alternative in providing tourist
services. The marketing and branding of agricultural products in
a German Biosphere Reserve is just one example of how tourism
can contribute to the maintenance of certain lifestyles and pro-
duction methods and increase human well-being.

The impact of tourism on human well-being though varies as
a result of several risks involved. Consumptive tourism activities,
such as sport fishing, may represent pressure on the resource. For
example, marine recreational angling in the United States alone
comprises more than 15 million fishers, with a total harvest of
266 million pounds in 2001. (See Chapter 14.) Conflicts between
recreational and professional fishers are commonplace in many
parts of the world as recreational fishers detain strong political
power in the fishing councils.

Non-consumptive tourism can also involve risks as represen-
tations of nature and culture used to entice tourists often refer to
pristine ecosystems and exotic cultures, reinforcing stereotypes as
marketing tools of communities subjected to tourism. Commodi-
tization of culture does not always benefit those portrayed. An-
other serious problem is the blurring of boundaries between
private and public. Emphasis on pristine ecosystems can further-
more easily lead to evictions of people. Many protected areas re-
sult from evicting local populations, but are accessible to tourists.
(See Chapter 5.)

The risks and opportunities provided by tourism are related to
the economic position of communities and relations of power.
Studies show that economic deprivation increases the likelihood
of overexploitation of resources and accepting unfavorable posi-
tions in the tourism industry (low-skilled labor, sex worker,
drugs). Increase in land use value for tourism real estate develop-
ment purposes are likely to lead to displacement and dispossession.
This risk is much higher for communities that enjoy informal
or communal land rights. Coastal communities have long been
suffering from those impacts as the tourist potential of coastal
landscapes continuously pushes local residents away from their
livelihood strategies. (See Chapter 14.)
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Cultural and ecotourism are not necessarily the same thing as
community-based tourism. Concerning access and benefit shar-
ing, tensions often exist between tour operators, local communi-
ties, conservation units, and (other) government departments. In
some cases, local communities may actually run tourism enter-
prises themselves, in other cases they may only have access to
lowly-paid menial jobs. Issues that are important are matters of
local decision-making powers concerning land use, infrastructure,
and dealing with externalities, for example, the choice of tour
operators and types of tourists, boundaries between the private
and the public, goods that are imported by tourists, and waste-
management. Capacity building can successfully contribute to
human well-being if it not only involves individual professional
training to fulfill positions in the tourism industry, but also in-
cludes institution building, marketing, and negotiating capacities.

17.2.3.3.2 Environmental education

Recreation and education can go hand in hand. Cultural tourism
can serve to educate people about the importance of cultural di-
versity, as well as the importance of the latter for the conservation
of biodiversity, provided the risks mentioned above are taken into
account. Tourism and recreation can be linked to environmental
education, fostering knowledge about the functioning of ecosys-
tems and provoking tourists to critically examine human–nature
relations. Ola-Adams (2001) describes how the Omo Biosphere
Reserve in Nigeria is the site of environmental education pro-
grams for very diverse audiences ranging from schoolchildren to
university students, protected area managers, and policy-makers.
West (2001) describes awareness raising activities among local
farmers in the Fitzgerald Biosphere Reserve, helping them to ad-
dress the problem of wind erosion. He stresses, however, that
awareness raising requires development, especially among com-
munities that experience periods of economic decline (West 2001,
p. 15). ‘‘Top-down’’ education is less effective than education
that is based on sharing experiences and attempts to reach a joint
understanding of the dynamics of human–nature interactions.

17.2.4 Technological Interventions1

Technological interventions directed at ecosystems have primarily
been focused on increasing the economic productivity and effi-
ciency of ecosystem services, reducing vulnerability of human so-
cieties from extreme environmental events, and, more recently,
protecting ecosystems by decreasing pollution and the intensity of
material use in production activities. For example, in the second
half of the twentieth century, the Green Revolution enabled
world cereal production to increase threefold on about the same
land acreage. Without this success, world farmers would have had
to increase cropland use from 600 million hectares to some 1,800
million hectares. The ecological implications of such an expansion
could have been catastrophic. We shall cover some of these im-
pacts later in this section.

On the other hand, a weight of evidence has been building
up, arguing for decision-makers to design reference frames with
a longer-term and more systemic view of the wider impacts of
technology interventions rather than seeking short-term solu-
tions. The assessment illustrates that increases in the production
capacity of ecosystems through technological interventions often
introduce stresses in the form of ‘‘second-round ecological feed-
backs.’’ In the long run, this could impair the functioning and
utility of the ecosystem. In other words, a technological response
can become a driver of ecosystem deterioration if not carefully
designed and there is growing acceptance that the critical issue
involving the introduction of technological interventions is the
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management of social, political, and economical tensions that arise
as technology drives higher ‘‘service’’ yields from ecosystems.

Summarized below are some of the key ecological and social
impacts arising from the use of technological interventions in a
number of critical ecosystem services. We have only covered the
ecosystem services in which we found technological responses
being used extensively, and in which they have significant impacts
on the ecosystem services themselves as well as on human well-
being and poverty.

17.2.4.1 Food

The Green Revolution is the best example of such tensions asso-
ciated with a technological intervention. An assessment of the
Green Revolution as a response establishes beyond doubt that in
terms of impact, the combined technologies used in the Green
Revolution increased food production significantly. However,
from the perspective of human well-being and sustainable devel-
opment, increased production does not automatically translate to
food security. Food security as defined by the United Nations is,
‘‘a situation that exists when all people, at all time, have physical,
social and economic access to sufficient, safe and nutritious food
which meets their dietary needs and food preferences for an active
and healthy life’’ (FAO 1996). The critical component in food
security revolves around the access to food and what Amartya Sen
defines as entitlements in his seminal book, Poverty and Famines
(Sen 1981). But this is not to discredit the importance of food
supply. It is critical, and it is a necessary condition for food secur-
ity but, as illustrated in the definition, not a sufficient condition.

It is well established that the Green Revolution did increase
global production of cereals and has improved societal welfare at
the aggregate. It is also acknowledged that the Green Revolution
did provide some relief from the conversion of more ecosystems
into agrosystems. However, there are competing explanations of
the distributive impacts of the Revolution, with many experts
saying that the technology benefited those with access to financial
resources, who were then able to exploit the intensely profit-
driven commodities trading environment. There is a temporal el-
ement as well in these competing explanations. More recent eval-
uations suggest that the benefits of the Green Revolution in
South Asia were more widely diffused than originally thought
(Hazell and Haddad 2001).

In terms of ecosystem impact and projections for the future,
many studies have found that the introduction of the new high-
yielding seeds together with higher dependence on irrigation and
fertilizer regimes have also caused many ecosystems to deteriorate.
Increasing soil salinity has been one major side-effect of the Green
Revolution. Other effects on ecosystems from the Green Revolu-
tion include contamination of soil and water due to use of fertilizers
and pesticides, human health alteration because of agrochemicals,
and the loss of germplasm diversity and seed banks. The distribu-
tion of the effects of these ecological deteriorations has been
asymmetrical across stakeholders, with the poor farmers being
most acutely affected. (See Chapter 6.)

17.2.4.1.1 Alternative farming-food production systems

On the positive side, in many developing and industrial countries,
especially EU countries, urban agriculture—in an ‘‘organic revo-
lution’’—is contributing to improving the environment through
the recycling of organic matter. Solid wastes converted into com-
post and gray water emanating from the open drain are used to
fertilize soils (Sridhar et al. 1985; Coker 2003). Also, strong ag-
ricultural production output has been recorded in a significant
number of cases in tribal areas in India where natural resource
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management practices have been introduced. But we must keep
in mind that organic farming by itself will be insufficient to meet
the growing demands for food, and the land area needed will also
be substantial. The ecological implications of converting more
ecosystems into agroecosystems may have a significant impact on
the regulation and support of ecosystems as well as the cultural
services related to them. The impact on biodiversity will also be
disastrous.

17.2.4.1.2 Genetically modified organisms and seed banks

The growing controversy over genetically modified organisms
warrants special attention in this section. Experiences to date
point to difficulties in assessing the advantages or risks associated
with GMOs in food production in general. Rather they must
be addressed case by case for specific agroecological and, equally
important, socioeconomic conditions. GMOs have also come
under increasing criticism for reducing the diversity of the seed
bank and for increasing the dependency of many farmers, espe-
cially in the developing countries, on large multinational compa-
nies who control the patent rights for the GMOs. (See Chapter
6.) Developing countries do stand to gain tremendously in terms
of food security and broader human well-being, particularly in the
area of health with improved nutrition, if the level of uncertainty
associated with these technologies can be reduced significantly.
What is recognized as critical from the very limited information,
and bad publicity, is that a great deal of work needs to be done in
terms of managing the application of these technologies.

A technological intervention to reverse the loss in biodiversity
created by GMOs is the development of seed banks. (See Chapter
6.) However, for many developing countries, the maintenance of
gene banks is a major problem as electricity supplies are unreliable
and fuel costs expensive. A recent technological response to this
problem is the ‘‘ultra dry seed storage technology,’’ which allows
the storage of seed germplasm at room temperature, thereby obvi-
ating the need for refrigeration. Other research conducted on
drying techniques, such as sun and shade drying (Hay and Probert
2000), offer promising alternatives to improve the capabilities of
resource-poor countries to conserve their seeds.

17.2.4.1.3 Increase in drought, salt, and pest tolerance in food
production systems

Some traditional farming systems using low inputs have improved
yields while safeguarding the resource base by upgrading the sub-
sistent food crops and adopting integrated pest management. For
example, Indonesian rice farmers who adopted IPM, which re-
duces the need for pesticides, achieved higher yields than those
who relied solely on pesticides. Biotechnology responses can in-
troduce genes that counter soil toxicity, resist insect pests, and
increase nutrient content. Still, the questions of biosafety and the
ethics of manipulating genetic material need to be resolved before
the potential of biotechnology and genetic engineering can be
realized.

17.2.4.2 Flood and Storm Protection

Historically, responses to reduce negative impacts of natural disas-
ters like floods and storms have emphasized the implementation
of physical structures/measures (for example, dams/reservoirs,
embankments, regulators, drainage channels, and flood bypasses).
However, there are competing explanations, where physical re-
sponses may cause net harm to an ecosystem in the longer time-
scale, which may reduce anticipated (or expected) benefits of the
responses. A typical case in point is construction of dams to regu-
late floods, which has been known with high certainty to cause
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wider ecosystem degradation and a deepening of poverty among
local communities. (See Chapters 7, 11.)

There is increasing recognition that natural environment mea-
sures can reduce the negative impacts of natural disasters without
causing the longer-term ecological and socioeconomic deteriora-
tions. It is well established that ecosystems such as wetlands act as
buffers for floodwaters. (See Chapter 11.). Coastal mangroves
have been found very effective in providing protection against
storms and surges especially in Bangladesh, India and Southeast
Asia. The direct benefits of these natural protective measures ac-
crue to the poor coastal communities in the form of reduced vul-
nerability. There are also indirect benefits in the form of food,
non-wood products, and the water cleansing properties that are
equally important. Two issues related to protection and restora-
tion of ecosystems vis-à-vis technological interventions are the
degree to which technologies can substitute for ecosystems ser-
vices, and whether ecosystem restoration can reestablish not only
the functions of direct use value to humans, but also the ability of
the system to cope with future disturbances.

It should be acknowledged that with increasing frequency and
magnitude of extreme events ecosystems themselves would prove
to be insufficient to address and mitigate the impacts of these
events. In all probability, a system where technical responses work
complementarily with natural systems would provide the best
protection against extreme events. In terms of the human well-
being implications, developing countries need to tap advanced
technology that has taken many decades to get established to-
gether with indigenous engineering and technology capacity, par-
ticularly in water harvesting and management, and develop their
own capacity for such technology interventions to work.

In practice, the actual provision of flood and storm protection
is often the responsibility of a number of different actors working
at different levels—local, regional, national, and transnational.
The institutional settings not only affect the delivery of the ser-
vices, but also the manner in which they are delivered as well as
the direct and indirect effects on ecosystems and human well-
being.

17.2.4.3 Waste Management

There is a high level of certainty that increasing population and
economic activity will result in an increase in the production of
solid waste, higher levels of air and water pollution, and that the
natural systems will not be able to accommodate these increases,
and that technological interventions will therefore increasingly
become necessary. (See Chapter 10.) From the responses it is quite
evident that developed nations have attained reasonable excel-
lence but at high monetary cost. For example, nitrogen-removal
technology for sewage treatment has led to improvement in water
quality in Tampa Bay and, to a lesser extent, in Chesapeake Bay.
(See Chapter 10.)

For the developing countries, short-term and medium-term
solutions lie in the use of ecosystems and relatively cheap technol-
ogy innovations like oxidation ponds/waste stabilization ponds,
and floating vascular aquatic vegetation, which have considerably
helped the poorer developing countries. Another example is the
utilization of wetland ecosystems as sinks for the absorption of
selected nutrients (Hu et al. 1998). Assessments show that this
type of response is particularly relevant to deal with solid waste
management problems in regions which lack appropriate and net-
worked road infrastructure, sophisticated equipment, operational
facilities, and inadequate human resource development.

Governments are often tempted to choose inappropriate tech-
nologies due to lack of funds and pressure from private interest
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groups. A viable response option is for developing countries to
mass-produce small-scale equipment that is amenable to commu-
nity access. Private/community-sector-driven operational schemes
coupled with government provisioning of basic facilities in land-
fill, incinerator, and sewage treatment plants appears to be a
promising option. The critical point here is that technologies that
have been endogenously developed taking into consideration
local ecological, economic, and cultural conditions have a higher
certainty of achieving their objectives.

17.2.4.4 Water

A large number of dams have been constructed all over the world.
‘‘In North America, Europe and the former Soviet Union, three-
quarters of the 139 largest river systems are strongly or moderately
affected by water regulation resulting from dams, inter-basin
transfers, or irrigation withdrawals’’ In addition, hundreds of
thousands of kilometers of dikes and levees have been constructed
with the purpose of river training and flood protection. While
these structures have clearly provided increased supply of fresh-
water for many uses, as well as flood control, unfortunately they
have all too often had debilitating effects on surrounding ecosystems,
affecting their naturally occurring services and their biodiversity.

The direct social impact of large dams is striking; they have
led to the displacement of 40–80 million people worldwide and
terminated access by local people to the natural resources and
cultural heritage in the valley submerged by the dam. (See Chap-
ter 7.) The perennial freshwater systems established by large dams
also contribute to health problems. For example, epidemics of
Rift Valley fever and Bilharzia coincided with the construction of
the Diama and Manantali dams on the Senegal River. Aside from
the direct impacts of large dams, the benefits of their construction
have rarely been shared equitably, that is, the poor, vulnerable,
and future generations are often not the same groups that receive
the water and electricity services, and the social and economic
benefits from dams (WCD 2000).

Another striking example of where technology may be a more
expensive option than the use of ecosystems lies in the provision-
ing of quality water. The Catskill/Delaware watershed provides
up to 90% of New York City’s water demands. In 1989, New
York City was faced with an order by the U.S. Environmental
Protection Agency to build a filtration plant because of declining
water quality. The city estimated that a filtration plant would cost
approximately $6–8 billion, while maintaining the traditional
water cleansing system—the Catskill watershed—was estimated
to cost about $1.5 billion. This shows that it may actually be more
cost effective for developing countries to choose natural options
for providing clean water, especially taking into consideration
their lack of financial, technological, and human resources.

17.2.4.5 Wood and Fuelwood

Technology is changing the way wood is produced, processed,
and used. Biotechnology is given increasing emphasis in commer-
cial plantations with many now based on cloned trees to standard-
ize production, quality, and growth rates. Much experimentation
using genetic modification is also occurring to develop new
generations of ‘‘super-trees.’’ Though not as controversial as ge-
netically modified food crops, these modified trees are being criti-
cized by pressure groups concerned about possible environmental
impacts. Wood engineering is allowing the use of many more
species and smaller pieces of wood in processing. Also on the
positive side for human well-being, the possibility has been
strongly raised that technology allowing for a concentration of
fiber for fuel production on small areas of land releases other areas
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for the provisioning of regulating services and livelihood activi-
ties. (See Chapter 8.)

Though wood is the principal source of energy for cooking
and heating for so many of the poor, it is the least efficient—a
low-density form of energy used in thermally inefficient devices.
Unless the poor have access to technology to convert wood and
charcoal into modern forms of energy, real costs of energy from
fuelwood can be high for the poor. Lack of access to more effi-
cient energy sources can also be an important constraint to liveli-
hood and broader economic improvement.

The technology to use wood as a fuel is improving and it
could become a major contributor to sustainable energy sources
globally. Wood fiber gasifying energy generators are being devel-
oped and could one day produce large amounts of renewable
electricity using trees harvested from fast growing plantations.
Dendro power involves the use of wood-based materials for
power generation. One useful feature of dendro power is the po-
tential to use sustainably grown fuelwood sources. Dendro power
is gathering momentum due to its multiple benefits of renewable
power, reforestation, and income generation (especially in rural
areas). However, we are uncertain of the impact these ‘‘fast grow-
ing’’ plantations may have on other ecosystem services and the
subsequent impact on human well-being.

If energy policies are to become more efficient and equitable,
then emphasis should be on helping the poor to move from
woodfuels to more efficient fuels, or at a minimum to more effi-
cient forms of woodfuel. This will release some of the pressures
on ecosystems for providing woodfuel and ‘‘free’’ up some of the
other ecosystem services. Lack of access to more efficient energy
sources can also be an important constraint to livelihood and
broader social improvement.

Information technology has been instrumental in bringing to-
gether the common interest of forest owners and society as a
whole in promoting efficient and equitable wood production and
at the same time securing a sustainable and diversified forest eco-
system. The relatively rapid modification of Swedish forestry in
the 1970s and 1990s to more environmentally adapted practices
clearly illustrates without any uncertainty the positive evidence of
the impact of information technology on sustainable forest man-
agement and the distribution of the benefits of the management
regime among a host of involved stakeholders.

17.2.4.6 Technology and its Consequences on Poverty

Technology choices have been to a large extent dictated by effi-
ciency issues with very little concern shown for equity and dis-
tributive issues. Technology has caused a widening of the equity
gap between developed and developing countries, and within the
developing countries, between the rich and the poor. This has
become increasingly serious over the last few decades, as copy-
right right laws have been developed with the interests of the
developed countries—the main developers of modern technol-
ogy—taking primary precedence.

Technology development and adoption in developing coun-
tries have not addressed the ‘‘needs’’ of the poor but have been
primarily driven by the need for quick profits. Technology is not
value neutral. Technological systems in fact favor the interest of
some groups over that of other groups. It is therefore imperative
that societies, in their quest to address equity and effectiveness,
understand the implications new technologies carry before intro-
ducing them (See Box 17.4; also Winner 1986; Smith 1998). It
may in essence be the nature of the beast as most technology
development in developing countries is spearheaded by the pri-
vate sector. For example, although the Green Revolution signifi-
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BOX 17.4

The Citizen’s Eye-view of Technology
(Winner 1986, pp. 55–56)

‘‘The important task becomes . . . not that of studying the ‘effects’ and
‘impacts’ of technical change, but one of evaluating the material and
social infrastructures specific technologies create for our life’s activity.
We should try to imagine and seek to build technical regimes compati-
ble with freedom, social justice, and other key political ends . . . Faced
with any proposal for a new technological system, citizens or their
representatives would examine the social contract implied by building
the system in a particular form. They would ask, how well do the pro-
posed conditions match our best sense of who we are and what we
want this society to be? Who gains and who loses power in the pro-
posed change? Are the conditions produced by the change compatible
with equality social justice, and the common good? To nurture this
process would require building institutions in the claims of technical
expertise and those of a democratic citizenry would regularly meet face
to face?’’

cantly increased rice production, it also required substantial inputs
which were beyond the reaches of the poor.

At the global and national levels, donors may be able recon-
sider their funding for research or technological development
which may respond to the needs of poor local communities but
still meet global goals. At the local level, the challenge is to pro-
vide the institutional mechanisms that will allow local communi-
ties to adopt their ‘‘own’’ choice for the local context. This will
in turn require legitimization and utilization of local knowledge
and technology, decentralization of decision-making power, and
prioritization of local needs.

It must be considered whether or not the new changes will
bring positive impact to the local ecosystems and human-well
being (and including their capability). Modern technologies that
embrace and complement the use of traditional knowledge are
known to do better in reducing poverty and maintaining local
ecological integrity. Ideally, technology should be flexible enough
to evolve under local conditions. It is also important to prevent
oneself from falling into the trap of letting technology become an
end in itself and not just a means to the end—goals of choice,
human agency, poverty reduction, and improving human well-
being through the sustainable management of ecosystem services.

It can also be said with high certainty that if technological
interventions are to achieve their objectives, then certain catalysts
are needed for the development and use of technology at the local
level to reduce poverty through the sustainable management of
ecosystem services. These enabling conditions include institu-
tions, micro-credit, good governance, and efficient and non-
corruptive bureaucracy.

Last but not least, if technology is developed for and/or intro-
duced to communities, then the following basic questions must
be addressed and answered to guide the development and imple-
mentation of technological interventions:
• Was the decision to adopt the technology driven by a partici-

patory process involving all relevant stakeholders, especially
the poor?

• Who are the beneficiaries of the technology and does the
technology address the needs of the poor?

• What are the ecological implications of the technology and
are there any groups of people who will be adversely affected
by these ecological changes?
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• Who will fund the research and development of the tech-
nology?

• Who will regulate the technology and how?

17.2.4.7 Technology and Some Lessons Learned

It is well established that unconditional transfer of technology
from developed to developing countries is not always the solu-
tion. The emphasis should be on technologies adapted for local
ecosystems, economic conditions, and finally the social and cul-
tural environment. Generally, the successes and failures of techno-
logical interventions are often determined by the degree of
planning, consultation, and resource commitment on the choice
and application of technologies.

A summary of the findings is given in Table 17.1. The assess-
ment examines the maturity of the technologies with a score
ranging from 1 to 3. Technologies widely practiced and not just
considered routine but also as a minimum requirement are scored
at 3. These technologies can be considered to be mature technol-
ogies. Patents on these technologies are not an issue. Technologies
with a score of 2 have had their effectiveness demonstrated and
proven, but factors such as cost or the high level of human capac-
ity required for application have prevented them from being
widely used. Local application of these technologies still offers
scope for incremental innovations to the technology. Technolo-
gies with a score of 1 often carry a great deal of uncertainty in
relation to their impact on ecosystems. Being at the cutting edge,
the level of scientific expertise and the number of cases of success-
ful application with no second round impacts on the ecosystem
required to address this uncertainty suggests that there is still a
long way to go before these technologies are widely taken up. It
should be noted that a score of 1 is very much associated with
technologies of advanced, wealthier economies of the developed
world.

Consideration is also given to the barriers to adoption of the
technologies. The range is again 1 to 3. A score of 1 indicates a
low barrier and 3 a very high barrier. With respect to infrastruc-
ture, a score of 1 is indicative of low costs as well as a low level of
complexity involved in establishment, operation, and mainte-
nance.

Technical skill requirements for a technology is based on a
score of 1 if a low level of expertise (perhaps even accommodating
illiteracy) is required. The higher the scientific expertise needed
for a technology, the closer the score gets to 3. The same scoring
structure applies to barriers of access. Barriers include cost and
ease of access to intellectual property. The higher the barrier, the
higher is the rating.

17.2.5 Consequences of Response Options on
Human Well-being

This concludes the assessment of ecosystem management re-
sponses. The complexity of the links between ecosystem services
and the various constituents of well-being together with the
added convolution of drivers and responses mediating the links
makes such a synthesis difficult. Nevertheless, some critical find-
ings on the consequences of the four main classes of instruments
assessed in the report on the various constituents and determinants
of well-being do emerge and these are reflected in Table 17.2.

Positive implies an improvement in the constituent while nega-
tive constitutes a drop. Conditional means that the results are de-
pendent on a number of context specificities which are elaborated
in the concluding section. Mixed results indicate that both positive
and negative impacts were experienced with some groups of indi-
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viduals benefiting from the response while other groups fared
badly.

Before discussing Table 17.2 findings in detail, it is important
to distinguish the various types of poverty acknowledged in the
poverty literature. Box 17.5 provides definitions of the various
types of poverty that can exist. However, a systematic assessment
of the impacts across these criteria is not tried here due to the lack
of data. Instead, we attempt to get a grasp of key trends of the
consequences on the various constituents and determinants of
human well-being as used in the MA.

17.2.5.1 Security

Security as defined by the MA includes secure access to natural
and other resources, safety of person and possessions, and living
in a predictable and controllable environment with security from
natural and human-made disasters.

The privatization of ecosystem services through the use of
economic instruments have been found to perform relatively well
in defining secure rights and access to provisioning services of
ecosystems like access to timber, ownership of land, and access to
water resources. However, in many cases it was found that access
to these services was not equally distributed across stakeholders
dependent on these services. For example, there have been in-
stances whereby introduction of private land tenure—a combina-
tion of an economic and legal response—has reduced the ability
of many communities to access common ecosystem services dur-
ing times of economic and ecological stress (Rutten 1992). There
is no doubt that economic responses have improved the security
of some groups but at the expense of increased vulnerability and
insecurity to other groups.

Technological and economic responses were found to be suc-
cessful responses in increasing agricultural productivity. However,
it is difficult to say with a high degree of confidence that a larger
food supply had translated to a higher level of food security. Many
other factors like good governance, increased transparency, and
well-functioning markets were found to be critical in making sure
that food security and a reduction in absolute poverty is achieved.
Technological responses with a high degree of mechanization are
conducive to food security in a very broad sense. However, these
technological innovations may not guarantee, for example,
through the creation of jobs, the necessary entitlements of the
poor. Thus food can be available, but people might not have the
means to access it if responses are not labor inclusive and, there-
fore, ineffective as a poverty reduction strategy.

Social responses have indirectly contributed toward enhancing
the security of many local communities. Sacred groves—a form
of a social response—have traditionally served as social nets during
times of ecological as well as economic shocks. Although per-
ceived as sacred and religious, traditional rules governing these
groves allow individuals to have access to the ecosystem services
during times of hardships. However, privatization has eroded
many of these ecological safety nets in many developing countries
leading to increasing levels of insecurity and poverty. If economic
responses are to be adopted, then some form of social nets need
to be institutionalized in order to replace sacred groves and other
forms of social responses which provide buffers to increase secur-
ity during times of stress.

17.2.5.2 Health

Economic and technological responses were found to be the main
drivers causing land use changes as well as changes in biodiversity
composition and levels. Changes in biodiversity have been to
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Table 17.2. Consequences of Responses on Constituents of Well-being

Response Material Wealth
Category Security Health Social Relations and Livelihoods Freedoms and Choices

Legal mixed distributive impacts limited information negative; conflict with positive, but mixed distributive impacts
informal laws conditional across different ecosystems

Economic mixed distributive impacts mixed distributive negative mixed distributive mixed distributive impacts
impacts impacts

Technological mixed distributive impacts mixed distributive negative mixed distributive conditional
impacts impacts

Social positive limited information limited information positive, but positive
takes a long time

BOX 17.5

Concepts and Measures of Poverty

Absolute poverty is the state of deprivation based on absolute univer-
sal standards. It is usually associated with hunger and undernutrition
(and other standards of simple physical needs). It can be established
across different cultures and societies. It is based on objective mea-
sures of poverty.

Relative poverty is the state of deprivation defined by social stan-
dards. It is fixed by a contrast between those others in the society
who are not considered poor. Poverty is then seen as lack of equal
opportunities. It is based on subjective measures of poverty.

Incidence of poverty is a measure of poverty based on the number
of individuals who earn below a certain threshold. This measure is
widely used but suffers from the limitation that it does not give any
indication about the distribution of the poverty among the poor.

Depth of poverty is a measure of the average income gap of the poor
in relation to a certain threshold. It defines how poor are the poor. It
gives the amount of resources needed to bring all poor to the poverty-
line level.

Temporary poverty is poverty characterized by a short-term depriva-
tion, usually seasonal. It could be due to a shortage of water or food
that is available only occasionally.

Chronic poverty is poverty defined by a permanent status of depriva-
tion. It has both intra-generational and intergenerational features. It is
much harder reduce due to its structural characteristics.

Monetary poverty is poverty expressed as an insufficiency of income
or monetary resources. Most indicators like $1 per day or national
poverty lines are defined in those terms.

Multidimensional poverty is poverty conceived as a group of irreduc-
ible deprivations that cannot be adequately expressed as income insuf-
ficiency. It combines basic constituents of well-being in a composite
measure, such as the HPI (Human Poverty Index).

Other characteristics of poverty commonly used in the literature include
rural and urban poverty, extreme poverty (or destitution), female pov-
erty (to indicate gender discrimination), food-ratio poverty lines (with
calorie-income elasticities), et cetera. Other indices that combine two
dimensions—incidence and depth—of poverty are also widely used;
examples include the FGT (Foster, Greer, and Thorbecke) and the Sen
Index (Ray 1998; Fields 2001).
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known to increase the occurrences of dome diseases. The most
well known examples cited in Chapter 16 are Lyme borreliosis
and the severe form of tick-borne encephalitis. Rural communi-
ties, and in particular individuals who have problems accessing
medical facilities, are more vulnerable to these emergent diseases
than individuals who have easy and cheap access to medical facili-
ties.

Modern agriculture driven by technology and motivated by
economic incentives has a major impact on both water supply and
quality. The loss of natural vegetation from hillsides and river-
banks has increased the volume and speed of runoff. Increased
occurrences of floods increase the prospect of diseases like chol-
era. Moreover, loss of natural vegetation decreases the natural pu-
rification of water percolating through soil and vegetation. This
exposes both stock and humans downstream to a variety of zoo-
notic pathogens, including Campylobacter, Cryptosporidium, and
Giardia. (See Chapter 16.) However, a cost-benefit analysis of the
benefits accrued in the form of increased material well-being gen-
erated by technological and economic responses found that the
costs of reduced health are few, and it is difficult to conclude
with any certainty that the net benefit has been either positive or
negative to local communities.

There is little and scattered information on the impacts of legal
and social interventions on health status to make any definitive
conclusions. For example, existing studies shed very little light on
the health outcomes of communities living near protected areas.
The focus has been on increasing the material and income welfare
of the local communities with very little information on health
status. It is an area worth studying in the future. An important
lesson we can learn, however, is the need to address the multiple
services ecosystems offer, and lack in one constituent may imply
an increase in another constituent of well-being.

17.2.5.3 Material Wealth and Livelihoods

The MA defines material wealth and livelihoods to include the
necessary material for a good life, secure and adequate livelihoods,
income and assets, enough food at all times, shelter, furniture,
clothing, and access to goods.

Responses designed to improve access to natural resources are
central to increasing material wealth, providing livelihoods to the
rural poor, and are central to the reduction of rural poverty. It is
known with a high degree of certainty that at a local level, pro-
tected areas have often had a detrimental effect on poverty reduc-
tion because rural people have been excluded from a resource
that has traditionally provided income generating and livelihood
activities. This is not to say that protected areas themselves have
caused poverty, but the way in which protected areas are presently
designed have contributed to poverty or inhibited poverty reduc-
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tion efforts. The effects of local equity and rural development are
mixed, and financial returns have often proven insufficient to lift
community partners out of poverty. Responses need to be devel-
oped within efficient and accountable systems of governance, rais-
ing the bargaining power of communities in order to reduce
poverty.

In forest management, a combination of legal, social, and eco-
nomic responses has demonstrated the potential for poverty re-
duction. Small private ownership of forests can deliver more local
economic benefits and better forest management than ownership
by larger corporate bodies. This is true only when a good knowl-
edge base, capacity to manage, effective market information, good
organization between smallholders to ensure economies of scale,
and long-term tenure and transfer rights are available. Private
ownership (or ‘‘family forestry’’) is very common in Western Eu-
rope and in the southern United States, and is increasingly com-
mon in Latin America and Asia.

Responses allowing the use of wood as a fuel contribute to
secure livelihoods and reduce poverty by guaranteeing the subsis-
tence and domestic energy of poor rural households. However,
wood is the least efficient source of energy for the poor. Technol-
ogies helping them to convert wood and charcoal into modern
forms of energy can improve their livelihoods. Interventions
based on market demand for fuelwood can provide an important
source of income for the poor, but reliance on it can also impede
progress out of poverty, especially with large and rapid structural
changes in urban market demand for fuelwood.

Waste management policies are not only important in devel-
oping countries. Responses involving recycling and resource re-
covery schemes can provide jobs and help reduce unemployment
and poverty in industrial countries. For developing countries, it is
often argued that a fruitful response option would be private sector-
driven operational schemes coupled with government provision
of basic facilities in landfill, incinerator, and sewage treatment
plants, among others.

The legal responses of the CCD (in terms of reversing deserti-
fication processes, such as soil erosion) are central to the poor’s
livelihoods, and their struggle to conserve and use dryland ecosys-
tems resources in a sustainable fashion. Those policies are central
to reducing chronic poverty. However, strategies based on inte-
grated responses, developed through participatory mechanisms,
have been found to be more effective in reducing chronic rural
poverty. For instance, integration into mainstream national plan-
ning and/or poverty reduction processes, such as sustainable de-
velopment strategies or the poverty reduction strategy papers have
been found to provide a coherent and effective framework for
poverty reduction efforts. In this manner, issues relating to the
distribution of benefits in an equitable and fair manner are taken
explicitly into account in the planning framework.

Social responses, such as consumer campaigns and media ex-
poses, addressing the underlying causes of forest loss and degrada-
tion, can help with the provision of solutions compatible with
forest community management, especially in developing coun-
tries. However, it should be acknowledged that these responses
could take a long time to effectively change individuals’ behavior.

17.2.5.4 Social Relations

The MA defines good social relations to include social cohesion,
mutual respect, good gender and family relations, and the ability
to help others and provide for children.

The limited articulation of international and national conven-
tions and regulations linking biodiversity and local and indigenous
knowledge has contributed to a breakdown of local rules over
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the use of ecosystem services, leading to conflicts within local
communities as well as with outside communities. The previous
section on social responses concludes that these conflicts have de-
teriorated the social fabric of many communities. However, re-
cent initiatives like Article 8(j) of the CBD specifically address
indigenous peoples and their knowledge. The formal recognition
as well as encouraging the participation of local communities ‘‘in
developing policies for the conservation and sustainable use of
resources, access to genetic resources and the sharing of benefits,
and the designation and management of protected areas’’ is hoped
to reduce the conflicts and improve the social fabric that used to
hold communities together. Of course, it is too early to comment
on how successful these initiatives are.

The forces of globalization and privatization have improved
the material welfare and livelihoods of many communities in de-
veloping countries but have also initiated a collapse of many tradi-
tional institutions in these countries. These in turn have tended
to stratify many societies and cause a breakdown in social relations
and an increase in communal conflicts as witnessed in the Narok
district in Kenya (Amman and Duraiappah 2001; Rutten 1992).

The Green Revolution no doubt increased the livelihoods
and food security for many people in developing countries. How-
ever, the extent to which the technology addressed the needs of
the rural agrarian poor has increasingly come into question, as
evidence points out that the increased need for irrigation and fer-
tilizers excluded many of the poor from using this technology due
to limited financial resources. The dichotomy between techno-
logical responses and traditional knowledge has been another
major cause for the breakdown of social relations within commu-
nities, especially rural communities.

There is limited information on the impact social responses
have had on social relations. The expectations of a strong positive
correlation between the two did not emerge but this is more due
to lack of research on the topic rather than the lack of a relation-
ship.

17.2.5.5 Freedoms and Choices

The MA defines freedom and choice to include having control
over what happens and being able to achieve what a person values
doing or being.

There is no doubt that markets increase choices. But the cen-
tral question we need to answer is do markets discriminate across
individuals? The answers are mixed. Some individuals have defi-
nitely benefited from the liberalization of markets and the use
of economic responses to allocate ecosystem resources. However,
there is also increasing evidence of large segments of populations
in developing countries being excluded from this process.

Multilateral environmental agreements—a legal response—
play crucial roles in the conservation and protection of the envi-
ronment, and they are inextricably linked to the alleviation of
poverty in developing countries. However, few MEAs address
poverty reduction as a priority in these countries. As emphasized
in the discussion of legal responses, many MEAs (for example,
the CBD) recognize ‘‘that economic and social development and
poverty eradication are the first and overriding priorities of devel-
oping countries’’ (CBD, Article 20.4). However, those responses
are based on the role of economic growth in reducing poverty.
There is by now an extensive body of literature on ‘‘pro-poor
growth’’ (Fields 2001; Ravallion 2004) that highlights the limiting
effects of those responses that are capital-intensive and based on
highly qualified jobs. In other words, MEAs based on approaches
to conservation that ignore the need to create jobs in the short
run will have a limited impact on reducing poverty. To date, pro-
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tected areas have reduced the options and choices available to
local rural communities for securing security and livelihood op-
portunities.

At the national level, land tenure programs have contributed
to better ecosystem management and are instrumental in poverty
reduction in some ecosystems. However, their success has been
found to be dependent on the type of ecosystem. For example,
private land tenure systems in drylands have been less successful
in ensuring that pastoralists have access to various ecosystem ser-
vices like provisioning of water and pasture. But even in the case
of communal land tenure systems, studies point toward greater
transparency and fairness in the allocation of resources within the
communal system across all stakeholders.

Genetically modified organisms have also come under increas-
ing criticism for reducing the diversity of the seed bank and for
increasing the dependency of many farmers, especially in the de-
veloping countries, on large multinational companies who control
the patent rights for the GMOs. In this regard, the vulnerability
of developing countries is exacerbated by resource and skills con-
straints in terms of studying and developing national and local
impact assessment methodologies and regulation frameworks.
The freedom and choices for farmers in developing countries
have been reduced. However, developing countries do stand to
gain tremendously in terms of food security and broader human
well-being, particularly in the area of health with improved nutri-
tion, if the level of uncertainty over ownership associated with
these technologies can be reduced significantly.

Social responses which advocate participation and the use of
democratic structures to change have contributed to the freedom
and choices of individuals. For example, setting up community-
based forest management initiatives allows the flexibility of local
communities to harvest the forest for income opportunities but
also allows the communities to use non-wood forest products for
personal use.

17.3 Development and Poverty Reduction
Responses: Effectiveness and Consequences for
Human Well-being and Ecosystem Services
Development and poverty reduction strategies have assumed a
variety of forms and shapes. It is important to note the impact of
these responses on ecosystem services. Quite often poverty reduc-
tion policies have been based on different conceptions of devel-
opment, and on different measures of poverty. It is common to
find poverty reduction responses that identify poverty not as a
deprivation of constituents of human well-being but as a depriva-
tion of income. In these cases, the optimal strategy consists in
increasing the economic entitlements of the poor. This can be
achieved by improving governance, enhancing the asset bases of
the poor, improving the quality of growth, and reforming inter-
national and industrial-country policies. These recommendations,
as put forward by the World Bank (2002) report, Linking Poverty
Reduction and Environmental Management, are centered in the eco-
nomic dimension of well-being. Emphasis is given to the notion
of ‘‘livelihoods’’ in analyzing the impact of poverty reduction
strategies on ecosystem services and human well-being.

It has been widely acknowledged by policy-makers and other
stakeholders that poor people are heavily dependent on the state
of ecosystems and on ecosystem services, and to a large extent the
overall responses address this interdependence. When the ecosys-
tem is degraded, the well-being of these poor populations is se-
verely affected not only in economic terms, but also in cultural
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and spiritual terms. This seems to be the core message behind
those responses that articulate actions toward poverty reduction.

One important development intervention that encompasses
all different dimensions of human well-being is the Millennium
Development Goals. The MDGs consist of a set of goals and tar-
gets to be achieved by most countries by 2015. The goals are not
restricted to a livelihood analysis, instead encompassing a broader,
multidimensional view of development. The goals that are closer
to the management of ecosystem services are: halving extreme
poverty and hunger, achieving universal primary education, pro-
moting gender equality, reducing child mortality, improving
maternal health, combating major diseases, and achieving envi-
ronmental sustainability. It is important to note the impact of
those policies on the provision of ecosystem services.

The world has seen a proliferation of policies addressing the
problem of increasing environmental degradation and increasing
poverty in these last years. As Perrings (1996) has argued, ‘‘One
of the most striking coincidences of the last decade has been . . .
deepening poverty and accelerating environmental degradation in
the arid, semiarid and subhumid tropical regions—the dry-
lands—of sub-Saharan Africa.’’ There are several elements of the
MDGs that are closely linked with ecosystem services. For in-
stance, it is known that there are 1.3 billion people living in fragile
areas (World Bank 2003), with a majority living with less than
one dollar a day. For these people, improvement in their food
security and health status depends on the state of the ecosystems
in which they live and the services these ecosystems are able to
provide. Of course, access to other assets such as human, physical,
financial, social, ‘‘state provided’’ infrastructure, in particular edu-
cation and health services, political and institutional, also play an
important part in defining the well-being of the poor.

Similarly, some of the central effects of poverty reduction
strategies are on people’s nutrition and on women’s degree of
independence within the household. Poor women are also often
subjected to indoor pollution and heavy workload that increases
their exposure to other environmental risks.

Warburton (1998) has shown how the use of successful re-
sponses to ecosystems depends on community values and com-
munity participation. According to her, a participatory approach
to sustainable development, based on community-driven strate-
gies, would promote capacity building at the local level, and im-
prove mechanisms of sharing experience and knowledge between
community groups at national and international levels. The same
reasoning is pursued by Agenda 21.

Sectoral responses would then be defined according to the
particular characteristics of the natural resource sectors. For in-
stance, a development strategy involving secure land tenure
would be conducive to sustainable activities preventing land deg-
radation. A more comprehensive understanding of the develop-
ment and poverty reduction strategies would then allows us to
conclude ‘‘without a doubt that the poor do not initially or indi-
rectly degrade the environment’’ (Duraiappah 1998). This is an
important conclusion that suggests that responses should focus on
(1) correcting institutional and market failures, and (2) providing
proper incentives to agents to use the resources sustainably.

The impact of regional variations in the poverty-environment
links—adding the gender dimension—has been explored by
Agarwal (1997). She analyzes the particular processes of national-
ization and privatization developed in India that have undermined
traditional institutional arrangements of resource use and manage-
ment. Responses to development problems in India have led to a
continuing commercial exploration of forests and appropriation
of village commons. Her work corroborates Jodha’s (1986) study
on the village commons. The Green Revolution in India has led
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to high environmental costs over time. Some of these responses
emerged from the organization of civil society groups, such as
women’s and environmental groups, indigenous movements and
peasants’ participation. Agarwal calls attention to the fact that,
‘‘the processes of environmental degradation and appropriation of
natural resources by the State, and by small numbers of individu-
als, have specific class-gender implications, manifest in the erosion
of both livelihood systems and knowledge systems, but it is
women and female children of poor rural households who are
affected most adversely.’’ (Agarwal 1997)

This gender bias not fully addressed by some responses is also
confirmed by Ezzati and Kammen (2001), who have shown that
women are twice as likely as men to have an acute respiratory
infection due to their exposure to high emissions from domestic
activities. Some development policies dismiss the distributive im-
pacts of environmental degradation, ignoring that the poor are
most dependent on environmental income in relative terms and
the non-poor who use more the natural resources in absolute
terms (Cavendish 1999). If these impacts are assessed in the space
of the constituents of well-being, there are great inequalities
found among the rich and the poor in terms of environmental
health problems, such as illnesses due to unsafe water, indoor air
pollution, or exposure to disease vectors.

Development practices will have an intrinsic role in the pro-
motion of human well-being and an instrumental role in the fos-
tering of ecosystems and ecosystem services. The promotion of
adaptive participatory management has important consequences
on stakeholder behavior and capacity building strategies that affect
directly the well-being of societies (Gadgil 1999).

Distributive issues are at the core of the analysis of the impact
of development policies on ecosystems and human well-being.
The use of watershed projects, as a development strategy, has been
widely pursued by governmental agencies. On the one hand,
there are potential benefits for the poor that could arise from a
watershed or a catchment: it could raise agricultural production
and conserve common natural resources that are so important to
the poor. On the other hand, it could benefit landholders while
harming landless people. Kerr finds the projects most successful
in achieving conservation and productivity benefits also have the
strongest evidence of skewed distribution of benefits toward
larger landholders (Kerr 2002). The analysis is limited and the
extent of trade-offs is not known, but it is clear that satisfaction
with watershed projects is positively correlated to land holding
size, and many landless people strongly resent their loss of access
to common lands.’’

This might happen for a variety of reasons. It is important to
remark, however, that most watershed projects have not benefited
the poor directly. Moreover, they have not been very friendly
toward women, since they have only employed male staff mem-
bers who are less sensitive to gender concerns.

In the context of tropical forests, emphasis should be given to
what Wunder (2001: 1818) named ‘‘the dynamic potential of nat-
ural forests,’’ that is, the sustainable production of benefits to the
poor. This could be challenged by the existence of ‘‘vicious cir-
cles’’ where the poor need to use environmental resources, caus-
ing degradation, which aggravates poverty, and so on. In terms of
development policies and responses, Wunder argues that ‘‘at the
global level, the shift toward a people-centered conservation para-
digm has not succeeded in slowing down the loss of tropical for-
ests and their biological diversity,’’ with perverse consequences to
the poor. With regard to deforestation, evidence from Brazil
shows a pro-cyclical pattern of deforestation.

Much work has been done on the construction of indexes for
assisting responses to the poverty-environment nexus. (See Box
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17.6.) Good examples comprise Lindenberg’s (2002) index of
household livelihood security at the family and community level,
Sullivan’s (2002) index of water poverty, and Levett’s (1998) sus-
tainability indicators. Although these examples are far from being
comprehensive, they properly illustrate the proliferation of gen-
eral attempts to integrate well-being and ecosystem services in the
formulation of development policies. It must, however, be noted
that their impact has been systematically ignored by mainstream
economists.

A recent study that synthesized data from 54 household in-
come studies from 17 countries, mostly in East and Southern Af-
rica and South Asia, found that 22% of household income comes
from ‘‘forest environmental resources’’ such as harvesting wild
foods (bushmeat, insects, and wild fruits, and vegetables), fuel-
wood, fodder, medicinal plants, and timber (Vedeld et al. 2004).
The income is about evenly split between cash and products con-
sumed directly. Wealthier families harvest more forest products.
However, these activities generate a much higher proportion of
poorer families’ total income. Villages farther away from markets
and with lower educational levels get more of their income from
forests. Forest environmental income was of particular signifi-
cance as an additional income source in periods of both predict-
able and unpredictable shortfalls in other livelihood sources. This
study concluded that the omission of forest environmental in-
come in national statistics and in poverty assessments leads to an
underestimation of rural incomes, and a lack of appreciation of
the value of the environment in the context of poverty reduction
strategies.

Poverty alleviation policies based on structural adjustment
policies are very controversial because they have not been able to
solve ‘‘the problem of the counterfactual’’ (Killick 1995), that is,
‘‘Do adjustment programs result in a better poverty situation than
would have obtained without them?’’ Whereas it is correct to
point out the adverse effects that accompanied adjustment poli-
cies, it is technically difficult to isolate the effect of the causes of
the initial crisis. The subsistence farmer, the urban very poor, the
smallholders in isolated rural areas, all seem to suffer with the
introduction of structural adjustment programs. The impact on
ecosystems has rarely been discussed by analyses of such programs.
The emphasis has been given to short-term macroeconomic pol-
icy measures with fundamental fiscal reforms in the public sector.

New poverty reduction strategies have been developed in
these last years, covering a wide range of policies, scales, and

BOX 17.6

Weighting Human Well-being in Development Policies

One important issue in assessing the impact of ecosystem services on
human well-being is how the well-being of different individuals is
weighted in a social well-being function. When handling multidimen-
sional aspects of well-being, another aspect to be considered is how
to weight those different elements. Should we give the same weight to
each and every aspect, or should we examine alternatives weights?
John Rawls (1971) has put forward the view that a lexicographical
ranking called maxmin should be adopted, according to which, social
well-being increases as the well-being of the worst off in society in-
creases.

More recently, participatory approaches have suggested that em-
phasis should be given to the mechanism of setting priorities rather
than on priorities itself. This is a fundamental issue for assessing the
impact of the interlinkages between well-being and ecosystem ser-
vices.
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actors. More often than not, as mentioned above, the impact of
those policies on ecosystems and ecosystem services is largely ig-
nored. Their focus seems to be on institutional and macroeco-
nomic stability, generation of sectoral growth, and reduction of
the number of people living with less than $1 per day in poor
countries. The most articulated of those strategies is the poverty
reduction strategy paper. PRSPs aim to target poverty reduction
by articulating macroeconomic, structural, and social policies in
those countries interested in following a partnership with the
World Bank and the IMF. They are comprehensive and results
oriented, and promote a sense of ownership among those govern-
ments that are committed to them. Countries are supposed to
prepare an interim PRSP (I-PRSP) and then update their PRSP
every three years.

PRSPs are quite important elements in poverty reduction
strategies for more than 40 countries all over the world. Many of
these countries depend on the approval of their PRSPs or I-
PRSPs as a condition to the IMF’s Poverty Reduction Growth
Facility program, the World Bank’s concessional lending, and the
Highly Indebted Poor Countries Initiatives. PRSPs’ analysis of
the impact of poverty on ecosystems is assessed through poverty-
environment links. As mentioned in the PRSP Sourcebook, ‘‘In the
context of a PRSP, environment and poverty are linked in two
major ways. One is that poverty alleviation should not damage
the environment of the poor, which would only undercut gains
in one area with losses in another. The other main link is that
improving environmental conditions can help to reduce pov-
erty.’’ (World Bank 2004: 376)

PRSPs link environmental impacts on health and security of
poor people, proposing a ‘‘systematic mainstreaming of environ-
ment in PRSPs.’’ PRSPs include issues like water supply and
wastewater disposal, solid waste removal, indoor and urban air
pollution, land degradation, deforestation, loss of coastal ecosys-
tems, and fisheries. However, they reduce proper environmental
management to the provision of ‘sustainable livelihoods’. In pol-
icy terms, they focus on sectoral policies and programs on health,
infrastructure, public works, agriculture, et cetera, giving a very
broad meaning to environmental policies. They explore poverty
dimensions, such as those of economic opportunity, natural re-
source utilization, empowerment and public actions. The poten-
tial consequences for the poor are potentially quite striking. Yet
successful responses depend on the implementation of democratic
participatory processes at a local level.

Participatory poverty assessments are a promising tool of pov-
erty reduction strategies. PPAs use participatory techniques to
evaluate poverty assessments. They are able to reveal many differ-
ent aspects of poverty, such as vulnerability, powerlessness, isolation,
insecurity, ill health, physical violence, and fragile environments
that condemn the poor to lives of multiple deprivations (Robb
1999). They are usually good to reveal the depth and severity of
poverty, which are normally hidden by monetary poverty lines.
RRA (rapid rural appraisal) techniques and PRA (participatory
rural appraisal) have developed the core elements behind current
uses of PPAs. Here again, not much has been said on the impact
of those strategies in terms of ecosystems and ecosystem services.
This remains a challenge to be met.

To conclude, it could be said that the impact of poverty re-
duction strategies on ecosystems and ecosystem services has not
been fully explored in the international policy-making processes.
More information is needed to assess the impact of those responses
on poverty reduction according to specific analytical categories.
The most important poverty reduction strategies tend to empha-
size institutional and macroeconomic aspects at the expense of
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poverty-ecosystem links. When these strategies refer to ecosys-
tems or the environment, they tend to frame the consequences of
poverty alleviation strategies in terms of the livelihoods approach,
narrowing down the poverty issue to its economic dimension.
Successful responses should therefore include broader notions of
poverty and try to mainstream the role of ecosystem services in
the main poverty reduction programs.

17.4 Critical Choices for Response Success
The assessment identified a number of elements that play signifi-
cant roles in the selection of responses and the subsequent conse-
quences of these responses on human well-being and poverty.
The five more critical elements identified from the assessment
include: (1) heterogeneity of stakeholders, (2) spatial, temporal,
and administrative scales, (3) type of ecosystems and the underly-
ing dynamics, (4) policy coherence and interdependency, and (5)
enabling conditions or instrumental freedoms.

17.4.1 Heterogeneity of Stakeholders

Most responses, particularly economic and market-based re-
sponses, focused on improving the aggregate welfare of commu-
nities or societies. However, numerous authors have complicated
the concept of ‘‘community.’’ Communities are notoriously dif-
ficult to define, with boundaries between them often blurred and
overlapping (See Chapter 14; Cavendish 1999; Barrow and Mur-
phree 2001). Within communities, differentiation exists based on
socioeconomic positions, gender, and positions with local gov-
ernment structures. Ecosystem management may have different
impacts on the well-being of different groups within communi-
ties. Local elites may have better opportunities to capture benefits,
while the burden of conservation may be put on other groups
in the communities. This entails that the tradeoffs and synergies
between different ecosystem services may not be similar for every
person, especially women (see Box 17.7), within a community.
Decision-makers will need to incorporate these differences when
designing responses and evaluating their consequences.

The assessment of Part II chapters shows very clearly that a
variety of stakeholders live in ecosystems and use ecosystem ser-
vices for different purposes and in varying degrees and intensity.
For example, in the case of forests ecosystems and the provision-

BOX 17.7

The Gender Dimension

Each of the response options has a gender dimension that can be
more or less relevant to poverty reduction according to the nature of
ecosystem services. The phenomenon known as the ‘‘feminization of
poverty’’ should be acknowledged since there is great inequality in the
distribution of resources and capabilities along gender lines. Consider-
ing gender issues means not only awareness of women’s disadvan-
tages in terms of a wide range of variables, but also incorporating the
issue of discrimination against women in the use of resources. This
might be revealed in the disproportionate time that many women in
dryland areas spend searching for clean water. Interestingly, re-
sponses that take into account an active role for women provide a very
positive balance for soil conservation, promoting biodiversity with the
introduction of new technologies (UNFPA, 2001). Responses involving
women in environmental and health decisions have proved to be impor-
tant to target poverty reduction and to conserve ecosystems success-
fully.
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ing service of fuelwood, the poorest tend to be disadvantaged by
shifts to bring remaining common pool resources under sustain-
able management through economic (prices) and legal (tenural)
responses. (See Chapter 8.) Fuelwood harvesting tends to be re-
stricted in this process, and women’s needs for fuelwood com-
monly have lower priority than those of men, who use forest
products for sale. Weak tenure rights over the resource can also
mean that poor (low-income) rural producers and traders are pro-
gressively excluded from access to the resource and markets as
trade grows. (See Chapter 8.)

Another example is the establishment of protected areas in
upper watersheds. Protected areas, a form of regulatory control
over land use, has had mixed results because many of them fail to
recognize the rights of local populations or communities who
have depended on such areas to support their livelihoods, and
exclude them from access to benefits. (See Chapter 5.) Age, gen-
der, ethnic group, and wealth status play a role in who maintains
and decides what diversity to maintain and where.

In similar manner, culture has been found to play a significant
role in the success or failure of technological interventions, which
change landscapes and disrupt the cultural and religious relation-
ships communities have with ecosystems. (See Chapter 14.)
Moreover, it was shown that technological responses usually cater
for quick profits and require certain amounts of investment that
usually exclude the low income.

Table 17.3 tells us which characteristics of stakeholders should
be considered when designing and implementing a response. The
table is read as follows. If water markets—an economic re-
sponse—are being considered to improve the efficient allocation
of water, then high considerations must be made for individuals
with low income and more specifically women who may actually
experience a drop in well-being with market determined prices.
Table 17.3 also tells us, for example, that low considerations can
be given to the cultural and religion background of individuals
when water markets are created. There was limited information
available to consider if formal education and the rural/urban di-
vide were important attributes to consider when designing eco-
nomic responses.

17.4.2 Temporal, Spatial, and Administrative Scales

Temporal, spatial, and administrative scale effects were also found
to play critical roles in determining the success or failure of re-
sponses. The role these scales have on the consequences on
human well-being and poverty are indirect in the sense that fail-
ure of the response to mitigate or reverse ecosystem degradation
inadvertently causes a drop in human well-being and an increase
in poverty.

17.4.2.1 Temporal Scales
Changes in ecosystems and their corresponding services can occur
over a range of time horizons. Losses in provisioning services

Table 17.3. Stakeholder Characteristics That Can Influence the Consequences of Responses on Human Well-being and Poverty

Economic and
Financial Responses Legal Responses Technological Responses Cultural Responses

Gender high consideration high consideration medium consideration high consideration

Culture and religion low consideration medium consideration high consideration high consideration

Formal education imited information high consideration high consideration high consideration

Income level high consideration low consideration high consideration limited information

Urban/rural divide limited information low consideration limited information high consideration
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occur in a relatively shorter time span than losses in the regulating
and supporting services. For example, the extinction of the Peru-
vian anchovy stock within a span of 15 years is a telling story of
how fast a renewable resource can come so close to extinction.
On the other hand, climate change caused by the emission of
anthropogenic greenhouse gases occurs over a time scale of a cen-
tury or more. It is also known that the longer the time frames,
the higher the degree of uncertainty over the loss in ecosystem
services and the consequences on human well-being.

Do temporal properties have an influence on the type and
success of intervention strategy to be adopted? The answers are
mixed. The main factor that underlies temporal dimension is the
level of uncertainty. (See Figure 17.1.) If the loss in ecosystem
service and/or the impact on human well-being is highly uncer-
tain or unclear but is expected to occur within a short time span,
then the precautionary principle is recommended to be adopted
and a policy regime consisting of a hybrid of regulatory, economic
and legal interventions can work relatively well. An example of
the precautionary principle in practice is the Cartagena Protocol.
This protocol requires advanced informed agreement procedures
and careful assessment of risks before movements of living modi-
fied organisms are permitted. Such risk assessment should be based
on the precautionary principle.

However, if there is uncertainty and the impacts are expected
to occur only in the distant future, then economic interventions
in the form of permits, taxes, and incentives for technological
innovation, together with social interventions in the form of
changing values and attitudes, work well.

In the event that there is very little uncertainty whether an
impact will occur, and it is expected to happen in the near future,
then regulations supported by legal interventions have proved to

Figure 17.1. Relationship between Uncertainty, Time, and
Interventions
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be the best intervention strategy. The Montreal Protocol to pro-
tect the ozone layer is an example of a legal response. However,
if the impact is known to occur but only in the distant future,
then a combination of social, economic, and technological inter-
vention strategies will be the best response strategy. The adaptive
strategy to mitigate the impacts of climate change in many devel-
oping countries is an example of response strategy falling into this
class. It is therefore critical in the design of responses that the
degree of uncertainty is explicitly recognized and incorporated in
the design stage of the response.

17.4.2.2 Spatial and Administrative Scales

Spatial scale relates to the geographical boundary over which eco-
system services are provided while administrative scale denotes the
type and level of authority overseeing the management of the
ecosystem or ecosystem service. Chapter 5 on biodiversity stresses
the importance of the principles of decentralization or subsidiarity
as guiding principles for the management of ecosystems for rea-
sons of efficiency, democratic legitimacy, and ethics. Institutional
diversity and nested institutional arrangements may be the ways
forward, as all levels of authority have their strengths and weak-
nesses.

The wood and fuelwood chapter shows that national govern-
ment policy and regulation used to create the major signals influ-
encing wood producers have often had negative environmental
and social impacts. (See Chapter 8.) Now, the set of response
options has widened to include voluntary, market-based, and
multistakeholder actions at decentralized and international levels.
The chapter concludes by saying that it is important to have a set
of responses, so that each targets a specific problem, but also
works well with the others. Such coordination is particularly
needed at the national policy level (and can be done through
national forest plans and processes) and at the forest manager level.
Decentralization of authority and responsibility to local govern-
ment, communities, and the private sector is also a common shift
in many parts of the world, especially larger countries such as
Indonesia, China, and Brazil. This shifts power closer to the peo-
ple most affected by local resource use and can improve manage-
ment where local institutions are adequate and accountable. But
it is critical that there is a close relationship between the different
scales of responsibility in order to minimize the potential for con-
flicts.

In the case of water resources, the objective of integrated
water resource management is a general response to conflicts be-
tween various interests in water resources. These may include
conflicts among individual users, among different sectoral inter-
ests, among political jurisdictions, between livelihood interests
found at local scales, and larger scale interests driven by geopoliti-
cal considerations, and more generally between environmental
and economic objectives associated with regulatory and provi-
sioning services of freshwater ecosystems. Therefore, IWRM is
primarily a problem of developing more appropriate forms of
governance and institutional arrangements for management of
shared waters, which cuts across spatial and administrative scales.

Lack of authority is particularly prevalent in transboundary
basins, given the absence of a single legal authority and the need
to rely on voluntary agreements among countries that occupy the
basin. An example of this is the International Commission for the
Protection of the Rhine. Given the generally heterogeneous na-
ture of environmental as well as socioeconomic conditions, effec-
tive management of freshwater resources to support multiple and
often conflicting uses often requires numerous site-specific re-
sponses that are beyond the capacity of centralized authorities.
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Although a basin-wide approach is necessary for some aspects of
management of freshwater resources such as overall water alloca-
tion, flood forecasting, and emission of persistent pollutants, oth-
ers, such as problems associated with land and water relationships,
and operations and maintenance of irrigation canals, may best be
resolved locally because it allows for more direct engagement of
stakeholders and more appropriate responses to site-specific cir-
cumstances.

In general, land-water relationships are more effectively ad-
dressed at smaller scales at which land use impacts can be more
readily detected, benefits are more tangible, and at which agree-
ments can be tailored to local conditions. Interventions at these
smaller scales are also unlikely to be effective beyond the level at
which their consequences are at least measurable. For example,
soil conservation management practices aimed at reducing erosion
may be beneficial on-site but will not be of significance in reduc-
ing downstream sedimentation in basins where erosion rates are
naturally high or where there is insufficient cooperation by up-
stream stakeholders so as to implement practices over a wide
enough area.

The implied solution to spatial and administrative scale con-
flicts is the need both for decentralized approaches for many as-
pects of resource management and decision-making, and for
mutually supportive governance at more centralized levels, so as
to insure that human well-being and poverty reduction measures
and other localized interests are adequately represented and con-
sidered in basin-wide decision-making processes. Therefore, the
issue at hand is not the type of response, which should be used
for different spatial or administrative scales but more of a concern
of getting into place the appropriate governance and institutional
frameworks to support the implantation of responses in an effi-
cient, democratic, and ethical manner so that human well-being
is increased and poverty reduced.

17.4.3 Ecosystem Dynamics and Interaction

The biodiversity chapter explicitly states that the success or failure
of any response to conserve biodiversity will depend on the eco-
logical setting in which it is applied. One of the main reasons for
the limited success of protected areas is the failure to account
for the distribution of biodiversity within different ecosystems.
Therefore, the fixed land percentage criteria used for determining
protected areas fails to capture the fact that different ecosystems
vary in terms of internal heterogeneity or diversity with more
diverse types arguably deserving a higher target. Moreover, differ-
ent ecosystems vary in terms of likelihood of persistence in the
absence of conservation action (for example, because of differ-
ences in geographic extent); percent targets can run counter to
types with greatest need for protection, because models of proba-
bilities of persistence suggest that geographically extensive habitat
types may have a reasonable probability of persistence of their
components even in the absence of action, and so require a smaller
not larger percentage area protection. (See Chapter 5.)

Ecosystems are not homogenous. For example, dryland eco-
systems cannot be perceived as being in equilibrium, but in con-
tinual transition—in climatic conditions, production systems,
demography, and social institutions (Mortimore 1998). Attempts
to use economic responses like private land ownership may work
well in specific areas within ecosystems, which are characterized
by stable rainfall and predictable climatic variations. However, if
the larger ecosystem is characterized by more unstable precipita-
tion patterns and introducing private land tenure in these systems
may prove fatal (Amman and Duraiappah, 2004).
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It should also be recognized that there is a high degree of
synergy and interdependency among the different services, for ex-
ample, the well-established strong inter-linkages among biodiver-
sity and hydrological and nutrient cycles (see MA Framework for
Assessment). Overuse of provisioning services, such as excessive
biomass harvesting, can impair the productivity of the regulating
and supporting services, such as water and nutrient cycling, which
in turn have a negative impact on the ability of the ecosystem to
produce goods, such as biomass. This feature of interdependency
among ecosystem services is normally not taken into account in
management and policy decisions, especially at watershed and na-
tional scales.

Integrated responses that address degradation of ecosystem
services across a number of ecosystems simultaneously and also
explicitly include objectives to enhance human well-being are in-
creasingly being used. Integrated responses occur at different
scales and across scales, and use a range of instruments for imple-
mentation. Increasingly they are associated with the application
of multistakeholder processes and with decentralization; they may
include actors and institutions from government, civil society, and
the private sector. However, the limited information available to
date on integrated responses makes it difficult to come to any
decisive conclusion at this moment.

17.4.4 Policy Coherence and Interdependency

The assessment of the well-being–poverty–ecosystem nexus re-
veals that it is governed by a complex system of institutions, orga-
nizations, and instruments (Duraiappah 2004). These range from
the international scale right down to the local community. More-
over, within each level, there is again a multitude of instruments,
organizations, and institutions at work. Figure 17.2 shows that the
links between scales is not linear, but there are many instances
where there is a direct link between the international level and
the local level policies. But the critical point to keep in mind is
the need for coherence at all these scales and levels if the goals of
poverty reduction through the sustainable management of ecosys-
tem services are to be even remotely achieved.

Chapter 8 on wood and fuelwood finds that policies, institu-
tions, and interventions that work toward ecosystem well-being
are uncoordinated with those that work toward human well-
being. This same finding is similar to the one that many PRSPs
make no explicit mention of ecosystems.

Frameworks for natural resource management that are devel-
oped more locally and then linked to national objectives have
shown to be more flexible and responsive to local interests. Rele-
vant local stakeholders can develop these frameworks, with special
support given to the disadvantaged poor to negotiate for their
interests.

17.4.4.1 Instruments and Institutional Coherence

There are 13 global multilateral environmental agreements and/
or conventions and approximately 500 international treaties or
other agreements related to the environment. Couple this with an
equally large number of poverty reduction plans and development
strategies, and we get a complex policy arena with the potential
for many conflicting objectives and goals. There has been a con-
certed action by the secretariats of the CBD, CCD, and Ramsar
to coordinate their action plans, but our findings suggest that
more is needed. A valuable input to the process will be to consoli-
date the various action plans under each of the conventions into
an integrated response strategy and this strategy to be integrated
within the larger and broader development and/or poverty re-
duction frameworks used in the respective countries.
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Figure 17.2. A Schematic Illustration of Vertical and Horizontal
Policy Coherence

The initial findings at the national levels point to a fragmented
approach with a few countries recognizing the need for policy
coherence but they do not have the capacity and resources to
carry out such a process. If the international community wants to
see an improvement in the management of ecosystems as well as
reductions in poverty, then additional resources should be set
aside for developing systems that encourage the integration and
coherence of instruments, organizations, and institutions.

17.4.4.2 Organizational Coherence

At the international level, each MEA has its own secretariat. At
the national level, the responsibilities for the environment, pov-
erty reduction, and development strategies are spread across a va-
riety of ministries. It is imperative for these conventions at the
international and ministries at the national level to work together
toward common goals and objectives. If policy-makers are to re-
duce inter-ministerial conflicts, then it is imperative that an orga-
nizational matrix should be drafted to allow policy-makers to see
who (which organization) is responsible for what (institutions and
instruments).

17.4.4.3 Vertical Coherence

There is a need for vertical integration of the various policies,
plans, and/or strategies. International conventions must be coher-
ent with national policies and these in turn must be coherent
with local policies. The many cases reported in the chapter on
biodiversity show the impact of international environmental law
upon national law, demonstrating that domestic courts play a vital
role in the application of international environmental agreements.
(See Chapter 5.)
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In the case of biodiversity conservation, the greatest benefits
were realized when intentional ecosystem planning achieved co-
ordinated adoption over large areas. However, even when adop-
tion was limited to individual farm-level activities, significant
benefits to ‘‘wild’’ biodiversity were recorded. Of the 36 cases,
28 principally benefited poor, small-scale farmers. Enhanced eco-
system productivity and stability reduced production-associated
risks, raised food and fiber production, and improved human
well-being.

17.4.4.4 Horizontal Coherence

Horizontal coherence refers to coherence at the international
level, at the national level, and the local level. This requires actors
at the international level to work together and make an effort to
ensure that their policies complement each other (OECD 2001).
International cooperation through multilateral environmental
agreements requires increased commitment to implementation to
effectively conserve biodiversity. However, unless these are im-
plemented on the ground, they are not effective. The CBD, in its
Preamble, recognizes ‘‘that economic and social development and
poverty eradication are the first and overriding priorities of devel-
oping countries.’’ The CBD (Article 20.4) and UNFCCC (Arti-
cle 4.7) also state that ‘‘eradication of poverty’’ is one of the
commitments by the parties. The CCD also has several provisions
toward alleviating poverty and creating an enabling environment
to achieve sustainability objectives. A positive signal has been re-
cent attempts (for example, through joint work plans) to create
synergies between conventions. However, the link between bio-
diversity conventions and other international legal institutions
that have an impact (such as WTO) are weak.

The same is true for the national level. Ministries must work
together to aim for a common goal. Their plans and strategies
must be complementary to each other, and trade-offs among their
plans must be highlighted, discussed, and agreed upon before ac-
tions are implemented. For example, the chapter on biodiversity
(see Chapter 5) stresses the importance of integrating biodiversity
issues in agriculture, fishery, and forestry management—in many
countries the responsibility of various ministries—in order to
achieve two-fold gains in encouraging sustainable harvesting and
in minimizing the negative impacts on biodiversity.

Responses have in general been developed and implemented
in a sectoral manner. The sectoral approach has usually led to
many conflicting objectives, and even when objectives are similar,
different approaches and responses inadvertently lead to a worsen-
ing of the situation rather than an improvement. The overall ob-
jective for policy coherence will be to:
• reduce fragmentation,
• reduce duplication, and
• reduce transaction costs.

17.4.5 Enabling Conditions: Toward Adaptive
Management and Evolving Strategies

Adaptive management has been cited as an ideal approach to ad-
dress poverty reduction and ecosystem management in many of
the chapters in Part II of this volume. The chapter on water (see
Chapter 7) defines adaptive management as an integrated response
option that provides a way to build on a base of imperfect knowl-
edge, while the integrated responses chapter (see Chapter 15) de-
fines it as learning by doing. Adaptive management necessitates
multiple instruments, including a mix of law, economic instru-
ments, voluntary agreements, information provision, technologi-
cal solutions, research, and education. The key word in adaptive
management is flexibility. Equally important in adaptive manage-
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ment are the management structures that exist and the potential
for change within those structures, whether they are institutions,
property rights, or communities. In order to provide flexibility
and the environment for change to occur, a number of ‘‘enabling
conditions’’ are required.

Chapter 15 highlights integrated coastal zone management as
an adaptive management approach. ICZM initiatives created en-
abling conditions for stakeholder involvement in coastal manage-
ment decisions, and for partnerships that have helped to break
sectoral barriers. However, the chapter also highlights where
ICZM processes have failed to identify all relevant stakeholders
and create conditions for their effective participation. This is be-
cause these partnerships have not always demonstrated transparent
and democratic methods for selection of the participating organi-
zations and individuals who truly reflect the needs of the coastal
area.

Many of the various enabling conditions found to be critical
in the successful implementation of response strategies within an
adaptive management strategy were found to be closely related to
what Amartya Sen calls ‘‘instrumental freedoms’’ (Sen 1999). Sen
identified five instrumental freedoms—participative freedom and
political feasibility, social opportunities, economic facilities, trans-
parency guarantees, and protective security—critical for reducing
poverty and improving human well-being. He stresses that these
freedoms should not be seen as exclusive of each other or as sub-
stitutes, but as inclusive and complementary. Therefore, some or
all of the other instrumental freedoms—participative freedom and
transparency guarantees—are required in order to provide, for ex-
ample, economic facilities (Dreze and Sen 2002).

Individuals live and operate in a world of institutions and,
therefore, there is a close relationship between instrumental free-
doms and institutions. For example, Sen goes on to state that our
opportunities and prospects depend crucially on what institutions
exist and how they function. Not only do institutions contribute
to our freedoms, their roles can be sensibly evaluated in the light
of their contributions to our freedom (Sen 1999).

But the relationship is more complex than appears at first
glance. Although institutions are responsible for the provisioning
of the freedoms, it should also be acknowledged that the type,
efficiency, and effectiveness of institutions are determined by the
instrumental freedoms available in the country (Sen 1999, Chopra
and Duraiappah forthcoming). (See Figure 17.3.) Therefore, com-
munities having limited instrumental freedoms would find diffi-
culties in changing, revising or adapting existing institutional
structures, which are needed to successfully implement adaptive

Figure 17.3. Relationship between Degree of Freedom and
Institutional Efficiency and Effectiveness (Chopra and Duraiappah
forthcoming)
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strategies to improve well-being and better management of eco-
system services.

The assessment of the various intervention strategies in Part II
of this report point to the fact that no intervention strategy operates
in a vacuum. The assessment repeatedly highlights that the success
or failure of many responses were largely influenced by the various
institutional frameworks that were in place in the country for pro-
viding the various instrumental freedoms. For example, in the case
of biodiversity, one of the critical assessment findings that evolved
is the democratic and representative participation of local commu-
nities. The participation process worked relatively well in conserv-
ing biodiversity, and worked well for improving the well-being of
local communities when institutions supporting democratic partici-
pation were in place. (See Chapters 5, 7.)

Another example of a successful intervention strategy that
worked relatively well is the use of water permits in the United
States. Local communities together with local authorities devel-
oped a water permit system that worked relatively well. The main
reason for the success of this initiative was the presence of well-
functioning markets—an economic facility, together with a
trusted legal system, the transparency guarantee, which individu-
als could rely on in cases of litigation. In many developing coun-
tries, these institutional frameworks come at a very high cost in
the form of high transaction costs and corruption. (See Figure
17.4.) These high costs practically prevent poor communities
from adopting adaptive management strategies, which require as
a prerequisite flexible institutional structures which can be
changed or revised without too much cost and effort.

Moreover, the clarification of property rights or tenure secur-
ity—another form of transparency guarantee—was considered as
a prerequisite for the use of economic instruments. It is well es-
tablished, however, that tenure security is absent in many devel-
oping countries and explains the limited success market-based
instruments have had in these countries. In a majority of instances,
the use of market-based intervention strategies often resulted in
critical water supplies being captured by a small minority who
had resources and political power. It was found that, in cases
where formal tenure security is unreliable and uncertain, inter-
vention strategy in the form of informal arrangements among the
relevant stakeholders worked relatively well. However, it should
be stressed that institutions ensuring equitable participation in for-
mulating these informal institutions were present to ensure fair
representation and access to ecosystem services. Experiences from
the use of ICZM—an example of an adaptive management strat-
egy—suggest that this approach can only work effectively if insti-
tutional structures can be revised, amended, or changed relatively
quickly and efficiently; and this was found to occur in cases
whereby a number of critical instrumental freedoms, especially
participatory freedoms and transparency guarantees, are available.

17.5 Key Findings on Consequences and
Effectiveness of Responses
We shall not end the chapter with a conclusion but with some
answers to the key questions (see Box 17.1) posed by decision-
makers and potential users of the MA.

1. How effective are international agreements for
addressing concerns related to ecosystems and human
well-being, and what options exist to strengthen
their effectiveness?

Bilateral and multilateral instruments have been, in general, effec-
tive in achieving their stated goals especially when reciprocity is
high. It was found that in most treaties, the limited and focused
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Figure 17.4. Relationship between Corruption, Transaction
Cost, and Administrative Bureaucracy (World Bank 2002)

nature of the goals and mechanisms developed were not able to
address the broader issue of ecosystem services and human well-
being. It has to be acknowledged that these agreements were
never intended to address such broad issues. However, where ap-
propriate (for example, water, forestry, biodiversity), considera-
tions of such issues may need to be incorporated explicitly in the
agreement if poverty reduction efforts related to ecosystem ser-
vices are to be effective. Options to strengthen the effectiveness
of international environmental agreements in this regard include
the inclusion of appropriate goals in the design of the agreement
(both in terms of objectives and operational mechanisms), the way
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the instrument was negotiated, the consistency with other gover-
nance initiatives (for example, PRSPs and trade and finance re-
gimes), and the context in which it is to be implemented.

2. What is the scope for correcting market failures
related to ecosystem services (internalizing environ-
mental externalities)? How much of a difference
would this make for ecosystems and human well-
being, and what are the necessary conditions for
these approaches to be successful?

There is considerable scope for correcting market failures and in-
ternalizing environmental externalities. However, a number of
caveats need to be mentioned. First, markets work relatively well
in mitigating polluting activities, which degrade ecosystems. Mar-
kets were also found to do a relatively good job in the efficient
allocation of provisioning services (natural resources), but only
when effective and efficient institution structures are in place.
However, markets have difficulty in assigning right prices and al-
locations for regulating, supporting, and cultural services. It is also
recognized that market instruments are not designed to address
distributive issues especially in the constituents of security, health,
social relations, and freedom and choices. It is therefore recom-
mended that efforts be directed at creating markets for provision-
ing services, while implementing regulatory mechanisms/
instruments for the maintenance of regulating, supporting, and
cultural services as well as ensuring equitable allocations of all ser-
vices across stakeholders.

3. What is the potential impact on ecosystem ser-
vices and human well-being of removing ‘‘perverse
subsidies’’ that promote excessive use of specific ser-
vices? What tradeoffs may exist between ecosystem
and human well-being (especially poverty) goals?

There is no doubt that many subsidies (especially in the agricul-
tural, forestry, and fisheries sectors) have negative effects on eco-
system services. There is tremendous potential for removing
perverse subsidies, but there will be a need for compensatory
mechanisms for the poor who may be adversely affected by the
immediate removal of subsidies. Studies show that the removal of
some subsidies—especially in the fuel, food, and water sectors—
will have distributive impacts and that compensation in the form
of monetary and non-monetary measures will be required in the
short term in order to prevent some individuals or groups from
falling into poverty.

4. What more can be done to strengthen national-
local legal frameworks for more effective ecosystem
management to reduce poverty and increase human
well-being? And are there scale effects which make
legal responses at one level more effective in ad-
dressing ecosystem services?

In general, the success of legal frameworks is higher when they
are designed at the lowest possible administrative level because
they can then take the contextual factors into account. At the
same time, in order to ensure a level playing field and access to
global knowledge and resources, bilateral and multilateral agree-
ments may also need to be made. It is important to note that what
may appear to be a national issue (for example, an agreement
between a government and a company) may actually be subject
to international trade, investment, and environmental laws, and
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also to private international law. This, in turn, requires a careful
design, whereby decentralized legal frameworks are closely coor-
dinated with higher-level legal structures.

5. What are the strengths and weaknesses of an in-
creased focus on technological advances for address-
ing concerns related to ecosystems, human well-
being, and poverty alleviation? What steps can be
taken to increase the likely benefits for ecosystems
and human well-being of technological change, and
decrease the risks and costs?
It is clear that technology can improve the flow of provisioning
services. Technology can substitute to a limited extent supporting
and regulating services but usually at high costs, and are unsustain-
able in the long run. It should also be recognized that technology
responses can clearly have distributive impacts with losers and
winners if improperly implemented. The assessment recommends
that if technologies are to be introduced, and then efforts should
be made to integrate local knowledge and preferences through a
participatory process.

6. How important is governance/institutional re-
form to the achievement of effective ecosystem
management, and what are the characteristics of
that reform that are most relevant to the pursuit of
goals related to ecosystems and human well-being?
Institutional reform is critical in both industrial and developing
countries. The transition to ecosystem services requires new insti-
tutions that can accommodate scale issues that transcend tradi-
tional administrative or political boundaries, and be flexible to
changing ecological conditions. Access to institutions in a rela-
tively efficient, transparent, and costless manner was found to be
quite effective in encouraging sustainable management of ecosys-
tem services by empowering the rural poor. Institutional reform
to increase instrumental freedoms provides local communities the
flexibility to adopt adaptive management strategies in response to
ongoing social, ecological, and economic changes.

7. What are the strengths and weaknesses of greater
stakeholder involvement in decision-making in the
management of ecosystem services? How can decision-
makers find the right balance?
Stakeholder participation does not guarantee well-functioning
ecosystems. It is a misnomer to assume that local communities,
poor and rich, will conserve and manage ecosystems in a sustain-
able manner. There is a need for education, knowledge sharing,
and information dissemination if participatory processes are to
work efficiently and effectively. However, participatory processes
are time consuming and costly. There is a need to clarify issues
that can benefit from a participatory process, and not adopt an
approach, which requires all issues and decisions to be made
through a participatory process. This is a challenge, as little infor-
mation is available to make any distinctive recommendations on
the lessons learned.

8. What tools and mechanisms can promote effec-
tive cross-sectoral (water, agriculture, environment,
transportation, etc.) coordination of policy and de-
cision-making?
Integrated responses are gaining in importance in both developing
and industrial countries, but they have had mixed results. Inte-
grated responses address degradation of ecosystem services across
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a number of systems simultaneously and also explicitly include
objectives to enhance human well-being. Integrated responses
occur at different scales and across scales, and use a range of instru-
ments for implementation. However, experience shows that
place-based integrated assessments show more promise in address-
ing the ecological and human well-being issues at hand than the
present sectoral or thematic approaches. Increasingly, integrated
responses are associated with the application of multistakeholder
processes, decentralization, and the inclusion of actors from gov-
ernment, civil society, and private sector. Examples include some
Multilateral Environmental Agreements, environmental policy
integration within national governments, and multisectoral ap-
proaches such as ICZM and IRBM. Although many integrated
responses make ambitious claims about their likely benefits, in
practice the results of implementation have been mixed in terms
of ecological, social, and economic impacts.

9. What design characteristics of ecosystem-related
responses are helpful in ensuring that they provide
benefits for poverty reduction?
Responses need to:
• Recognize complexity. Responses must serve multiple objectives

and/or sectors; they must be integrated within national pov-
erty reduction strategies.

• Be implemented at the appropriate scale. The scale of a response
must match the scale of the process; often, a multiscale re-
sponse will be most effective.

• Acknowledge uncertainty. In choosing responses, we must un-
derstand the limits to our knowledge, and we must expect the
unexpected.

• Be made through an inclusive and participatory process. It is instru-
mental that information is available and understandable to a
wide range of affected stakeholders and that responses are de-
signed in an open and transparent fashion.

• Enhance adaptive capacity. Resilience is increased if we put in
place institutional frameworks that allow and promote the ca-
pacity to learn from past responses and adapt accordingly.

• Establish supporting instrumental freedoms. Responses do not
work in a vacuum, and it is therefore critical to identify the
necessary supporting instrumental freedoms needed in order
for the response to work efficiently and equitably.

• Establish legal frameworks. If the agreement is legally binding, it
is generally likely to have a much stronger effect than a soft
law agreement such as the Declaration and the Action Plan of
the World Summit on Sustainable Development.

• Have mechanisms for implementation: Where financial resources
are not forthcoming, the design of market mechanisms may
increase the potential for implementation.

• Establish implementing and monitoring agencies. The establish-
ment of subsidiary bodies with authority and resources to un-
dertake specific activities to enhance the implementation of
the agreements is vital to ensure continuity and preparation
and follow-up to complex issues.

• Be coordinated with other responses. The literature indicates that
it is further vital that responses designed for one regime do
not necessarily lead to problems in other regimes.

• Integrate traditional and scientific knowledge. Identify opportuni-
ties for incorporating traditional and local knowledge in de-
signing responses.

10. What have been the consequences of macroeco-
nomic responses like poverty reduction strategies
for ecosystems and their services?
Most macroeconomic responses, especially structural adjustment
programs and poverty reduction strategies, have paid relatively
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little or no attention to the sustainable management of ecosystem
services. However, there is an increasing trend toward better inte-
gration of the environment in poverty reduction strategies, al-
though the main emphasis has been on the efficient allocation of
provisioning services. In many instances, this has led to deteriora-
tion in the regulating and supporting services. Therefore, com-
munities and individuals who depend on these ecosystem services
directly for some of their constituents of well-being face the possi-
bility of a downward spiral of poverty when these ecosystem ser-
vices deteriorate.

11. What has been the net impact of trade liberaliza-
tion, globalization, and privatization on ecosystems,
their services, and human well-being?

Trade liberalization has no doubt increased the rate of use of eco-
system services. The ecological footprint of many industrial coun-
tries is much larger than their carrying capacity. This has primarily
been made possible through increased trade. Privatization, which
goes hand in hand with globalization and liberalization, has im-
proved the efficient use of the provisioning services of ecosystems.
However, this has led to an increase in relative poverty. For exam-
ple, privatization of land in countries with weak institutional
frameworks has caused many of the poor to lose the lands they
have been living on for generations. The fundamental premise for
globalization, liberalization and privatization to be equitable is the
presence of a number of key instrumental freedoms supported by
strong institutions.

Note
1. This section draws from the work on UNEP/CBO/SGSTA/9/INF/13.
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Main Messages

The decision-making process itself, and the actors involved in it, influ-
ence the intervention chosen. Elements of decision-making processes re-
lated to ecosystems and their services that improve decisions reached and
their outcomes for ecosystems and human well-being include: using the best
available information; ensuring transparency and participation of important
stakeholders; recognizing that certain important values cannot be quantified,
but must be considered; striving for both efficiency and effectiveness in the
decision-making process; considering stakeholder equity and vulnerabilities;
ensuring accountability; providing for monitoring and evaluation; and consider-
ing cross-scale effects.

There is a cascade of uncertainties associated with legal, market, institutional,
behavioral, and other responses. Integration across response strategies
can mitigate and reduce elements of uncertainty, but it is unlikely that
uncertainty can be eliminated in any important context. The choice of
appropriate decision-making processes can help to address uncertainties in-
herent in ecosystem management and ensure more equitable and sustainable
outcomes. A wide range of deliberative tools can now assist decision-making
concerning ecosystems and their services. These include tools that facilitate
transparency and stakeholder dialogue; information gathering tools, which are
primarily focused on collecting data and opinions; and planning tools, which
are typically employed for the evaluation of potential policy options.

The use of decision-making methods that adopt a pluralistic perspective is
particularly pertinent, since these techniques do not privilege any particular
viewpoint. These tools can be employed at a variety of scales. However, the
context of decision-making about ecosystems is changing rapidly while old
challenges must still be addressed. For national governments, the greatest
benefits are likely to be gained from several types of actions. Economic incen-
tives need to be aligned with the goal of sound ecosystem management. In
particular, two kinds of actions are needed: eliminating subsidies that
promote excessive use of specific ecosystem services and correcting
market failures. Subsidies to agriculture, forestry, and fisheries in many coun-
tries lead to overproduction and promote overuse of inputs that may harm
other services. Because many ecosystem services are not traded in markets,
markets fail to provide appropriate signals that might otherwise contribute to
the efficient allocation and sustainable use of the services.

The transparency and accountability of government and private sector perform-
ance need to be increased in ecosystem management through greater involve-
ment of concerned stakeholders. Institutions need to be developed that
enable effective coordination of decision-making at multiple scales and
across multiple sectors. Problems of ecosystem management have been
exacerbated both by overly centralized and overly decentralized decision-
making. Many ecosystem services tend to be managed in a highly sectoral
arrangement that does not provide for appropriate analysis of the cross-
sectoral trade-offs inherent in decisions.

Increased emphasis is needed on both demand-side management and
adaptive management. As the per capita supply of services drops and the
costs associated with production increase, emphasis should shift from actions
designed to increase production of the services to actions designed to reduce
demand. Management interventions should always include a significant moni-
toring component, which allows for greater learning about the consequences
of the intervention and improved management with time.

Businesses can take action which will both improve their ‘‘triple bottom
line’’ (economic, social, and environmental gains) and reduce degrada-
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tion of ecosystems. They can encourage, through business decisions and
support for legislation, resource management policies that reflect the social
value of the use of natural resources. They can promote technologies, which
reduce demand for ecosystem services and reduce pressures on ecosystems.
Human demand for ecosystem services will continue to grow. Significant in-
creases in the efficiency of the use of ecosystem services will be needed to
cope with that demand without undermining ecosystems.

To gain competitive advantage, business could take decisions that antici-
pate the eventual strengthening of regulations (or establishment of mar-
ket mechanisms) to significantly reduce carbon emissions, reduce nitrogen
and phosphorous loading, and increase water and energy use efficiency.

Businesses can provide objective information on their operations and encour-
age access to this information. Trust and transparency can help create a value-
adding reputation. Reporting environmental performance and meeting cer-
tain standards such as those found in eco-labeling and/or certification
schemes are responses that leading corporations are pursuing with repu-
tation and brand image in mind. They can also pursue partnerships with
civil organizations for the mutual advantage of all parties. Partnerships help
accelerate learning and leverage resources.

Civil society organizations can take actions that further human well-being
and the conservation and restoration of ecosystems. They can raise
awareness among the public and decision-makers of ‘‘emerging issues’’ such
as nutrient loading and invasive species or they can encourage greater access
to information on the status and trends in ecosystem services and provide
greater quantification of the nonmarketed benefits obtained from ecosystem
services. They can facilitate the involvement of stakeholders at the highest risk
and greatest vulnerability to the effects of ecosystem change. They can also
help build coalitions and partnerships. The consensus-building coalitions of
nongovernmental organizations and other like-minded stakeholders greatly in-
crease the leverage of individual members. Partnership with businesses can
encourage the best practices necessary to achieve environmentally benign
products, support environmental innovation, and look into new ‘‘sustainable’’
business opportunities.

18.1 Introduction
The objective of this chapter is to identify the ingredients of good
decision-making with regard to choosing responses regarding
ecosystem services and human well-being. It draws from the re-
sponses identified and discussed in the chapters on ecosystem ser-
vices and human well-being in Part II of this volume, and focuses
on identifying the factors that enhance the quality of the processes
for choosing responses and whose absence diminishes the quality
of those processes. It also builds upon the chapters in Part I deal-
ing with typology, assessment of responses, and uncertainties. In
addition, this chapter builds on the MA conceptual framework
(MA 2003). Chapter 8 of this report identifies the following is-
sues:
• the desirable properties of decision-making processes such as

considerations of equity, attention to vulnerability, transpar-
ency, accountability, and participation;

• primary influences in choosing among responses such as tem-
poral and physical scale, cultural context, uncertainty, and
considerations of equity;

• the key steps in the policy-making cycle, including problem
identification and analysis, policy option (that is, response)
identification, policy choice, policy implementation, and
monitoring and evaluation in an iterative fashion;
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• the range of analytical tools useful to the choice of responses
and the contexts that will help determine the appropriate tool;

• the balance that must be struck between the need for policy
adaptability and flexibility to hedge uncertainty and risk with
the need for a predictable and stable policy regime against
which to plan and invest; and

• the need for indicators to link policy and action with impacts
on ecosystem services and human well-being and the role of
traditional and practitioner knowledge.
The conceptual framework report (MA 2003) makes clear that

some old challenges must still be addressed. Perhaps the most im-
portant of these challenges is the complex trade-off faced when
making decisions about how to manage ecosystems with the goal
of enhancing the flow of services while allocating benefits, costs,
and risks equitably. Increasing the flow of one service from a sys-
tem, such as provision of timber, may decrease the flow from
others, such as biodiversity and the provision of habitat.

While some benefits of ecosystem services are hard to capture
locally, some others may be easily captured by those who have
access to the system. For example, it may be relatively easy for
local people to capture the direct-use value of timber in a forest
via market prices—they are capturing the value of provisioning
services. At the same time, people around the world may benefit
from the many aspects of biodiversity provided by the forest—an
indirect-use value of a supporting service. Under many institu-
tional arrangements, the people near the forest have no way to
capture this other value. Because the direct-use value—revenues
from logging—can easily be converted into income for local peo-
ple, for local and national governments, and for local, regional,
and multinational firms, there is a strong incentive to log the for-
est. In contrast, the value inherent in protecting biodiversity is
much harder to translate into income for anyone. As a result,
there will be a tendency for decisions to favor the direct use even
though a full analysis of the total value of ecosystem services might
favor preserving or enhancing the indirect use retained by not
logging (MA 2003).

The characteristics of the ecosystem, the technologies avail-
able for using it and monitoring such use, and the institutional
arrangements that distribute values across groups have conse-
quences for decisions that are made (Ostrom et al. 1999). A great
deal is understood about these problems, and the state of the sci-
ence often provides guidance on the design of institutions to pro-
mote capturing the full value of an ecosystem (Costanza and Folke
1996; Stern et al. 2002; MA 2003).

The analysis of the process of choosing responses may be
started by answering the basic question: Why is an intervention
needed? Four possibilities arise:

Sustaining the existing ecosystem service. If the current level of a
given ecosystem service is satisfactory then there may be a natural
interest in safeguarding the service for any foreseeable future by
managing the regular renewal of the service in concert with natu-
ral processes The sustainability of the ecosystem service may be
threatened by overexploitation of the service or the degradation
of the ecosystem because it provides some other service. An im-
portant consideration may be thresholds beyond which provision
of the service may be severely diminished.

Enhancing existing services or developing new ones. This may arise
in response to growing demand caused by increasing population,
increasing wealth of the population, changing tastes of people,
and/or the increasing need for human well-being. An effort to
enhance the existing volume of a service may also be caused by
purely economic reasons in order to exploit the comparative ad-
vantage established by a marketable product based on the given
service. The same applies for the development of a new service,
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classical examples being the shrimp plantations in Southeast Asia
or tourist development on many tropical islands. Another reason
for an attempt to enhance ecosystem services may be social or
political, for example, to help poor or vulnerable groups or, on
the other hand, to benefit certain preferred groups of stakehold-
ers, for example, the local elite.

Restoring degraded or damaged services. If an important or even
vital ecosystem service is downgraded, an attempt may be made
to restore it to its original state even if exact reconstruction is
not possible. For cultural reasons (tradition, natural pride, regional
trademark, etc.) the efforts may be much more costly than the
value of the service recovered.

Adapting to the situation when a given ecosystem service is damaged
beyond any sensible repair. Sometimes restoration is not physically
possible for technical or financial reasons. The response may,
therefore, be oriented toward some other measures, such as seek-
ing substitutes, securing imports, or reducing (even to zero) de-
mand for the given service.

When deciding what should be done, the choice of ‘‘doing
nothing’’ should always be considered.

This chapter focuses mostly on explicit responses and inter-
ventions made by decision-makers in all sectors and at all levels.
The typology of the responses, by the nature of the intervention,
by the impact on drivers, and by the actors and their scale of
operation, is the subject of Chapter 2, which also discusses that
responses can be implicit, such as those made by consumers of
products that depend on or impact upon ecosystems and their
services.

When making decisions, the responses are evaluated on the
basis of their costs, on the one hand, and their effects, on the
other. The costs could be initial, short-term, or long-term (for
example, the regular management or operational costs). They may
be not only financial but also (sometimes more important) soci-
etal, political, cultural, or others. The response may bring not
only benefits but also side effects with negative consequences. As
we are dealing with ecosystem services where a long-time scale is
the rule rather than an exception, the conflicts between short-
term (political) and long-term (mostly ecological) perspectives
occur quite often and may be very difficult to resolve. The effects
of responses are discussed in depth in Chapter 3.

In addition, it should not be forgotten that various decision-
makers (in a very broad sense) are making decisions on responses
having very different needs and objectives. Many people seek
benefits for themselves or the stakeholder group with which they
identify (for example, a firm, an NGO, or a small community).
On the other hand, some personalities do exist whose goal is to
achieve benefits (or greater glory) for some abstract entity called
‘‘Society,’’ ‘‘the Only True Belief,’’ or ‘‘Mother Nature.’’

18.2 Decision-making Processes
There is a significant literature on the nature of the rational ap-
proach to decision-making in the environmental policy realm.
Referred to as the ‘‘decision-making’’ or ‘‘policy-making’’ cycle,
it consists of at least four stages: agenda setting, policy formula-
tion, policy implementation, and policy evaluation (Barkenbus
1998; Dale and English 1998).

Feedback loops occur at each stage in the cycle. Further re-
finement of this concept suggests that the agenda-setting stage can
be divided into ‘‘problem identification’’ and ‘‘public awareness/
problem acknowledgement’’ (UNEP/DPCSD 1995; Moldan and
Billharz 1997). In addition, the policy formulation stage suggests
further sub-division into identification of alternatives, gathering
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and analyzing of alternatives, and application of decision-making
tools (Barkenbus 1998).

A synthesis of this research suggests that rational decision-
making processes are comprised broadly of the following ele-
ments:
• defining the problem, including gaining public awareness and

recognition of the problem;
• determining the range of options appropriate to the problem,

taking into account the scale, actors, and primary and proxi-
mate drivers in play;

• assessing the efficacy of the options based on political feasibil-
ity, capacity for governance, economic and social impacts, and
other barriers and limitations to their use;

• choosing the appropriate response option through the aid of
decision-making tools whether they are normative, descrip-
tive, deliberative, or ethical/cultural (MA 2003);

• implementation of the option chosen;
• monitoring and evaluating results; and
• adjusting the problem definition, and range, assessment,

choice, and implementation of responses.

18.2.1 Problem Definition: Agenda-setting and
Policy-formulation

There is, again, much research on the agenda-setting process for
environmental policy formulation as well as the extent to which
science and expertise play a role (Downs 1998; Kingdom 1984;
Dearing and Rogers 1996; Barkenbus 1998). In idealized decision-
making, evidence and scientific fact with respect to impact and
risk play key roles in the setting of agendas and defining of prob-
lems. However, public perception has played an important role,
as has scientific evidence. Events, as portrayed by the ‘‘media’’
(for example, Exxon Valdez, Love Canal), have been key contrib-
utors to public perception. Politicians, by virtue of their positions
and responsibilities, have reacted to public perception/opinion as
well as other pressures brought to bear by powerful constituencies
such as NGOs and business communities. In this context, science
and expertise have often been used to add legitimacy to agendas
that are already established.

A critical challenge for environmental decision-making is the
integration of environmental considerations into virtually every
major business, resource, or economic development decision. Be-
cause the wide range of decisions in every sector of the economy
affects ecosystems, ecosystem management and environmental
protection cannot be concerns of environmental policy-makers
alone. Ecosystems must be the responsibility of private business as
much as public agencies, and of financial investors as much as
fisheries or forest managers. The ‘‘integration principle’’ has been
known since the United Nations Conference on Environment
and Development (UN 1992). However, only transparent and
open decision-making regarding economic issues gives people
with environmental concerns the chance to raise them (WRI
2003).

Nevertheless, the introduction of science (that is, comparative
risk studies) to improve the process of setting agendas and defin-
ing problems is increasing in a number of jurisdictions (Barkenbus
1998). The success of these efforts remains unclear (Davies and
Mazurek 1998). When it comes to helping the public form an
opinion based on scientific knowledge, the role of clear, simple,
and unambiguous information seems obvious. In addition, as cer-
tain environmental problems are not easily observed (for example,
climate change), information is required to raise public conscious-
ness. In each case, indicators that are understandable, valid and
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verifiable, relevant, and technically feasible/efficient can play a
key role in rational decision-making (Moldan and Billharz 1997).

18.2.2 Implementation

Participation and accountability are two key concepts underpin-
ning the principles and practice of environmental governance.

Meaningful participation brings influence. Those who partici-
pate in decision-making processes that affect ecosystems stand the
best chance of having their interests represented. Public participa-
tion brings legitimacy, credibility, and effectiveness to the decision-
making process. Public involvement in some form is required for
any broad-based consensus behind the final decision, especially
for large or controversial projects. Failure to provide for public
input can bring just the opposite result: conflict and resistance.
A common challenge to ensuring participation in environmental
decision-making is that not all affected stakeholders are equally
well positioned to express their views. For some people, there are
still barriers of distance, time, language, literacy, and connectivity
that might prevent full participation. To participate meaningfully,
people need access to information: about the environment, about
the decisions made and their environmental implications, and
about the decision-making process itself. A recent survey shows
that citizens, by and large, feel that governments do not provide
them with as much environmental information, or opportunity
to participate in environmental decision-making, as they would
like (Petkova et al. 2002).

Good governance requires making decisions at the appro-
priate level. Generally, the appropriate level for decision-making
is determined by the scale of the natural system to be managed.
However, decision-making still tends to be centralized and iso-
lated from the people and places affected. In many instances,
drawing on local knowledge can result in more informed deci-
sions that would serve local people and ecosystems better. This
‘‘subsidiarity principle’’ is often necessary; in many other cases it
may be best to let a higher-level authority specify the outcome
of the decision-making (maximum quota), while a lower-level
authority specifies the procedure (how licenses are awarded).

The ability to seek redress or challenge a decision, if stake-
holders consider it flawed or unfair, is of the same importance as
access to information and appropriate level for decision-making.
In practice, it requires public access to judicial or administrative
remedies, existence of an independent arbiter, etc. (WRI 2003)

As already discussed, the effective implementation of re-
sponses is dependent on decision-making processes that have a
wide input and consider all those that might be affected. In addi-
tion, the support of those affected, including the public, is re-
quired for successful implementation of responses (Moldan and
Billharz 1997). Effective information flows, indicators, and re-
ports are the key to maintaining the requisite support.

Accountability refers to the way in which the public and the
private sectors are held responsible for their decisions and actions.
Accountability involves the provision to sanction the responsible
party. Also, effective implementation of responses and policies re-
quires bringing scientific information and expertise to bear at the
administrative level so as to add specificity and definition to regu-
lations and standards that flow from more broadly stated policy
mandates (Barkenbus 1998).

18.2.3 Monitoring and Evaluation

While monitoring and evaluation are often not given adequate
attention, they are an integral part of an effective decision-making
process, and a systematic approach is essential.
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There are two types of evaluation—the ex ante and the ex
post evaluation (EEA 2001). The ex ante evaluation of intended
policies is part of the formulation/choice stage of the process with
the use of scenarios as a possible tool. With regard to ex post
evaluation, the legitimacy of the institution performing the evalu-
ation is the key to facilitating any adjustments to the decision or
policy that might be indicated.

Evaluation should start with the establishment of the ‘‘base
line,’’ that is, the precise description of the situation before the
policy was implemented. This starting place needs to take into
account any change in status due to the announcement (or unin-
tended statement) of a possible change in policy, as this can have
a powerful effect on behavior.

The achievement (or non-achievement) of targets is the next
key consideration. As monitoring and evaluation are key elements
of the decision-making process, earlier stages should include the
establishment of transparent and well-communicated targets,
which are specified as objectively as possible.

Finally, the evaluation should examine the impact of unex-
pected factors that may have helped or hindered the achievement
of objectives and targets or had other ancillary impacts.

The most important tools for monitoring and evaluating the
effects of decisions and policies are ‘‘performance indicators.’’ It
is critical that these indicators be specified at the time a response
is chosen and targets are set and allow for an assessment of the
‘‘distance’’ between the actual state and the desired one (that is,
the target). Use of this practice by nations and international bodies
is increasing (Adriaanse 1993; EEA 1999). Consistent under-
performance suggests a need to adjust the decision or policy.

The adjustment stage of the decision-making or policy-making
process is really the link to a new decision-making process with
the problem definition/agenda setting stages triggered as a result
of the monitoring and evaluation stage of the previous one. This
fact argues for the need for effectiveness, objectivity, and legiti-
macy when monitoring and evaluating decisions.

18.2.4 Some Practical Considerations

For most people, it is not obvious who is ‘‘in charge’’ of the
environment, and how decisions are made about developing,
using, or managing ecosystems. Decisions that shape environmen-
tal and natural resource policy are not made by a small group
of enlightened government officials (WRI 2003). Many actors
at different levels, in and outside the government make and/or
influence the array of choices that form constantly evolving envi-
ronmental and natural resource policies. Officials in different
departments of the government, business representatives, envi-
ronmentalists, politicians, scientists, and local communities are
traditionally involved in the environmental policy process. Often
they bring to the table conflicting interests, ideologies, knowl-
edge, and levels of influence. Hence, the selection of response
options to manage ecosystems is an inherently political process
in which actors intensively compete to advance their economic,
ideological, social, and cultural goals (Ascher 1999; WRI 2003;
Rivera 2002).

The political nature of the selection of response options to
manage ecosystems is also enhanced by the intrinsic uncertainty
and complexity of the environmental and natural resource policy-
making process. Contrary to the normative assumptions of eco-
nomic and bureaucratic rationality, policy issues do not follow a
linear pattern that is divided into specific well-defined steps (Lass-
well 1947; Simon 1976 and 1985; Lindblom and Woodhouse
1993). Decision-makers, confronted with this highly uncertain
and complex political reality, display behaviors that significantly
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diverge from the rational choice ideal (Simon 1985; North 1990;
Rivera 2004). Beliefs, motivations, personalities, and ideologies (a
person’s cognitive base) that emerge from family upbringing, life
experiences, education, religion, and economic interests are used
by policy-makers to simplify reality (Cyert and March 1963;
Hambrick and Mason 1984). This simplification process helps
decision-makers to avoid lengthy assessments of all existing informa-
tion and alternatives. Yet it can also generate biases and blind spots
that significantly affect their preferences and decisions (Starbuck
and Milliken 1988; Walsh 1988). Thus environmental decision-
making is characterized by the following:
• environmental problems that are very difficult to identify and

define as they are not easily separated from other issues and
are seldom confronted in isolation;

• values and objectives of natural resource and environmental
policy in conflict with other valid objectives such as funding
economic development projects or protecting local producers
from the pressures of global trade (Ascher 1999);

• a limited number of policy options;
• policy options and consequences not clearly defined or evalu-

ated;
• policy selection favoring the influential, powerful, and well-

connected (Lindblom and Woodhouse 1993; Lasswell 1947;
Ascher 1999);

• little attention to implementation during the selection of pol-
icy alternatives (although intense political struggle during im-
plementation can significantly change the impact of sound
policy); and

• limited evaluation of environmental decisions and political in-
fluence with respect to that which is undertaken.
These characteristics of actual environmental decision and

natural resource policy-making are exacerbated by the unique
contextual conditions prevailing in developing countries. In some
countries, democratic processes may not be fully in place. Envi-
ronmental protection must compete with the need for economic
development. Environmental groups are fewer in number, less
powerful, and have limited channels to participate in the environ-
mental policy process. Consequently, environmental policy deci-
sions can be designed to pursue other goals and priorities as well.

Similarly, in developing countries, environmental agencies
frequently lack clear mandates and their capacity to enforce and
monitor natural resource and environmental regulations is very
weak (Ascher 1999; Rivera 2002). Some communities and local
groups view violence as a legitimate resource to oppose imple-
mentation of government regulations. Corruption is a more
widespread problem than in industrial countries. On the technical
side, developing countries, in addition, may have fewer highly
trained people to deal with environmental problems. The quality
and availability of scientific knowledge and information can also
be poor. This can lead to the symbolic adoption of ‘‘canned’’
policy instruments designed by foreign experts that fail to consider
the political, economic, administrative, and technical limitations
intrinsic to environmental and natural resource agencies operating
in the developing world.

18.3 Key Ingredients to Good Decision-making
As experience in decision-making for ecosystem management and
in the analytical work to support the related decision-making
processes accumulated over the past decades, increasing attention
was devoted to questions concerning the key criteria for success
(The Social Learning Group 2001; Clark et al. 2001). The bulk
of ecosystems-related decision-making is deeply permeated with
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complexity, uncertainty, and the incompleteness of science. Ac-
cordingly, any assessment process intended to serve decision-
making needs to take these facts of life fully into account. This
section draws on recent critical appraisals as organized into a syn-
optic framework by Toth (2004), partly inspired by Chapter 8 of
the conceptual framework report (MA 2003) and also drawing on
Dietz (2002). We also draw on results of recent research on deci-
sion analysis, decision-making, and environmental governance.
Conceptual work, analytical efforts, and case studies presented in
earlier chapters of this report are also important sources. The ob-
jective is to specify a set of ingredients that have characterized
successful decision-making in the past and are likely to lead to
environmentally effective, socially fair, economically efficient,
and politically feasible decisions in the future.

Table 18.1 lists the fundamental criteria and their implications
for the two large domains: the decision-making process per se
and the decision analysis/support activities. These criteria and the
implied guidelines may appear to be far too general at the first
glance. Without doubt, the relative importance, feasibility, and
practicality of the individual points differ from case to case. Yet
the guidelines draw on a large body of critical appraisal of envi-
ronmental management (NRC 1996; Ostrom et al. 2002; Dietz
et al. 2003) so that they have general validity in the human man-
agement of environmental systems. In particular, these principles
and criteria are valid for decision-making processes (and decision

Table 18.1. Ingredients for Good Ecosystem Management: Analysis and Decision-making (based on Toth 2004)

Criteria Implications for Decision-making Implications for Decision Analysis

Use the best available information about design decision-making process consistent with choose decision-making framework according to
social context prevailing social, economic, political, technological, prevailing social, economic, political, technological,

and institutional situation and institutional situation

Use the best available ecosystem/ devise decision-making process so as to allow choose the decision-making tool to allow the incor-
biophysical information using the best available information poration of best available information

Consider efficiency concerns and devise an efficient decision-making process to save select the analytical tools and the decision criteria
implications time and costs (procedural efficiency); respect the according to the relative importance of efficiency

prevailing economic principles (outcome efficiency) concerns in the decision-making context

Strive for effectiveness devise an effective decision process with clear and present complete results in understandable form
flexible procedures that foster finding compromises

Consider equity concerns and implications devise a fair decision-making process to allow select the analytical tools and the decision criteria
stakeholder participation (procedural equity) and according to the relative importance of fairness
understanding of the outcome (transparency); re- concerns in the decision-making context; consider
spect the prevailing equity principles (consequen- participatory assessment techniques
tial equity)

Use the best available information about recognize values, beliefs, aspirations of affected choose the decision analysis tools and decision cri-
values stakeholders in the decision-making process teria according to the existing values, beliefs, and

aspirations of stakeholders

Pursue accountability establish clear responsibility assignments during set up quality control and good practice regimes for
and after the decision process assessments

Consider vulnerability concerns and beware of the interests of vulnerable groups/ assess the implications of different options for vul-
implications communities. nerable groups/communities

Consider uncertainties conduct a flexible decision-making process to ac- choose the analytical framework so that it allows
commodate new information about the ecosystem an adequate representation of uncertainties; define
and possible changes in values or positions of decision options that allow policy corrections as
stakeholders new information becomes available

Consider cross-scale effects expand the decision-making process to initiate/ choose the analytical tools to incorporate con-
comply with relevant policies at lower/higher levels straints from higher decision-making levels and to

explore decision needs at lower decision-making
levels
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analyses conducted to support them) for all public policy-makers
and private stakeholders.

The relative importance of many criteria differs depending on
which social actor or group has the primary right or mandate
to make the decision. Public policy-makers (local and national
governments) are mandated to pursue the interests of the commu-
nity as a whole and to give special attention to vulnerable or poor
social groups, but they are also required to use public funds effi-
ciently. In the mirror case: private stakeholders tend to pursue
their own interests and focus on economic efficiency but many of
them pay increasing attention to the social and environmental
implications of their decisions in the spirit of emerging corporate
responsibility and because of the increasing importance of their
company’s public image. Neither public nor private decision-
makers who are concerned with ecosystems services can ignore
the social context in which they want to implement their deci-
sions. As subsequent sections in this chapter show, the actual ful-
fillment of these broad criteria varies immensely not only across
societies and development levels but also across the types of decision-
making entities.

A number of ingredients that are key to good decision-making
with respect to the protection and enhancement of ecosystem ser-
vices and human well-being are broadly and strongly supported
by the chapters in Part II. The following discussion focuses on
various ingredients of successful decision-making and analysis. It
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is important to note the critical importance of judgment and sci-
entific ignorance in these processes. NRC (1996) presents the
concept of an analytic-deliberative process and argues that in
order to understand policy choices involving risks to environ-
mental quality and human health, it is necessary to employ a proc-
ess in which scientists, decision-makers, and the interested and
affected parties to the decision deliberate about the nature of the
questions that require analysis, the forms of analysis that would be
relevant and useful for the decision, the assumptions that should
be incorporated in the analysis when the correct assumptions are
unknown or disputed, the appropriate interpretation of the results
of the analysis, etc. In other words, a process of public participa-
tion is required for decision analysis (not just decision-making) to
ensure that decisions are well informed. These issues are further
addressed in the context of ecosystems in NRC (1999b) and Dietz
and Stern (1998). The main conclusions of NRC (1999a) are also
integrated into other studies on environmental decision analysis
(NRC 1999b; Stern and Easterling 1999). Other countries (CSA
1997; RCEP 1998) and international organizations (OECD 2002)
also provide interesting sources.

The proposition to use the best available information in the
analytical work to support decision-making and in the decision
process itself sounds rather obvious. Yet decisions concerning
ecosystems services often suffer from information deficits ranging
from insufficient effort to obtain relevant information to inadver-
tently ignoring or purposefully withholding information. Four
main information domains are important to draw on for successful
decisions: biophysical information about the ecosystem status and
processes; impact assessment information about economic, social, and
political consequences of both the ecosystems changes and of dif-
ferent policy options; socioeconomic information about the sociopo-
litical context in which and for which the decision will be made;
and, as an important subset of the latter, information about the values,
norms, and interests of key stakeholders shaping decisions and affected
by them.

For most ecosystems and environmental risks, there is a large
body of information available in natural sciences that should be
identified and used. Similarly, social science can offer not only
information about which policies would be acceptable and feasi-
ble, but also information about how ecological changes (whether
or not policy-driven) affect such important human outcomes as
economic growth, distribution of jobs, availability and price of
food, organizational viability, cultural change, and the potential
for social conflict. At the same time, however, it is important to
recognize how much natural and social sciences do not know
about ecological processes and their effects on the ecosystems
goods and services that humans value. Therefore, when we argue
below for using the best knowledge, it inherently implies making
the best use of ignorance as well, that is, the knowledge of what
is not known (Ravetz 1986). This underlines the importance of
analytical methods (for example, decision analysis or value-of-
information calculations) that can inform decision-makers about
the implications of the different types of looming uncertainties, of
the resolution of uncertainties in the future as knowledge im-
proves, and of the potential course corrections that might be re-
quired in the light of new knowledge.

The metastrategy presented in NRC (1996) involves a process
which entails the best decision-relevant information from the var-
ious perspectives of those involved or affected and which consid-
ers this information from a variety of relevant perspectives. This
NRC report emphasizes the need to get the science right, but
also the need to get the right science. The former requires that
the ‘‘underlying analysis meets high scientific standards in terms
of measurement, analytic methods, data bases used, plausibility of
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assumptions, and respectfulness of both the magnitude and the
character of uncertainty’’ (pp. 7–8), whereas the latter implies that
the analysis needs to address ‘‘the significant risk-related concerns
of public officials and the spectrum of interested and affected par-
ties, such as risks to health, economic well-being, and ecological
and social values’’ (p. 8). For complex ecosystems-management
problems that are plagued with profound uncertainties, interested
and affected parties should, early in the process, be involved in
defining the questions to be subjected to analysis.

The relative importance of the criteria in Table 18.1 differs
depending on the temporal and spatial scale of the ecosystem or
resource management problem, on the number and relative
power of the stakeholders involved, on the institutional capacity
to implement and enforce the emerging decisions, and many
other factors. Yet, at least a modest amount of all these ingredients
can be recognized in the assessment and decision-making proc-
esses that led to successful decisions. Similarly, it is easy to identify
a posteriori which ingredients had been missing from analytical and
decision-making processes that failed or were outright disasters.

In summary: this section argues on the basis of recent litera-
ture on environmental decision-making that the process of choos-
ing a strategic intervention or a broader policy in response to
potential or emerging environmental problems needs to be in-
formed by the best available information that is responsive to the
concerns of those who may be interested in or affected by the
ultimate decision. Accordingly, the analytical work to support
choosing responses should also incorporate the perspectives, val-
ues, and interests of those affected by the final outcome.

These ingredients are expanded and elaborated upon below in
the context of the responses in the chapters of Part II. The order
of discussion (as above) is a ‘‘rough signal’’ of the importance
placed on these ingredients by the service chapter responses.

18.3.1 Using the Best Available Information on the
Sociopolitical Context

The decision-making process must be realistic in the sense that it
observes and accommodates prevailing social customs and prac-
tices, economic realism (power, interests), political situations (au-
thority, control), technological conditions (availability, feasibility),
and institutional status (implementation, enforceability). The
same features influence the choice of analytical framework be-
cause its underlying principles must be congruent with the social
situation. Moreover, these features also determine the range of
options that can be meaningfully assessed to help decision-making
because only strategies and measures viable in the given social and
political context will be considered.

This is especially true when economic incentive and substitute
economic opportunities are being considered. Regional plans, en-
vironmental impact assessments, and education and communica-
tions programs could consider which social context would be
most effective. Obviously, decisions about responses that pertain
to sustainable production practices must be taken with a range of
stakeholders in mind beyond just producers and users.

The social context is defined as a large group of people who live
together in an organized way, making decisions about how to do
things and sharing the work that needs to be done. The political
context is defined as the relationships within a group or organiza-
tion, which allow particular people to have power over others.

So the sociopolitical context is defined as relationships and deci-
sions between people sharing the work that needs to be done
within the group with some people having power over others.
The relationships will be different for different stakeholders and,
in some cases, there will be more vulnerable people and, in oth-
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ers, more powerful people. The relationships will not only be
different at each scale level, both temporal and spatial, but will
change as they are scaled up and will also change with time at the
different scale levels.

Taking account of the sociopolitical context is important to
decision-making in many areas. Beekeeping in southern Africa
provides one example. Nel and Illgner (2004) show that social,
economic, cultural, and natural landscapes can be combined and
related to the complex and diverse relationships among rural peo-
ple. Beekeeping is a commercial activity that supplements what
rural people derive from subsistence farming and fishing but it is
often overlooked (Quong 1993).

Responses with respect to wood also support the sociopolitical
context as important to good decision-making (Chapter 8). Na-
tional forest programs were devised in the context of favoring
national action over an international approach. However, within
this, institutional capacity to implement these national programs
continues to be a key constraint. International forest policy proc-
esses and development assistance may be less effective given their
focus at the national versus local level.

The sociopolitical context is a key consideration in deciding
to allow direct management of forests by indigenous people or
decentralizing authority for forest management to local commu-
nities. National forest governance initiatives and national forest
programs make significant policy changes for participatory for-
estry. The greatest positive effects were felt in countries of low
forest cover, such as Nepal and Tanzania where the capacity of
the local people to manage forests was given greater policy sup-
port and the condition of the resource also improved (Brown
2002) Again, capacities to manage are the key issue here. Capacity
is also the key issue when deciding whether forest-planning tech-
niques will be effective in tropical areas. Public and consumer
action is premised on sociopolitical calculations. Balancing the
needs of the poor with respect to harvesting and using fuelwood
versus forest protection must be undertaken in a political and so-
cial context.

Social and behavioral responses can play an important role in
controlling infectious diseases while optimizing other ecosystem
services (that is, with respect to sanitation).

In yet another example, the sociopolitical context is also im-
portant when it comes to the protection of local knowledge and
devising landscape conservation and restoration schemes, espe-
cially when it involves the removal or the reintroduction of
species, implementing eco-tourism enterprises, instituting certi-
fication programs, and establishing ‘‘fair trade’’ standards. For ex-
ample, recreation and education are complementary. Cultural
tourism can educate people about cultural diversity. Ola-Adams
(2001) describes how the Omo Biosphere Reserve in Nigeria is
creating programs for diverse audiences, ranging from school chil-
dren to university students, from protected area managers to
policy-makers.

18.3.2 Using the Best Available Ecosystem
Biophysical Information

The decision-making process needs to open communication
channels to the diverse sources of relevant information about the
biophysical status and processes of the ecosystem concerned. In
addition to state-of-the-art modern science, traditional knowl-
edge should also be used where it is relevant and available. The
mirror implication on the analytical side is the need to choose
analytical frameworks that are capable of incorporating and han-
dling the diverse sets of information from different sources re-
quired for the assessment of a useful range of decision options.
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Closely related to the criterion above, it is essential to collect and
evaluate information about the socioeconomic implications of
ecosystems changes as well as about the economic and social im-
pacts of the feasible policies and measures to manage them. This
requires integration of knowledge of widely diverging uncertaint-
ies from different scientific disciplines and sociopolitical perspec-
tives and its consolidation in a form that is acceptable to all
stakeholders. Complex decision problems can be usefully sup-
ported by analytical frameworks that are specifically developed
to incorporate diverse sets of data, tools, and perspectives, like
integrated environmental assessments (Rotmans and Vellinga
1998).

A solid body of reliable information on ecosystems and their
function in the broadest sense is, clearly, the first and foremost
prerequisite for any successful response regarding ecosystem ser-
vices. This involves more than a mere collection of data and infor-
mation on biological, chemical, and geological properties of the
ecosystems, as it includes the transformation of such information
into useable knowledge. It is knowledge that addresses the partic-
ular concerns of a user, deals with different spatial scales, time
frames, and organizational levels. The principal findings are sel-
dom easily transferable from one scale or level to another. One
example is an evaluation of the regional or local impact of global
climate change or other global phenomena. The recently stressed
notion of a ‘‘place-based’’ science for sustainability—which
should be relevant for local policy-making—points in this direc-
tion (ICSU 2002a). It is equally important—and difficult—to
translate long-term impacts that may affect only future genera-
tions into terms that are relevant to day-to-day decision-making.

The majority of ‘‘usable knowledge’’ is in the form of numeri-
cal or other quantitative information (ICSU 2002b). Among vari-
ous forms of such information, indicators play an important role.
For example, an environmental indicator is air quality measured
by ozone levels in parts per billion compared to its threshold value
of 50 parts per billion. A component of the necessary knowledge
system is the theoretical and institutional framework capable of
handling the diverse set of information from different sources.
Data gathering; their transfer, validation, and translation into use-
ful information; and, finally, the presentation of the information
are all part of such a framework.

Gaps may exist between the sources of usable knowledge and
the potential users. Organizations that synthesize and translate sci-
entific research and explore its policy implications are able to
bridge this gap. They are sometimes called ‘‘boundary organiza-
tions’’ because they facilitate the transfer of usable knowledge be-
tween science and policy and they give both policy-makers and
scientists the opportunity to cross the boundary between their
domains.

Choosing responses should be based on both formal scientific
information and traditional or local knowledge. To be credible
and useful to decision-makers, all sources of information, whether
scientific or traditional, must be critically assessed and validated as
part of the assessment process through procedures relevant to the
forms of knowledge. When speaking about the ‘‘best’’ biophysical
information it should be made clear that in no case can such infor-
mation be absolutely certain. Starting from the not fully assessed
quality of basic data, the level of uncertainty increases up to the
peak of the ‘‘information pyramid’’ (ICSU 2002b). The degree of
uncertainty is mostly not known. Chapter 4 speaks on the ‘‘cas-
cade of uncertainty.’’

With respect to responses regarding biodiversity, the use of
concrete biophysical information on ecosystems is critical. Having
the appropriate biophysical information is most important when
it comes to responses that include the management of wild ani-
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mals, in situ conservation (including the need to improve storage
technologies), habitat restoration, and sustainable production.
However, it is also important when it comes to regional planning,
environmental impact assessments (including business biodiversity
action plans), and devising habitat and area protection schemes
(Chapter 5).

In relation to food production, all responses—if they are to be
successful—must be based on precise and long-term biophysical
information. Detailed information on local conditions, which are
mostly incorporated in traditional knowledge, is critical. In partic-
ular, introduction of the new technology responses (biotechnol-
ogy, genetically modified organisms, precision agriculture,
integrated pest management) must be based on reliable and de-
tailed biophysical information if failures are to be prevented
(Chapter 6).

Valid biophysical information is critical for most of the re-
sponses regarding water services (see Chapter 7). In particular, the
determination of environmental flows is based on such informa-
tion. Decision-makers responsible for water allocation often seek
the minimum flow that must remain in a river to maintain envi-
ronmental quality. However, such thresholds of flow are very illu-
sive and may not exist in reality. In any case, the desired condition
should be decided prior to the application of an environmental
flow methodology, preferably with the involvement of a broad
array of stakeholders. Market-based incentives must also rely on
very robust biophysical information to be successful.

A number of the responses regarding wood take biophysical
information as a key ingredient to good decision-making. In some
cases, responses such as national forest programs have not been
successful because of a lack of sound information and there is a
need for research into traditional knowledge and improved forest
information systems. With respect to the understanding of the
effectiveness of direct management of forests by indigenous peo-
ple there is little information on outcomes upon which to make
assessments. A key gap in our biophysical information is in mea-
suring biodiversity. With respect to responses such as small-scale
private ownership and private-public partnerships in forest man-
agement, dissemination of existing information to the prac-
titioners in the field is an important issue. Obviously, biophysical
information is the life-blood for improving wood technology and
biotechnology responses. It is critical in improving forest planta-
tion development and management especially with regard to the
impact of monocultures, as well as determining how traditional
forest planning techniques might be applied to tropical forests.
Finally, understanding the promise that forests hold for carbon
capture depends greatly on biophysical information (Chapter 8).

With regard to nutrient cycling, an example of the response that
is very much dependent on biophysical information is the man-
agement practices aiming to minimize leaching and run-off of
nitrogen and phosphorus fertilizers from agriculture fields (Chap-
ter 9).

All responses to floods and storms, in particular, to the use of
natural environment and non-structural measures in order to re-
duce negative impacts, depend on detailed information on bio-
physical conditions. Elements of the natural environment such as
wetlands act as buffers against floodwaters. Coastal mangroves
have been found to be very effective in providing protection
against storms and surges in Bangladesh, India, and Southeast Asia.
These measures include land-use planning through zoning, set-
backs, and flood-proofing with emphasis on regulation or modi-
fication of the built environment, often urban. Insurance, as a
response option, is as critically dependent on this type of informa-
tion as any other response option (Chapter 11).
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Since the elucidation of the life cycles of parasites and the
recognition that insects transmit infectious agents, the vectors (in-
sects, ticks, and snails) have been the targets through which the
control of diseases has been attempted. Initial attempts at vector
control, before insecticides became available and application tech-
niques were developed, depended on environmental manage-
ment to reduce vector population. Considerable success was
achieved by draining swamps, by the use of oil to prevent larval
mosquito respiration, and by the selective destruction of savannah
and riverine forest habitats of these vectors. The advent of insecti-
cides in the 1940s resulted in less emphasis on environmental and
biological methods of control and the reliance, for a period of
two decades, on insecticides (Chapter 12).

Having appropriate biophysical information is also important
when it comes to all the identified responses with respect to cul-
tural services. Protection of local knowledge has the protection of
biophysical information at its core. Landscape conservation and
restoration schemes including the introduction and removal of
species, ecotourism, sustainable production practices, and locally
based management schemes rely on biophysical information.
Multilateral science initiatives, local data gathering and integration
programs, and knowledge diffusion efforts all have biophysical in-
formation as an objective (Chapter 14).

Biophysical information is inevitably an important element
within all integrated responses, but it is a critical factor for responses
at the local level and cross-scale issues as well as for multilateral
environmental agreements. In particular, the new generation of
MEAs is critically dependent on precise biophysical information
as they deal with difficult cross-cutting issues like climate change
or loss of biodiversity.

Sustainable forest management is an example of an integrated
response at the local level. In forestry, a range of examples can be
found that address more than one ecosystem service at the same
time. Sustainable forest management is an approach that seeks to
integrate several ecosystem services and different stakeholders
through innovative institutional arrangements, methods, and
tools. Another example is integrated coastal zone management.
Coastal zones involve a diverse set of ecosystems and habitats,
which provide rich services and functions to society, and are asso-
ciated with multiple uses and users (Chapter 15).

18.3.3 Pursuing Efficiency and Effectiveness

The basic principle of devising efficient decision-making is to
conduct fast and thrifty decision processes (procedural efficiency).
This implies designing the decision process so as to allow for fast
and clear exchange of information and views, to allow flexibility
for shifting positions, while progressing towards compromise so-
lutions. The assessment activities can enhance and support the
efficiency of decision-making by presenting the multitude of fea-
sible decision options with all relevant implications, uncertainty
features (qualitative characterization and quantitative ranges), and
preconditions for and possible pitfalls of implementation and en-
forcement.

However, there is often a trade-off between the principles of
procedural equity and efficiency. There are conflicting claims
about stakeholder participation and the efficiency of the decision-
making process. Some maintain that stakeholder participation is
cumbersome and slows down the process while others claim that
such involvement is controllable and may even turn out to be
faster if the consensus-based outcome is implemented as soon as
the decision is made as opposed to the long delays resulting from
several rounds of rebuffs and revisions instigated by excluded
stakeholder groups. Moreover, the emerging policy or regulation
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needs to be compatible with prevailing economic values and prin-
ciples (outcome efficiency). This is especially important in cases
when (re)distribution of public funds is involved. In order to help
fulfill these objectives, the assessment framework and the decision
criteria should be chosen so that they can properly handle the
relative importance of economic and financial concerns in the
given decision-making context. Typical efficiency criteria include
balancing costs and benefits or identifying least-cost solutions
under a given set of constraints. An important but often neglected
factor in cost and efficiency calculations are the transaction costs
required for implementation, enforcement, etc.

Effective decisions result in policies and measures that can be,
and will be, realistically implemented to achieve the intended
outcomes. The effectiveness of the decisions is, therefore, depen-
dent on the extent to which the decision-making process is able
to fulfill all the criteria above, ranging from the acquisition and
use of the best available information to accommodating the ap-
propriate mix of concerns (efficiency, equity, etc.). Decisions
based on appealing ideals but void of pragmatic aspects are bound
to fail and are, therefore, ineffective. The assessment process can
foster the effectiveness of the decision by performing ‘‘reality
checks’’ of the policy options by adopting analytical tools from
disciplines like political science or game theory.

Responses discussed in Part II of this report illustrate that the
efficiency and effectiveness of decision-making is important for
achieving desirable outcomes. A number of responses to the issue
of biodiversity provide good examples. Habitat protection schemes
through indirect incentives such as integrated conservation and
development projects are designed to integrate, optimize trade-
offs, and create synergy. The same can be said of regional planning
approaches to habitat protection. Eco-agriculture techniques in-
cluding organic farming, integrated crop management, and con-
servation farming are also designed and pursued with integration,
trade-off, and synergy as objectives (Chapter 5).

In a related way, the food responses in Chapter 6 recognize
fundamental trade-offs that can arise from the demands placed on
agricultural systems to produce food efficiently while sustaining
ecosystem health and sustainability. For example, natural resource
constraints include shortages of arable land, water, fisheries, and
biodiversity. However, current trends in a significant number of
agricultural indicators suggest threats to long-term economic, so-
cial, and environmental sustainability of the food system. Further,
the overall effect of agricultural trade liberalization on the envi-
ronment is ambiguous, and trade-offs must be weighed in order
to find ways to limit the adverse effects of trade while enabling
the collection of its benefits. There are similar concerns about the
development and use of genetically modified organisms. Given
the complexities that abound in this domain, efficient and effec-
tive decision frameworks need to allow both for the interaction
between a large number of sectors and actors at multiple scales
and for uncertainties at these different scales, both spatial and tem-
poral.

The chapter on water services (Chapter 7) highlights responses
that, increasingly, have the efficiency and the effectiveness of the
decision-making process as objectives. Basin-wide river manage-
ment schemes that are integrative are becoming prevalent. Also,
market-based incentives for the provision of freshwater services
are increasing in popularity, partly because of the fact that market
forces are inclined to reduce transaction costs and delays as against
those found with government intervention and regulation.

The chapter on wood (Chapter 8) points to missed opportuni-
ties to pursue responses that are more efficient, integrative, and
synergy seeking. It also points out numerous opportunities to im-
prove outcomes through responses that have these attributes. In

PAGE 536

general, the realm of multilateral agreements and initiatives has
lacked the facility to cross cut, integrate, create synergy, and gain
economies of scale. However, many of the responses that operate
at a more localized level can be highly integrative. For example,
company/community partnerships are premised on ‘‘win-win’’
ideas with each party taking away benefits suited to its particular
needs. Responses for improving the technology of growing or
using wood work in much the same way by trying to accomplish
economic as well as environmental objectives. Plantation forests
can be highly integrative and synergistic by satisfying wood de-
mand, addressing lost habitat, combating desertification, and pro-
viding carbon sinks.

The success of the small-scale private owner as a forest man-
agement response may depend to a large extent on whether lack
of economies of scale can be overcome. One solution to this situ-
ation is to band the small operators together into cooperative ar-
rangements. This, of course, will depend on the receptivity of
the small operators to such an organizational form. Certification
programs are seen as expensive for small producers and local com-
munities. In addition, there has been a proliferation of certifica-
tion programs, which adds to cost and to confusion in the minds
of consumers. Rationalization approaches may have large benefits
for all stakeholders.

The positive vector-borne disease control outcomes discussed in
Chapter 12 rely on integrative social, behavioral, and environ-
mental responses and, therefore, decision-making processes reflect
this need for integration, trade-off, and synergy. For example, the
extent and prevalence of gastrointestinal infections throughout
the world pose a massive problem. Only an integrated approach
via mass treatment, safe disposal of waste, and provision of latrines
effectively address this problem. Health education has been a vital
element in successful outcomes. Environmental hygiene through
protection of food from cockroaches and flies can also play a sig-
nificant role. Effective decision-making processes consider this
wide portfolio of responses.

Finally, the integrative and synergy-building aspects of good
decision-making are found in several of the cultural service re-
sponses in Chapter 15. The consistent message is that decision-
making and outcomes with respect to ecosystem services would
be enhanced if local cultures were given a larger say in the proc-
ess. This is particularly true when considering landscape restora-
tion and eco-tourism schemes, and certification programs. Good
examples of highly integrative and effective decisions and re-
sponses found in the chapter include the cultivation of medicinal
plants in India and the Rhön Biosphere Reserve in Germany. In
these examples, ecosystem conservation has been well integrated
with local culture and economies.

18.3.4 Using the Best Available Information on
Values

A crucial field of the social context for ecosystems decisions is
information about the norms, beliefs, values, and aspirations of
the affected communities. Even the best intended and, from a
different perspective, perfectly rational decisions or measures will
inevitably fail if they run counter to the norms and rules, which
the affected stakeholders follow. These aspects need to be recog-
nized in decision-making. Accordingly, prevailing norms and val-
ues influence the choice of the decision analytical tool and the
decision criteria adopted in the assessment.

The responses that have been reviewed make it clear that this
ingredient is very important to good decision-making. In these
responses the concept of ‘‘values’’ goes beyond quantifiable costs
and economic benefits and includes a broad range of determinants
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of human well-being, that is, all that humans value or need.
Therefore, ‘‘values’’ range from personal security, sustenance, and
health to material and economic goods to beliefs, traditions, ritu-
als, and aesthetics. However, ‘‘values’’ also go beyond the individ-
ual to the collective to include organizations, corporations,
communities, and even nations, and bring in the concepts of in-
fluence, power, tenure, and reputation. In this way, the use of the
best available information on values is strongly related to the use
of the best available information on the sociopolitical context dis-
cussed above.

Different stakeholders (or sets of stakeholders) bring different
mixes of values (value systems) to particular circumstances, prob-
lems, or decisions. Also, different stakeholders have differing
stakes in any particular issue. The responses discussed in the chap-
ters in Part II provide evidence that participation and transparency
in decision-making is the most effective way to develop the best
information on values and respective stakes.

Chapter 5 demonstrates that biodiversity responses that seek to
change the nature of use of habitat (that is, area protection) or
species or provide alternatives to the use of targeted habitats or
species are most effective when built with human values as a cen-
tral theme. Biodiversity responses that seek to change productive
behaviors to those that have greater sustainability (that is, certifi-
cation and labeling schemes) take into account human values. A
particularly good example of a mix of human values in choosing
a response deals with reclamation where costs are incurred to re-
store aesthetic values. Local knowledge of biodiversity is another
type of human value that can be considered in making decisions
about ecosystems.

According to Chapter 7, values are an ingredient that is im-
portant for all responses in connection with water services. Property
rights, and the human value systems they imply, are seen as an
important response for sharing the benefits of freshwater services.
These rights determine whether those who pay the costs of man-
agement have access to any of the benefits and, therefore, have an
incentive for cooperation in the conservation activities needed to
provide them. In the case of watershed services, which play a
critical role in the provision of freshwater, rights over both land
and water have been considered. In addition, there are compel-
ling reasons to consider the use of markets for incorporating val-
ues into choosing responses for the provision of fresh water.
Tradable water rights create a ‘‘visible or discoverable’’ value for
water, and the concept of full cost recovery pricing incorporates
externalities and, thus, a broad range of values (despite the inher-
ent difficulties in quantifying all costs). Water exchanges, banks,
and leasing and trading programs have developed to address water
quantity and quality issues. Although recognition of the right of
access to water for basic human needs may be undecided as a
matter of international law, a number of nation states have directly
or indirectly given formal recognition to the right of access to
water as a fundamental human right. South Africa is one example.
Therefore, this human value is being ‘‘wired’’ into its water re-
sponses.

Values including economic values are highlighted as key to
good decision-making with respect to wood and fuelwood (Chapter
8). Efforts such as national forest programs and international forest
policy processes have been either more or less effective depending
on the extent to which local values and human well-being have
or have not been incorporated into their development. Small-
scale private ownership and forest management schemes are based
on the premise that property rights lead to greater stewardship.
The delegation of public forest management rights through con-
servation concessions is based on determining the full opportunity
cost of lost public use and enjoyment. Organized public and
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consumer action as a response is based on both the value that
politicians/companies place on reputation and the value that con-
sumers place on environmentally sensitive production practice.
Dendro power and fuelwood activities are grounded in the need
for poverty reduction and economic development. Finally, calcu-
lations and decisions about forest protection are being aided by
the ‘‘internalization’’ of the value of sequestering carbon by way
of a developing carbon trading market under the Kyoto regime.

18.3.5 Considering Equity Concerns and
Implications

The most direct way of using ‘‘the best available information
about values’’ is to devise a fair decision-making process and to
involve stakeholders directly in it. Different disciplines and differ-
ent schools in ethics define what is fair in many different ways
(Rayner and Malone 1998; Toth 1999). In the present context,
‘‘fair’’ is simply what those who are involved in or affected by the
decision-making find to be fair. This entails giving a fair chance
to all affected groups to participate, to present their values and
concerns, and to protect their interests (procedural equity). Par-
ticipation has become a buzzword in recent years and evidence
is accumulating that it increases the overall quality of decisions
concerning environmental assets and natural resources (World
Bank 1996). In addition to the possibility of mobilizing local
knowledge that is not otherwise accessible, and of increasing the
acceptance of the decision, broad participatory approaches also
facilitate dealing with the diversity of values, interests, conflicting
interpretations of biophysical and social science analyses, and per-
spectives on how to cope with uncertainty.

Even if the participation of all stakeholders is impractical or
impossible, the decision-making process needs to be open so that
all affected parties can understand how a decision came about, its
rationale, and how it affects different social or stakeholder groups
(transparency). Irrespective of whether direct participation is pos-
sible and/or meaningful, the decision outcome needs to obey pre-
vailing fairness principles in the society (consequential equity).
The corresponding axiom in the analysis domain is the require-
ment to choose the assessment framework and the decision crite-
ria according to the relative importance of fairness concerns in
the decision-making context. Exploring outcomes under different
criteria provides valuable insights into the trade-offs among them
while multicriteria frameworks can help progress towards com-
promise solutions. In recent years, a variety of participatory assess-
ment techniques have been proposed and are being increasingly
used (Toth and Hizsnyik 1998) in which stakeholders jointly in-
vestigate the problem and the range of available options in prepa-
ration for the decision-making process. Participatory techniques
are particularly worth considering in complex and controversial
decision-making situations.

A review of the responses discussed in the chapters in Part II
supports the importance of including a concern for equity, partici-
pation, and transparency in the decision-making process.

For example, with respect to biodiversity, Chapter 5 points out
that habitat and area protection responses that rely on indirect
incentives such as alternative economic development opportuni-
ties, integrated conservation and development projects, or eco-
tourism are designed with equity concerns as key considerations.
Habitat and area protection responses that rely on direct incen-
tives, such as the purchase of easements, tax incentives, tradable
development rights, or direct land acquisition, also incorporate
equity considerations because the focus of these responses is that
of sharing the benefits of global biodiversity values locally with
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those whose well-being is tied to some exploitation of the tar-
geted habitat or area. Participation of local people and communi-
ties in the design of such responses is also important for successful
outcomes. Equity is a key aspect of the Convention on Biological
Diversity’s explicit protection of local knowledge. Also, equity is
a key consideration when the reintroduction of fauna is a response
option (for example, between cattle ranchers and wolves).

Failure to consider questions of equity and participation with
regard to water services (Chapter 7) can cause a major problem for
several important responses such as sharing water in a transbound-
ary context, command-and-control regimes, assigning property
rights in freshwater services, making changes to infrastructure, or
using market-based incentives. For example, a specific response
to the challenge of transboundary water management is the
strengthening of provisions for public involvement, which in-
cludes access to information, public participation, and access to
justice or legal recourse. An important tool for public involve-
ment is the development of a process for transboundary environ-
mental impact assessment. Given the general heterogeneity of
environmental and socioeconomic conditions, effective manage-
ment of freshwater resources to support multiple uses often re-
quires numerous site-specific responses that are beyond the
capacity of centralized authorities. Although a basin-wide ap-
proach is necessary for some aspects of management of freshwater
resources (that is, flood forecasting), many aspects may best be
resolved locally because it allows for more direct engagement of
stakeholders. Although the use of water for basic human needs
has not been recognized as a fundamental human right in interna-
tional law, there should be no debate about the fact that human
beings cannot survive without access to potable drinking water.
This is an important issue of equity with respect to water re-
sponses.

Many of the responses on wood, found in Chapter 8, discussed
equity as the key consideration while making decisions. The need
for full participation of the affected parties and for multistake-
holder processes was cited numerous times. The discussion of
multilateral processes that have led to national programs delineates
between success and failure based upon the degree of participation
afforded by local people. Public-private partnerships likewise have
been more or less effective to the extent that the economic rights
of local people are considered and protected. The same can be
said of traditional forest planning approaches applied in the tropics
as well as plantation developments. Insuring that proceeds from
royalty concessions find their way to those most affected by the
change in the use of a public forest was highlighted. Attempts at
collaborative forest management and decentralization have equity
considerations at their core. It is also acknowledged that when
company/community partnerships are pursued getting the right
balance of benefits between the parties is often difficult because
the nature of the respective benefits may be very different. Forest
certification schemes have been criticized for failure to include
the views of local people or to consider small producers who do
not have the economies of scale to be able to afford to participate
in what have been very expensive programs. In fact, the ‘‘paper-
based’’ approach to certification is often a barrier to indigenous
peoples who do not have the resources or skills necessary to com-
ply with the detailed reporting requirements. Finally, some see
the competing uses of wood (as between products and fuelwood)
as an issue of gender equity with men relying on the former use
and women on the latter.

With respect to flood and storm services (Chapter 11), equity
may play an increasing role in deciding whether and how disaster
relief and aid will be provided as the concern about extreme
hydro-meteorological events tied to climate change grows.
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Considerations of equity are an important influence with re-
spect to finding responses for vector-borne disease control (Chapter
12). The role of the community and health education is a vital
element of success with respect to sanitation. Dissemination of
information to all people plays an increasingly important role gen-
erally.

Cultural service responses found in Chapter 14 are tied closely
to considerations of equity in ways very similar to both the bio-
diversity and wood responses. The focus of these responses is the
sharing of the benefits of global value locally with those whose
well-being is tied to the exploitation of a local resource that might
be restricted or those whose culture is being ‘‘marketed.’’ These
responses allow local people to share the fruits of tourism and eco-
tourism schemes in a substantial way. They also include proper
participation in decisions that might affect the continued habita-
tion of a particular area or decision about production standards
incorporated in certification schemes that might have an impact
on local practices. In addition, these responses suggest participa-
tion by local people in decisions that would lead to the exploita-
tion of a group’s culture (that is, for tourism purposes).

One outcome of such participation might be revenue sharing
with respect to the use of a group’s cultural symbols. Another
important aspect of the responses is the building of capacity to
allow for the aforementioned participation in a meaningful way.
Equity is a key motivator of the CBD’s explicit protection of
property rights regarding local knowledge. It is also a key consid-
eration in the reintroduction of fauna or the elimination of alien
species when it comes to landscape restoration. (For example,
with respect to this latter point, equity might dictate the compen-
sation of livestock farmers when wild animals such as bears and
wolves are reintroduced to an area, or to fruit farmers when a
non-indigenous tree is eliminated from a restored landscape).

18.3.6 Assigning Clear Accountability and
Providing for Monitoring and Evaluation

Responsibility for ecosystems decisions and their implications is
an elusive issue if one takes into account the multitude and mag-
nitude of uncertainties about the biophysical process, social be-
havior, and the poor controllability of the underlying processes in
both domains. Yet a reasonable level of accountability for at least
the manageable aspects of the decisions would encourage decision-
makers to use the best available information, involve relevant
stakeholders, and keep the decision process transparent. In rela-
tively simple regulatory or resource allocation cases, the responsi-
bility rests with the decision-maker who has the ultimate
authority to put policies and measures in place. In more complex
situations involving several organizations, each should be ac-
countable for the formulation and implementation of the decision
component in its own domain or mandate. Similar principles of
accountability would motivate analysts to use the most suitable
tools and the best available data and to expose their results to
extensive reviews.

Decisions with respect to responses are made within a compli-
cated web of different levels of governance in different sectors and
at different scales. Some decision-makers have both official and
genuine power while others are mere representatives for others
with power who stay in the background. Moreover, the conse-
quences of decisions may be so remote, indirect, and time-lagged
that it is very difficult to clearly assign accountability for their
outcome. Aligning accountability with decision-making will im-
prove this process, and attaining transparency in the decision-
making process is a way of achieving this alignment.
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A prerequisite for effective accountability is a full evaluation
of policies based on reliable monitoring. However, to monitor
properly and objectively the outcome of policies is difficult to
accomplish. First, there is always a lack of money and other re-
sources that are mostly assigned to other, more visible purposes.
Second, some people may not welcome monitoring as it may
reveal irregularities (including corruption). Evaluation of the ef-
fects of a measure or action requires establishment of a causal link
between the action and its impact (for example, introduction of
catalytic converters in cars—reduction of carbon monoxide emis-
sions). It is certainly not so simple to distinguish between causality
and simple association. A careful analysis to discount the effects of
confounding factors is necessary.

The achievement (or non-achievement) of targets is one of
the key considerations. A crucial prerequisite is that the targets are
transparently and clearly stated, preferably in quantitative terms.
If this is done, the evaluation is a relatively easy task provided that
proper indicators both for the targets and for the actual state are
available. The evaluation should also examine the impact of unex-
pected factors that may have helped or hindered the achievement
of objectives and targets or had other ancillary impacts.

To cover properly the overall impact of a given policy is prob-
ably the most difficult part of the evaluation. First, the different
scales (spatial and temporal) must be taken into account. In partic-
ular, the evaluation process must take in account long time scales.
Second, there could be direct but also indirect effects. Third, most
policies have impacts in all the environmental, economic, and
social realms. Fourth, many stakeholders may exist as a result of
which the impact may be very different (distributive effects). Even
if it is sometimes stressed that a certain action will result in a ‘‘win-
win’’ situation there always are some losers. In this context, these
questions—among others—should also be answered: Are the
achieved objectives justified in terms of financial and other costs?
Are the impacts enhancing human well-being and/or bringing
economic benefits besides improving the environment? For ex-
ample, has reduction of emissions had any effect in decreasing
health problems? (Clancy et al. 2002; WRI 2003)

Insurance and other financial markets play an increasing role
in the area of environmental accountability and performance
monitoring (UNEP 2004). With respect to accountability, insur-
ers and providers of financial capital are beginning to charge pre-
miums in accordance with expected environmental liability. In
addition, trends in overall premiums and claims will provide an
explicit signal with regard to the success of the responses.

Central to the responses on biodiversity is monitoring and eval-
uation of policies, especially in the habitat and species protection
schemes based on direct incentives. For example, property rights
that have been created or regulations that have been promulgated
need enforcing. Sustainable production practices as embodied in
certification programs require that standards be maintained. An
important problem in many cases is the lack of clear baseline indi-
cators and quantitative targets (Chapter 5).

An example of an important response regarding water services is
the basin-wide river basin management. Management of river ba-
sins is mostly performed by different river basin organizations, of
which several examples are given in the Chapter 7. A pattern that
is often observed is the tendency of basin-level management to be
dominated by more tangible and economically dominant inter-
ests. However, recently, the integrated approach is more preva-
lent. Also important in this respect is the so-called shared water in
a transboundary context. An important tool for public involve-
ment is the development of a process for transboundary environ-
mental impact assessment. The issue of water resources
management is presently high on both the international environ-
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mental and development agendas. In part, this is due to neces-
sity—261 major river basins are shared by two or more sovereign
states worldwide. The accountability issue is essential when as-
signing rights to fresh water services and applying market-based
incentives.

In the area of forest management and protection, accountability,
monitoring, and enforcement are important aspects of response
design and selection. Multilateral agreements and initiatives rec-
ognize the necessity of accountability including the codes of con-
duct for the private sector. The International Tropical Timber
Organization has created indicators and has tried its hand at en-
forcement of sound forestry practice. Neither traditional forest
planning (when applied to the tropics) nor reduced impact log-
ging approaches can be effective without adequate enforcement
regimes and resources. It is often the failure to provide adequate
resources for monitoring where enforcement breaks down. Certi-
fication responses are based on standards and monitoring. Conser-
vation concessions tie royalty payments to the maintenance of
certain parameters of protection (Chapter 8).

Financial services regarding flood and storm responses include
insurance, disaster relief, and aid. Insurance, in particular in con-
nection with floods, is an increasingly important response. Its sig-
nificance has grown in recent years, with more frequent threats of
extreme hydro-meteorological events in connection with global
climate change. Disaster relief and aid is getting more interna-
tional recognition. Connected with these responses are large sums
of money. Therefore, the requirement of accountability is very
important (Chapter 11).

Because large financial resources are attached to international
programs, accountability issues play an important role with re-
spect to vector-borne diseases (Chapter 12).

18.3.7 Considering Vulnerabilities and Risks

A crucial aspect of equity issues is related to vulnerable groups
and communities. Vulnerable here refers to people who are sensi-
tive to changes in ecosystems services and lack the ability to cope
with those changes, that is, recognize preliminary signals in time,
consider response options, and adapt to emerging changes or
counteract them. The interests of the vulnerable communities are
much better respected when defended by a credible, legitimate
advocate, coming ideally from the concerned community or
communities. Yet vulnerable groups are often unable to engage
even in open and receptive decision-making processes because
they lack the basic knowledge, or the necessary information and
communication tools. Special representatives or legitimate as-
signed advocates are, therefore, required to speak for their inter-
ests in order to prevent top-down decisions being imposed on
them. In the assessment work, extended analyses framed from the
perspectives of vulnerable groups are required to estimate the im-
plications of the different options for them.

Vulnerability and risk pertain to human populations as well as
ecosystems and their services. Vulnerability is defined as the ca-
pacity to be wounded by socioeconomic and ecological change.
It has three main elements: exposure, sensitivity, and resilience.
Resilience is particularly important—if resilience is not main-
tained within the system or the person then they will become
more vulnerable. Vulnerability is, therefore, a property of coupled
social-ecological systems. An example from South Africa illus-
trates the point.

In the South African Development Community (regional
level) during 2002–03, the complex system of outside pressures
contributed to the complexities associated with climate stress and
food insecurity. Many donors have provided early warning sys-
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tems and are managing food insecurity and risks, thus reducing
vulnerability in the region. However, the contributions of adverse
synergies including droughts and politics that have precipitated
famines have become more prevalent and endemic in sub-Saharan
Africa. In the Vhembe District in Limpopo Province (district-
local scale) research results have shown that there are gaps and
weaknesses with regard to improved resilience to climatic risk.

Identifying the reasons for the lack of action is the key to
understanding the drought effects that occurred at the national
and regional levels specified above. First, it is clear that forecast
alone is not enough. There needs to be more activity in broad-
casting the forecast by different media, for example, the radio,
newspapers, videos, to district institutions, and to the community
level. Second, farmers may be constrained by lack of resources
from responding to information about climate stress. The re-
source constraints include lack of access to credit, land, and mar-
kets as well as lack of decision-making power. There are,
however, encouraging signs in the Vhembe District and at the
national level for building adaptive capacity under conditions of
climatic and environmental stress. There are signs that research on
ways to improve adaptive capacity in South Africa will produce
generalized recommendations that will improve policy (Vogel and
Smith 2002).

Vulnerability and risk considerations may go directly to the
heart of several of the biodiversity responses (Chapter 5). Habitat
protection schemes that are based on direct incentives such as
easement and land acquisition target vulnerable places, ecosys-
tems, and species. The participation of the local people and com-
munities in the design of any responses to biodiversity is also very
important for successful outcomes. An example is the Misiones
Region in northeastern Argentina where the forest has been re-
placed with agriculture although the soils are fragile (Rosenfeld
1998). Two major types of peasants are distinguished and they
have designed very different farming systems and control strate-
gies that interact in the wider context in which they operate.

With respect to food, agricultural research could be prioritized
with the participation of farmers and begin with an integrated
evaluation of their socioeconomic needs and their natural re-
source endowments in order to provide an equitable and effective
process (Chapter 6). For example, poverty and vulnerability
among smallholder farmers is high because the soils are of poor
quality and are drought-prone. Low productivity affects hunger
and poverty and leads to low economic growth. This leads to
poor health, which, in turn, leads to low productivity. A response
might be to apply integrated pest management to reduce the need
for pesticides, but this may be subject to uncertainty as IPM has
not been very successful in the past. In Kenya and Tanzania, in-
digenous plants were a source of raw material to allow people to
cope when the harvest failed. This provided a crucial safety net;
for example, indigenous fruits provide important nutrients for
children when meals are reduced at home. The sale of livestock
and poultry and engaging casual labor are often indirectly depend-
ant on ecosystem services. Data in MA Current State and Trends
show the increasing percentage of households who depended on
indigenous plants in Kenya and Tanzania (Eriksen 2000).

With respect to wood, the vulnerability of human well-being
arises in the context of multilateral agreements and initiatives and
any objectives for poverty reduction (Chapter 8). Environmental
vulnerability is raised explicitly in the context of the protection of
habitat as an objective of certain public-private partnerships and
conservation concessions. The drive to better manage forest re-
sources is implicitly directed at the vulnerability of those resources
and vulnerable people and the risk that we may pass some tipping
point with respect to ecosystem services.
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Vulnerability of ecosystems and human populations are prom-
inent when it comes to flood and storm control (Chapter 11). Flood
plain and coastal zone development increases the number of peo-
ple at risk. Human beings are increasingly occupying regions and
localities that are exposed to extreme events, and are likely to
become more poverty-stricken as a result. Many of the datasets
on extreme events show that impacts are increasing around the
world, and studies show that human vulnerability is the primary
factor explaining trends in impacts. Case studies at the local scale
have shown that human interactions with ecosystems have in-
creased the vulnerability of humans and impacts on human well-
being, and that appropriate management of ecosystems can reduce
vulnerability and contribute to increased human well-being.

With regard to ecosystems and vector-borne disease control
(Chapter 12), responses that affect the state of ecosystems are also
likely to affect the health of people, thereby putting them at risk.
On the other hand, responses aimed at promoting human well-
being through the eradication of vectors can have profound ef-
fects on vulnerable ecosystems such as wetlands. All responses
should be measured in terms of their effectiveness on human well-
being in its broadest sense, including the provision of ecosystem
services. The International Red Cross Federation (2002) has
shown that the death toll from infectious diseases such as HIV/
AIDS, malaria, diarrhea, and respiratory diseases was 160 times
the number of people killed due to natural disasters in 1999.

With regard to climate regulation, there is a close interrelation-
ship between climate and ecosystems (Chapter 13). When climate
variation increases outside its ‘‘normal’’ bounds, vulnerability in-
creases. Adaptation serves to reduce vulnerability to climate
change by minimizing exposure or maximizing adaptive capacity.
The poor will have less capacity to adapt and mitigate the impacts
of climate-induced changes to ecosystems. Desertification is an
example of a coupled socioecological system that threatens liveli-
hoods. It is a good example of issues in understanding vulnerabil-
ity (Downing and Ludeke 2002). Diversifying and strengthening
local livelihoods will contribute to climate change policy by pro-
viding greater adaptive capacity and reduced vulnerability to
change.

The cultural service chapter (Chapter 14) views vulnerability
and risk in the context of fragile cultures or those without capaci-
ties or sufficient power to be meaningful participants in decision-
making or negotiations. Therefore, the chapter stresses that responses
such as those dealing with certification of sustainable production
practice or fair trade should address this issue in decision-making.
It does so, likewise, with respect to responses that involve reloca-
tion of local cultures in the light of landscape restoration or that
which involve eco-tourism that capitalizes upon elements of local
culture. Responses that seek to protect local knowledge and lan-
guage directly address the vulnerability of traditional cultures and
the risk to society in general from their atrophy or absorption.
Conversely, UN programs designed to diffuse knowledge and best
practice are intended to protect the viability of indigenous and
local human well-being and, thereby, indirectly, their cultures.

With regard to integrated responses, the well-being of people
around the world is strongly related to the environment in terms
of livelihoods, health, and vulnerability (Chapter 15). The poor
are highly vulnerable to droughts and floods, the frequency and
severity of which may be expected to increase with climate
change. The chapter stresses the need for more fresh water, the
absence of which can lead to illness, malnutrition, famine, and
greater incidences of floods and droughts. UNDP (2003) formu-
lates a disaster risk index to assess global patterns of natural disas-
ters and the relationship to development. The disaster risk index
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calculates the relative vulnerability of a country to a given hazard
as the number of people killed by the hazard divided by the num-
ber of people exposed to it.

The best available data on a global scale confirm that during
the past four decades the number of great disasters has increased
four times, while economic losses have increased by ten. (Swisse
Re 2003; Munich Re 2003; CRED 2002) Although comprehen-
sive global databases are not available for smaller-scale hazards the
significance of these more common events to the social vulnera-
bility of exposed human populations is a significant concern
among vulnerability analysts (ISDR 2002; Wisner et al. 2004).

18.3.8 Dealing with Uncertainties

Decision-making about ecological management and the use of
ecosystems services is plagued by inherent uncertainties. Even if
the functioning of an ecosystem is relatively well understood
under the prevailing conditions, the ecosystem behavior might
shift as a result of changes in some external driving forces or con-
ditions (Walker and Steffen 1996). Moreover, the values and valu-
ation of ecosystems and their services by the relevant communities
might change or stakeholders may revise their positions. The im-
plication of all these uncertainties for decision-making is that both
the process and its outcome must be flexible so that they can
respond to newly available information about the biophysical sys-
tem (ecological or scientific uncertainties), about the social system
(value- and behavior-related uncertainties), and about the effec-
tiveness of the decision itself (regulatory uncertainties) (NRC
1996).

The sources, nature, and magnitude of uncertainties involved
in a given decision-making problem also have implications for
choosing the analytical framework (Morgan and Henrion 1990).
In order to provide useful insights, the assessment tool needs to
be suitable for accommodating decision-making under uncer-
tainty and hedging, and multiple decision criteria reflecting differ-
ing values of the different stakeholder groups. Ideally, a single
assessment framework should be chosen that is sufficiently flexible
to accommodate and help consolidate a diversity of relevant per-
spectives on ecosystem change. If this is not possible, multiple
frameworks are needed but this raises the important problem of
how to consolidate their results. The range of decision options
explored by the analytical tool should also take adaptation possi-
bilities into account, including the feasibility and costs of mid-
course corrections in the light of new information and give special
consideration to irreversibilities, uncertain thresholds, etc. Deal-
ing with risk and uncertainty is considered a very important part
of the overall framework for the whole millennium ecosystem
assessment. (See MA 2003, Chapters 4, 8.)

First of all, uncertainties arise regarding information both on
the biophysical systems and the social and economic contexts in-
cluding changing values and behavior. Second, the effectiveness
of the decisions themselves and their implementation introduce
uncertainty to outcomes. Decisions at all levels and scales should,
therefore, allow for the policies to be flexible and adaptive, to
allow learning, to incorporate results of evaluation, and to make
necessary adjustments to accommodate new situations and/or
new information. On the other hand, there is always a trade-off
between flexibility and responsiveness of the policy and its stabil-
ity without which it loses credibility and, therefore, all effective-
ness. There is a difference between rigid policies that insist on
nonessential requirements and policies that are reliable such that
rules do not change in the middle of the game.

In contrast to human perspectives, ecosystem services issues
are long-term and, therefore, the uncertainties caused, starting
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with the limited knowledge of the evolutionary processes and
external influences, are inherently large. In this context, one of
the solutions is the use of the precautionary approach defined by
Principle 15 of the 1992 Rio Declaration (UN 1992).

With respect to biodiversity responses, better information on
levels of uncertainty about biodiversity and its values could greatly
assist decision-making. For example, we do not know which spe-
cies are most likely to go extinct but we may say with high certainty
that the rapid loss of biodiversity threatens the functioning of nat-
ural systems and human welfare. Many sources of uncertainty af-
fect decisions in this case (missing data, random sampling errors,
unknown functional relationships within ecosystems and between
ecosystems and humans, unknown future consumption patterns,
etc.) and due to complexity of the issue, our ability to choose the
right options will be always imperfect. Thus it is necessary to
avoid irreversible actions until uncertainty is resolved. Also inte-
gration across response options can mitigate and reduce uncer-
tainty. Regional planning approaches to habitat protection and
environmental impact assessments will be much more effective if
uncertainty and adaptability are the key elements. Reclamation
and rehabilitation in and of themselves demonstrate the quality of
adaptability. However, the most telling example of the impor-
tance of considering unintended consequences and uncertainty
comes when the introduction of a non-native species is chosen
as a response to eradicate another invasive and damaging species
(Chapter 5).

The aspect of uncertainty, flexibility, and adaptation is not
strongly expressed within the responses regarding food. However,
new approaches such as novel technology like introduction of
genetically modified organisms and biological control methods
should be guided by a principle of precaution as the level of un-
certainty is high. Flexibility and adaptation is very much needed
in successful development of effective and environmentally sound
methods of aquaculture (Chapter 6).

Responses regarding water services are inherently chosen under
the condition of high uncertainty due to rapidly changing and
highly unpredictable hydro-meteorological conditions. High lev-
els of flexibility and adaptability can be achieved by decentraliza-
tion of management and decision-making (that is, democratic
decentralization, deconcentration, and privatization). Given the
general heterogeneity of environmental as well as socioeconomic
conditions, effective management of freshwater resources to sup-
port multiple and often conflicting uses often requires numerous
site-specific responses that are beyond the capacity of centralized
authorities.

Although a basin-wide approach is necessary for some aspects
of management of freshwater resources such as overall water allo-
cation, flood forecasting, and emission of persistent pollutants,
others, such as problems associated with land and water relation-
ships, and operations and maintenance of irrigation canals, may
best be resolved locally because it allows for more direct engage-
ment of stakeholders and more appropriate responses to site-
specific circumstances. For example, in North America, the
United States and Canada are developing and advancing a number
of large-scale watershed ecosystem approaches along their exten-
sive inland border, which are moving toward carrying out holistic
approaches that include addressing the interrelated challenges,
goals, and problems of water flows, quantities and levels, water
quality, and protection of aquatic wildlife and their habitats. This
long-term Canada-U.S. cooperation on shared watershed ecosys-
tems helps respond to many calls from national, international, re-
gional, and global levels to develop and implement sustainable
development approaches between and among countries (Chapter 7).
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With respect to wood, considerations of uncertainty are impor-
tant in the context of forest management strategies, in particular,
of both indigenous people and small-scale owners/managers.
These types of managers tend to diversify the products and bene-
fits they take from the forest resources they manage and, there-
fore, they are able to adapt to unforeseen circumstances and cope
with uncertainty. Unintended consequences arise in the context
of public delegation of forest management rights through conser-
vation concessions in that governments/communities have ceased
other conservation efforts in the face of granting these concessions
(Chapter 8).

In response to the highly uncertain nature of flood and storm
only such non-structural measures such as forecasting and warning
have the characteristic of flexibility. Most of the other responses
are relatively rigid and non-flexible. The modern types of physical
structures like dikes, weirs, and barriers are striving to achieve
some flexibility through modern technology. Even if the physical
structures, in general, are not adaptive as such we will continue
to rely on them through the twenty-first century. The important
point is to place them within an integrated system including
warning and other measures (Chapter 11).

Unintended consequences are prominently illustrated by the
failure of insecticide use when it comes to controlling vector-borne
diseases (Chapter 12).

18.3.9 Considering Cross-scale Effects

The overwhelming majority of new decisions about ecosystems
management have to be incorporated in the hierarchy of existing
policies and regulations. Accordingly, the decision-making proc-
ess needs to be open to comply with relevant policies already in
place or to initiate appropriate changes in them. Similarly, the
decision-making process has to be extended to initiate relevant
decisions at lower levels that might be required for effective im-
plementation. On the analytical side, the selected tools must be
capable of incorporating the hierarchical conditions of the decision-
making problem at hand. They must be able to accommodate
constraints provided by higher-level regulations and to explore
decision needs and options at lower levels required to achieve the
goals of the decision problem explored.

With respect to choosing responses to protect, conserve, and
enhance habitat and species, the more important scale dimension
is, in fact, that of time. Obviously, multilateral environmental
agreements such as the Convention on Biological Diversity work
across jurisdictional and geographic scale, primarily global to na-
tional. Regional planning approaches to habitat protection are, in
fact, intended to integrate scale (that is, regional to local to site-
specific responses such as certification programs that target sus-
tainable practice in forestry and fisheries work from global to re-
gional to local scales). See Berkes (2004) relating to cross-scale
interactions and certification programs. With regard to biodiversity
the incorporation of biodiversity policies into integrated regional
planning will promote cross-scale effects and make sound trade-
offs between all the different scales. Local biodiversity may be
useful but global biodiversity ignores the local biodiversity values.
Vermeulen and Koziell (2002) see the focus on global values as a
consequence of the fact that the global consensus relates to
wealthy countries that recommend biodiversity in terms of ser-
vices derived from it and not as an end in itself (Chapter 5).

Scale is a very important concept with respect to water. Man-
agement of river basins that stretch across jurisdictional bounds is
mostly performed by different river basin organizations. A specific
response to the challenge of transboundary water management
is the strengthening of provisions for various aspects of public
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involvement, which includes access to information, public partic-
ipation, and access to justice or legal recourse. Because 261 major
river basins are shared by two or more sovereign states worldwide
(Wolf et al. 1999), the development of a process for transboundary
environmental impact assessments is an important tool for public
involvement. In Africa, where 57 shared international river basins
cover 60% of the continent (Gleick 1993), management of trans-
boundary water is not a new challenge and the local people are
encouraged to cooperate and manage in a transboundary context.
The issue of water resources management is presently high on
both the international environmental and development agendas
(Chapter 7).

With respect to wood, the time scale comes prominently into
play when considering the stewardship motivations (perpetuating
the family asset) of the small-scale private owners and managers
of forests. However, the size of forests is also the key to their
management strategies, and influences their abilities to satisfy re-
quirements associated with certification programs. The duration
of the term is a key issue when discussing the delegation of public
forest management through conservation concessions. Finally, the
time scale is important to proper forest plantation development
and management (Chapter 8).

With regard to nutrient cycling, the problem of nitrogen pollu-
tion manifests itself at the local to regional scale, so local and re-
gional governments clearly have a role to play. For example, the
technologies for nitrogen removal for sewage treatment in the
Tampa Bay have led to water quality improvement but to a lesser
extent in Chesapeake Bay (NRC 2000). These U.S. examples are
at a local scale (Chapter 9).

Physical responses to flood and storm control such as dams and
levees may cause net harm to ecosystems in the longer time-scale
in terms of restoration and resiliency. In turn, this may reduce the
anticipated (or expected) benefits of the responses (Chapter 11).

In terms of cultural services, multilateral environment agree-
ments such as the CBD work across jurisdictional and geographic
scales, primarily global to national. Responses such as certification
and fair trade programs work from global to regional to local
scales (and vice versa). Local organizations can take advantage of
emerging global institutions and conventions to bring their case to
wider political arenas (Chapter 14). An example is ‘‘The Samarga
Declaration’’ to prevent the granting of industrial logging in an
area they consider theirs (Taiga Rescue Network 2003; Molenaar
2002).

Scale issues are critical in integrated responses and cross-scale re-
sponses may be necessary. Integrated responses are long-term in
nature, and require fundamental shifts in governance institutions
with regard to skills, knowledge, capacity, and organization. Inte-
grated responses also occur at different geographic and jurisdic-
tional scales and across scales and use a range of instruments for
implementation. However many attempts at integration are sector-
based and do not address multiple ecosystem services and human
well-being simultaneously. Implementing integrated responses
may be resource-intensive but the benefits can outweigh the
costs. Thus it requires the bringing together of many different
stakeholders at different levels and the need to provide decision-
making and management procedures at all levels. Integrated re-
sponses do not necessarily bring about equitable distribution of
benefits to stakeholders (Chapter 15, especially Table 15.1).

18.4 Considering Business Motivations
Business is positioned to be a positive force in the resolution of
key trade-offs. It can play a role through the development and
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deployment of new technology, pursuit of new business models,
reduction of operational footprints, provision of leadership, set-
ting of examples, and coalescing of partnerships. For example, as
environmental pressures build up, the developed world and its
consumers may begin to demand more cyclic models of activity
and begin to define quality of life in less material ways such as
leisure, experiences, knowledge acquisition, and relationships.
Changes such as these could create business opportunities in ser-
vice, ‘‘reverse flows,’’ education, and travel. In addition, support-
ing public policy that raises industry environmental performance
standards could advantage leaders and first movers while raising
the standing of the industry as a whole with its important constit-
uencies. Business leadership with respect to reducing poverty, im-
proving human well-being, and protecting the environment can
be in business’ self interest. For example, this leadership could
help secure stable and safe societies, preserve open and free mar-
kets, insure access to critical resources, provide new product and
business opportunities, optimize social and environmental transi-
tions, and, for the most astute and agile, carve out competitive
advantage.

18.4.1 Reputation and Brand Risk, Partnerships,
and Investor Confidence

In a fast changing business and market environment, a firm’s rep-
utation can be the certainty that it can provide customers, inves-
tors, employees, suppliers, and communities. In this way,
reputation, as signaled through its brand, acts as a magnet. A good
reputation can help differentiate a firm in crowded markets, both
product and capital. A very tangible indicator of the value of rep-
utation can be found in market shares, price premiums for other-
wise similar products, or higher price/earning multiples for
companies in the same sector. The right reputation can attract the
best employees and partners and, therefore, provide access to the
best ideas. In this way, reputation might be considered a key cor-
porate asset to defend and enhance (Ottman 1998).

‘‘Value adding’’ and strategic partnerships can be important
to successfully achieving corporate objectives. Partnerships help
accelerate learning and leverage resources. Important relationships
must be designed for the mutual advantage of all partners, and
with the idea that a ‘‘bigger pie’’ may be more important than a
‘‘bigger slice.’’ Finding good partners can be a source of competi-
tive advantage (Rondinelli and London 2003).

Investors of capital do not like uncertainty or surprises and,
therefore, steer investment away from sectors or from firms
within those sectors whose risks and potential contingent liabili-
ties are not well understood. In order to attract capital, these sec-
tors and firms must pay higher rates. The uncertainties introduced
by questions of sustainability, potential costs and liabilities for the
use of common environmental resources which are currently not
taken into formal accounting statements, potential regulatory
constraints on products and operations, and the prospect of re-
stricted access to natural resources or sites are playing a larger role
in the investors’ calculus. Corporations are increasingly aware of
the impact that reputation for business practices that address these
risks and uncertainties can have on their cost of capital (Reed
2001).

Trust and transparency can help create a value-adding reputa-
tion, and environmental performance reporting (that is, Global
Reporting Initiative) and meeting certain standards such as those
found in eco-labeling schemes are responses that leading corpora-
tions are pursuing with reputation and brand image in mind
(Chapter 8).
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18.4.2 Access to Raw Materials and Operational
Impacts

The availability and access to clean water is likely to change the
way private enterprises in the developing world and the industrial
countries conduct business in the twenty-first century. For indus-
tries as different as food and agriculture and high technology (for
example, semiconductor plants require enormous amounts of
water for chip production), water will increasingly be a factor
in determining where, how, and with whom private enterprises
conduct their business (MA Scenarios, Summary).

While ecological degradation is often portrayed as a conflict
between ‘‘public environmental interests’’ and ‘‘private business
goals,’’ different types of ‘‘business conflicts’’ are likely to emerge
in the future. For example, with tourism becoming the world’s
largest employer and an important economic factor in many de-
veloping countries, native forestland and other natural resources
will be increasingly perceived as ‘‘vital business assets’’ of many
private companies (MA Scenarios, Summary).

Non-point source pollution associated with agriculture is
under greater scrutiny (Chapter 6).

Development of farm wood-lots and large-scale plantations is
an increasingly widespread response to the growing demand for
wood, and the decline of available natural forest areas. Not all
afforestation projects have positive economic, environmental, so-
cial, or cultural impacts. Without adequate planning and manage-
ment, the wrong growers, for the wrong reasons, may grow forest
plantations in the wrong sites, with the wrong species. In areas
where land degradation has occurred, afforestation may play an
important role in delivering economic, environmental, and social
benefits to communities reducing poverty and enhancing food
security. In these instances, forests and trees must be planted in
ways that will support livelihoods, agriculture, landscape restora-
tion, and local development aspirations. There is increasing rec-
ognition that semi-natural, mixed-species, and mixed age
plantings can provide a larger range of products, ‘‘insurance’’
against unfavorable market conditions or insect and disease at-
tacks, diversity of flora and fauna, protection against the spread of
wildfires, and provision of greater variety and aesthetic value in
the landscape (Chapter 8).

18.4.3 Opportunities and Incentives

18.4.3.1 Technology

Technology has helped to increase food production from culti-
vated ecosystems and is expected to continue to do so in the
future. The experiences of the last Green Revolution, combined
with the best of new agricultural sciences, could support a future
agricultural revolution to meet worldwide food needs in the
twenty-first century. Increased pressures on the resource base
(land, water, fisheries, biodiversity) and the potentially serious ef-
fects from climate change add to the importance of the role tech-
nology can play (MA Current State and Trends, Summary).

Technology has made possible a rapid rate of ‘‘development’’
of water resources with a view towards maximizing freshwater
provisioning services (for example, water supply, irrigation, hy-
dropower, and transport) to meet rising populations and human
needs. However, it is the re-examination and alterations of exist-
ing infrastructure that offers the most opportunity in the short and
medium term (Chapter 7).

An extensive array of technologies is now available in the en-
ergy supply, energy demand, and waste management sectors,
many at little cost to society. Significant reductions in net green-
house gas emissions are technically feasible given a portfolio of
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energy production technologies including fuel switching (coal/oil
to gas), increased power plant efficiency, carbon dioxide capture
and storage, pre- and post-combustion, and increased use of re-
newable energy technologies (biomass, solar, wind, run-of-the-
river and large hydropower, geothermal, etc.) and nuclear power,
complemented by more efficient use of energy in the transporta-
tion, buildings, and industry sectors (Chapter 13).

Similarly, technical tools exist for reduction of nutrient pollu-
tion at reasonable cost. That many of these tools have not yet
been implemented on a significant scale suggests that new policy
approaches are needed, but also that business opportunities may
exist (Chapter 9).

18.4.3.2 Market and Other Economic Incentives

Market-based approaches have the potential to unlock significant
supply- and demand-side efficiencies while providing cost-effective
allocation of scarce resources. Supporting legal and economic in-
stitutions need to be in place. Also, market driven instruments do
not automatically address poverty and equity issues related to the
use of provisioning ecosystem services.

Functioning water markets can provide price signals for real-
location not only between different uses, but also signals to guide
conservation activities. Water exchanges, water banks, and water
leasing have emerged as arrangements for promoting market ac-
tivity (Chapter 7).

Market mechanisms and economic incentives can significantly
reduce the costs of mitigation in the context of climate change
(Chapter 13) and market-based instruments hold the potential for
better nutrient management (Chapter 9).

Consumer preferences operating through the market have re-
sulted in some important forest and trade policy initiatives and
improved practices in some large forest corporations. Forest certi-
fication has become widespread in many countries and forest con-
ditions (Chapter 8).

Reforestation, improved forest, cropland, and rangeland man-
agement, and agroforestry provide a wide range of opportunities
to increase carbon uptake, and slowing deforestation provides an
opportunity to reduce emissions. Land use and its change and
forestry activities have the potential to sequester about 100 giga-
tons of carbon by 2050, which is equivalent to about 10–20% of
projected fossil emissions over the same period. Evolving markets
for carbon reduction credits raises the prospect of market oppor-
tunities (Chapter 13).

Biological resources supply all of our food, much of our raw
materials, and a wide range of goods and services including ge-
netic materials for agriculture, medicine, and industry. Potential
future uses convey option values. In the light of current and fu-
ture uses of biological resources, it is important to understand the
implications of the loss (at an accelerated pace) of species. The
private sector is showing greater willingness to contribute to bio-
diversity conservation, due to the influence of shareholders, cus-
tomers, and government regulation. Many companies are now
preparing their own biodiversity action plans for biodiversity con-
servation, supporting certification schemes that promote more
sustainable use, and accepting their responsibility for addressing
biodiversity issues in their operations (Chapter 5).

18.4.4 Examples of New Business Opportunities

Organic farming can contribute to enhancing sustainability of
production systems and agricultural biodiversity. In several indus-
trial countries, organic agriculture contributes a growing portion
of the food system. Agroforestry, which is a low-input farming
system with greater sustainability than ‘‘slash-and-burn’’ or high-
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input monocultures, is an alternative technology for increased
food production, using nitrogen-fixing trees to increase soil fertil-
ity and nutrient cycling. New crops developed from indigenous
trees producing traditionally important foods and other market-
able products enhance food and nutritional security, and also
allow farmers the opportunity to increase the productivity of their
staple food crops. Aquaculture is an example of a novel food pro-
duction system that has evolved into a well-known production
system, but the present situation is accompanied by serious im-
pacts on ecosystems, including loss of vegetation, deterioration of
water and soil quality, and loss of biodiversity (Chapter 6).

Environmental awareness and educational programs have
been successful in allowing consumers and resource users to make
well-informed choices for minimizing waste in their purchasing
decisions. Employers have introduced programs to encourage and
recognize initiatives by the community to reduce waste. In Japan
and other industrial countries, ‘‘industry clusters/technology plat-
forms’’ have been planned where the waste of one industry is the
resource of another. The sale of products from waste, whether
by simple re-use, recycling, and recovery, or by more complex
technological processing, has helped to create jobs appropriate to
the socioeconomic conditions of various localities or countries
(Chapter 10).

There has been a significant growth in some non-wood forest
product markets with the extension of the market system to more
remote areas; a growing interest in natural products such as herbal
medicines, wild foods, handcrafted utensils, and decorative items;
and development projects focused on production, processing, and
trade of non-timber forest products (Chapter 8).

If technology continues to develop, industrial-scale fuel de-
rived from forest products could become a major contributor to
sustainable energy sources. Consumption of fuelwood has re-
cently been shown to be growing less rapidly than had been esti-
mated earlier. Increasing urbanization and rising income have
contributed to a slowing in the rate of increase in the use of fuel-
wood as users switch to more efficient and convenient sources of
energy. In some regions, including much of developing Asia, total
consumption is now declining. Efforts to encourage adoption of
improved wood burning stoves have had some impact in the
urban areas of some countries, but there has been little success in
rural areas due to cultural and economic obstacles. Recent atten-
tion to improved stoves has shifted from increasing efficiency of
fuelwood use to reducing damage to health from airborne partic-
ulate matter and noxious fumes associated with the burning of
wood and charcoal. In industrial-country contexts, as renewable
options gather more momentum, and the technology becomes
more fine-tuned, it can be expected that ‘‘dendro power’’ options
will become more competitive and investor-friendly (Chapter 8).

The biggest challenge for conservation in the twenty-first
century is for it to take place outside parks and other protected
areas and, thus, become integrated into agricultural and urban sys-
tems. Conservation outside parks could become important in
opening new economic opportunities. Ecotourism could provide
important opportunities to link conservation and development.
An example is agrotourism, which could help conserve cultural
landscapes, add value to farming systems, and address economic
needs (Chapter 14).

Recreation, conservation, and environmental education can
go hand in hand. Cultural tourism can serve to educate people
about the importance of cultural diversity, as well as the impor-
tance of the latter for the conservation of biodiversity, provided
the risks mentioned above are taken into account. Tourism and
recreation can be linked to environmental education, fostering
knowledge about the functioning of ecosystems and provoking
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tourists to critically examine human–nature relations. Environ-
mental education may serve very diverse audiences, ranging from
schoolchildren to university students, protected area managers,
policy-makers, and representatives of the private sector. In all
cases, top-down education is less effective than education that is
based on sharing experiences and attempts to reach a joint under-
standing of the dynamics of human–nature interactions (Chapter
14).

18.4.5 Considering Business Impacts in Public
Policy

Despite the potential to positively engage business in providing
solutions to questions about pressures on ecosystem services and
human well-being, the financial impact that different response
options have on corporations has received relatively little atten-
tion by the MA and by the public policy literature in general
(Andrews 1998; Khanna 2001; Rivera 2002). This oversight is
specifically highlighted in MA Multiscale Assessments, and arises,
perhaps, because estimating business benefits is seen as more im-
portant for corporations than for decision-makers interested in
ecosystem management. For instance, Chapter 3 of this volume
does not explicitly address how to evaluate the cost and benefits
of the response options for corporations.

Yet taking into account private sector benefits and costs is
critical for the selection and implementation of response options.
Response options that are too costly for firms exacerbate the tra-
ditional resistance from the business community to ecosystem
protection measures making their enactment and implementation
very difficult (Andrews 1998; Henriques and Sadorsky 1996;
Highley and Leveque 2001; Rivera 2002). Conversely, win-win
alternatives that promote ecosystem protection and provide direct
incentives for businesses are more likely to have successful imple-
mentation (Chapters 2, 5, 8, and 15). For example, guaranteeing
the sustainability of supplies may present one of the most persua-
sive cases for businesses to proactively protect biodiversity (Chap-
ter 5).

The reaction of corporations to different response options is
also affected by the combination of regulatory enforcement and
consumer preferences. South Africa and Costa Rica are examples
that exhibit the synergetic potential between ecotourism demand,
increasingly stringent protection of national parks, and proactive
environmental protection by tourism-related business (Chapter
5). On the other hand, firms operating in countries or regions
with weak oversight from government, environmental groups,
and/or other stakeholders show little interest in adopting ecosys-
tem management practices even when they may have a positive
effect on their bottom line (Cashore and Vertinisky 2000; Khanna
et al. 1998; Henriques and Sadorsky 1996; Rivera 2001; Rivera
and deLeon 2004).

Empirical findings from studies implemented in different parts
of the world consistently suggest that besides offering financial
incentives to corporations, traditional mandatory pressures are key
ingredients for encouraging the proactive protection of ecosys-
tems by the business sector (Chapter 15) (Wheeler 1999; Cashore
and Vertinisky 2000; Khanna et al. 1998; Henriques and Sadorsky
1996; Rivera 2004; Rivera and deLeon 2004). Consumer prefer-
ences can also reinforce the pressures from regulators and stake-
holders to promote proactive ecosystem management by the
private sector. Markets with sizeable segments of environmentally
aware (or ‘‘green’’) consumers significantly increase the incentives
for proactive protection of ecosystems by corporations (Reinhardt
1998; Rivera 2002). For example, certification programs have
taken advantage of increased demand for environmentally friendly
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wood products to promote sustainable forestry management prac-
tices in different parts of the world (Chapters 8 and 15).

Finally, empirical research also highlights the importance of
training and technical assistance to promote proactive ecosystem
protection practices among businesses. Virtually all chapters of the
MA highlight that the lack of ecosystem management expertise is
a fundamental barrier to improving protection of ecosystems.
Higher education and environmental expertise appear to increase
CEOs’ recognition of the intrinsic value of nature and their per-
ceived sense of ethical duty to protect it (Ewert and Baker 2001;
Rivera and deLeon 2005; Cottrell 2003; Wiersema and Bantel
1992; Hambrick and Mason 1984). CEOs with higher education
and natural resources management expertise can also be expected
to be more aware of innovative technologies that lead to cost
savings in the form of reduced waste, energy savings, and use of
recycled materials (Hart 1995; Rivera and deLeon 2005). These
CEOs may also have a better understanding of how an enhanced
‘‘green’’ reputation, generated by proactive ecosystem manage-
ment, would create differentiation advantages in the form of price
premiums and higher sales for their companies (Reinhardt 1998;
Rivera 2002).

18.5 Summary Conclusions for Governments and
Civil Society Organizations
Decisions or responses regarding ecosystem services are made at
different levels by decision-makers identified in Chapter 2 by
their scale of operation. This section briefly summarizes the main
messages for decision-makers in governments (including, in prin-
ciple, not only national but also international and sub-national
levels) and civil society.

Government decision-makers should consider the factors that
can facilitate effective responses. The most important ones in-
clude:

1. Developing institutions that enable effective coordination of decision-
making across multiple sectors. Many ecosystems are managed
in a sectorally arranged structure, (for example, by various
ministries such as agriculture, environment, or industry)
which is not conducive to effective horizontal coordina-
tion. In this way, the cross-sectoral trade-offs are difficult
to resolve.

2. Strengthening of institutions at a lower level of governance. Re-
gional and local governments often lack both sufficient ca-
pacity and empowerment to work properly. The decision-
making at the sub-national and community level is better
suited to holistic approaches. On the other hand, overly
decentralized decision-making could also lead to poor eco-
system service management.

3. Extending participation procedures focusing on the earliest phases
of the decision-making cycle. This includes increasing transpar-
ency and accountability of government decision-making,
encouraging and supporting independent monitoring and
assessment of government performance, and securing ac-
cess to information and justice for all stakeholders.

4. Promoting ‘‘win-win’’ solutions by creating an economic frame-
work that supports proper management of ecosystem services. This
includes correcting market failures and internalizing nega-
tive environmental externalities. Because many ecosystem
services are not traded, markets often fail to provide appro-
priate signals for optimal allocation of services. This unfa-
vorable situation is exacerbated by harmful subsidies that
promote the excessive use of some ecosystem services.
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Agriculture subsidies promoting overproduction and/or
overuse of fertilizers and pesticides are an example.

5. Increasing emphasis on demand-side management and on the re-
duction of negative trade-offs. As the per capita supply of ser-
vices drops and the costs associated with production
increase, greater gains can often be achieved through ac-
tions designed to reduce demand for harmful trade-offs
rather than actions aimed at further increases in produc-
tion. For example, in agriculture, the net economic gains
from steps taken to reduce post-harvest losses, to reduce
water pollution associated with fertilizer use, or to increase
water use efficiency may often exceed the net gains from
further investment in increased productivity.

6. Building human and institutional capacity to assess the conse-
quences of ecosystem change for human well-being and to properly
manage ecosystems. Current human and institutional capacity
is extremely limited in all countries. To improve the situa-
tion, more and better-trained natural and social scientists
and appropriate institutions are needed, as are effective
mechanisms for incorporating local and traditional knowl-
edge, dissemination of information, and dialogue with in-
volved stakeholders.

7. Requiring companies to publicly report on their environmental per-
formance. Asking companies to report on emissions in key
areas and disclosing environmental liabilities (such as haz-
ardous materials use) increase incentives for improved eco-
systems management.

8. Increasing emphasis on adaptive management. Management in-
terventions should always include a significant monitoring
component, which would allow greater learning about the
consequences of the interventions and improved manage-
ment with time.

Civil society organizations should consider the following
(based on WRI 2003):

1. Stimulating demand for access to information, participation, and
justice. There may be gaps in national practices of access
and so the corrective actions have to be encouraged. It is
necessary to build the capacity of the community to engage
in the public participation system.

2. Providing objective information. As many opinion polls show,
the public considers the information provided by NGOs
to be the most reliable. Undertaking independent assess-
ment and regular monitoring of the activities of both the
governmental and private sectors regarding the manage-
ment of ecosystem services and their statutes is one of the
main tasks for the civil society organizations. An important
prerequisite for such an activity is sufficient capacity
(knowledge, interests, the right and the ability to partici-
pate, etc.).

3. Raising awareness among the public and the decision-makers of
‘‘emerging issues’’ such as nutrient loading. Civil society orga-
nizations play a unique role in bringing new issues to the
attention of the public and the decision-makers through
public education and lobbying. The implications of many
of the changes underway in ecosystems are simply not
known by the public or by decision-makers. Without
greater public support it will often be difficult for govern-
ment officials to take actions that they know are important.
Moreover, civil society organizations can help to hold
decision-makers accountable for the actions that they do
take.

4. Encouraging greater access to information on the status and trends
in ecosystem services, greater monitoring of those services, and
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greater quantification of the non-marketed benefits obtained from
ecosystem services. Civil society organizations can also help
to ensure that appropriate consideration is given to non-
utilitarian values in decision-making.

5. Embracing the same policies of accountability and transparency
about its own operations as are advocated for governments and
corporations. The policy of full openness about the funding,
purposes, goals, activities, and accomplishments should be
a cornerstone of any civil society group. First of all, it shall
be accountable to the community it lives in.

6. Building coalitions. The consensus-building coalitions of
NGOs and other like-minded stakeholders greatly increase
the leverage of individual members. Priority attention
should be given to enhancing alliances with NGOs from
developing countries. The involvement of stakeholders
who are at the highest risk and most vulnerable to the ef-
fects of ecosystems change is essential. The coalitions can
also provide assistance to such groups including detailed
information on ecosystems and their services.

7. Partnering with corporations. NGOs are often effective public
watchdogs by compiling, analyzing, and publicizing corpo-
rate environmental performance data. In addition, they
may partner with industry to encourage the best practices
necessary to achieve environmentally benign products,
support environmental innovation, and even encourage
various forms of environmental philanthropy.

8. Initiating and implementing certification schemes. NGOs are the
most trusted institutions regarding certification of sustain-
ably manufactured, harvested, or extracted products. In the
case of forest products, the NGOs’ actions are highly suc-
cessful (Chapter 8).
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Main Messages

Progress toward achieving the 2015 targets of the Millennium Develop-
ment Goals will need to be accelerated dramatically (high certainty). In
particular, sub-Saharan Africa, Central Asia, parts of South and Southeast
Asia, and some regions in Latin America, are currently off track with respect to
meeting the goals.

Knowledge and information about ecosystems and ecosystem services
are vital for developing ways to achieve target 9 on environmental sus-
tainability (high certainty). The MA provides information about the ways in
which ecosystems and the services they provide to local, regional, and global
communities affect human well-being. The evidence synthesized by the MA
underlines that ecosystem services can only be sustained in the long term if
the integrity and completeness of ecosystems are maintained or restored. This
information and the tools for improved management of ecosystems need to be
integrated more systematically into development strategies such as poverty
and hunger reduction strategies.

The MDGs and their 15 targets form a set of highly interdependent objec-
tives that can only be met through integrated strategies instead of iso-
lated interventions or ‘‘silver bullets.’’ Greater collective gains are
possible through simultaneous rather than sequential interventions (high
certainty). This integrated and synchronous approach requires a focus on im-
proved management of ecosystems and their services. This is a particularly
important prerequisite for achieving the targets relating to poverty, hunger,
gender equality, water, and sanitation and health. Countries that are not on
track to achieving the 2015 targets are experiencing rapid environmental deg-
radation and loss of ecosystem services that can be slowed or reversed
through improved ecosystem management. In many places, the sustainability
and continuity of particularly agroecosystems is threatened by structural short-
age of measures to maintain their services and productivity. By restoring those
functions, there is more room for other less productive systems, but that re-
quires clear choices at the local, regional, national, and international level.

Particular emphasis needs to be placed on the sustainable intensification
of existing cultivated ecosystems to satisfy growing demand for food
and other ecosystem services (high certainty). Maintaining the present culti-
vated land in lieu of expanding into new areas will be possible when intensifi-
cation and modernization of present agroecosystems is promoted with higher
productivity per hectare, per person hour, and per kilogram input As a result of
this intensification counter intuitively total use of inputs such as fertilizers or
pesticides is decreased in absolute terms and per unit of product. Thus envi-
ronmental side effects decrease. Moreover the higher productivity per ha
spares space for nature and untouched ecosystems, thus safeguarding as
much as possible biodiversity. Thus the protection of fragile and vulnerable
ecosystems such as wetlands, mangroves, and upland areas that provide
many ecosystem services is facilitated.

Intensification of production systems such as agroecosystems (plant and
animal) and aquaculture needs to be carried out by the most socially
and economically appropriate ecological techniques such that ecosystem
degradation is prevented. Various ecosystems are threatened by misman-
agement, overuse, or insufficient care for continuity. That holds for many aqua-
ecosystems (overfishing, etc.), rain fed agroecosystems by inadequate insuffi-
cient maintenance of soil fertility, and most importantly expansion of cultivated
area, logging of tropical rainforest, and cultivating former coastal ecosystems
such as mangrove ecosystems. The use of ecotechnological advanced produc-
tion techniques requires a good understanding of the basic processes (chemi-
cal, physical, physiological, ecological) that determine agroecosystem
behavior.
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Modified ecosystem management as part of a strategy to achieve the
2015 targets has to consider that several drivers affect environmental
change. Therefore, policies, institutions and reorientation acting at local,
regional, and global scales need to address several drivers at the same
time (medium certainty). To achieve the 2015 targets, particular attention
needs to be placed on improving ecosystem management and the capacity for
policy-making at the national and local level as well as addressing global chal-
lenges including long-term climate change and the depletion of international
fisheries.

The complexity of human–nature interactions makes it difficult, though
not impossible, to formulate quantitative targets using the best available
science synthesized by the Millennium Ecosystem Assessment (medium
certainty). In the face of this uncertainty, communities, countries, regions, and
the international system need to agree on and set well defined local, national,
and regional quantified goals for preserving, managing, and utilizing ecosys-
tems. The findings of the MA may provide guidance for developing targets and
for designing strategies to achieve them.

Available monitoring systems for ecosystems and the services they pro-
vide are inadequate in many parts of the developing world (high certainty).
Monitoring and documenting progress toward achieving the 2015 targets may
require strengthening monitoring systems for soil fertility, hydrological flows,
biodiversity, climate, and so forth. Documenting progress will provide invalu-
able information for analysis, research, and the development of technology and
mitigation strategies.

19.1 Introduction
This chapter explains how the MA contributes to the achieve-
ment of the 2015 targets of the Millennium Development Goals.
Based on the MA conceptual framework (MA 2003) and key
findings regarding current conditions of ecosystem services and
alternative scenarios, this chapter explains the implications for
achieving the 2015 targets. The chapter integrates the MA find-
ings and focuses them toward the politically and widely accepted
MDGs.

With 1990 as the baseline, the MDGs aim to improve human
well-being by reducing poverty, hunger, child and maternal mor-
tality; ensuring education for all, controlling and managing dis-
eases, tackling gender disparity, ensuring sustainable development
and pursuing global partnerships by 2015. (See Table 19.1.) Like
the MA conceptual framework (see Chapter 2, Box 2.1), the
MDGs support the multidimensional concept of sustainable de-
velopment and the potential benefits of identifying the linkages
between ecosystem services and HWB. As this chapter suggests,
the 2015 targets are more likely to be achieved if the goals are
addressed simultaneously.

While the MDGs are focused on human goals, the MA is
primarily concerned with ecosystem services and how to best
manage them for the benefit of HWB. Ecosystem services are
categorized by supporting, provisioning, regulating, and cultural
services. (See Table 19.2.) HWB, as defined by the MA, involves
multiple constituents, including basic material for a good life,
freedoms and choices, health, good social relations, and security
(MA 2003).

In adapting the MA conceptual framework to the MDGs, this
chapter identifies which goals are directly or indirectly dependent
on supporting, provisioning, regulating, and cultural services.
While most targets (such as poverty, hunger, gender, child mortal-
ity, disease water, and sustainable development) are dependent on
ecosystem services as discussed in the goal-by-goal analysis, some
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Table 19.1. Millennium Development Goals

Goals and Targets Indicators

Goal 1: Eradicate extreme poverty and hunger

Target 1: Halve, between 1990 and 2015, the proportion of people whose 1. Proportion of population below $1 per day (PPP values)
income is less than one dollar a day 2. Poverty gap ratio [incidence x depth of poverty]

3. Share of poorest quintile in national consumption

Target 2: Halve, between 1990 and 2015, the proportion of people who suffer 4. Prevalence of underweight children (under five years of age)
from hunger 5. Proportion of population below minimum level of dietary energy

consumption

Goal 2: Achieve universal primary education

Target 3: Ensure that, by 2015, children everywhere, boys and girls alike, 6. Net enrolment ratio in primary education
will be able to complete a full course of primary schooling 7. Proportion of pupils starting grade 1 who reach grade 5

8. Literacy rate of 15–24 year olds

Goal 3: Promote gender equality and empower women

Target 4: Eliminate gender disparity in primary and secondary education 9. Ratio of girls to boys in primary, secondary, and tertiary education
preferably by 2005 and at all levels of education no later than 2015 10. Ratio of literate females to males of 15–24 year olds

11. Share of women in wage employment in the nonagricultural sector
12. Proportion of seats held by women in national parliament

Goal 4: Reduce child mortality

Target 5: Reduce by two thirds, between 1990 and 2015, the under-five 13. Under-five mortality rate
mortality rate 14. Infant mortality rate

15. Proportion of 1-year-old children immunized against measles

Goal 5: Improve maternal health

Target 6: Reduce by three quarters, between 1990 and 2015, the maternal 16. Maternal mortality ratio
mortality ratio 17. Proportion of births attended by skilled health personnel

Goal 6: Combat HIV/AIDS, malaria, and other disease

Target 7: Have halted by 2015, and begun to reverse, the spread of HIV/ 18. HIV prevalence among 15–24-year-old pregnant women
AIDS 19. Contraceptive prevalence rate

20. Number of children orphaned by HIV/AIDS

Target 8: Have halted by 2015, and begun to reverse, the incidence of 21. Prevalence and death rates associated with malaria
malaria another major diseases 22. Proportion of population in malaria risk areas using effective malaria

prevention and treatment measures
23. Prevalence and death rates associated with tuberculosis
24. Proportion of TB cases detected and cured under DOTS (Directly

Observed Treatment Short Course).

Goal 7: Ensure environmental sustainability

Target 9: Integrate the principles of sustainable development into country 25. Proportion of land area covered by forest
policies and programs and reverse the loss of environmental resources 26. Land area protected to maintain biological diversity

27. GDP per unit of energy use (as proxy for energy efficiency)
28. Carbon dioxide emissions (per capita) (Plus two figures of global

atmospheric pollution: ozone depletion and accumulation of global
warming gases)

Target 10: Halve, by 2015, the proportion of people without sustainable 29. Proportion of population with sustainable access to an improved
access to safe drinking water water source

Target 11: By 2020, to have achieved a significant improvement in the lives 30. Proportion of people with access to improved sanitation
of at least 100 million slum dwellers 31. Proportion of people with access to secure tenure (urban/rural

disaggregation of several of the above indicators may be relevant for
monitoring improvement in the lives of slum dwellers)
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Goal 8: Develop a global partnership for development

Target 12: Develop further an open, rule-based, predictable, non- Official Development Assistance
discriminatory trading and financial system 32. Net ODA as percentage of DAC donors’ GNP (targets of 0.7% in

total and 0.15% for LDCs)(includes a commitment to good governance, development, and poverty
33. Proportion of ODA to basic social services (basic education, primaryreduction, both nationally and internationally)

health care, nutrition, safe water, and sanitation)
34. Proportion of ODA that is untied
35. Proportion of ODA for environment in small island developing states
36. Proportion of ODA for transport sector in land-locked countries

Target 13: Address the special needs of the least developed countries Market Access

37. Proportion of exports (by value and excluding arms) admitted free of(includes tariff and quota free access for LDC exports; enhanced program of
duties and quotasdebt relief for heavily indebted poor countries and cancellation of official

38. Average tariffs and quota on agricultural products and textiles andbilateral debt; and more generous ODA for countries committed to poverty
clothingreduction)

39. Domestic and export agriculture subsidies in OECD countries
40. Proportion of ODA provided to help build trade capacity

Target 14: Address the special needs of landlocked countries and small
island developing states

(through Barbados Programme and 22nd General Assembly provisions)

Target 15: Deal comprehensively with the debt problems of developing Debt Sustainability
countries through national and international measures to make debt 41. Proportion of official bilateral HIPC debt cancelled
sustainable in the long term 42. Debt service as a percentage of exports of goods and services

43. Proportion of ODA provided as debt relief
44. Number of countries reaching HIPC decision and completion points

Table 19.2. Ecosystem Services Clustered by Major Categories

Supporting Provisioning Regulating Cultural
Services Services Services Services
(Services necessary (Products (Benefits obtained (Nonmaterial
for the production of obtained from from regulation of benefits
other ecosystem ecosystems) ecosystem obtained from
services) processes) ecosystems)

Soil formation Food Climate regulation Spiritual and
religious

Nutrient cycling Freshwater Disease regulation Recreation and
ecotourism

Primary production Fuelwood Water regulation Aesthetic

Pollination Fiber Water purification Inspirational

Habitat maintenance Biochemicals Landscape stabiliza- Educational
tion against erosion

Seed dispersal Genetic Binding of toxic Sense of place
resources compounds Cultural heri-

Air purification tage

Pest and pathogen
control

Carbon sequestra-
tion

2015 targets are less dependent or indirectly linked to ecosystem
services and these targets include education, maternal mortality,
and global partnerships.

Emanating from the United Nations Millennium Declaration,
the eight MDGs bind countries to do more and join forces in the
fight against poverty, illiteracy, hunger, lack of education, gender
inequality, child and maternal mortality, disease, and environmen-
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tal degradation. The eighth goal, reaffirmed in Monterrey and
Johannesburg, calls on industrial countries to relieve debt, in-
crease aid, and give poor countries fair access to their markets and
their technology. The MDGs are a test of political will to build
stronger partnerships. Developing countries have the responsibil-
ity to undertake policy reforms and strengthen governance to lib-
erate the creative energies of their people. But they cannot reach
the goals on their own without new aid commitments, equitable
trading rules, and debt relief. The goals offer the world a means
to accelerate the pace of development and to measure results.
While there may be alternative views on what the MDG goals
and targets should be, we are confining our analysis to the official
ones as established by the Millennium Declaration.

The MDGs’ first focus is on priority countries that face the
greatest hurdles in achieving the goals. The international commu-
nity has been closely monitoring the achievement of the 2015
targets in particular regions of the world, including sub-Saharan
Africa, Central Asia, parts of South and Southeast Asia, and Latin
America. Recent trends published by the World Bank and the
United Nations Development Programme indicate that these re-
gions have a long way to go to reach the 2015 targets. Sub-
Saharan Africa, for example, has seen an increase in maternal
deaths and in poverty (those living on less than $1 per day) and it
is forecasted that the number of people living in poverty will rise
from 315 million in 1999 to 404 million by 2015 (World Bank
2003).

The Millennium Task Forces that were established by the
U.N. Millennium Project is a major initiative addressing each
MDG. They have identified specific interventions for each goal.
Whereas the Task Force’s interventions are distinct and consider
immediate action, the interventions identified in this chapter
range from short to long term and are broader in their perspec-
tive. The chapter authors have defined the interventions in con-
sideration of those of the U.N. Millennium Project’s Task Forces.

The MA has much to share on the ecological challenges and
opportunities for poverty alleviation in various regions with
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strong focus on sub-Saharan Africa as well as other priority re-
gions such as South Asia and Latin America where ecological
change is expected to have major consequences for HWB.

The MA scenarios can serve to support analysis of the status
of ecosystems by 2015, albeit only under certain MA scenario
themes where 2015 has expressly been used as a target date for
analysis. Though the MA is looking to 2050, there are lessons
from it for 2015, and particularly for gauging what different paths
to 2015 and beyond may hold for sustaining HWB in the longer-
term. Having said this, it is noted that the MA scenarios were not
produced with the MDGs in mind and, therefore, they cannot be
expected to be directly applicable to the goals.

Achieving the 2015 targets and sustaining these targets beyond
2015 will require that we preserve the productive capacity of nat-
ural ecosystems for future generations. The challenge has two di-
mensions: addressing natural resource scarcity for the world’s poor
people and reversing environmental damage resulting from high
consumption by rich people. For instance, soil degradation affects
nearly two billion hectares, damages livelihoods of up to one bil-
lion people living on drylands. Around 70% of commercial fish-
eries are either fully or overexploited and 1.7 billion people—a
third of the developing world population—live in countries fac-
ing water stress.

Also of utmost importance to achieving the 2015 targets is
the fact that many ecological changes of global importance to all
countries are suffering from pressures not only within poor coun-
tries but from the world’s wealthy. Climate change is an example,
where high emissions by industrial countries may well impact the
sustainability of development activities in sub-Saharan Africa and
elsewhere. However, poverty as such has a detrimental effect on
many ecosystems in sub-Saharan Africa and Asia.

This chapter on the MDGs has been constructed through a
goal-by-goal analysis presenting a qualitative assessment of how
ecosystem services will respond to the proposed interventions.
The chapter highlights those interventions that are directly or in-
directly related to ecosystem services and the positive or negative
effects on them.

The MDG chapter was formed near the final work of the
MA, which has limited the depth of detail in the MDG chapter,
and our ability to consider numerous case studies. Throughout,
we note where our findings are robust and where there are gaps
in knowledge. Based on this individual goal-by-goal analysis, we
then determine where multiple MDGs might be dependent on
the same service. We note that our suggestions are not prescrip-
tive and may, in many cases, be geographically bound.

19.2 Goal-by-goal and Target Analysis
The goal-by-goal analysis examines each of the 2015 targets by
addressing dependencies, interventions, synergies, and trade-offs.
The examination of dependencies identifies the direct link the
target in question has on ecosystem services. Interventions de-
scribe potential actions policy-makers can take to achieve the tar-
get. Subsequently, synergies and trade-offs identify the potential
positive and negative impacts of implementing the suggested in-
terventions.

19.2.1. MDG 1: Eradicate Extreme Poverty and
Hunger, Target 1

Target 1: Halve, between 1990 and 2015, the proportion of peo-
ple whose income is less than one dollar a day.
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19.2.1.1 Introduction

In the Millennium Declaration, global poverty is identified as the
most daunting of all problems facing the world in the new cen-
tury. Despite the higher living standards that globalization has de-
livered in large parts of the world, hundreds of millions of people
still experience economic reversals rather than advances (World
Bank 2003). Millions of people fight for daily survival as they live
on less than $1 per day. Many suffer from low human develop-
ment, which is defined by UNDP (2003) by longevity (measured
by life expectancy at birth), knowledge (measured by adult liter-
acy rate and the net enrollment ratios in primary, secondary and
tertiary levels), and standard of living (measured by GDP per cap-
ita). Low human development is often associated with poor health
and lack of any sort of education as well as of freedom and politi-
cal voice to choose what is best to improve their well-being (Sen
1999; Duraiappah 1998; Chapter 17). About 70% of the poor live
in the rural areas. Most of them are in South Asia and sub-Saharan
Africa where coincidence between deepening poverty and accel-
eration of ecosystem degradation has been most striking in the
past decade (Chapter 17).

Helping these people escape the poverty trap requires clear
understanding of the complex and dynamic relationship between
poverty and environment and the identification and adoption of
appropriate intervention measures that will help the poor improve
their well-being. Table 19.3 summarizes the dependencies, inter-
ventions, synergies, and trade-offs for MDG Target 1.

19.2.1.2 Dependencies

The environment matters greatly to people living in poverty as
they often depend directly on a wide range of natural resources
and ecosystem services for their livelihoods, health, and sense of
empowerment and ability to control their lives (high certainty;
Chapter 17). Forest ecosystems, agroecosystems, grasslands, and
freshwater and coastal ecosystems provide a wide range of services
that are essential in increasing agricultural productivity (for exam-
ple, natural predators, wild pollination, etc); providing primary
source of energy (for example, wood fuel); protecting watershed
and hydrological stability, including recharging of water tables and
buffering of extreme hydrological conditions that might other-
wise precipitate drought or flood conditions; maintaining of soil
fertility through storage and recycling of essential nutrients; and
breaking down waste and pollutants. Healthy ecosystems and their
provision of abundant and diversified ecosystem services increase
livelihood options, promote livelihood diversification, and im-
prove food security, especially for those living in more marginal
environments where access to external technology and other in-
puts are limited.

Agricultural productivity improvement, the cornerstone for
poverty reduction strategies in many countries, is now seriously
threatened by land and water degradation, nutrient mining, ex-
tensive ecosystem conversion, growing susceptibility of diseases
and build up of pest resistance, and erosion of genetic diversity.
Current estimates are that up to one billion people are affected by
soil erosion and land degradation due to deforestation, overgraz-
ing, and agriculture. Water scarcity is now a major issue in more
than 20 developing countries. Water management decisions with-
out regard to the ecosystems’ reaction has led to shifts in the dis-
tribution of economic benefits from large numbers of local
beneficiaries who obtain their livelihood at a very modest level
from fisheries to a few who could afford to invest in international
fish exports. Shortage of wood fuel and water imposes time and
financial costs on billions of poor households, especially women
and girls for their increased time, physical burden, and personal
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Table 19.3. MDG 1, Target 1: Dependencies, Interventions, Synergies, and Trade-offs for Poverty

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for Achieving (benefits to ecosystems/ ecosystems/ecosystem

Target Target Interventions ecosystem services) services)

Poverty opportunities to expand liveli- economic interventions less pressure on the use of change in land use brought
hood strategies for the poor: • develop infrastructure facilities to help natural resources for produc- about by migration and
• agricultural production make markets function correctly tion and reduced exploitation shifts in demand prefer-

expansion • promote agro-based industries of crop/animal/fish/marine ences for food and other
• rural-based and non-rural species and their wild relatives needsfinancial interventions

employment opportunities • establish micro-credit schemes more efficient ecosystem more rapid industrialization
• establish risk management institute management development of tourism and
technical interventions demographic transition toward recreational centers, etc.
• develop appropriate technologies based smaller families development of infrastruc-

on traditional practices ture facilities
social interventions greater competition for
• more effective extension and training water, energy, etc.

services to educate the poor and en-
increased pollution of air,hance their capacity to manage eco-
fresh waters, estuaries, andsystem
coastal marine ecosystems

other interventions
• effective property rights policy, for exam-

ple, rational land reform system

risk in having to travel greater distances to collect fuel, fodder,
and clean water.

Where employment and output needs are intense, the result
is exploitation of the ecosystem and the services they render. The
poor allocate a low weight to the future since poverty requires
prioritizing immediate needs and thus encourages the overutiliza-
tion of resources. To them, their decisions are rational in the con-
text of the constraints they face in the short term. But resource
degradation and reduction of ecosystem services cannot be totally
blamed on them. People living in the industrial world who keep
high living standards likewise continue to consume and exploit
resources, even from developing countries.

The causal relationship between poverty and environmental
degradation runs in both directions (Dasgupta et al. 1994; Southgate
1998). Poverty leads to natural resources degradation/depletion
through a very high rate of discount. Conversely, persistent envi-
ronmental degradation (caused by industrial countries as well) can
contribute to poverty, particularly among subsistence farmers,
fishermen, livestock keepers, nomads, and others. Suitable adap-
tive intervention measures need to embrace, understand, and re-
spect the complexity of this linkage not only in the developing
countries but also in industrial countries.

19.2.1.3 Interventions

Numerous interventions have been identified to curb the unsus-
tainable relationship between poverty and ecosystem use and to
break the unsustainability spiral through the use of external inputs.
In identifying the appropriate intervention measures, it is neces-
sary to consider the different degrees and types of use of ecosystem
services. This ensures that no stakeholders are marginalized in the
process and avoids the ever increasing conflicts caused by appro-
priation of ecosystem services by some groups at the expense of
other disenfranchised groups.
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The key intervention measures are focused on increasing the
entitlements of the poor through greater choices and enhanced
sources of livelihood opportunities for farmers and rural folks (Sen
1991). Suitable measures that would enhance the capability of the
poor and strengthen their resource rights to increase their eco-
nomic and social entitlements have been found to play a funda-
mental role in the poverty–environment nexus. Individual or
collective rights to some resources provide additional income op-
portunities and access to various services such as credit, training,
and extension. Strengthening land rights, rationalizing land reform
programs, providing water permits, allowing direct management
of forests by indigenous people, and promoting company–
community or private–public partnership of productive public
resources including the protection of local scientific knowledge
could facilitate more sustainable resource-management invest-
ment among the poor (high certainty).

Expanding access to environmentally sound and locally appro-
priate technologies such as crop production technologies that
conserve soil and water and minimize the use of pesticides have
been the mainstay in finding substitutes for ecosystem services.
But many of these technologies have been developed from out-
side of the areas where they would be used. This has been the
primary reason why many technologies introduced in developing
countries have not worked. Technology development should
consider and incorporate the indigenous practices and traditional
knowledge of farmers (high certainty).

Economic and financial interventions that are aimed at in-
creasing opportunities to enhance incomes will enable poor farm-
ers to participate in the market and take advantage of the benefits
of globalization (medium certainty). Promotion of agro-based in-
dustries will provide alternative employment opportunities that
would make farmers more financially secure in terms of the capital
needs for production activities. Low prices and farmers’ inaccessi-
bility to markets have put them at the mercy of unscrupulous
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traders and thereby deterred them from taking advantage of rea-
sonable prices for their produce. This can be reduced by provid-
ing efficient functioning labor and credit markets, reliable market
information, and appropriate infrastructure to allow easy flow of
both products and inputs. Easy access to credit, particularly for
the production of traditional foods and handicrafts that tend to be
more in balance with ecosystem goods and services, will reduce
or eliminate dependence on middlemen that charge huge interest
rates that would be paid forever and lead to more reliable and
efficient intermediate structures. In addition, the availability of
risk management institutions through schemes that are convivial
to small producers is extremely essential to keep them from totally
being wiped out in case of calamities that lead to investment losses
(medium certainty).

Social opportunities in the form of training, capacity building,
and education enable greater understanding of the important role
of ecosystem services. These opportunities would increase their
knowledge and capability to manage the resources properly and
safeguard them from harm and degradation. In many agroecosys-
tems, this will require the judicious use of external inputs to main-
tain soil fertility and to manage water and ecosystems in an
appropriate manner.

19.2.1.4 Synergies and Trade-offs

There are both positive and negative impacts on ecosystems and
the services they provide of poverty reduction.

19.2.1.4.1 Positive impacts

Provision of more sustainable and more diverse livelihood oppor-
tunities that alleviate poverty would help reduce reliance of the
poor on subsistence and resource-based production activities.
This will lessen pressure on ecosystems and enable them to re-
cover or be restored. This includes the preservation of various
species and their wild relatives. Richer soil fertility, cleaner and
more abundant water, denser forests, preservation of various spe-
cies and their wild relatives, all of these will enable the poor to
produce more food and meet other basic needs.

Poverty reduction can also result in better human develop-
ment such as in health and education. This results in the demo-
graphic transition, as people would aim for smaller family sizes in
order to attain relatively higher quality life standards (MA Scenar-
ios, Chapter 7). Studies have shown, however, that poor and
food-insecure households tend to be larger and to have higher
numbers of dependents (Reardon 1991). This is due to cultural
contexts where having many children is perceived as positive and
not as a negative impact of poverty. Accompanying poverty re-
duction are changes in cultural and moral values. While poverty
pressed the poor to exploit these resources, the poor would now
be more protected through the use of better and more adaptive
participatory management practices.

19.2.1.4.2 Negative impacts

Alleviating poverty can result in some negative consequences on
the environment if not carefully managed. Because poverty allevi-
ation can only occur in tandem with economic development, an-
other dimension will be the increased demand for high value
products as illustrated in the MA Global Orchestration Scenario.
Increased preferences for meat and other livestock products as
well as fish and other marine products take place with income
growth. While such a trend is clearly favorable due to improved
nutrition for low-income populations that do not currently have
a balanced diet with respect to the essential nutrients, the ancillary
effects on ecosystem services could be damaging, depending on
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the manner in which livestock production and/or marine and
aquaculture cultivation take place. An example is the shift in land
use toward uncontrolled land clearing or deforestation to give
way for animal grazing and development of infrastructure for ani-
mal production. This could lead to both soil and water degrada-
tion that is harmful to increasing agricultural production. The
most valuable polices are those that safeguard unsustainable land
clearing and deforestation and improve food distribution channels
to increase availability and accessibility.

Changes in land use would also be triggered by the need to
expand commercial, industrial, and social services as demand for
them increases with continued improvement in the well-being
and economic status of the poor. The risk is, however, of divert-
ing the rural poor into economic traps that could expose them to
market uncertainty. The expanded services involve the develop-
ment and improvement of infrastructure facilities like roads, bet-
ter water supply system, better drainage system, better waste
disposal system, etc as well as the greater provision of health cen-
ters and recreation and tourism services. Without effective poli-
cies and enforcement measures to promote proper governance
and orchestration of these development efforts, the effect would
not be beneficial, as these could lead, among other things, to in-
creased competition for resources, particularly of land, water and
energy, and to greater incidence of water and air pollution that
could be detrimental to promoting a sustained and healthy envi-
ronment.

19.2.2 MDG 1: Eradicate Extreme Poverty and
Hunger, Target 2

Target 2: Halve, between 1990 and 2015, the proportion of peo-
ple who suffer from hunger.

19.2.2.1 Introduction

Society is facing a daunting task as it works to reduce hunger
across the globe. The Food and Agriculture Organization of the
United Nations estimates that about 840 million people go to
bed hungry each night. One of the major challenges of the new
millennium is to meet the food needs of these people while main-
taining the environment’s capacity to deliver services such as the
cleansing of the air and water, the recycling of nutrients, the stabi-
lization of landscapes against erosion and so much more.

At the same time the rapidly increasing consumption of medi-
caments including for example, minerals and vitamins ends up
through the human digestive system into waterways resulting in
serious consequences for marine species, for example, tadpole
growth retardation. Hence contamination of ecosystems needs to
be given consideration in this context. Table 19.4 summarizes the
dependencies, interventions, synergies, and trade-offs for MDG
target 2.

19.2.2.2 Dependencies

Food production on land and in fresh and marine waters depends
on a large number of ecosystem services that we often take for
granted. On land, the maintenance of soil structure, the recycling
of nutrients essential to plants, and the pollination of plants are
essential for growing crops. In aquatic and marine ecosystems, fish
and other animals harvested for food depend on the recycling of
nutrients, detoxification of water, and the provisioning of nursery
habitats.

19.2.2.3 Agricultural Interventions

Interventions to reduce hunger have been generally divided into
three categories: increasing yield (and also nutrient fortification),
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Table 19.4. MDG 1, Target 2: Dependencies, Interventions, Synergies, and Trade-offs for Hunger

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for Achieving (benefits to ecosystems/ ecosystems/ecosystem

Target Target Interventions ecosystem services) services)

Hunger soil structure, the recycling of increasing inputs to increase crop yield: reduced demand for new increased water pollution
nutrients essential to plants, • fertilizer agricultural land, leading to increased water demand
and the pollination of plants • herbicides/pesticides habitat/biodiversity preserva-

reduced agro-biodiversity• water tion
and resilience

precision agriculture, nutrition, and water
saving

introducing genetically modified organisms reduced demand for new potential threat to biodiver-
to increase crop yield agricultural land, leading to sity through hybridization

habitat/biodiversity preserva-crops of relevance to the poor
tion

nutrient fortification, for example, golden
reduced need for herbicides/rice
pesticides, leading to de-
creased water pollution

increasing the area of agricultural land none apparent potential threat to biodiver-
sity through habitat loss

increased erosion and deg-
radation of streams drain-
ing agricultural areas

increased incidence of
floods

local to regional climate
modifications

reducing post-harvest crop losses reduced demand for new none apparent
agricultural land, leading to
habitat/biodiversity preserva-
tion

increasing the area in agriculture, and reducing post harvest losses
(through measures such as crop protection and appropriate storage
of harvests). The MA has identified ways in which some of the
major interventions will affect ecosystem services. Some of these
effects will be positive and others negative. Here we briefly re-
view the potential consequences of some of the major interven-
tions

Increasing crop yield through agricultural intensification is a
first major intervention. Many of the crop-yield increases attained
over the last several decades of the twentieth century resulted
from increasing inputs to agriculture in the form of fertilizer, pes-
ticides, and water. Introducing new crop varieties bred from ex-
tant genetic stock has also increased crop yields. In the future, an
additional intervention for increasing yield may be the introduc-
tion of genetically modified organisms.

Increased use of fertilizers and pesticides in agriculture has
been documented by the FAO for several decades. In 2002, FAO
estimated that just over 138 million tons of nutrients (nitrogen,
phosphorus, and potash) were applied to the world’s agricultural
lands. Developing countries accounted for about 60% of this total.
The quantity of pesticides used in global agriculture is not as well
known. Many countries do not report pesticide usage information
and measurement methods vary among those that do report. Pes-
ticide use is known to be high in some tropical countries that
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specialize in growing cash crops for the international market. For
example, Costa Rica reported to the FAO that pesticide use was
51.2 kilograms per hectare of commercial cropland (primarily
fruit plantations).

High rates of crop nutrients and pesticide applications to crop-
lands can result in water pollution and major changes in ecosys-
tems and the degradation of ecosystem services. For example,
nitrogen leaching from agricultural soils into estuaries and coastal
waters is a factor of the increase in oxygen-starved bottom-waters
in these places. Increased flows of nitrogen and other nutrients
from agricultural runoff stimulate blooms of algae in brackish and
salt waters. When the algae die, they sink to the bottom and are
decomposed by microorganisms. These microorganisms also use
most of the oxygen in the system, resulting in very low oxygen
levels in the water, creating an inhospitable habitat for fish, shell-
fish, and other living things. In recent decades, large regions of
coastal waters with severely depleted oxygen levels have been ob-
served and clearly linked with agricultural runoff.

Chapter 6 recognizes both the importance of fertilizer and
pesticide inputs to achieving higher crop yield, and their environ-
mental costs. To minimize these costs in the future, it urges the
use of a range of agricultural methods. Some of these methods
(such as the ‘‘Leaf Color Chart’’ of the International Rice Re-
search Institute) enable farmers to better manage their nitrogen
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application at relatively low-cost, are technologically simple, and
are especially well suited for small farms. Other methods, includ-
ing precision farming, cost much more, are technologically ad-
vanced, and are well suited for large industrial agriculture.
Precision farming, also called site-specific management, refers to
the ‘‘as-needed’’ application of inputs to management units
(fields) that accounts for fine-scale heterogeneity, often measured
in square meters, in site characteristics. Satellite-based monitoring
technologies linked to farm machinery are being commercially
developed to make precision farming a reality. Precision farming
is an important element of production ecology where all biologi-
cal mechanisms are fully used and fine-tuned to specific needs.

Another approach offered in the MA to minimize or eliminate
the environmental impacts of fertilizer and pesticide inputs is or-
ganic farming. In this approach, farmers are not allowed to use
synthetic pesticides or fertilizers. Rather, they rely on developing
biological diversity in the agricultural fields to disrupt the habitat
for pest organisms, and work toward the purposeful maintenance
of soil fertility through practices such as the cultivation of nitrogen-
fixing plants. With respect to fertilizer impacts, all forms of farm-
ing, including organic farming, must incorporate good nutrient
management techniques that tightly couple plant nutrient demand
with nutrient supply. While organic farming will not replace
other forms of farming as the primary means of meeting the
growing demand for food, it certainly has a place in twenty-first
century agriculture, for a specific group of consumers that are
willing to pay the price for a farming method that is ultimately
less environmental friendly and less productive than the advanced
eco-technological approach.

Crop irrigation is another important management tool used in
many areas to enhance agricultural yield. Of the world’s 1.6 bil-
lion hectares of arable cropland (the developing-country share is
60%), about 10% is irrigated (total irrigated land is 271 million
hectares, with developing countries accounting for 75% of this).
According to FAO statistics, countries in Asia, the Middle East,
and North Africa have some of the highest percentages of crop-
lands under irrigation. Virtually all cropland in some countries in
these regions, including Turkmenistan and Egypt, is irrigated

Irrigation schemes often set up a competition for water such
that instream water functions such as wildlife habitat are compro-
mised. More efficient use of water through establishing realistic
water markets and pricing is one of the approaches offered in
Chapter 6 to reduce this competition. Many of the experiences
with water markets in the developing and developed world show
that it has great potential for alleviating pressures on instream
water functions.

As the world works to reduce hunger and meet the food needs
of a growing population with changing food preferences, the in-
tensification of agriculture in an environmentally friendly way can
help reduce the need to convert natural ecosystems (such as forests
and grasslands) to agricultural land.

Increasing crop yield through genetic manipulations is a sec-
ond major intervention. (See Chapter 6.) Crop yields have in-
creased by developing new crop varieties bred from extant
genetic stock, and more recently by developing GMO crops. The
introduction during the 1960s of high-yielding varieties of wheat
and rice to Asian and Latin American countries gave these nations
the chance to provide their people with adequate supplies of food.
High-yielding varieties of other crops such as potatoes, barley, and
corn were also developed from extant genetic stock. These high-
yielding varieties required intensive cultivation methods, includ-
ing the use of fertilizers, pesticides and machines, to realize their
potential. As noted above, these interventions have both costs and
benefits for the environment.
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Scientists have developed GMO crops in an attempt to in-
crease yield while reducing the need for costly inputs. Globally,
cultivation of GMO crops has increased to 59 million hectares in
2002 (James 2002). GMO crops offer economic and environmen-
tal benefits (Trewavas and Leaver 2001), but also raise environ-
mental, social, and political concerns. Dramatic increases in yields
have been shown for GMO crops grown widely in several coun-
tries, including Argentina and China in the developing world.
Environmental benefits include reductions in the use of pesti-
cides. One of the major environmental concerns is that hybridiza-
tion with wild relatives could cause unwanted environmental
changes including negative effects on ecosystem services (Ray-
bould and Gray 1993; Dale et al. 2002).

In Chapter 6, there is a balanced discussion of the environ-
mental and socioeconomic benefits and risks associated with the
use of GMOs. The MA stresses that our present experiences sug-
gest that it may not be possible to evaluate the benefits and risks
of GMOs in general; rather they must be addressed case by case
for specific agroecological and socioeconomic conditions. That
does imply that a moratorium or ban on GMO crops is counter-
productive in environmental and in food production terms. In
the final analysis, it may be desirable to have improved regulations
that allow regionally differentiated uses of specific GMOs that add
nuance to a globalized trading system.

Chapter 6 also points out that GMOs are only one of the new
molecular methods for improving sustainability in agriculture.
Other important tools include marker-assisted methods of breed-
ing and molecular methods for the preservation of germplasm di-
versity.

Increasing the area in agriculture is a third major intervention.
Currently about 11% of the terrestrial biosphere has been con-
verted to cropland (some 36% of the world’s land base has crop
production potential to some degree), and another 30% is used as
grazing land. Some of the world’s food needs may be met by
expanding agricultural areas, but this comes at the expense of the
services provided by natural landscapes such as forests.

Deforestation is one of the world’s gravest environmental
threats. Since the early 1970s, about 5,000,000 square kilometers
of Amazon forest have been cleared for crops and pasture. Be-
tween the mid-1960s and the mid-1990s, all but three of the
Central American countries cleared more forest than they left
standing. Currently, Mexico is losing more than 10,000 square
kilometers of forest a year to small farmers, and sub-Saharan Africa
is losing more than 49,000. (FAO identifies deforestation during
the 10-year period 1990–2000 at the following annual rate: Africa
8%, South America 4.5%, Asia 0.8%, Oceania 2%, North and
Central America 1%, world 2.3%.) Forest destruction results in
decreased soil fertility and increased erosion. Uncontrolled soil
erosion can affect the production of hydroelectric power as silt
builds up behind dams. Increased sedimentation of waterways can
harm downstream fisheries, and in coastal regions can result in the
death of coral reefs. Deforestation also leads to greater incidence
of floods and droughts in affected regions. Clearing of forests for
agricultural land contributes to loss of species, with tropical spe-
cies especially vulnerable to habitat modification and destruction.
The expansion of agricultural land is the most severe threat to
maintaining biodiversity, and therefore sustained sophisticated in-
tensification of the present and best lands is in fact the only realis-
tic alternative solution (high certainty).

19.2.3 MDG 2: Achieve Universal Primary
Education, Target 3

Target 3: Ensure that, by 2015, children everywhere, boys and
girls alike, will be able to complete a full course of primary
schooling.
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19.2.3.1 Introduction
The quantitative gap between the current situation and the target
for 2015 is less dramatic than is the case for other targets such as
hunger and poverty. In most regions of the world, the net enrol-
ment ratio in primary education has been improving since 1990,
and the values in 2000/01 were above 80% in most regions, with
the exceptions of sub-Saharan Africa (57.7%) and South-central
Asia (79.2%) (UNESCOa 2003; World Bank 2003). Net enrol-
ment ratio is the number of students enrolled in a level of educa-
tion who are of official school age for that level, as a percentage
of the population of official school age for that level. (See Table
19.5.)

However, when the drop-out rate (as measured by the per-
centage of pupils starting grade 1 who reach grade 5) is factored
in, the situation looks more problematic. Because of limited avail-
ability of data at the country level, regional totals cannot be calcu-
lated; country figures of pupils reaching grade 5 range from 43%
to 100% (UNESCOb 2003). Table 19.6 summarizes the depend-
encies, interventions, synergies, and trade-offs for MDG target 3.

19.2.3.2 Dependencies
There are no obvious and direct dependencies on ecosystem ser-
vices for achieving the goal of education, but the required buildup

Table 19.5. Net Enrolment Ratio in Primary Education, 1990/91
and 2000/01

1990/01 2000/01

(primary-level enrollees per 100 children of enrollment)

World 81.9 83.6

Industrial regions 94.9 95.6

Countries in transition 88.2 90.6

Developing regions 79.8 82.1

North Africa 82.6 91.4

Sub-Saharan Africa 54.5 57.7

Latin America and the Caribbean 86.9 96.6

East Asia 97.7 93.5

South-Central Asia 73.1 79.2

Southeast Asia 92.6 91.5

West Asia 81.8 85.1

Table 19.6. MDG 2, Target 3: Dependencies, Interventions, Synergies, and Trade-offs for Primary Education

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for Achieving (benefits to ecosystems/ ecosystems/ecosystem

Target Target Interventions ecosystem services) services)

Primary land, building materials, and build schools and access infrastructure adequate education can im- fostering habitat destruction
education energy prove ecosystems use and through opening of remoteprovide transportation facilities, particularly

management, in the long and areas to land colonizationin rural areas
short term local impacts of extractiontrain and recruit teachers

and processing of building
prepare and distribute teaching materials materials
provide school meals, and basic health ser-
vices

provide family subsidies
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of infrastructure (including building schools, roads) in the areas
lacking these facilities will use land, building materials, and en-
ergy; potentially open new land to colonization; and may have
varied environmental impacts.

19.2.3.3 Interventions

Different specific interventions will be required to reach this tar-
get by 2015. The interventions needed to reach the target in-
clude:
• building schools and accessing infrastructure. This includes

building the schools, installing furniture and, in many cases in
remote areas, also building and maintaining roads of access;

• providing transportation facilities, particularly in rural areas.
This includes provision of transportation services, acquisition
and maintenance of vehicles, building stations, and providing
operational elements (fuel, tires, etc.);

• training and recruiting teachers;
• preparing and distributing teaching materials, such as text-

books, stationary, uniforms, etc.;
• providing school meals and basic health services;
• providing family subsidies, when necessary, to compensate for

the child’s absence from home.

19.2.3.4 Synergies and Trade-offs

The positive impacts of expansion of primary education on eco-
systems and their services include improved ecosystems use and
management in the long term, but also short-term gains if school-
ing addresses the needs and means for sustainable management of
ecosystems and the lessons are applied in the students’ homes.
Environmental care and awareness should be included in school
curricula to positively influence consumption behavior and natu-
ral resources management, with important long-term benefits

On the other hand, the associated infrastructure works, if not
carefully done, may have negative impacts on ecosystems and
their services, including in some places the fostering of habitat
destruction and biodiversity loss due to the opening of areas to
land colonization through the new access provided by the roads
built to connect villages to the new schools. Also, building the
large number of schools that will be required is likely to have
some local negative environmental impacts due to disturbances
associated with the extraction and processing of building materials
(for example, cement factories, which also have global effects
through the release of carbon dioxide to the atmosphere).
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19.2.4 MDG 3: Promote Gender Equality and
Empower Women, Target 4

Target 4: Eliminate gender disparity in primary and secondary
education preferably by 2005 and at all levels of education no later
than 2015.

19.2.4.1 Introduction

MDG 3 is directed at achieving gender equity and empowering
women. It has a single target: target 4, which calls for the elimina-
tion of gender disparity in primary and secondary education, pref-
erably by 2005, and in all levels of education no later than 2015.
While it is acknowledged that this target does not adequately rep-
resent the many components of gender equity and the many in-
terventions required in achieving it, it is a target that has direct
ecosystem service links. The ecosystem services involved would
be primary production, food, fresh water, fuelwood, spiritual and
religious benefits, education, and cultural heritage. Women (as
well as men), especially the poor, are dependent on the natural
environment and the ecosystem services it provides for their
health and well-being (for example, fresh water, fuel, productive
agricultural land, and natural biodiversity) and on the cultural,
spiritual, and religious aspects of their environments.

Achieving gender equity is an essential goal in itself and it is
absolutely critical for meeting all the 2015 targets. The date set
for achieving gender parity in primary and secondary education is
2005, ten years before the 2015 targets (UNICEF 2004). The
issue is much more than a question of equity; the challenges facing
the globe demand the utilization of all human potential. There
have been notable strides but we are far from achieving that goal.
Of the 876 million persons over 15 who cannot read or write,
nearly two thirds are women. UNICEF estimates that there are
121 million primary-school-age children out of school, 65 million
girls and 56 million boys (UNICEF 2004). For the Asia-Pacific
region, in the 46 (of 58) economies for which data are available,
in almost all there were moderate to severe gender disparities in
primary education although the situation was somewhat better in
secondary school. In China, by 2000, there were actually more
girls enrolled in primary education than boys. The pattern does
not hold true in secondary education, however. The situation in
primary education in China is offset by disparities in South Asia
(UN 2003). Gender inequity reverberates through society in
complex ways, impacting not only women but also their children,
their families, and their societies. The gender gap in earnings per-
sists, and employed women have less social protection and fewer
employment rights than men. Violence against women remains a
serious violation of women’s rights across the globe, and the ma-
jority of new cases of HIV/AIDS in the 15–24 year old age group
are women.

A more comprehensive view of gender equity than that em-
ployed in the MDGs conceptualizes three main domains of gen-
der equity, all of which are amenable to policy intervention. The
first, which includes education, is enhancing women’s capabili-
ties, including health, education, and nutrition. MDG 5, improv-
ing maternal health, is related. The second domain is enhancing
women’s opportunities—access to assets, income, and employment.
The third domain is enhancing women’s agency—the ability to
make choices that can alter outcomes including participating in
and leading the political process. Because of the daunting nature
of the problem, the prevention of violence is viewed as a separate
category (Grown et al. 2003). Table 19.7 summarizes the depend-
encies, interventions, synergies, and trade-offs for MDG target 4.
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19.2.4.2 Dependencies

An ecologically balanced natural environmental base, including
productive agroecosystems that support economic development
will help to alleviate poverty and allow investment in girls’ educa-
tion. This is more than a strictly financial issue, although school
fees, uniforms, books, and supplies are important concerns. In
many parts of the world, one of the primary reasons that girls are
not in school is because of domestic responsibilities, for example,
the collection of water and fuelwood and agricultural tasks.

19.2.4.3 Interventions

The specific interventions include: expanding access to safe, af-
fordable fuel for domestic use, expanding access to improved
water supply, an improved transportation infrastructure, an im-
proved education infrastructure, the provision of information and
communications, and access to technology for distance education
in rural areas.

19.2.4.4 Synergies and Trade-offs

The provision of additional fuel sources, especially modern liquid
fuels such as liquid petroleum gas or renewable sources such as
solar power and hydroelectricity would reduce stress on local for-
ests and other fuelwood sources. Few, if any, negative impacts
would be expected. In terms of HWB, if attention is paid to the
fuel source and improved cooking stoves, this should also decrease
women and children’s exposure to indoor air pollution, an im-
portant problem in many parts of the world. The primary conse-
quence of expanding access to a safe, potable water supply would
be an increased demand for surface and groundwater, potentially
affecting surface water quality and quantity. This could impact
other components of the local ecosystem. If engineering solutions
are applied (for example, dams or other waterworks), there could
be considerable ecosystem service impacts. The corollary of im-
proved access to safe water is improvements in sanitation (for ex-
ample, lack of adequate toilet facilities is one of the reasons given
for not sending girls to school). With respect to both increased
access to potable water and improved sanitation, wastewater treat-
ment needs to be addressed.

Wastewater treatment has definite benefits in terms of HWB;
these include decreased exposure to gastroenteric pathogens in
the water supply as well as decreased risk of exposure to pathogens
while collecting water, for example, those causing schistosomiasis
and leptospirosis. There would also be decreased risk of diseases
related to lack of hygiene or the ‘‘water-washed’’ diseases. Safe
water supplies may also lead to a decrease in the breeding sites
for disease carrying vectors, for example, Aedes mosquitoes that
transmit dengue fever. Improved health should have positive con-
sequences for educational, agricultural, employment, and other
endeavors for entire communities.

Both access to affordable fuel and improved water supply
should free women and girls from the burdensome duties of col-
lecting these basic domestic necessities.

An improved transportation infrastructure could have either
positive or negative impacts on ecosystems, depending on plan-
ning and mitigation efforts. The construction of roads has been
presented as one of the classic examples of ‘‘development’’ strate-
gies that have had negative ecological impacts. Roads can threaten
biodiversity, lead to the introduction of alien species, cause forest
fragmentation and altered habitat as well as unplanned develop-
ment. However, transportation infrastructure is critical for eco-
nomic equity and development, for example, providing rural
dwellers better access to health and education services as well as
employment opportunities and access to markets. Improved trans-
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Table 19.7. MDG 3, Target 4: Dependencies, Interventions, Synergies, and Trade-offs for Gender Disparity

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Gender disparity ecologically balanced nat- expand access to safe, affordable fuel for less stress on local forests increase demand for sur-
in education ural environmental base, domestic use and other fuelwood sources face and groundwater

including productive expand access to improved water supply potential impacts of water
agroecosystems supply projects, dams, etc.improved transportation infrastructure (in

rural areas) threatens biodiversity

improved educational infrastructure—more introduction of alien species
and more well distributed schools altered habitat
provision of information and communication forest fragmentation
technology in rural areas/distance educa-

unplanned developmenttion
local environmental impact
at sites

potential negative impact of
new information technolo-
gies on traditional indige-
nous knowledge systems
including ecosystem knowl-
edge; conversely informa-
tion and communication
technology could enhance
the preservation of this
knowledge

portation infrastructure can also provide access to remote areas
for environmental assessment and management. Roads provide
various economic development options, for example, ecotourism
that may have second order environmental impacts. In different
contexts, roads may either slow or increase rural out-migration,
with demographic and ecological consequences.

An improved education infrastructure including the building
of new schools might have a very localized negative impact in
terms of ecosystem services. Positive impacts would be second
order—a more educated civil society (girls and boys, men and
women) that, at least in theory, could be better stewards of the
land. The infrastructure provided by the school (and schoolteach-
ers) could be employed for education efforts aimed at ecosystem
services.

There are important issues concerning the quality of the edu-
cation, completion rates, grade completed, and actual learning. As
noted, a major consideration, even if education is available to
girls, is the financial and other costs. If girls are going to have
access to education, policies will have to be put in place to assure
subsidies, transfers, tuition, book fees, etc. In terms of ecosystem
services, improved gender equality and education will allow ac-
cess to land and other household resources increasing the likeli-
hood of wise natural resource management decisions. If women
and girls have ready access to water and fuel (some innovative
schemes, site collection points near to schools) it will free their
time for other activities that contribute to personal and family
well-being, including education.

If women are literate, agricultural/natural resource education/
outreach can be more easily targeted at women to enhance sus-
tainable agricultural practices. Education provides opportunities
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for capacity building and women can be effectively engaged in
local level environmental management. Education may also in-
crease women’s access to (micro) credits. While the uses to which
these credits are put could have negative as well as positive im-
pacts on ecosystem services, there are numerous examples of envi-
ronmentally sensitive entrepreneurial activities undertaken by
women.

Education is not only a building block for reaching the other
MDGs, it is also a foundation for achieving other aspects of em-
powerment. Two of the indicators used for measuring progress
toward MDG 3 are the share of women in wage employment in
the non-agricultural sector and the proportion of women holding
seats in the national parliament. Educated women benefit all of
society. Hill and King (1995) found that of the countries in which
the ratio of female to male enrollment in primary and secondary
schools is less than 0.75, you can expect levels of GDP that, all
other things being equal, are lower than where there is less dis-
crimination in education.

The topic of women’s relationship to and stewardship of the
environment has been the subject of broad debate in the literature
on ecofeminism. (Jackson 1993, Chapter 2, and elsewhere.)
Without arguing that women are naturally attuned to making
wise environmental choices, educated and empowered women in
developing countries are much less likely to find themselves in
circumstances that lead to unwise ecological choices. For exam-
ple, the women’s association of traditional healers called WAINI-
MATE (The Women’s Association for Natural Medicinal Therapy)
has ensured women in Fiji and in other parts of the Pacific tradi-
tional medicines that are most effective and safe for treating dis-
eases (Tabunakawai 1997, Chapter 2). As well, women who do
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achieve local, regional, and national office can contribute to wise
policy decisions with respect to ecosystem services.

In conclusion, it is worth noting that if all aspects of empow-
ering women were adequately treated in this discussion, it would
be a much more complex and nuanced discussion with regard to
ecosystem services. Furthermore, a review of the chapters of MA
Current State and Trends indicated that there were very few refer-
ences to gender or women (often none). Chapter 3 on drivers is
the exception, but most references to women were with regard
to fertility. Chapter 5 on HWB does point out that women can
be either winners or losers with respect to trade-offs. Even in
Chapter 14 on health, women were mentioned only once and
that was in the context of their vulnerability to malaria. Lastly,
one might ask how well other ‘‘differences,’’ for example, socio-
economic status or indigenous peoples are dealt with in the MA.

19.2.5. MDG 4: Reduce Child Mortality, Target 5

Target 5: Reduce by two thirds, between 1990 and 2015, the
under-five mortality rate.

19.2.5.1 Introduction

For more than 25 years, the prevention of child mortality has
been one of the leading priorities for the international health
community. Despite progress made in reducing child mortality in
children less than five years old, more than 10 million of them
still die each year, almost all in poor countries (Black et al. 2003).
In many countries, infant and childhood mortality rates are falling
more slowly than before and, in some, they have stagnated or are
on the rise (UNICEF 2004). The infant mortality rate has been
highest in sub-Saharan Africa, and the region has shown the slow-
est decline (Ahmad et al. 2000). Despite a 50% drop in South
Asia’s mortality rate, almost one in ten children in the region still
dies before his/her fifth birthday (Ahmad et al 2000). Pneumonia,
diarrhea, and neonatal disorders are predominant causes of infant
deaths worldwide. In sub-Saharan Africa, malaria additionally
plays an important part in child mortality in many countries of
the region.

Undernutrition is the underlying cause of a substantial pro-
portion of all child deaths that arise from factors—including
socioeconomic factors such as income, social status, and educa-
tion—that work through an intermediate level of environmental
and behavioral risk factors (Mosley et al. 1984). Better informa-
tion and determinants of undernutrition remains a daunting chal-
lenge and so is the development of effective and affordable health
intervention measures that could facilitate the reduction of the
under-five mortality rate by two thirds between 1990 and 2015.
Ecosystems information provided by the MA will have indirect
impact on the under-five mortality rate reduction through maternal
nutrition improvement as well as healthier prenatal and postnatal
care. Table 19.8 summarizes the dependencies, interventions, syn-
ergies, and trade-offs for MDG target 5.

19.2.5.2 Dependency on Ecosystems and their Services

Unhygienic and unsafe environments place children at high risk
(high certainty). Ingestion of unsafe water, inadequate water for
hygiene, and lack of access to sanitation contribute to millions of
deaths among children, a significant portion of which are from
diarrhea (WHO 2002), as are the malaria and dengue outbreaks,
particularly in developing countries, that have afflicted young
children. Underweight status and micronutrient deficiencies
among children that decrease their immune and non-immune
host defenses have made many of them more vulnerable to infec-
tious diseases. The causal link of the latter to ecosystems and their
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services are complex and they are seen most clearly among im-
poverished communities that lack the buffers that the rich can
afford. (See Chapter 16.) For example, climate change that affects
food production has an impact on malnutrition that can aggravate
many other health problems, particularly among the poor; small
children are primarily jeopardized (medium certainty). The alter-
ations of land cover have produced insects and pests that transmit
diseases detrimental to children’s health. Degraded ecosystems, es-
pecially those that allow considerable amount of standing water,
are excellent sources of waterborne diseases (like malaria, dengue,
diarrheal diseases) to which children are susceptible.

Where ill health is caused, in large part, by excessive con-
sumption of ecosystem services, then substantial reduction in
overconsumption would have major health benefits, among both
adults and children (high certainty). Conversely, healthy children
are in a better position to positively influence other aspects of
well-being, especially their parents’ and their closest kin in terms
of reducing pressure on financial resources and on other life-
support systems. (See Chapter 16.)

19.2.5.3 Intervention Measures

Some intervention measures to improve human health and reduce
the under-five mortality rate come from the health sector and
others from outside it. The case of reduced nutrition in a commu-
nity, as a result of food scarcity resulting in turn from a changed
ecosystem, is one example of the latter. Malnourished children are
more prone to life-threatening diseases including diarrhea, acute
respiratory infections, malaria, and measles. Intervention measures
that seek to sustain food production increases and to improve ac-
cessibility to food by the poor will help facilitate the under-five
mortality rate reduction (high certainty). Provision of livelihood
activities, especially to poor households, will help improve access
to food but also to other amenities in life that could elevate nutri-
tional status (high certainty). Another intervention relates to the
need to increase awareness, monitoring and reporting not only
among health personnel but also other authorities as well as the
general public on the incidence or possible incidence of a disease
(medium certainty). Increasing mother’s knowledge of diseases and
their prevention through rigid extension campaign and training
could result to considerable disease prevention and to more
healthy children (high certainty).

Strong community participation and support, supplemented
with appropriate regulation measures, are essential to the attain-
ment of safe and good quality water (for example, clean river or
watershed catchment), clean air (for example, reduced used of
wood fuel for cooking), and healthy environment (for example,
regular maintenance of canals, areas where water stagnates, etc.)
(medium certainty). The latter will necessarily involve the provision
of appropriate infrastructure facilities, especially those that would
facilitate the achievement of a cleaner environment.

Interventions from within the health sector are curative in
nature to save children dying from diseases. As such, health care
systems should be technically and financially equipped to deliver
necessary and effective services to all, especially the poorer seg-
ments of the society (medium certainty). Infrastructure facilities are
also needed to facilitate the access of such health facilities and
services by the all constituents (medium certainty).

It should be noted that health intervention measures should
have spatial and temporal dimensions and should take into consid-
eration other factors such as the social, economic, and demo-
graphic characteristics of their target group beneficiaries, as
knowledge of these variables could facilitate their spread and
adoption. Prior to all these, however, is the need for a realistic
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Table 19.8. MDG 4, Target 5: Dependencies, Interventions, Synergies, and Trade-offs for Child Mortality

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Child mortality healthy ecosystems and better understanding of epidemiological reduced pressure on ecosys- increased population that
ecosystem services re- profile and the capabilities of the health tems could put pressure on the
duces the incidence of system in order to be able to identify: use of ecosystem services,reduced use of wood fuel
endemic and emerging • more efficient and equitable delivery of particularly on its provision-

less pressure on the regula-diseases that affect the health care services ing services
tory services of ecosystemlives of children • infrastructure facilities needed to facili- may involve land usepromotes better ecosystemtate access to health services change (also demographicmanagement• improved delivery/access to clean water changes) that could have

• improved sanitation including proper negative impact on ecosys-
waste disposal practices tems

healthy ecosystem that increased awareness and more efficient land use change from in-
provides options to im- monitoring and reporting of health person- creased as well as shifts in
prove means of livelihood nel on the incidence or possible incidence demand due to economic
will promote well-being of of disease. growth
children. increased livelihood opportunities, espe- competition for resources;

cially for the poor increased demand for sur-
face/groundwater

picture of the country’s epidemiological profile and the capabili-
ties of their health systems to be able to design and implement the
appropriate public health interventions.

19.2.5.4 Synergies and Trade-offs

All these interventions have positive and negative impacts on the
ecosystem. Positive impacts, as already mentioned, relate to the
fact that healthy people, especially children, save families from
spending money on medicines, hospitalization, etc.; these savings
can then be invested in productive activities to improve economic
well-being. Better-off farm families have the tendency to put
fewer burdens for their children to be involved in household
chores, especially in collecting woodfuel and fetching clean water.
Mothers, too, can have the luxury of more modern appliances or
delegating household chores to others and thus gaining more time
to take care of their children. The negative impacts, on the other
hand, relate to the externalities that result from an increase in
population as mortality rates are reduced (but which can be neu-
tralized by lower fertility rates as households start to appreciate
smaller family sizes) as well as from shifts in demand due to eco-
nomic growth and as poverty is reduced that may involve envi-
ronments to be disturbed. Examples include the change in land
use to cater to more diversified production activities, diversified
demand for food and other commodities, and increased demand
for services and other amenities.

19.2.6 MDG 5: Improve Maternal Health, Target 6

Target 6: Reduce by three quarters, between 1990 and 2015, the
maternal mortality rate.

19.2.6.1 Introduction

A report of the International Conference on Population and De-
velopment, endorsed by 179 countries, states that women, includ-
ing their health and well-being, are valuable as people and citizens
(ICPD 1994). Currently, some 350 million women have no ac-
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cess to safe and affordable contraception, contributing to undesir-
able fertility for women, and half a million deaths occur per year
during pregnancy and childbirth, particularly in sub-Saharan Af-
rica, where maternal deaths account for 53% of all deaths. A
woman’s risk of death during pregnancy and childbirth varies
greatly between industrial and developing countries. The risk of
dying from pregnancy in Africa is 1 in 16; in Asia, 1 in 65; and in
North America, 1 in 3,700. The overall risk for developing coun-
tries is 1 in 48, whereas in industrial countries the risk is 1 in
1,800 (ICPD 1994). Providing conditions that enable women to
have a healthy pregnancy and childbirth is, as agreed by the
ICPD, a fundamental right. Their involvement and decision on
when to have children, and how many to have, is dependent on
information access to reproductive health and society’s commit-
ment to gender equity.

Many health problems incurred by women during pregnancy
are a result of complications arising from but not limited to HIV/
AIDS, sexually transmitted disease, respiratory infections, and ma-
laria. These problems can be lessened through investment in eco-
nomic and social infrastructure such as access to health aids and
facilities, and also through the development and conservation of
ecosystem services. Decreasing maternal mortality, however, re-
quires a focus on preventative care since there are no direct links
with ecosystem services and maternal deaths (MA Scenarios, Chap-
ter 7).

To decrease maternal mortality, improvements to women’s
health during pregnancy and throughout the post-natal years are
critical, as these periods in a woman’s life are essential to her well-
being. The Millennium Project Task Force on Child Health and
Maternal Health identifies where there are low maternal mortality
rates in particular countries it is primarily due to the availability
and access to skilled attendants, emergency obstetric care, and re-
ferral systems, so that women can reach emergency obstetric care
for life saving situations (Freedman et al. 2003). As short-term
solutions, these services are extremely important in reducing ma-

................. 11430$ CH19 10-21-05 14:14:31 PS



564 Ecosystems and Human Well-being: Policy Responses

ternal mortality. By ensuring access to and providing safe water,
soils, and food, policy-makers can ensure long-term benefits.
Pregnant mothers will have better chances at having healthy chil-
dren and economic spending can be put toward improving health
services and strengthening the entire health system. Table 19.9
summarizes the dependencies, interventions, synergies, and trade-
offs for MDG target 6.

19.2.6.2 Interventions
Improving infrastructure, that is, provision of high-quality and
accessible medical care and information, in clinics and hospitals
located for easy access to women can result in habitat modifica-
tion and water use locally. Transportation and road development
is also necessary to ensure that medical emergency services can
reach their destinations efficiently and women will have the op-
portunity to access transport to clinics or hospitals. Providing
emergency care services will dramatically reduce the maternal
mortality rate (Freedman et al. 2003).

Improving access to nutrition through food quality and quan-
tity places demand on land and aquatic habitats for agricultural
land of higher soil fertility, for chemicals to increase plant produc-
tivity. Alternatives to chemical usage such as natural pest control
can be considered.

Increasing health and gender equity through provision of
knowledge about reproductive alternatives, nutrition, and disease
can lead to healthy pregnancies and choices about reproductive
health. Gender equity can broaden appreciation of educational
and cultural services, indirectly leading to wise use of ecosystems
and services. As already noted, empowering women through
training and education will allow them to manage resources
wisely for themselves and their families).

19.2.6.3 Trade-offs
Where there is a need for economic development such as building
and improving infrastructure to improve access to emergency ob-
stetric care, achieving the maternal health goal may require con-
verting natural ecosystems resulting from an increased demand on
land, water and biodiversity. This is the single most relevant trade-
off concerning maternal mortality. There is a need for more medi-
cal facilities that offer emergency care, roads, and transport for
women to access them.

19.2.7 MDG 6: Combat HIV/AIDS, Malaria, and
Other Diseases, Targets 7 and 8

Target 7: Have halted by 2015, and begun to reverse, the spread
of HIV/AIDS.

Table 19.9. MDG 5, Target 6: Dependencies, Interventions, Synergies, and Trade-offs for Maternal Health

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Maternal health There are not direct links build medical facilities and emergency care no direct benefits to ecosys- alternating natural habitats
to ecosystem services. facilities tem services; access to medi- for infrastructure develop-
Maternal mortality is cal care will improve maternal mentprovide transportation facilities, particularly
caused by complications healthin rural areas for women local impacts of extraction
at birth and the lack of ac- and processing of buildingtrain and recruit medical professionals forcess to skilled birth atten- materialspreventative caredants and other health
services.
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Target 8: Have halted by 2015, and begun to reverse, the inci-
dence of malaria and other major diseases.

19.2.7.1 Introduction

Health, defined differently in different cultures, is fundamental to
HWB. It is also both a cause of well-being and a consequence. In
Chapter 16, the links between health and ecosystem services are
listed as biodiversity, food, fresh water, wood, wood fuel, fiber,
nutrient management, waste management and detoxification,
flood and storm regulation, and cultural services. To these could
be added climate regulation. This long list is indicative of the
complex relationship between human health and well-being and
ecosystem services. Related MDGs are goal 4, Reducing Child
Mortality, and goal 5, Improving Maternal Health. Even taking
these three goals together captures only a portion of the complex
relationship between health and ecosystem services. The United
Nations and the World Health Organization have identified HIV/
AIDS, malaria, and tuberculosis as major threats to health across
the globe. MDG 6 explicitly addresses HIV/AIDS and malaria
and reduction in the prevalence of and death rates associated with
tuberculosis, which are used as a measure of the success in meet-
ing this goal.

For HIV/AIDS (primarily a sexually transmitted disease, al-
though also transmitted perinatally and by intravenous drug use
and blood transfusions) and TB (a communicable disease), most
of the interventions are in the realm of public health, medicine,
education, and politics and are not directly related to ecosystems.
Malaria is the most serious and common vector-borne disease in
the world, responsible for 2 million deaths a year, 90% of which
occur in sub-Saharan Africa, the majority in children under five.
Transmitted by the Anopheles sp. mosquito, malaria provides a
classic example of the relationship between vector-borne disease
and ecosystem services. Malaria epidemics are often the result of
changes in the eco-epidemiological system, for example, abnor-
mal meteorological conditions (WHO 2000) or deforestation.
Other globally important vector-borne diseases include dengue,
filariasis, schistosomiasis, and yellow fever.

Another important group of ecosystem sensitive diseases are
those that are related to water supply and sanitation, for example,
those such as cholera that are waterborne or those related to poor
personal hygiene, that is, the ‘‘water-washed diseases.’’ MA Cur-
rent State and Trends, Chapter 14, addresses the role of altered
ecosystem and emerging and re-emerging infectious disease. Food
production, an ecosystem service, and availability are directly re-
lated to human health and there is a synergism between malnutri-
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tion and infection, especially in children. Overnutrition, as well
as some other ecosystem-relevant factors, for example, exposure
to carcinogens, are implicated in the increase in noncommunica-
ble diseases, for example, cardiovascular disease, cancer, hyperten-
sion, and diabetes. These are becoming increasingly prevalent not
only in the developed world but also in the developing world,
resulting in what some refer to as developing countries’ ‘‘double
burden of disease.’’

19.2.7.2 Dependencies

For target 7, halting and beginning to reverse the spread of HIV/
AIDS by 2015, the direct links between intervention strategies
that are largely aimed at behavior and ecosystem services are not
evident. In a very general sense, to the degree that countries will
need to rely on their own national fiscal resources to fight the
spread of HIV/AIDS, ecosystem services that support sustainable
development will allow resources to be targeted at the HIV/AIDS
epidemic. On a community level, as fewer and fewer individuals
are living in poverty, individuals will not have to resort to liveli-
hood strategies (for example, prostitution and male migration)
that increase risk of HIV/AIDS. In those countries where the
HIV/AIDS epidemic is acute, as in sub-Saharan Africa, HIV/
AIDS has a direct impact on ecosystem services. With a consider-
able segment of the population too ill to work, subsistence pro-
duction and agricultural activities decline as too few hands are
available for weeding and other agronomic activities. In terms of
the natural environment, this could have positive or negative ef-
fects, but in terms of human health and well-being the implica-
tions will be disastrous. Table 19.10 summarizes the dependencies
for HIV/AIDS, as well as interventions, synergies, and trade-offs.

An estimated 29.4 million (of a global total of 42 million)
persons are living with HIV/AIDS in sub-Saharan Africa, and 3.5
million new infections occurred in 2002. Prevalence rates vary
across the continent but reach 20% of the adult population in
South Africa and Zambia.(UN AIDS 2003). HIV/AIDS is a
threat to reaching the MDGs on the African continent. However,
while more than half of the HIV/AIDS cases occur in sub-
Saharan continent, there is no reason for complacency elsewhere.
Over seven million people are living with HIV/AIDS in Asia and
the Pacific and while rates may be low (0.1% in China and 0.6%
in India,) this represents 8,500,000 and 4,000,000 persons, respec-
tively (UNDP 2003). If appropriate policies are not put into

Table 19.10. MDG 6, Targets 7 and 8: Dependencies, Interventions, Synergies, and Trade-offs for HIV/AIDS, Malaria, and Other Diseases

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

HIV/AIDS no direct links evident; in- public health interventions aimed at high in parts of southern Africa
tervention strategies are risk populations/behavior modification where HIV/AIDS rates are ex-
aimed at behavior tremely high, reducing ratespublic policy interventions in support of

may allow better ecosystemaffected families and children
management

Malaria and larval and adult spraying alterations in natural eco-
other major system with larval sprayingdrainage
diseases drainage could cause alter-intermittent irrigation

nation or destruction of wet-
impregnated bednets lands
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place, there is reason to be very concerned about the epidemic in
Asia, although countries like Thailand and Cambodia have made
great strides in stemming the epidemic (Brown 2003).

Malaria is endemic in over 100 countries and two and a half
billion people are at risk. Malaria is responsible for 11% of the
disease burden in Africa, and countries with high rates of malaria
have income levels averaging 33% of those without malaria. (See
Chapter 12.) Malaria is caused by four species of the plasmodium
parasite; Plasmodium vivax is most widely distributed and Plasmo-
dium falciparum is the most clinically dangerous. Both of these are
becoming increasingly drug resistant and the anopholine species
that transmit malaria are becoming increasingly resistant to pesti-
cides as well. There are a complex of socioeconomic, geographic,
and ecological conditions that are conducive to the transmission
of malaria. As with HIV/AIDS, high rates of malaria endemicity
have serious social and economic impacts.

The vectors are sensitive to temperature, precipitation, and
extreme weather events. Relative humidity becomes important at
higher temperatures. The extrinsic incubation cycle of the plas-
modium is also sensitive to temperature and this can serve as a
limiting factor in disease transmission. Temperature is important
with respect to the survival of both the vector and the parasite
and precipitation directly influences both the abundance of
breeding sites and vector densities (McMichael et al. 1996). De-
forestation and irrigation schemes can lead to increased malaria
transmission. The presence or absence of alternate hosts can also
be important. There is concern that with global warming some
vector species will increase their range. In Papua New Guinea,
for instance, if temperatures in the relatively densely populated
highlands were to increase allowing vector species to populate
higher altitudes, a large population with no immunity would be
at risk. Typically populations on the margins of endemic areas are
at the greatest risk.

19.2.7.3 Negative Impacts

The impacts of HIV/AIDS on ecosystem services are mediated
through the devastating impact on the human population, on
families, on the social fabric, and on the economy. In many coun-
tries, AIDS is erasing decades of progress. Families are loosing
income earners. Many of those who die leave behind HIV-
infected partners, and when they die, orphans. Children of HIV-
positive mothers may well be infected themselves. Children of
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the ill take on more and more responsibility and fewer families
have the resources to send their children to school. The vast ma-
jority of those with HIV/AIDS are between the ages of 15 and
49, in the prime of their working lives. HIV/AIDS has a direct
impact on the economy by lowering production and earnings and
hence taxes, and the resources demanded to deal with the epi-
demic are a further drain on the economy. Direct impacts on
ecosystem services are probably most prominent in the agricul-
tural sector and could be either positive or negative with respect
to ecosystem services, as noted above, but are definitely negative
in terms of food production and the fight against hunger. It is
estimated in Burkina Faso, that 20% of rural families have reduced
their agricultural work or even abandoned their farms because of
HIV/AIDS. In Ethiopia, AIDS-affected households were found
to spend 11–16 hours per week performing agricultural work,
compared with an average 33 hours for non-AIDS-affected
households (AVERT 2003).

HIV/AIDS-affected families have fewer resources to devote
to their agricultural pursuits. This could, on the one hand, mean
that, for example, fewer pesticides are used or on the other that
ecologically unsound practices are used to try to increase produc-
tion. Abandoned land might revert to second growth or, espe-
cially if soil erosion is a problem, become further degraded. With
high mortality rates, some indigenous traditional, ecological, and
agricultural knowledge may also be lost. It is worth noting that
other important endemic diseases, including malaria, that affect a
notable proportion of the population can have similar, if not as
extreme, effects.

19.2.7.4 Interventions

The interventions for HIV/AIDS and TB are not primarily envi-
ronmental. The main interventions for malaria include the pre-
vention of mosquito bites including the provision and distribution
of insecticide-treated bednets and other materials, indoor residual
spraying only in well-defined high-risk or special situations, the
prevention of infection by chemoprophylaxis particularly in preg-
nant women, the treatment of clinical episodes, and surveillance
and rapid response (WHO 2000). Some of these, as the interven-
tions for HIV/AIDS and TB, are in the realm of medicine, public
health, and behavior. However, there are important environmen-
tal interventions for malaria including selective environmental
management, drainage, and intermittent irrigation that are impor-
tant in helping to control malaria. (See Chapter 12 for a discussion
of the importance of integrated vector management.)

There have been many examples of the misuse of dichloro
diphenyl trichloroethane (DDT) and other pesticides, particularly
in the agricultural sector. While DDT is being phased out in many
locations in favor of pyrethroids, WHO still recommends its use
in indoor residual spraying in special situations (WHO 2000). The
recent resurgence in malaria has been blamed on the bans on the
use of DDT in many regions of the world. Inappropriate use of
pesticides can have severe impacts on many ecosystem services,
although the application of pesticides plays an important role in
disease control in many parts of the world. Drug resistance in
parasites and pesticide resistance in vectors is becoming an in-
creasing problem. The chemicals may have negative impacts on
other organisms, on groundwater, etc. In addition, it is worth
noting that specific interventions for one vector may differ radi-
cally from those used for other vectors, for example, different
genera of mosquitoes. The impact of drainage and intermittent
irrigation strategies would be site specific. In a degraded ecosys-
tem, with no endangered species, it could be positive, whereas in
a natural wetland, it would be negative.
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19.2.7.5 Conclusion

This discussion of HIV/AIDS and malaria only begins to explore
the complex relationship between human health and ecosystem
services. An important link that is now receiving considerable sci-
entific attention is the relationship between human and ecosystem
health and climate variability and climate change. Emerging and
re-emerging infectious diseases may have a direct link to alter-
ations in ecosystem services, for example, Lyme disease or West
Nile virus. Wise management of the environment, for example,
river catchments, positively affects environmental and socioeco-
nomic determinants of health. The complexity of the relation-
ships between human health and ecosystem services demands
interdisciplinary and cross-sectoral collaboration in addressing
them. In trying to assess the impact of any given set of conditions
on human health, we need to understand the current vulnerability
of the population affected and their future adaptive capacity. The
relationship is often inverted. As in the case of sub-Saharan Africa,
the links between ecosystem change and human health are seen
most clearly among impoverished communities who lack the
‘‘buffers’’ the rich can purchase.

A recent multiyear study, under the auspices of the WHO
Global Burden of Disease project, developed projections of mor-
tality and disability for each five-year period from 1990 to 2020
(Harvard 2003). HIV/AIDS, malaria, and TB are major global
problems, and there is the possibility of new communicable dis-
eases as we were reminded by the Severe Acute Respiratory Syn-
drome outbreak in 2002/3. In the GBD projections, deaths from
communicable, maternal, and prenatal conditions and nutritional
deficiencies are expected to fall from 17.3 million in 1990 to 10.3
million in 2020. Deaths from noncommunicable diseases are ex-
pected to climb from 28.1 million deaths in 1990 to 49.7 million
in 2020, an increase of 77%. Much of this increase will occur in
the developing world. The important two driving forces behind
these changes are population aging and the use of tobacco. As we
think about ecosystem services and human health, it would be a
mistake to ignore the links to noncommunicable disease. Cer-
tainly not the only, but a very important, link is through food
supply and nutrition, very closely linked to ecosystem services. It
is also important to remember that modern or Western concep-
tions of health that are largely based on physical evidence of
bodily structure and function may differ greatly from indigenous
conceptions based on common heritage and union with the envi-
ronment.

19.2.8 MDG 7: Ensure Environmental
Sustainability, Target 9

Target 9: Integrate the principles of sustainable development into
country policies and programs and reverse the loss of environ-
mental resources.

19.2.8.1 Introduction

MDG 7 contains three targets, of which target 9 refers specifically
to ecosystem services. This target can clearly be subdivided into
two components: (1) integration of the principles and (2) reversal
of environmental loss, requiring different types of interventions
and having differentiated implications for ecosystems and their
services.

Target 9a: Integrate the principles of sustainable development into
country policies and programs
The principles of sustainable development referred to in target 9
have been officially agreed at the Earth Summit of 1992, and
defined in the Rio Declaration on Environment and Develop-
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ment (UN 1992). The twenty-seven principles internationally
agreed are reproduced in Box 19.1.

Lack of integration in planning and policy-making has long
been recognized as one major obstacle to progress toward sustain-
able development (UNCSD 1995). While sectoral plans and ap-
proaches have the advantages of being unambiguous, with clear
objectives and a good correspondence to the specialized institu-
tions responsible for implementation, they have the disadvantage
that the assortment of plans and regulations across sectors may
have inconsistent and incompatible objectives, and often the is-
sues of integration and coordination fall between the gaps. (See
Chapter 14.). Table 19.11 summarizes the dependencies, inter-
ventions, synergies, and trade-offs for MDG target 9a.

19.2.8.2 Dependencies

The fulfillment of target 9a does not exhibit any obvious direct
dependencies on ecosystems for achieving it, as it implies mainly
institutional changes.

19.2.8.3 Interventions

Among the interventions required, the most important are:
• reinforce environmental policies;
• introduce environmental principles in economic and social

policies;
• reinforce and enforce environmental legislation at various

scales;
• train and build capacity on sustainable development in the

public and private sectors;
• establish economic and social incentives for the contribution

of the private sector to the integration and implementation of
the principles;

• support research and development on methodologies and
techniques for integrated planning and policy-making and de-
velop national information strategies for sustainable develop-
ment;

• establish effective and integrated legal and normative frame-
works for economic planning, market instruments, and regu-
latory instruments; and

Table 19.11. MDG 7, Target 9a: Dependencies, Interventions, Synergies, and Trade-offs for Integrating Principles

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Integrate principles none environmental policies reduced negative impacts of none
into policies and ecosystem servicesintroduce environmental principles in eco-
programs nomic and social policies

environmental legislation

train and build capacity

incentives for private-sector contribution

support R&D on methods for integration
and develop national information strategies

establish integrated legal and normative
frameworks

implement country sustainable develop-
ment strategies
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• define and implement and ensure compatibility/alliance with
country strategies such as country sustainable development
strategies.

19.2.8.4 Synergies and Trade-offs

Most of these will have a positive impact on ecosystems and their
services, as they are specifically focused on improving environ-
mental sustainability. The increased integration of the principles
of sustainable development into policies and programs will con-
siderably reduce the negative ecological impacts of economic and
social policies and actions. No direct negative impacts on the eco-
systems are likely to result from those actions.

Target 9b: Reverse the loss of environmental resources
The loss of environmental resources is a serious problem abun-
dantly documented by many studies, and full details can be found
in various chapters of this and other MA volumes. As demon-
strated several times, this process amounts to erosion of the eco-
logical basis for development and directly threatens HWB. For
example, an important ecosystem service provided by intact vege-
tation is the stabilization of landscapes against wind, soil, and
water erosion. The clearing of forests and other types of vegeta-
tion in hilly and mountainous regions of the world has diminished
the capacity of the land as a habitat for people and in some cases
led to the death of thousands of people in mudslides associated
with extreme rainfall. Intense rains falling on steep slopes cleared
of forests in Caribbean and throughout Central and South
America have resulted in thousands of people dying in massive
mudslides in recent decades, including those resulting from Hur-
ricane Mitch in 1998. Large-scale mudslides became the signature
of Hurricane Mitch, a storm that grew to become the Atlantic
basin’s fourth strongest hurricane ever with sustained winds of
180 mph for more than 24 hours. Hurricane Mitch stalled off the
coast of Honduras from late on October, 27, 1998, until the eve-
ning of October 29, dropping up to 25 inches of rain in one six-
hour period in some places. The heavy rain led to widespread
flooding and mudslides that killed at least 10,000 people.

The specific indicators identified for target 9b so far (propor-
tion of land area covered by forest, land area protected to maintain
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biological diversity, energy used per unit of GDP, per capita car-
bon dioxide emissions and consumption of ozone-depleting
chlorofluorocarbons, and population using solid fuels) are, from
the viewpoint of ecosystem services, far from complete for this
component of the target. Table 19.12 summarizes the dependen-
cies, interventions, synergies, and trade-offs for MDG target 9b.

19.2.8.5 Dependencies
The fulfillment of target 9b does not show obvious dependencies
on ecosystem services, except that, in some cases, the damage to
ecosystem services may already be irreversible or too costly to
revert, and the reversal of the loss of environmental resources may
no longer be possible.

19.2.8.6 Interventions
A number of different types of will be necessary:
• increase expenditure on environmental sustainability. In many

countries, the current level of public and private expenditures
on the sustainability of the environment is insufficient to
markedly reverse the losses;

• increase resources allocated to R&D on ecosystems and their
services, and new eco-technologies;

• implement programs of ecosystem restoration and rehabilita-
tion and ecological engineering (for watersheds, agricultural
land, deforested areas, polluted aquatic ecosystems, etc).

• develop economic incentives and regulatory instruments di-
rected to the sustainability of ecosystems services (for example,
reduce the energy intensity of the economy). A number of
policy instruments are available, ranging from voluntary com-
pliance to pollution taxes and environmental protection laws.
The appropriate mix will vary with the country institutional
system;

• introduce the principles of sustainable development in educa-
tion curricula and implement programs for raising public
awareness. This is an intervention that will take some time to
show its effects, but that is likely to have a long-term positive
impact on ecosystem services.

• introduce environmental sustainability considerations into in-
ternational trade and cooperation agreements at various scales;
and

Table 19.12. MDG 7, Target 9b: Dependencies, Interventions, Synergies, and Trade-offs for Reversing the Loss of Environmental
Resources

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

reverse loss of no obvious dependencies increase expenditure on sustainability enhanced ecosystem services ecosystems managed for
environmental maximum productivity mayincrease resources increased ecological basis for
resources lose their resilience in thedevelopmentimplement ecosystem restoration, rehabili- long term

tation, and ecological engineering novel management technolo-
gies and new productive usesdevelop economic incentives and regula-

tions

introduce the principles in education curric-
ula and raise awareness

introduce environmental sustainability into
trade and cooperation

protect areas
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• protect areas and ecological corridors or networks essential to
maintain biological diversity.

19.2.8.7 Synergies and Trade-offs

Meeting the target will have a number of positive ecosystem im-
pacts. First, the economic impacts of economic and social policies
and actions will be reduced. This is probably the positive impact
that will be most important in quantitative terms, as usually the
negative ecological impact of economic actions such as invest-
ment in public works, industry allocation, resettlement of popula-
tion and land colonization, etc., far exceeds the positive impacts
of specifically environmental policies. Second, improved manage-
ment of ecosystems will contribute to enhance ecosystem services
and thus help to fulfill the other goals. Third, restoration and
rehabilitation of degraded ecosystems will increase the ecological
basis for development. Fourth, increased understanding of ecosys-
tem functions will provide novel management technologies and
identify new productive and sustainable uses for ecosystem ser-
vices.

There are no obvious negative ecosystem impacts of the inter-
ventions. However, it is known that ecosystems managed for
maximum productivity or yield, without maximizing ecological
(self ) regulation mechanisms, may lose their resilience in the long
term and they may even collapse (Holling and Meffe 1996).

19.2.9 MDG 7: Ensure Environmental
Sustainability, Target 10

Target 10: Halve, by 2015, the proportion of people without sus-
tainable access to safe drinking water and basic sanitation.

19.2.9.1 Introduction
The baseline year for estimating the targets is 1990. Unfortu-
nately, the terminology chosen for defining the targets does not
conform with the classification adopted by the WHO/UNICEF
Joint Monitoring Program, which collects official data on ‘‘im-
proved’’ access to water supply and sanitation. The distinction
between ‘‘improved’’ and the more stringent definition of ‘‘ade-
quate’’ access is very important. For example, the availability of a
shared toilet in an urban settlement is termed as ‘‘improved’’ ac-
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BOX 19.1

The Principles of Sustainable Development from the Rio Declaration (UN 1992)

Principle 1. Human beings are at the center of concerns for sustainable environmental and developmental context to which they apply. Standards
development. They are entitled to a healthy and productive life in harmony applied by some countries may be inappropriate and of unwarranted eco-
with nature. nomic and social cost to other countries, in particular developing countries.

Principle 2. States have, in accordance with the Charter of the United Principle 12. States should cooperate to promote a supportive and open
Nations and the principles of international law, the sovereign right to ex- international economic system that would lead to economic growth and
ploit their own resources pursuant to their own environmental and devel- sustainable development in all countries, to better address the problems
opmental policies, and the responsibility to ensure that activities within of environmental degradation. Trade policy measures for environmental
their jurisdiction or control do not cause damage to the environment of purposes should not constitute a means of arbitrary or unjustifiable dis-
other States or of areas beyond the limits of national jurisdiction. crimination or a disguised restriction on international trade. Unilateral ac-

tions to deal with environmental challenges outside the jurisdiction of thePrinciple 3. The right to development must be fulfilled so as to equitably
importing country should be avoided. Environmental measures addressingmeet developmental and environmental needs of present and future gen-
transboundary or global environmental problems should, as far as possi-erations.
ble, be based on an international consensus.

Principle 4. In order to achieve sustainable development, environmental
Principle 13. States shall develop national law regarding liability and com-protection shall constitute an integral part of the development process and
pensation for the victims of pollution and other environmental damage.cannot be considered in isolation from it.
States shall also cooperate in an expeditious and more determined man-

Principle 5. All States and all people shall cooperate in the essential task ner to develop further international law regarding liability and compensa-
of eradicating poverty as an indispensable requirement for sustainable tion for adverse effects of environmental damage caused by activities
development, in order to decrease the disparities in standards of living within their jurisdiction or control to areas beyond their jurisdiction.
and better meet the needs of the majority of the people of the world.

Principle 14. States should effectively cooperate to discourage or prevent
Principle 6. The special situation and needs of developing countries, par- the relocation and transfer to other States of any activities and substances
ticularly the least developed, and those most environmentally vulnerable, that cause severe environmental degradation or are found to be harmful
shall be given special priority. International actions in the field of environ- to human health.
ment and development should also address the interests and needs of all

Principle 15. In order to protect the environment, the precautionary ap-countries.
proach shall be widely applied by States according to their capabilities.

Principle 7. States shall cooperate in a spirit of global partnership to con- Where there are threats of serious or irreversible damage, lack of full
serve, protect and restore the health and integrity of the Earth’s ecosys- scientific certainty shall not be used as a reason for postponing cost-
tem. In view of the different contributions to global environmental effective measures to prevent environmental degradation.
degradation, States have common but differentiated responsibilities. The
developed countries acknowledge the responsibility that they bear in the Principle 16. National authorities should endeavor to promote the internal-
international pursuit of sustainable development in view of the pressures ization of environmental costs and the use of economic instruments, tak-
their societies place on the global environment and of the technologies ing into account the approach that the polluter should, in principle, bear
and financial resources they command. the cost of pollution, with due regard to the public interest and without

distorting international trade and investment.
Principle 8. To achieve sustainable development and a higher quality of
life for all people, States should reduce and eliminate unsustainable pat- Principle 17. Environmental impact assessment, as a national instrument,
terns of production and consumption and promote appropriate demo- shall be undertaken for proposed activities that are likely to have a signifi-
graphic policies. cant adverse impact on the environment and are subject to a decision of

a competent national authority.Principle 9. States should cooperate to strengthen endogenous capacity-
building for sustainable development by improving scientific understanding Principle 18. States shall immediately notify other States of any natural
through exchanges of scientific and technological knowledge, and by en- disasters or other emergencies that are likely to produce sudden harmful
hancing the development, adaptation, diffusion and transfer of technolo- effects on the environment of those States. Every effort shall be made by
gies, including new and innovative technologies. the international community to help States so afflicted.

Principle 10. Environmental issues are best handled with the participation Principle 19. States shall provide prior and timely notification and relevant
of all concerned citizens, at the relevant level. At the national level, each information to potentially affected States on activities that may have a
individual shall have appropriate access to information concerning the significant adverse transboundary environmental effect and shall consult
environment that is held by public authorities, including information on with those States at an early stage and in good faith.
hazardous materials and activities in their communities, and the opportu-

Principle 20. Women have a vital role in environmental management andnity to participate in decision-making processes. States shall facilitate and
development. Their full participation is therefore essential to achieve sus-encourage public awareness and participation by making information
tainable development.widely available. Effective access to judicial and administrative proceed-

ings, including redress and remedy, shall be provided. Principle 21. The creativity, ideals and courage of the youth of the world
should be mobilized to forge a global partnership in order to achievePrinciple 11. States shall enact effective environmental legislation. Environ-
sustainable development and ensure a better future for all.mental standards, management objectives and priorities should reflect the
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BOX 19.1 Continued

Principle 22. Indigenous people and their communities, and other local com- Principle 25. Peace, development and environmental protection are inter-
munities, have a vital role in environmental management and development dependent and indivisible.
because of their knowledge and traditional practices. States should recog-

Principle 26. States shall resolve all their environmental disputes peace-
nize and duly support their identity, culture and interests and enable their

fully and by appropriate means in accordance with the Charter of the
effective participation in the achievement of sustainable development.

United Nations.
Principle 23. The environment and natural resources of people under op-

Principle 27. States and people shall cooperate in good faith and in a
pression, domination and occupation shall be protected.

spirit of partnership in the fulfillment of the principles embodied in this
Principle 24. Warfare is inherently destructive of sustainable development. Declaration and in the further development of international law in the field
States shall therefore respect international law providing protection for of sustainable development.
the environment in times of armed conflict and cooperate in its further
development, as necessary.

cess to sanitation without taking into account the number of peo-
ple who may need to share the facility. Likewise the presence of
user fees and their affordability to the poor are not taken into
consideration. As a result, ‘‘improved’’ access to water supply and
sanitation does not necessarily imply effective or ‘‘adequate’’ ac-
cess, since users may be prevented from using the facilities by high
fees or overcrowding. These problems are particularly acute in
urban areas (Bartlett 2003). In fact it has been shown that ‘‘im-
proved’’ sanitation does not ‘‘greatly reduce the risk of oral-fecal
diseases’’ (Pruess and Fewtrell 2002).

In the absence of data on ‘‘adequate’’ or ‘‘basic’’ access, we
use the data on ‘‘improved’’ access provided by the JMP. The
JMP definition is in line with the U.N. Secretary-General’s Re-
port on the MDGs, but will underestimate the number of people
who do not have effective access to clean water and sanitation—
particularly in urban areas. Based on the JMP data, a considerable
expansion of infrastructure services is required in developing
countries to meet the needs of 1.2 billion people in developing
countries for improved access to drinking water and 1.8 billion
people who need to be connected to sanitation by 2015. Each
year until 2015, it will be necessary to provide access to water and
sanitation to 100 million and 140 million people, respectively. In
comparison, an average of 85 million additional people per year
received access to water and sanitation facilities during the 1990s.
Hence considerable additional investments will be required to in-
crease the pace of providing water and particularly sanitation facil-
ities in developing countries. (See Table 19.13.)

19.2.9.2 Dependencies
Achieving the water and sanitation targets will depend on a num-
ber of ecosystem services. Table 19.14 summarizes the impact of
meeting the targets on ecosystems.

Table 19.13. Access to Improved Water Supply and Sanitation in Developing Countries. This table illustrates improved access to
water supply and sanitation between the years 1990 and 2002. Despite the increases, there still remains an additional 6% and 21% of the
growing population that will require additional investments in improved water supply and sanitation, respectively, in developing countries.
(UNICEF/WHO 2000)

Access to Access to Access to Improved Access to Improved
Population Improved Water Improved Water Sanitation Sanitation

(billion) (billion) (billion)

1990 4.1 71% 2.9 34% 1.4

2000 4.9 79% 3.9 49% 2.4

MDG 2015 Targets 6.0 85% 5.1 70% 4.2

Difference, 2015–2000 1.1 6% 1.2 21% 1.8
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Table 19.14. Ecosystem Services Contributing to the Water and
Sanitation Targets

Ecosystem Services Contributing Ecosystems Directly Influenced
to Meeting the Water and by Progress toward the Water and
Sanitation Targets Sanitation Targets

provisioning services freshwater ecosystems and wet-
• provision of fresh water lands (through increased water with-

drawal and pollution)regulating services
• water flow regulation (to ensure coastal and marine ecosystems

sufficient and regular supply) and (through increased water withdrawal
aquifer recharge and water pollution)

• water filtration and purification agroecosystems (through increased
supporting services demand for water)
• water cycling urban ecosystems through in-

creased or reduced fecal pollution
(depending on sanitation and water
treatment technologies)

drylands, forests, and other ecosys-
tems that compete with humans
over water

From an ecosystem perspective, meeting MDG target 10 and
the WSSD sanitation target poses two related challenges. One
necessary, but not sufficient input into achieving the target is the
provision of sufficient quantities of clean water through ecosys-
tem services. In addition, rising water pollution through domestic
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and industrial effluents must be managed to protect ecosystem
services and to improve human health. These two challenges are
discussed in detail here. Table 19.15 summarizes the dependen-
cies, as well as interventions, synergies, and trade-offs for MDG
target 10.

19.2.9.2.1 Water quantity

As described in MA Current State and Trends, Chapter 7, fresh
water that is readily accessible for human use is limited to approxi-
mately 9,000 cubic kilometers a year with an additional 3,500
cubic kilometers stored by dams and reservoirs. Currently, hu-
mans consume about 50% of the combined 12,500 cubic kilome-
ters of fresh water that are readily available each year.

To ensure basic needs for drinking, food preparation, and per-
sonal hygiene, a minimum of 20 to 50 liters of water free from
harmful contaminants is required per person every day. Assuming
an incremental consumption of 50 liters per day, the 1.4 billion
people who need to be provided with access to improved water
supply to meet target 10 would require a total of 0.07 cubic kilo-
meters of water, or less than 0.001% of readily available fresh
water. Since many of the 1.4 billion people currently without
access to improved water supply already consume some fresh
water, this overestimates the additional demand for water to meet
basic human needs. Hence at the global level, overall fresh water
availability does not appear to represent a binding constraint on
providing access to the minimum amount of drinking water that
is required to achieve the water and sanitation targets.

To underline this point, Figure 19.1 and Figure 19.2 provide
simple plots of available water resources per capita and access to
improved water supply and sanitation, respectively, showing no
discernible correlation between access to water or sanitation and

Table 19.15. MDG 7, Target 10: Dependencies, Interventions, Synergies, and Trade-offs for Access to Water

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Access to water freshwater ecosystems expand access to improved water supply improved sanitation systems will increase demand for
and to sanitation and wetlands can reduce local microbial pol- surface and groundwaterexpand access to improved sanitation

lution and total nutrient loadcoastal and marine can lead to a dramatic in-greywater treatment and disposal by using improved technolo-ecosystems crease in demand for
gies (for example, lined pits orindustrial wastewater treatment water, particularly if tradi-agroecosystems improved sewer systems) tional sewer technology isadditional water storage for provision of

urban ecosystems reduces microbial water pollu- useddrinking water
tion as well as nutrient loads.drylands, forests, and unless accompanied by

other ecosystems that reduces chemical water pollu- wastewater treatment, in-
compete with humans tion creased access to (urban)
over water sewers can lead to an in-

crease in microbial, nutrient
and other pollution of fresh-
water ecosystems

in some areas, improving
access to water supply may
require additional water
storage capacity, which can
have negative impacts on
ecosystems and their ser-
vices
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Figure 19.1. Percent Access to Water Supply against Log of Per
Capita Water Resources in 2000 (FAO Aquastat; UNICEF/WHO
2004)

overall per capita cater availability. This finding is too robust to
control for per capita income and regional effects.

However, domestic per capita consumption of fresh water
tends to rise considerably beyond the minimum needs of 50 liters
per day once access to water supply has been established. Coupled
with increased agricultural and industrial demand for water, water
withdrawals increase much faster than populations. For example,
between 1900 and 1995, water withdrawals increased by over six

................. 11430$ CH19 10-21-05 14:14:36 PS



572 Ecosystems and Human Well-being: Policy Responses

Figure 19.2. Percent Access to Sanitation against Log of Per
Capita Water Resources in 2000 (FAO Aquastat; UNICEF/WHO
2004)

times, more than double the rate of population growth (MA Cur-
rent State and Trends, Chapter 7). If this trend continues unabated,
human consumption of fresh water at the global level may soon
be constrained by the availability of fresh water.

Importantly, global averages hide important regional varia-
tions in terms of demand for water as well as fresh water availabil-
ity. As described in MA Current State and Trends, Chapter 7, prior
assessment (Revenga et al. 2000) shows that, as of 1995, some
41% of the world’s population, or 2.3 billion people, were living
in river basins under water stress, with some 1.7 billion of these
people residing in highly stressed river basins. Another 29 basins
will descend further into scarcity by 2025. This problem is exac-
erbated by the fact that a large part of the expected increase in
human population will occur in regions where water is already
scarce and/or erratically available. Any changes to ecosystem
services resulting from increased demand for water will have a
disproportionate impact on the poor who depend most on eco-
system services for well-being.

In summary, the availability of fresh water at the global level
is unlikely to prevent low- and middle-income countries from
achieving the targets on water and sanitation, since the minimum
per capita needs addressed by these targets are very low compared
with current total consumption, which is dominated by agricul-
tural and industrial water demand. However, water scarcity at the
catchment level may occur in some areas where demand for water
can exceed the readily available freshwater resources. This is par-
ticularly true for some of the rapidly growing cities in low-
income countries, which may experience water shortage or need
to import water from other catchment areas. A particular area of
concern in some of the fastest growing cities is the growing min-
ing of groundwater resources beyond sustainable levels.

In most cases, though, water shortages are the result of exces-
sive water consumption for agricultural and sometimes industrial
use rather than domestic consumption. In such cases, water con-
sumption for non-domestic use may need to be balanced with
need through ecosystem-wide integrated water resources man-
agement to meet the water and sanitation target. Consequently,
the Johannesburg Plan of Implementation urges all countries to
adopt IWRM plans by 2005. That also implies a substantial in-
crease of water use efficiency in agroecosystems.
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19.2.9.2.2 Water quality
Increased access to water and sanitation may have notable impacts
on surface water quality and affect groundwater in areas where
the water table is high. The extent and direction of this effect can
depend on the types of technologies used. In general, properly
constructed and maintained sanitation systems can reduce water
pollution through human waste. For example, improved double-
pit latrines or septic tanks can process domestic wastewater to
avoid any adverse impact on surface and groundwater. The same
applies to water-borne sewers, provided they are equipped with
appropriate water treatment systems that can remove microbial
pollutants and reduce nutrient load.

On the other hand, sewer systems that lack appropriate trunk
infrastructure and water treatment facilities can lead to high levels
of microbial pollution with potentially adverse impacts on human
health through the spread of infectious diseases. In some ecosys-
tems such as lakes, the increased inflow of nutrients can lead to
eutrophication with important consequences for ecosystem ser-
vices. Since septic tanks and bore sewers are often not properly
operated and maintained, they cannot remove solid particles or
microbial pollutants and thereby contribute to the pollution of
water systems.

These problems are particularly acute in developing countries
where an estimated 90% of wastewater is discharged directly to
rivers and streams without any waste processing treatment
(WMO 1997, p.11). Threats of water quality degradation are
most severe in areas where water is scarce because the dilution
effect is inversely related to the amount of water in circulation.
(MA Current State and Trends, Chapter 8). In these areas, achieving
the MDGs on sanitation without parallel investments in water
treatment can threaten fresh water and coastal ecosystems and the
services they provide.

In many parts of the world, agricultural inputs such as fertiliz-
ers and pesticides, as well as accelerated soil erosion from faulty
land management practices can degrade surface and groundwater
quality. A broad range of site-specific interventions is required
to minimize the use of agricultural inputs and to improve soil
management. The World Overview of Conservation Approaches
and Technologies has an extensive database of such interventions.

19.2.9.3 Interventions
Critical interventions for achieving the water and sanitation tar-
gets include the expansion of appropriate water and sanitation
infrastructure services accompanied by improved hygiene educa-
tion. In particular, the design standards for sanitation infrastruc-
ture used to achieve the 2015 target can have a substantial impact
on the extent to which ecosystems and their services are affected.
Conventional waterborne sewers can dramatically increase per
capita demand for water and thereby exacerbate water stress in
some areas. If untreated, sewer systems can further lead to in-
creased water pollution.

In many regions where access to water supply is currently very
low, there may be a need for additional water storage capacity to
ensure a steady and perennial supply of fresh water. Dams can
have severe adverse impacts on fresh water and other ecosystems
(MA Current State and Trends, Chapter 7; World Commission on
Dams 2000). The WCD has laid out detailed guidelines that can
help prevent unnecessary degradation of ecosystems. Adequate
water demand management can further reduce the need for addi-
tional storage capacity.

19.2.9.4 Conclusions
On balance, achieving the water and sanitation targets will require
an ambitious increase in the number of people provided with
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access to water supply and sanitation each year. The provision of
clean water depends on a number of provisioning and regulating
ecosystem services that will need to be protected in order to en-
sure a regular supply of clean water.

While water scarcity is likely to worsen in some areas, global
freshwater ability appears to be sufficient for achieving the water
and sanitation targets. The overall impact that achieving the 2015
targets may have on water demand and quality depends critically
on appropriate water demand management policies such as pric-
ing that can help contain demand for fresh water beyond the min-
imum basic needs of 20–50 liter per capita. In addition, integrated
governance and institutional frameworks such as basin manage-
ment authorities, IWRM, and other multisectoral approaches to
managing water needs, can reduce pressure on ecosystems and
their services. Finally, the nature of sanitation technologies and
the extent to which they are properly operated can help mitigate
adverse impacts on water quality.

19.2.10 MDG 7: Ensure Environmental
Sustainability, Target 11

Target 11 has two components. The first focuses on slum upgrad-
ing as stated in the text of the MDG Target, ‘‘By 2020, to have
achieved significant improvement in the lives of at least 100 mil-
lion slum dwellers.’’ The second component concentrates on pre-
vention by stopping the formation of slums by 2006 as stated by
the Cities Alliance for Cities without Slums (UN 2000; Annan
2000).

19.2.10.1 Introduction

Today 3 billion people live in urban areas (United Nations 2002),
which is close to 50% of the world’s population, compared with
only 15% in 1900 (Graumann 1977). Urbanization is fundamen-
tally transforming the world: most of the world’s largest cities are
now in Asia, not in Europe or North America. U.N. projections
suggest that urban populations are growing so much faster than
rural populations that 85% of the growth in the world’s popula-
tion between 2000 and 2010 will be in urban areas and virtually
all of this growth will be in Africa, Asia, and Latin America.
Moreover, most of these new urban dwellers are likely to be poor,
resulting in the increasing urbanization of poverty. Slums are a
physical and spatial manifestation of increasing urban poverty and
intra-city inequality.

Slums, like poverty, are multidimensional in nature. Some of
the characteristics of slums, such as access to physical services or
density, can be clearly defined, while others such as social capital
cannot. UN-Habitat proposes that a person whose living condi-
tions suffer from at least one of the following five characteristics
is be considered a ‘‘slum dweller’’:
• inadequate access to safe water,
• inadequate access to sanitation and other infrastructure,
• poor structural quality of housing,
• overcrowding, and
• insecure residential status.

Based on these criteria, it is estimated that currently over 900
million people—roughly one third of the world’s urban popula-
tion—live in slums. More than 70% of the urban population in
least industrial countries and sub-Saharan Africa (UN-HABITAT
2003) lives in slum-like conditions. This number is set to increase
to roughly 2 billion by 2020 unless current trends change substan-
tially. The challenge is particularly acute in sub-Saharan Africa,
where urbanization proceeds at a very high pace.

Of course, these projections are fraught with uncertainty, but
they suggest that in addition to improving the lives of 100 million
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slum dwellers an incremental urban population of up to 1.1 bil-
lion who may otherwise end up living in slum-like conditions
will need to gain access to decent housing, adequate infrastruc-
ture, and basic services. While achieving this target can have im-
portant benefits for HWB in urban areas, it is not clear to what
extent it will have an impact on the rate of urbanization. On
balance, it seems most likely that cities will continue to grow
rapidly, so that by 2020, approximately 4.2 million people corre-
sponding to 56% of the world’s population will live in urban areas
(UN 2001; UN 2002).

19.2.10.2 Dependencies

An analysis of the linkages between slum formation or urbaniza-
tion more broadly and ecosystem services is best disaggregated
according to spatial dimensions. MA Current State and Trends,
Chapter 24, distinguishes interactions between urban systems and
(1) ecosystems contained within the urban areas; (2) adjoining
non-urban ecosystems; and (3) distant ecosystems. Urban systems
including slums depend on a number of ecosystem services,
which they consume. In turn, urbanization and the achievement
of the slum dwellers target will impact on ecosystems, as summa-
rized in Table 19.16.

As shown in MA Current State and Trends, Chapter 24, urban-
ization is not inherently bad for ecosystems. For example, urban
centers can facilitate human access to ecosystem services through,
for example, the scale economies of piped water systems. While
urban demographic and economic growth increases pressures on
ecosystems globally, the same demographic and economic growth
would probably be even more stressful if the same people, with
similar consumption and production patterns, were dispersed over
the rural landscape. Urbanization usually reduces the demand for
land relative to population. Indeed, the world’s current urban
population, corresponding to half the total population, would fit
into an area of 2,000,000 square kilometers—roughly the size of
Senegal or Oman—at densities similar to high-class residential
areas in European cities (Hardoy et al. 2001).

The relatively lower per capita demand for ecosystem services
of people with a given consumption and production pattern tends
to have the highest effect on distant ecosystems. Meanwhile, ad-
verse environmental impacts of urban systems are mostly confined

Table 19.16. Ecosystem Services Contributing to Improving the
Lives of Slum Dwellers

Ecosystem Services in and
around Urban Areas Contributing Ecosystems Directly Influenced
to Meeting the Slum Dwellers by Improving the Lives of Slum
Target Dwellers

provisioning services ecosystems within urban areas (for
• provision of food, clean water, example, grasslands and freshwater

construction materials, and other ecosystems)
ecosystem services freshwater, coastal, and marine eco-

regulating services systems (through increased water
• alter filtration and purification withdrawal and water pollution)
• provision of clean air ecosystems adjoining urban areas
• provision of a healthy urban envi- (through urban expansion, water

ronment and air pollution)
cultural services agroecosystems and other ecosys-
• recreational tems further away from urban sys-
• cultural heritage tems (through demand for food and

other ecosystem services)
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to ecosystems within cities and towns as well as the immediate
hinterland. In general, the most critical environmental burdens of
slums and cities tend to be local, such as inadequate and unsafe
piped water supply, lack of proper sewerage and storm water
drainage, insufficient garbage collection and disposal, indoor air
pollution that results from burning biomass, poor health care ser-
vices, etc. (Bartone et al. 1994; McGranahan and Songsore 1994).
As a result, adjoining ecosystems and those contained within
urban systems experience increased pressure and stress with rising
urbanization and slum formation. For example, increased demand
for water and rising levels of water pollution caused by cities and
slums in particular have adverse effects on freshwater and coastal
ecosystems surrounding urban centers.

The most extreme forms of environmental degradation tend
to be found in slums. Chronic pollution of water sources, high
disease prevalence and deterioration of public health conditions
are common features in many of these illegal urban settlements.
In addition, many slum dwellers reside in protected and/or fragile
areas such as protected watersheds, wetlands located next to rivers
and lagoons, steep hillsides vulnerable to landslides and soil ero-
sion, and mangroves and valleys subject to flooding or tidal inun-
dation. Table 19.17 summarizes the dependencies, as well as the
interventions, synergies, and trade-offs for MDG target 11.

19.2.10.3. Interventions

Meeting target 11 will require a combination of slum upgrading
and prevention of the formation of new slums. Slum upgrading
refers to the provision of basic services such as solid waste disposal,
improved infrastructure including water supply and sanitation,
and improvements in housing. In many cases, successful slum up-
grading requires considerable improvements in the security of
tenure extended to and perceived by the slum dwellers. In addi-

Table 19.17. MDG 7, Target 11: Dependencies, Interventions, Synergies, and Trade-offs for Improving the Lives of Slum Dwellers

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for (benefits to ecosystems/ ecosystems/ecosystem

Target Achieving Target Interventions ecosystem services) services)

Improving the lives no dependencies exist provision of secure tenure slum dwellers will have impact of urban infrastruc-
of slum dwellers stronger incentives to invest in ture (for example, transportextension of urban infrastructure

the improved management of and energy) depends criti-
provision of basic services (for example, the urban ecosystem (for ex- cally on design and imple-
solid waste disposal, transportation, protec- ample, through improved sani- mentation; negative
tion services) tation) impacts can occur if envi-

ronmental needs are notimproved and strengthened institutions for improved sanitation combined
taken into account at theurban management and planning with water treatment can help
outsetcontrol water pollution
reduced availability andimproved waste disposal can
higher prices for the localreduce pressure on urban and
poorrelated water ecosystems

improved institutions for urban
management will strengthen
slum dwellers’ voice in local
decision-making; as a result
local deterioration in ecosys-
tem services will figure more
prominently in decision-
making
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tion to producing dramatic improvements in HWB, slum upgrad-
ing can lessen pressure on freshwater ecosystems, grassland,
forests, and other ecosystems found within urban areas. As a re-
sult, critical ecosystem services such as water purification and dis-
ease control can be maintained and will contribute to improved
human health.

In some instances, improving the lives of slum dwellers may
require the negotiated relocation of urban populations away from
fragile land such as steep slopes or floodplains and other vulnerable
or protected ecosystems within urban areas. Such carefully
planned interventions can generate important improvements in
HWB within cities provided that the communities concerned are
closely involved in the preparation, negotiation, and execution of
resettlements.

Preventing the formation of new slums will require a broad
range of interventions targeted at making land available at mini-
mal cost to low-income households, improving urban planning
and design, and providing adequate access to basic services as well
as infrastructure for transport, energy, water supply, and sanita-
tion. Managing the spatial layout and design of urban agglomera-
tions can help reduce pressure on vulnerable ecosystems such as
adjoining wetlands, riverbanks, or steep slopes.

19.2.10.4. Conclusions

On balance, meeting target 11 will have profound and positive
effects on ecosystems and their services found within and adjoin-
ing to urban areas. Further preventing the formation of new slums
is likely to have an even greater impact on ecosystems and their
services through improving the urban environment and reducing
pollution of water and air. The overall impact of target 11 on rates
of urbanization and total urban demand for ecosystem services is
likely to be limited since the targeted 100 million slum dwellers
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account for only a relatively small share of the total urban popula-
tion.

19.2.11 MDG 8: A Global Partnership for
Development, Targets 12–15

19.2.11.1 Introduction: The Link between MDG 8 and
Ecosystems

The MDGs are meant to address the central challenge we face
today—‘‘to ensure that globalization becomes a positive force for all the
world’s people.’’ Globalization is a multifaceted collection of proc-
esses, a central part of which is the expansion of world trade and
technology. A more open and fair trading system can expand de-
veloping countries’ growth rates, providing revenues needed to
finance MDGs 1 through 7. But least industrial countries, includ-
ing many landlocked, small island, and highly indebted nations,
lack the basic health, education, and infrastructure capacities
needed to adequately access expanded markets and make the most
of more open trade regimes. Table 19.18 summarizes the depend-
encies, interventions, synergies, and trade-offs for targets 12
through 15.

19.2.11.2 Target 12: Develop Further an Open Trading and
Financial System: Including a Commitment to Good
Governance, Development, and Poverty Reduction, both
Nationally and Internationally

What do ecosystems have to do with this? How are ecosystem
services essential to reaching MDG 8, and how may achieving
MDG 8 affect ecosystems? Of the 1.2 billion people living in
extreme poverty on less than $1 per day, approximately 900 mil-
lion live in rural areas and are thus highly dependent on primary
sector economic activities such as agriculture, forestry, and fisher-
ies. Access to markets and expanded trade can lead to increased
incomes for these communities, and greater revenues for develop-
ing countries to achieve MDGs 1 through 7. Meanwhile, high
agriculture subsidies in the industrialized world continue to dis-
tort global market dynamics and promote unsustainable forms of
agriculture in many developing countries, instigating a cycle of
land degradation and loss of ecosystem functions.

But the critical link between MDG 8 and ecosystems is by no
means limited only to those in extreme poverty. There is no ques-
tion that further increases in growth and trade expansion is re-
quired to raise the incomes needed for poverty reduction, food
security, etc., particularly in least developed, landlocked, and small
island nations. However, the aggregate consumption levels of an
expanded global consumer society could soon push critical aspects
of the planet’s life support system over an ‘‘ecological cliff.’’

Equal attention should be placed on countries that may be
progressing well toward the MDGs’ social and economic devel-
opment goals, but in the process are having a relatively larger
impact on global ecosystem functioning. Areas of high biodiver-
sity and critical global ecosystem functions are often located in or
severely affected by such countries. The industrial and developing
countries within WTO that are involved in expanding global
trade patterns, including Brazil, China, the European Union,
India, Indonesia, Japan, Russia, the United States, and various
other countries increasingly drive global ecological change
through their trade policies.

19.2.11.2.1 Policy interventions to achieve target 12 and maintain
ecosystem services

The main factor for understanding the link between trade and
ecosystem services relates to the problem of scale. Unchecked,
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today’s global economy may be five times bigger only one gener-
ation or so hence. Our challenge today is to expand international
trade in a way that does not cause irreparable harm to global eco-
systems. Notable improvements in the efficiency of production
and consumption patterns will be necessary, in both industrial and
developing countries.

The focus of target 12 is not only on more open trade but
also on the rules required to manage such trade with equity and
sustainability, through a process of good governance. What com-
munities need is the space to shape their own path to HWB. The
drive toward expanded growth and trade brings marked changes
to local culture, often relegating traditional local knowledge of
HWB and ecosystems to the background. The ability to engage
excluded communities in the process of globalization will largely
depend on means by which traditional knowledge systems can be
integrated into local growth and human development strategies.
It will also involve greater engagement of the private sector in this
process of creating an inclusive form of globalization, as market-
based development becomes an increasing reality.

19.2.11.2.2 Trade-offs between human development and ecosystem
services

The extent to which ecosystems services are disrupted is an out-
come of policy options, clear trade-offs, and choices. The expan-
sion of trade is often based on the assumption that environmental
impacts will be corrected for as affluence and investments in sus-
tainability increase. But direct links between rising incomes and
improved environmental protection is only relevant for certain
types of pollution, and does not apply to many critical ecosystem
services such as biodiversity and climate regulation, both of which
appear to be proportional to rising consumption levels. In this
regard, proactive regulation is needed to avoid undesirable eco-
logical feedbacks, recognizing the value of such services for un-
derpinning human welfare. Recent estimates place the value of
the world’s ecosystems to be more than the total value of the
world’s economy. There is a need to use ecological valuation
methods to account for the economic values of ecological services
ignored by markets.

Where trade-off mechanisms fall short, the challenge is to en-
sure that a minimum level of ‘‘ecological security’’ is maintained,
based on scientific knowledge of HWB/ecosystem service link-
ages, and preserved without trade off. This would be critical to
ensure a long-term, minimum level of ecological stock to meet
basic human development. Such an ecological security system
could be integrated into trade and finance policies.

19.2.11.3 Targets 13–15: Address the Special Needs of Least
Developed Countries, Landlocked and Small Island Developing
States, and Heavily Indebted Poor Countries

Most least developed countries rely heavily on agriculture for
their socioeconomic well-being, making them directly dependent
on ecosystem services, particularly land and water sustainability.
Many least developed countries suffer from a lack of options be-
yond improving agriculture due to various barriers—inaccessible
markets, lack of infrastructure, lack of private investment, and
underdeveloped value-added industries, to name a few.

Achievement of targets 12 through 15 would reduce tariffs
and subsidies in agricultural products, but even with more open
markets, many communities may well remain excluded from the
losses and benefits. Least developed countries, particularly land-
locked and small island states, are geographically isolated from
large markets, and lack the infrastructure needed for expansion.
Furthermore, many least developed countries now suffer from se-
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Table 19.18. MDG 8, Targets 12–15: Dependencies, Interventions, Synergies, and Trade-offs for Global Partnerships

Links to Ecosystems and Ecosystem Services

Trade-offs
Dependencies on Synergies (threats to other types of
Ecosystems for Achieving (benefits to ecosystems/ ecosystems/ecosystem

Target Target Interventions ecosystem services) services)

Rule-based trading global trade includes significant global and national decision-making improved well-being in terms not applicable
and financial level of products and services processes whereby more just and of non-income aspects of pov-
system derived directly or indirectly effective trade-offs can be made be- erty related to exclusion

from ecosystem goods and tween socioeconomic and ecological provides decision-makers with
services values, including expanded role for quantitative ability to compare

civil society in decision-making proc-global growth depends heavily choices with resulting in-
esseson carrying capacity of planet creases chance of preserving

and ability of trading system to include use of ecological valuation critical ecosystem services in
adapt to temporary or perma- methods for making trade-offs in the long-term
nent disruptions in ecological decision-making processes trade-offs and choices may
goods and services integrate an ecological security sys- well lead to degradation of
negative feedbacks can dam- tem, whereby minimum required level ecosystem services; however,
age sustainability of such sys- of ecosystem services can be pro- core ecosystem services can
tems, thereby jeopardizing long- tected without trade-off, to ensure be preserved
term global economic systemd basic human well-being in long-term addresses fact that ecosys-
global, regional, national, and include approaches to map trade tems know no political and
local trade flows are dependent flow–ecosystem service flow links and trade boundaries so that deci-
on natural flows of ecosystem areas where high trade growth rates sions may be taken with refer-
goods and services, both of collide with critical ecosystem ser- ence to local and global
which are changing rapidly vices scales of ecosystem service

build partnerships among business, and impactmany developing countries rely
government, and civil society to inte-increasingly on foreign direct reduces risk of conflict among
grate ecosystem approach into invest-investments for growth in trade business and civil society if
ment planning at macro (industrialand finance ecosystem services valuable
trade policy) and micro (foreign direct to their well-being are sus-multinational corporations have investment project) levels. tainedan increasing dependence on
establish local learning forums amongecosystem services that may ability to gauge drop in eco-
businesses and partners to developaffect the sustainability of the system services related to
and use benchmarks and indicatorsgoods or services they produce business decisions and take
for monitoring ecosystem service is-or trade corrective actions
sues and exploring lessons for

with increasing role in global and achievement of human well-being
national governance processes,
multinational corporations also
play a significant role in making
trade-offs between commercial
and ecological values

Special needs of LDCs, including landlocked synergies in official development as- prevention of costly or irrepa- not applicable
least developed and small island states, have sistance and debt relief programs to rable change to least devel-
countries high dependence on agricul- ensure ecosystem approach for infra- oped country ecosystems

ture and related ecosystem structure and agricultural expansionLandlocked coun- more sustainable land and
services initiatives, including strategic ecologi-tries, small island water use has benefits related

cal assessment methods for infra-countries these countries lack infrastruc- to other ecosystem services
structure, and sustainable landture (irrigation, energy, roads, as well.Debt sustainability management measures to ensureetc.) needed to take advantage
sustained productivity to stay out ofof expanded markets from a
debt traps.drop in tariffs and subsidies in

industrial countries integrate ecosystem approach into
other macro (structural adjustments,these countries are burdened
poverty/human development strate-by land and water stress
gies) and micro-level (local ODA proj-caused by unsustainable agri-
ects) interventionsculture from decades of low

market access
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rious land and water stresses, and these may well increase should
the pace of global change increase. And open markets are not
enough—increased official development assistance and real debt
relief are required to help finance new infrastructure, and address
land and water issues. Considerable opportunity now exists to
synergize new ODA, debt relief, and innovative ‘‘debt for MDG’’
swaps to ensure that these issues are addressed side by side.

MDG 8 serves to re-focus attention on rural agriculture as a
vital part of achieving human development. This includes in-
creased coordination of ODA to nationally designed and executed
MDG programs. Such programs should use strategic ecological
assessment methods to improve the likelihood of long-term bene-
fits. This would be relevant at macro- (national structural adjust-
ments and poverty reduction/human development strategies) and
micro-levels (local ODA-financed projects).

ODA should focus on agricultural sustainability, as well as in-
frastructure needed in least developed countries to take advantage
of increased market access. New infrastructure will be required,
but should be developed in a way that integrates ecosystem ap-
proaches into grant and lending processes through strategic eco-
logical assessment methods. Sustaining agricultural outputs will
depend on sustainable land and water use, in turn depending on
an array of governance issues—secure access to land, water, and
local markets; access to market information; rural enterprise de-
velopment and credit; and safety-net policies to adapt to market
reform.

19.3 Multi-goal Analysis
The Millennium Development Goals strive to improve human
well-being. Ecosystems provide many of the services needed to
meet these goals, and many ecosystem services and MDGs are
interlinked and interdependent. The previous section considered
a goal-by-goal analysis. Here we consider a multi-goal analysis.
Table 19.19 illustrates all MDGs and targets, and the ecosystem
services needed to achieve those targets. Where there exists a pos-
itive or negative impact, each cell is highlighted in black. General
trade-offs and synergies associated with achieving the 2015 target
are analyzed.

19.3.1 Crosscutting Analysis

How does meeting the target of one or more of the MDGs affect
the ability to meet all 2015 targets?

Achieving target 9 is essential to simultaneously achieving targets
1, 2, 5, 7, 8, and 12–15, as depicted in Table 19.19. Target 9’s
emphasis on integrating principles of sustainable development
corresponds with direct investment in supporting, provisioning,
regulating, and nonmaterial services. Ultimately, simultaneous
contributions will occur with reduced hunger, child deaths, and
disease, and an increase in income levels, trade, and reduced debt.

Can all the targets be met simultaneously?

Meeting all the targets simultaneously may be possible if ecosys-
tem services are maintained and/or protected (in particular provi-
sioning, supporting, and regulating services) and if institutional
capacity building and good governance are initiated. Capacity
building and good governance are essential in achieving the 2015
targets and, in particular, essential to those targets not directly
related to ecosystem services. These targets include gender, edu-
cation, maternal mortality, youth employment, and access to
medicines and technology. By incorporating principles of sustain-
able development into national polices and by integrating MDG
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programs into country strategies such as poverty reduction strat-
egy papers, institutions can be created to address the above targets.

How dependent are the 2015 targets on ecosystems and ecosystem
services?

Targets 1, 2, 5, 7–9, and 12–15 are directly dependent on ecosys-
tem services. It is well-established that these targets cannot be met
without essential ecosystem services such as primary production
and nutrient cycling, food, water purification and regulation, and
erosion control. These benefits and more are the very basics of
survival.

By investing primarily in provisioning, supporting, and regu-
lating services, the targets most likely to be achieved simultaneous
by 2015 are targets 1, 2, 5, 7–9, 12–15. The synergistic effects of
investing in these three ecosystem services are noted among re-
ducing poverty, hunger, child mortality, disease, opening trading
systems, least developed countries, land locked/small island states
and LDC debt. In terms of MDG 1 (eradicating extreme hunger
and poverty), expanded agricultural production, more inputs, and
new technologies such as precision farming will be required to
increase crop yield and promote rural and non-rural employment.
Achieving target 9 requires incorporating sustainable agricultural
policies in areas of international trade and restoration and rehabili-
tation, and training programs to yield greater productivity. With
investment in supporting, provisioning, and regulating services,
this will ensure ecosystems are maintained to provide resilience
and production while increasing quality of life.

Targets 4, 6, 7, and 12–15 require financial and institutional
investment in supporting, provisioning, and regulating services.
The synergistic effects of establishing such investment involves
increasing life expectancy, establishing new markets, reducing
debt and increasing financial instability and contributing to capac-
ity building for decision-making.

The trade-offs incurred by investing in supporting, provision-
ing, and regulating benefits include fewer initiatives in polices and
programs that would be created for nonmaterial benefits. Nonma-
terial benefits provide important meaning to many individuals in
society. In addition, employment is generated through such ser-
vices as recreation and ecotourism. In achieving the 2015 targets,
however, priority in provisioning, supporting, and regulating
services may be substantial in achieving the 2015 targets. These
services are essential to the poor for ensuring entitlements.

A major trade-off is also incurred in infrastructure develop-
ment. Most developing societies will require infrastructure to en-
sure public facilities, distribution channels including roads and
ports, and other building structures. Polices targeted at infrastruc-
ture development may alter natural ecosystems and decision-
makers will have the difficult task of ensuring sustainable princi-
ples and practices are captured.

How can knowledge of the dependency on ecosystems to provide
the services help to achieve the 2015 targets?

Decision-makers have a challenging task of ensuring that the
products and services that the ecosystem provides are constantly
available and maintained while ensuring good governance and
institutional capacity building. Understanding the benefits and the
roles of regulating, provisioning, and supporting services provides
decision-makers with the opportunity to:
• maintain natural ecosystems through sustainable practices to

ensure food and water are readily available for distribution;
• invite new institutions and organizations to aid in the mainte-

nance of ecosystem services and institutional capacity building;
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• create new markets for local and foreign investors and create
employment for rural and non-rural people;

• ensure the protection of ecosystems such as watershed protec-
tion to contribute to disease regulation and fresh water so that
children in particular will live much longer to contribute to
their developing societies;

• invest in technologies that are efficient, nonpolluting, and
cost-effective, such as wastewater treatment technology and
solar and wind technology;

• initiate policies and programs that provide fuel such as biogas
that will benefit women through less physical labor and pro-
vide more access to communication systems;

• initiate policies and programs that reduce deforestation
through agricultural intensification and invest in nursery
planting and restoration programs to achieve a multitude of
benefits including climate regulation and medicinal products.

What are the respective roles and responsibilities of industrial and
developing countries in achieving the 2015 targets?

Principle 7 of the Rio Declaration identifies that the industrial
world must acknowledge its considerable consumption and ex-
ploitation of natural resources. The industrial world, therefore,
can initiate policies and plans that acknowledge its role in mini-
mizing ecosystem services and identify strategies to achieving the
2015 targets. This will include contribution to monitoring, re-
search, and analysis in both industrial and developing countries,
which can be conducted through existing institutions and gover-
nance structures.

Developing countries will benefit in achieving the 2015 tar-
gets by ensuring plans and policies geared at achieving the 2015
targets are integrated vertically and horizontally into national po-
lices such as PRSPs and within governance (high certainty).

19.3.2 Trade-offs and Synergies

Meeting the MDGs by 2015 may cause time trade-offs. The
trade-offs listed below are more concerned with achieving the
2015 deadline than with ensuring sustainable methods of achiev-
ing the MDGs. The trade-offs include:
• As identified above, meeting the food target for MDG 1 by

2015 through unsustainable changes in production such as the
increase in use of pesticides and rapid agriculture intensifica-
tion may meet the target; however, there will be more stress
on the environment and people’s livelihoods. Therefore,
‘‘leapfrogging’’ toward sound ecological sound production
techniques and approaches is needed.

• Plans to achieve all the MDGs by 2015 could be ‘‘rushed,’’
requiring decision-makers to look for policies that are ‘‘one
size fits all.’’ Policies will differ according to the regions in
question and therefore a ‘‘one size fits all’’ approach could be
detrimental to specific ecosystems.

• Plans to achieve MDG 1 through increasing fish aquaculture
by 2015 is one way of increasing fish stocks and reducing
hunger; however, it may also lead to the depletion of various
fish species since aquaculture breeding requires fish as a food
resource.
Correspondingly, general synergistic effects include:

• Investing in watershed protection means benefits to drinking
water and less water-borne disease such as malaria, etc.

• Intensification instead of extensification of agriculture means
reducing expansion of agriculture into forests and the benefits
of doing so include maintenance of resources such as medicine
and other services such as climate regulation.
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• Providing fuel such as biogas for households will benefit
women through less physical labor, as there will be less indoor
and outdoor pollution.

• Increase in access to safe water means healthy and more hy-
gienic environments and people.

19.3.3 Direct and Indirect Impacts

The fulfillment of the 2015 targets (more specifically, of the inter-
ventions made to reach the specified targets for each goal) will
have varied impacts (positive and negative) upon ecosystems and
their resources. Conversely, the current state of the ecosystems
and the availability in quantity and quality of their services may
put additional constraints to, as well as provide opportunities for,
the achievement of the 2015 targets.

The impacts of achieving the 2015 targets upon ecosystems
and their services well include direct effects of the interventions
made, for example, to build schools or apply agrochemicals) but
also a plethora of indirect effects associated with more diffuse proc-
esses (such as capital investment and redistribution, changes in
trade, transportation, economic growth, changes in expectations),
potentially affecting the fulfillment of all goals and the state and
dynamics of many ecosystems and resources. These processes are
also likely to imply a higher throughput of materials through the
world economy, as well as increased energy consumption, result-
ing in higher demands for ecosystem services.

While the specification of the indirect impacts is not feasible
within the time and resource constraints of the MEA (and perhaps
also in principle), those impacts will be very real and must be
included as part of the ecosystem implications of fulfilling the
target. Target 8, in particular, will have mostly indirect impacts
upon ecosystem services.

Regarding the direct impacts, it is important to note that in
general they are not defined by the goals themselves, not even by
the targets, but by the specific menu of interventions chosen to
fulfill them. In other words, for many goals, there are degrees of
freedom in the selection of interventions and their relative
weight; therefore, different strategic choices will have different
balances of negative to positive impacts. In the same vein, differ-
ent regional and local contexts will require different combinations
of interventions to fulfill the goals. In general, it is possible to
organize in all ecosystems interventions such that win–win situa-
tions are attained. Sustainable intensification may explicitly ad-
dress MDG 1, targets 1 and 2 has neutral effects on MDGs 2
through 6, and will have positive effects on MDG 7. It is possible
to look explicitly for such situations and reduce or limit negative
effects on ecosystems.

19.4 Discussion
Clearly, achieving each 2015 target requires a multitude of inputs,
while in turn each input can contribute to more than one goal.
In their current formulation, the MDGs do not set explicit targets
for several broad categories of inputs that are critical for their
achievement. Examples include good governance, secondary ed-
ucation, and energy and transport services. Since the latter two
exhibit strong dependencies and trade-offs with ecosystem ser-
vices, they are discussed briefly here.

19.4.1 Energy Services

Improved energy services are a necessary input for achieving most
MDGs. In many cases a shift toward modern sources of energy
such as clean fuels for cooking and space heating, as well as elec-
tricity, is required for meeting the following goals: 1 (eradicating

................. 11430$ CH19 10-21-05 14:14:42 PS



581Implications for Achieving the Millennium Development Goals

extreme poverty and hunger), 3 (promoting gender equality and
empowering women), 4 (reducing child mortality), 5(improving
maternal health), and 7 (ensuring environmental sustainability).

At the household level, clean energy can improve health and
general well-being, particularly of women and children, by low-
ering indoor-air pollution levels associated with the use of bio-
mass and solid fuels, which currently account for 1.6 million
deaths each year—a death toll that exceeds the global health bur-
den caused by malaria (WHO 2002). Improved energy services
also reduce the burden on women and young girls who often
spend several hours each day gathering biomass for cooking and
thus free up time for their participation in education and income-
generation activities. It follows that energy services are central to
the achievements of the 2015 targets even though no individual
goal addresses them explicitly.

Energy supply in low-income countries depends critically on
the provisioning services such as primary production of firewood
and other biomass, provided by a broad range of ecosystems in-
cluding drylands, forests, and cultivated ecosystems. Worldwide,
2.4 billion people burn wood, charcoal, dung, or crop residues
for cooking and heating (International Energy Agency 2002). In
many poor countries, biomass accounts for 90% of household en-
ergy consumption. Hence, ecosystem services not only sustain en-
ergy supply in low-income countries, but they are also critically
affected by the predominant choice of energy carrier and aggre-
gate consumption levels.

A lot of controversy has surrounded the link between fuel-
wood use and deforestation (MA Current State and Trends, Chapter
9). While the relationship between both is extremely complex
and data continue to be sparse, recent evidence suggests that the
extent of deforestation caused by wood-based energy services is
less severe than thought in the past (Arnold et al. 2003). Global
demand for fuelwood appears to have peaked, while demand for
charcoal continues to grow in many areas. In Africa and South
America, the combined per capita consumption of wood and
charcoal is stagnating while it is declining in most parts of Asia
(Arnold et al. 2003).

These aggregate figures, however, mask important local varia-
tion. Particularly in the vicinity of urban areas, where total con-
sumption of charcoal and wood is high and continues to increase
in line with rapid population growth, the impact on ecosystems
and the services they provide can be very severe. In light of rapid
growth of urban populations in Africa and most other parts of the
developing world, this problem is likely to be exacerbated over
the coming years.

To meet the 2015 targets, access to improved cookstoves and
adequate ventilation of homes and kitchens will need to be im-
proved. In the medium term, the transition from biomass and
other solid fuels toward improved fuels or solar efficient technol-
ogy will need to be accelerated through improving access to liq-
uid petroleum gas and other fuels that result in lower indoor air
pollution. This shift will be necessary to meet several 2015 targets,
including the ones on health, gender equality, and environmental
sustainability, while at the same time providing a sufficient energy
supply for expanding per capita consumption as incomes and rates
of urbanization continue to grow on low-income countries. Crit-
ically, moving up the energy ladder will lessen the growing pres-
sure on ecosystems that provide fuel for rapidly growing cities.

Perhaps the most important global impact of energy con-
sumption is long-term climate change caused by unsustainable
emission levels of greenhouse gases. While most of these emis-
sions are caused by rich countries, emission levels in many devel-
oping countries are growing rapidly. However, per capita energy
consumption in the ‘‘top priority’’ and ‘‘high priority’’ countries
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identified in the Human Development Report 2003 continues to be
only a fraction of rich countries’ consumption levels (UNDP
2003). Shifting toward fossil fuels in these countries, though not
desirable in the long term, will not have any substantial effect on
global emissions of greenhouse gases. In cases where renewable
non-biomass energy sources such as solar or hydro are not avail-
able and commercially viable, the shift away from biomass toward
cleaner fossil fuels for cooking and heating in low-income coun-
tries can help reduce pressure on ecosystems.

19.4.2 Transport Services

Improvements in transport services such as road and rail transport,
shipping services, as well as air transport, play an important role in
meeting the 2015 targets. These services are required to provide
effective access to social services such as emergency obstetric care;
lower the household transport burden and reduce time poverty,
especially of women and young girls; reduce the cost of agricul-
tural inputs and raise farmgate prices for produce; facilitate the
creation of export-based manufacturing and service industries in-
cluding tourism; and increase the size of the captive market for
the local private sector by lowering transport costs. In summary,
improved transport services are necessary for achieving the 2015
targets including target 1, reducing income poverty.

It is no coincidence that many of the regions that are furthest
away from meeting the 2015 targets also have extremely low lev-
els of transport infrastructure. For example, sub-Saharan Africa
has a mere 0.23 kilometers of paved roads per 1,000 people, while
the average road density for South Asia is 1.08 kilometers per
1,000 people. Combined with the small size of African vehicle
fleets, this results in transport costs that are much higher than in
typical Asian countries and constitutes a major obstacle to reduc-
ing poverty.

Improving transport services to meet the 2015 targets will re-
quire substantial public investments in transport infrastructure, in-
cluding roads, ports, and rail networks. Such investments will
need to be complemented by policies and institutions that pro-
mote the promulgation of motorized vehicles and intermediate
means of transport such as bicycles, animal carts, etc. For example,
effective access to microcredit can play a critical role in improving
access to means of transport.

However, improved transport infrastructure can have adverse
impacts on ecosystems and the services they provide through eco-
system fragmentation, the opening of ecosystems to human settle-
ment and exploitation, or increases in transport-related emissions
of greenhouse gases. In particular, the construction of new road
networks into areas of high biodiversity with very low human
population densities (for example, tropical forests in the Amazon,
Congo basin, Borneo, etc.) is likely to lead to an accelerated deg-
radation of these ecosystems and their services. In comparison, the
upgrading of roads in relatively densely populated areas consisting
predominantly of cultivated ecosystems is likely to have limited
adverse environmental impacts.

In all likelihood, this trade-off between HWB and the protec-
tion of ecosystems cannot be easily overcome and therefore needs
to be managed appropriately to balance between the competing
needs of humans and the environment. One way of achieving this
is through environmental impact assessment in which the trade-
offs of construction and upgrading of transport infrastructure is
examined. This can be achieved through subjecting the construc-
tion and upgrading of transport infrastructure to environmental
impact assessments.

19.4.3 Strengthening Capacity for Policy-making

Response options in this chapter have been identified as interven-
tions under each goal. Essentially they are interventions that en-
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courage education and knowledge sharing and direct investment
or expenditure. In conjunction with those interventions identi-
fied by the United Nations Millennium Project, each will depend
on the capacity of local and national governance and institutions
to execute them (Chapter 4).

An important finding of the MA Scenarios is that while ecosys-
tem goods and services will decrease globally, HWB will generally
increase in all the scenarios (MA Scenarios, Chapter 13). A major
reason for a global increase in HWB is due to strengthened insti-
tutions at various scales (MA Scenarios, Chapter 11; MA Current
State and Trends, Chapter 28). In particular, the strengthening of
local governance can lead to avoiding loss of ecosystem services
and biological diversity, through the implementation of effective
monitoring systems (MA Scenarios, Chapter 14).

Strengthening institutions and governance is also positively
correlated with improvement of performance within the private
sector, service delivery sectors, and macroeconomic management
(World Bank and IMF 2004). Achieving the 2015 targets, there-
fore, depends on the capacity of institutions and governance to
effectively implement interventions that will most likely aid in
achieving the 2015 targets (high certainty).

Addressing the goals collectively may require an integrative
approach in which policy linkages are drawn horizontally and
vertically, within ministries and agencies and across stakeholders
from civil society, government, and private sector. (See Chapter
14.) It would also mean that the trade-offs and interventions asso-
ciated with each goal are addressed by all stakeholders and en-
dorsed into policy- and decision-making.

It is also well-established that achieving the 2015 targets will
require existing institutions and governance structures in the de-
veloped world to address and execute immediate concerns affect-
ing ecosystem services such as overconsumption.

19.5 Conclusion
The MDG chapter established the importance of ecosystem ser-
vices to HWB in terms of specific goals, primarily poverty, hun-
ger, gender, child mortality, disease, and water. Goals such as
education, maternal mortality, sustainable development, and
global partnerships have less direct links to ecosystem services.

The goal-by-goal analysis provided a qualitative assessment of
how ecosystem services will respond to interventions. The list
of trade-offs and synergies identified in the multi-goal analysis
highlights the positive and negative impacts on ecosystems, ser-
vices, and people of achieving the goals.

19.5.1 Specific Conclusions

• The achievement of targets 1 and 2, of MDG 1 (eradicate
extreme poverty and hunger), is probably the best condition
for maintaining ecosystems. Appropriate use and management
of ecosystems requires the breaking of unsustainability spirals
due to poverty.

• MDGs 2 through 6 are only indirectly affected by ecosystem
services and ecosystem management. These indirect effects
are, however, very important for the well-being of humans
and that has considerable impact on the functioning of ecosys-
tems and their continuity.

• MDG 7 is directly related to management of ecosystems. The
chapter shows how various human activities such as energy
use, transport, mobility, food production, etc., affect ecosys-
tems. A drastic increase of efficiency in the use of land, energy,
and natural resources is required to change the mega trend of
enormous increase of the use of scarce resources. Many exam-
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ples in the chapter illustrate the way ecosystems may be uti-
lized to fulfill human objectives, but careful management and
clear political choices at all integration levels are then re-
quired.

19.5.2 Key Messages

• The goals are inherently linked (whether directly or indi-
rectly) to ecosystem services. The management of ecosystem
services and the drawing of continuous links to HWB will
therefore provide synergistic effects that will aid countries and
regions of the world to get back on track to meeting the goals
(high certainty).

• The interventions identified within the goal-by-goal analysis
to reduce natural resource degradation and protect ecosystem
services are key to achieving the MDGs. The final impact
of fulfilling the goals will depend upon the specific menu of
operational options (interventions) selected, and upon the
ecological and societal local context. Some interventions,
however, are more sustainable than others.

• The achievement of the MDGs will be dependent on the in-
terventions used, the social and ecological context, and the
consideration of spatial and temporal issues. For example,
labor-intensive employment may lead to a reduction of pov-
erty and extreme hunger in specific regions of the world such
as Africa. The achievement of various MDGs is working in
the same direction. To produce more with less is doable, but
needs political will and support of the political leaders.

• Some interventions will provide considerable intensification.
At present, there is no action plan to reach these MDGs. The
various task forces that report next year may help, but for
MDGs 1 and 7, the MDG panel is willing to take the lead.

Knowledge gaps are evident within the findings. Strength-
ening local and national institutions and governance is one
way to ensure the implementation of monitoring systems that
provide data on specific indicators of ecosystem services.

19.5.3 A Research Agenda

As a result of our findings, a research agenda is proposed with the
following priorities:
• The relationship between the MDGs and the MA should be

explicitly addressed in studies and research programs; there
should be a clear responsibility at the highest level of the
United Nations to achieve this.

• The industrial world should contribute more to investigations,
analysis, and research programs in developing countries; they
can do this directly through research organizations and also by
building new alliances (InterAcademy Council Report 1 and
2 2004)

• The following specific research issues should be addressed: (1)
analyses and quantitative methodology should be applied to
further define the relationship between ecosystems, ecosystem
services, and HWB; (2) the relationship of energy, transporta-
tion, and ecosystem services toward meeting the MDG targets
should be further explored; and (3) research should be under-
taken on the resilience of ecosystems under pressure from
overpopulation and/or increasing human drives for material
goods.

• Studies aiming at systems innovation, including all aspects of
ecosystems behavior, should be initiated for the most fragile
and most threatened ecosystems. Specifically, research is
needed in international agricultural research institutions on
futher use and intensification of agroecosystems with minimi-
zation of environmental side effects.
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• Many examples of applied technology introduced in the 1900s
should be reintroduced. It is now time for a considerable in-
crease in the introduction of appropriate technology.
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Color Maps and Figures

Figure 9.2. Estimated Total Inorganic Nitrogen Deposition, Wet and Dry, in 1860, Early 1990s, and Projected for 2050 (milligrams of
nitrogen per square meter per year) (Galloway et al. 2004)
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Figure 13.1. The Global Climate Models for the Twenty-first Century. The global climate in this century will depend on natural changes
and the response of the climate system to human activities. Climate models project the response of many variables—such as increases in
global surface temperature and sea level—to various scenarios of greenhouse gases and other human-related emissions. Graph A shows
the carbon dioxide emissions of the six illustrative SRES scenarios; B shows the projected carbon dioxide concentrations; C shows anthropo-
genic sulfur dioxide emissions. Emissions of other greenhouse gases and aerosols were included in the model but are not shown in the
figures. D and E show the temperature and sea level responses, respectively.
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Figure 13.2. Reasons for Concern about Projected Climate Change Impacts. The risks of adverse impacts from climate change increase
with the magnitude of climate change. The left part of the figure displays the observed temperature increase relative to 1990 and the range
of projected temperature increase after 1990 as estimated by Working Group I of the IPCC for scenarios from the Special Report on Emissions
Scenarios. The middle panel displays conceptualizations of five reasons for concern regarding climate change risks evolving through 2100.
White indicates neutral or small negative or positive impacts or risks, yellow indicates negative impacts for some systems or low risks, and
red means negative impacts or risks that are more widespread and/or greater in magnitude. The assessment of impacts or risks takes into
account only the magnitude of change and not the rate of change. Global mean annual temperature change is used in the figure as a proxy
for the magnitude of climate change, but projected impacts will be the function of, among other factors, the magnitude and rate of global and
regional changes in mean climate, climate variability and extreme climate phenomena, social land economic conditions, and adaptations. The
right panel shows estimates of global mean temperature change by 2100 relative to 1990 for scenarios that would lead to stabilization of the
atmospheric concentration of carbon dioxide, as well as the full set of SRES projections, which are shown in the left panel. As shown in Table
13.1, the equilibrium changes in temperature associated with each of these stabilization levels is significantly higher than the projected
increase by 2100, for example, stabilization at 750 ppm is projected to result in an increase of 2.8–7.0C, compared to an increase of 1.9–3.4C
by 2100. Reasons for Concern: A. Risks to Unique and Threatened Systems: Extinction of species, loss of unique habitats and coastal
wetlands, and bleaching and death of coral; B. Risks from Extreme Climate Events: Health, property, and environmental impacts from
increased frequency and intensity of some climate extremes; C. Distribution of Impacts: Cereal crop yield changes that vary from increases
to decreases across regions but that are estimated to decrease in most tropical and sub-tropical regions; decrease in water availability in
some water-stressed countries, increase in others; greater risks to health in developing countries than in industrial countries; net market
sector losses estimated for many developing countries; mixed effects estimated for industrial countries up to a few degrees warming and
negative effects for greater warming; D. Aggregate Impacts: Estimates of globally aggregated net market sector impacts are positive and
negative up to few degrees warming and negative for greater warming. More people adversely affected than beneficially affected even for
warming of less than a few degrees; E. Risks from Future Large-Scale Discontinuities: Significant slowing of thermohaline circulation possible
by 2100; melting and collapse of ice sheets adding substantially to sea level rise (very low probability before 2100; likelihood higher on multi-
century time scale).
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Figure 13.5. Projections of GDP Losses and Marginal Costs in Industrial Countries in 2010. The reductions in projected GDP are for
2010 relative to the models’ reference case GDP. These estimates are based on results from nine modeling teams that participated in the
Energy Modeling Forum study. The models examined two scenarios. In the first, each region makes the prescribed reduction with only
domestic trading in carbon emissions. In the second, Annex B trading (i.e., includes countries with economies in transition) is permitted, and
thereby marginal costs are equal across regions.

PAGE 589................. 11430$ APPA 10-21-05 14:05:42 PS



590 Ecosystems and Human Well-being: Policy Responses

Figure 13.6. Projected Costs of Stabilizing Carbon Dioxide Concentrations. The mitigation costs (1990 US dollars, present value dis-
counted at 5% per year for the period 1990–2100) of stabilizing carbon dioxide concentrations at 450 to 750 ppmv are calculated using three
global models, based on different model-dependent baselines. Avoided impacts of climate change are not included. In each instance, costs
were calculated based on two emissions pathways for achieving the prescribed target (S and WRE). The bars show cumulative carbon
emissions between the years 1990 and 2100. Cumulative future emissions until the carbon budget ceiling is reached are reported above the
bars in Gt C.
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AI aridity index
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E/MSY extinctions per million species per year
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IIASA International Institute for Applied Systems Analysis

IK indigenous knowledge

ILO International Labour Organization

IMF International Monetary Fund

IMPACT International Model for Policy Analysis of Agricultural
Commodities and Trade

IMR infant mortality rate

INESI International Network of Sustainability Initiatives
(hypothetical, in Scenarios)

INTA Instituto Nacional de Tecnologı́a Agropecuaria
(Argentina)

IPAT impact of population, affluence, technology

IPCC Intergovernmental Panel on Climate Change

IPM integrated pest management

IPR intellectual property rights

IRBM integrated river basin management

ISEH International Society for Ecosystem Health

ISO International Organization for Standardization

ITPGR International Treaty on Plant Genetic Resources for
Food and Agriculture

ITQs individual transferable quotas

ITTO International Tropical Timber Organization

IUCN World Conservation Union

IUU illegal, unregulated, and unreported (fishing)

IVM integrated vector management
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IWMI International Water Management Institute

IWRM integrated water resources management

JDSD Johannesburg Declaration on Sustainable Development

JI joint implementation

JMP Joint Monitoring Program

LAC Latin America and the Caribbean

LAI leaf area index

LARD livelihood approaches to rural development

LDC least developed country

LEK local ecological knowledge

LME large marine ecosystems

LPI Living Planet Index

LSMS Living Standards Measurement Study

LULUCF land use, land use change, and forestry

MA Millennium Ecosystem Assessment

MAI mean annual increments

MBI market-based instruments

MCA multicriteria analysis

MDG Millennium Development Goal

MEA multilateral environmental agreement

MENA Middle East and North Africa

MER market exchange rate

MHC major histocompatibility complex

MICS multiple indicator cluster surveys

MIT Massachusetts Institute of Technology

MPA marine protected area

MSVPA multispecies virtual population analysis

NAP National Action Program (of desertification convention)

NBP net biome productivity

NCD noncommunicable disease

NCS National Conservation Strategy

NCSD national council for sustainable development

NDVI normalized difference vegetation index

NE effective size of a population

NEAP national environmental action plan

NEP new ecological paradigm; also net ecosystem
productivity

NEPAD New Partnership for Africa’s Development

NFAP National Forestry Action Plan
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NFP national forest programs

NGO nongovernmental organization

NIH National Institutes of Health (United States)

NMHC non-methane hydrocarbons

NOAA National Oceanographic and Atmospheric
Administration (United States)

NPP net primary productivity

NSSD national strategies for sustainable development

NUE nitrogen use efficiency

NWFP non-wood forest product

ODA official development assistance

OECD Organisation for Economic Co-operation and
Development

OSB oriented strand board

OWL other wooded land

PA protected area

PAH polycyclic aromatic hydrocarbons

PCBs polychlorinated biphenyls

PEM protein energy malnutrition

PES payment for environmental (or ecosystem) services

PFT plant functional type

PNG Papua New Guinea

POPs persistent organic pollutants

PPA participatory poverty assessment

ppb parts per billion

PPI potential Pareto improvement

ppm parts per million

ppmv parts per million by volume

PPP purchasing power parity; also public-private partnership

ppt parts per thousand

PQLI Physical Quality of Life Index

PRA participatory rural appraisal

PRSP Poverty Reduction Strategy Paper

PSE producer support estimate

PVA population viability analysis

RANWA Research and Action in Natural Wealth Administration

RBO river basin organization

RIDES Recursos e Investigación para el Desarrollo Sustentable
(Chile)

RIL reduced impact logging

RLI Red List Index

RO reverse osmosis
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RRA rapid rural appraisal

RUE rain use efficiency

SADC Southern African Development Community

SADCC Southern African Development Coordination
Conference

SAfMA Southern African Millennium Ecosystem Assessment

SAP structural adjustment program

SAR species-area relationship

SARS severe acute respiratory syndrome

SBSTTA Subsidiary Body on Scientific, Technical and
Technological Advice (of CBD)

SEA strategic environmental assessment

SEME simple empirical models for eutrophication

SES social-ecological system

SFM sustainable forest management

SIDS small island developing states

SMS safe minimum standard

SOM soil organic matter

SRES Special Report on Emissions Scenarios (of the IPCC)

SSC Species Survival Commission (of IUCN)

SWAP sector-wide approach

TAC total allowable catch

TBT tributyltin

TC travel cost

TCM travel cost method

TDR tradable development rights

TDS total dissolved solids

TEIA transboundary environmental impact assessment

TEK traditional ecological knowledge

TEM terrestrial ecosystem model

TESEO Treaty Enforcement Services Using Earth Observation

TEV total economic value

TFAP Tropical Forests Action Plan

TFP total factor productivity

TFR total fertility rate

Tg teragram (1012 grams)

TK traditional knowledge

TMDL total maximum daily load

TOF trees outside of forests

TRIPS Trade-Related Aspects of Intellectual Property Rights
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TSU Technical Support Unit

TW terawatt

UMD University of Maryland

UNCCD United Nations Convention to Combat Desertification

UNCED United Nations Conference on Environment and
Development

UNCLOS United Nations Convention on the Law of the Sea

UNDP United Nations Development Programme

UNECE United Nations Economic Commission for Europe

UNEP United Nations Environment Programme

UNESCO United Nations Educational, Scientific and Cultural
Organization

UNFCCC United Nations Framework Convention on Climate
Change

UNIDO United Nations Industrial Development Organization

UNRO United Nations Regional Organization (hypothetical
body, in Scenarios)

UNSO UNDP’s Office to Combat Desertification and Drought

USAID U.S. Agency for International Development

USDA U.S. Department of Agriculture

VOC volatile organic compound

VW virtual water

WBCSD World Business Council for Sustainable Development

WCD World Commission on Dams

WCED World Commission on Environment and Development

WCMC World Conservation Monitoring Centre (of UNEP)

WFP World Food Programme

WHO World Health Organization

WIPO World Intellectual Property Organization

WISP weighted index of social progress

WMO World Meteorological Organization

WPI Water Poverty Index

WRF white rot fungi

WSSD World Summit on Sustainable Development

wta withdrawals-to-availability ratio (of water)

WTA willingness to accept compensation

WTO World Trade Organization

WTP willingness to pay

WWAP World Water Assessment Programme

WWF World Wide Fund for Nature

WWV World Water Vision
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Glossary

Abatement cost: See Marginal abatement cost.
Abundance: The total number of individuals of a taxon or taxa in an

area, population, or community. Relative abundance refers to the
total number of individuals of one taxon compared with the total
number of individuals of all other taxa in an area, volume, or com-
munity.

Active adaptive management: See Adaptive management.
Adaptation: Adjustment in natural or human systems to a new or

changing environment. Various types of adaptation can be distin-
guished, including anticipatory and reactive adaptation, private and
public adaptation, and autonomous and planned adaptation.

Adaptive capacity: The general ability of institutions, systems, and
individuals to adjust to potential damage, to take advantage of op-
portunities, or to cope with the consequences.

Adaptive management: A systematic process for continually improv-
ing management policies and practices by learning from the out-
comes of previously employed policies and practices. In active
adaptive management, management is treated as a deliberate experi-
ment for purposes of learning.

Afforestation: Planting of forests on land that has historically not con-
tained forests. (Compare Reforestation.)

Agrobiodiversity: The diversity of plants, insects, and soil biota found
in cultivated systems.

Agroforestry systems: Mixed systems of crops and trees providing
wood, non-wood forest products, food, fuel, fodder, and shelter.

Albedo: A measure of the degree to which a surface or object reflects
solar radiation.

Alien species: Species introduced outside its normal distribution.
Alien invasive species: See Invasive alien species.
Aquaculture: Breeding and rearing of fish, shellfish, or plants in ponds,

enclosures, or other forms of confinement in fresh or marine waters
for the direct harvest of the product.

Benefits transfer approach: Economic valuation approach in which
estimates obtained (by whatever method) in one context are used to
estimate values in a different context.

Binding constraints: Political, social, economic, institutional, or eco-
logical factors that rule out a particular response.

Biodiversity (a contraction of biological diversity): The variability
among living organisms from all sources, including terrestrial, ma-
rine, and other aquatic ecosystems and the ecological complexes of
which they are part. Biodiversity includes diversity within species,
between species, and between ecosystems.

Biodiversity regulation: The regulation of ecosystem processes and
services by the different components of biodiversity.

Biogeographic realm: A large spatial region, within which ecosys-
tems share a broadly similar biota. Eight terrestrial biogeographic
realms are typically recognized, corresponding roughly to continents
(e.g., Afrotropical realm).

Biological diversity: See Biodiversity.
Biomass: The mass of tissues in living organisms in a population, eco-

system, or spatial unit.
Biome: The largest unit of ecological classification that is convenient

to recognize below the entire globe. Terrestrial biomes are typically
based on dominant vegetation structure (e.g., forest, grassland). Eco-
systems within a biome function in a broadly similar way, although
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they may have very different species composition. For example, all
forests share certain properties regarding nutrient cycling, distur-
bance, and biomass that are different from the properties of grass-
lands. Marine biomes are typically based on biogeochemical
properties. The WWF biome classification is used in the MA.

Bioprospecting: The exploration of biodiversity for genetic and bio-
chemical resources of social or commercial value.

Biotechnology: Any technological application that uses biological sys-
tems, living organisms, or derivatives thereof to make or modify
products or processes for specific use.

Biotic homogenization: Process by which the differences between
biotic communities in different areas are on average reduced.

Blueprint approaches: Approaches that are designed to be applicable
in a wider set of circumstances and that are not context-specific or
sensitive to local conditions.

Boundary organizations: Public or private organizations that synthe-
size and translate scientific research and explore its policy implica-
tions to help bridge the gap between science and decision-making.

Bridging organizations: Organizations that facilitate, and offer an
arena for, stakeholder collaboration, trust-building, and conflict res-
olution.

Capability: The combinations of doings and beings from which people
can choose to lead the kind of life they value. Basic capability is the
capability to meet a basic need.

Capacity building: A process of strengthening or developing human
resources, institutions, organizations, or networks. Also referred to
as capacity development or capacity enhancement.

Capital value (of an ecosystem): The present value of the stream of
ecosystem services that an ecosystem will generate under a particular
management or institutional regime.

Capture fisheries: See Fishery.
Carbon sequestration: The process of increasing the carbon content

of a reservoir other than the atmosphere.
Cascading interaction: See Trophic cascade.
Catch: The number or weight of all fish caught by fishing operations,

whether the fish are landed or not.
Coastal system: Systems containing terrestrial areas dominated by

ocean influences of tides and marine aerosols, plus nearshore marine
areas. The inland extent of coastal ecosystems is the line where land-
based influences dominate, up to a maximum of 100 kilometers
from the coastline or 100-meter elevation (whichever is closer to
the sea), and the outward extent is the 50-meter-depth contour. See
also System.

Collaborative (or joint) forest management: Community-based
management of forests, where resource tenure by local communities
is secured.

Common pool resource: A valued natural or human-made resource
or facility in which one person’s use subtracts from another’s use and
where it is often necessary but difficult to exclude potential users
from the resource. (Compare Common property resource.)

Common property management system: The institutions (i.e., sets
of rules) that define and regulate the use rights for common pool
resources. Not the same as an open access system.

Common property resource: A good or service shared by a well-
defined community. (Compare Common pool resource.)
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Community (ecological): An assemblage of species occurring in the
same space or time, often linked by biotic interactions such as com-
petition or predation.

Community (human, local): A collection of human beings who
have something in common. A local community is a fairly small
group of people who share a common place of residence and a set
of institutions based on this fact, but the word ‘community’ is also
used to refer to larger collections of people who have something else
in common (e.g., national community, donor community).

Condition of an ecosystem: The capacity of an ecosystem to yield
services, relative to its potential capacity.

Condition of an ecosystem service: The capacity of an ecosystem
service to yield benefits to people, relative to its potential capacity.

Constituents of well-being: The experiential aspects of well-being,
such as health, happiness, and freedom to be and do, and, more
broadly, basic liberties.

Consumptive use: The reduction in the quantity or quality of a good
available for other users due to consumption.

Contingent valuation: Economic valuation technique based on a sur-
vey of how much respondents would be willing to pay for specified
benefits.

Core dataset: Data sets designated to have wide potential application
throughout the Millennium Ecosystem Assessment process. They
include land use, land cover, climate, and population data sets.

Cost-benefit analysis: A technique designed to determine the feasibil-
ity of a project or plan by quantifying its costs and benefits.

Cost-effectiveness analysis: Analysis to identify the least cost option
that meets a particular goal.

Critically endangered species: Species that face an extremely high
risk of extinction in the wild. See also Threatened species.

Cross-scale feedback: A process in which effects of some action are
transmitted from a smaller spatial extent to a larger one, or vice
versa. For example, a global policy may constrain the flexibility of a
local region to use certain response options to environmental
change, or a local agricultural pest outbreak may affect regional food
supply.

Cultivar (a contraction of cultivated variety): A variety of a plant devel-
oped from a natural species and maintained under cultivation.

Cultivated system: Areas of landscape or seascape actively managed
for the production of food, feed, fiber, or biofuels.

Cultural landscape: See Landscape.
Cultural services: The nonmaterial benefits people obtain from eco-

systems through spiritual enrichment, cognitive development, re-
flection, recreation, and aesthetic experience, including, e.g.,
knowledge systems, social relations, and aesthetic values.

Decision analytical framework: A coherent set of concepts and pro-
cedures aimed at synthesizing available information to help policy-
makers assess consequences of various decision options. DAFs orga-
nize the relevant information in a suitable framework, apply decision
criteria (both based on some paradigms or theories), and thus iden-
tify options that are better than others under the assumptions charac-
terizing the analytical framework and the application at hand.

Decision-maker: A person whose decisions, and the actions that fol-
low from them, can influence a condition, process, or issue under
consideration.

Decomposition: The ecological process carried out primarily by mi-
crobes that leads to a transformation of dead organic matter into
inorganic mater.

Deforestation: Conversion of forest to non-forest.
Degradation of an ecosystem service: For provisioning services, de-

creased production of the service through changes in area over
which the services is provided, or decreased production per unit
area. For regulating and supporting services, a reduction in the benefits
obtained from the service, either through a change in the service or
through human pressures on the service exceeding its limits. For
cultural services, a change in the ecosystem features that decreases the
cultural benefits provided by the ecosystem.

Degradation of ecosystems: A persistent reduction in the capacity to
provide ecosystem services.
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Desertification: land degradation in drylands resulting from various
factors, including climatic variations and human activities.

Determinants of well-being: Inputs into the production of well-
being, such as food, clothing, potable water, and access to knowl-
edge and information.

Direct use value (of ecosystems): The benefits derived from the ser-
vices provided by an ecosystem that are used directly by an eco-
nomic agent. These include consumptive uses (e.g., harvesting
goods) and nonconsumptive uses (e.g., enjoyment of scenic beauty).
Agents are often physically present in an ecosystem to receive direct
use value. (Compare Indirect use value.)

Disability-adjusted life years: The sum of years of life lost due to
premature death and illness, taking into account the age of death
compared with natural life expectancy and the number of years of
life lived with a disability. The measure of number of years lived
with the disability considers the duration of the disease, weighted by
a measure of the severity of the disease.

Diversity: The variety and relative abundance of different entities in a
sample.

Driver: Any natural or human-induced factor that directly or indirectly
causes a change in an ecosystem.

Driver, direct: A driver that unequivocally influences ecosystem proc-
esses and can therefore be identified and measured to differing de-
grees of accuracy. (Compare Driver, indirect.)

Driver, endogenous: A driver whose magnitude can be influenced by
the decision-maker. Whether a driver is exogenous or endogenous
depends on the organizational scale. Some drivers (e.g., prices) are
exogenous to a decision-maker at one level (a farmer) but endoge-
nous at other levels (the nation-state). (Compare Driver, exogenous.)

Driver, exogenous: A driver that cannot be altered by the decision-
maker. (Compare Driver, endogenous.)

Driver, indirect: A driver that operates by altering the level or rate of
change of one or more direct drivers. (Compare Driver, direct.)

Drylands: See Dryland system.
Dryland system: Areas characterized by lack of water, which con-

strains the two major interlinked services of the system: primary pro-
duction and nutrient cycling. Four dryland subtypes are widely
recognized: dry sub-humid, semiarid, arid, and hyperarid, showing
an increasing level of aridity or moisture deficit. See also System.

Ecological character: See Ecosystem properties.
Ecological degradation: See Degradation of ecosystems.
Ecological footprint: An index of the area of productive land and

aquatic ecosystems required to produce the resources used and to
assimilate the wastes produced by a defined population at a specified
material standard of living, wherever on Earth that land may be lo-
cated.

Ecological security: A condition of ecological safety that ensures ac-
cess to a sustainable flow of provisioning, regulating, and cultural
services needed by local communities to meet their basic capabilities.

Ecological surprises: unexpected—and often disproportionately
large—consequence of changes in the abiotic (e.g., climate, distur-
bance) or biotic (e.g., invasions, pathogens) environment.

Ecosystem: A dynamic complex of plant, animal, and microorganism
communities and their non-living environment interacting as a
functional unit.

Ecosystem approach: A strategy for the integrated management of
land, water, and living resources that promotes conservation and sus-
tainable use. An ecosystem approach is based on the application of
appropriate scientific methods focused on levels of biological organi-
zation, which encompass the essential structure, processes, functions,
and interactions among organisms and their environment. It recog-
nizes that humans, with their cultural diversity, are an integral com-
ponent of many ecosystems.

Ecosystem assessment: A social process through which the findings
of science concerning the causes of ecosystem change, their conse-
quences for human well-being, and management and policy options
are brought to bear on the needs of decision-makers.

Ecosystem boundary: The spatial delimitation of an ecosystem, typi-
cally based on discontinuities in the distribution of organisms, the
biophysical environment (soil types, drainage basins, depth in a
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water body), and spatial interactions (home ranges, migration pat-
terns, fluxes of matter).

Ecosystem change: Any variation in the state, outputs, or structure
of an ecosystem.

Ecosystem function: See Ecosystem process.
Ecosystem interactions: Exchanges of materials, energy, and infor-

mation within and among ecosystems.
Ecosystem management: An approach to maintaining or restoring

the composition, structure, function, and delivery of services of nat-
ural and modified ecosystems for the goal of achieving sustainability.
It is based on an adaptive, collaboratively developed vision of desired
future conditions that integrates ecological, socioeconomic, and in-
stitutional perspectives, applied within a geographic framework, and
defined primarily by natural ecological boundaries.

Ecosystem process: An intrinsic ecosystem characteristic whereby an
ecosystem maintains its integrity. Ecosystem processes include de-
composition, production, nutrient cycling, and fluxes of nutrients
and energy.

Ecosystem properties: The size, biodiversity, stability, degree of or-
ganization, internal exchanges of materials, energy, and information
among different pools, and other properties that characterize an eco-
system. Includes ecosystem functions and processes.

Ecosystem resilience: See Resilience.
Ecosystem resistance: See Resistance.
Ecosystem robustness: See Ecosystem stability.
Ecosystem services: The benefits people obtain from ecosystems.

These include provisioning services such as food and water; regulating
services such as flood and disease control; cultural services such as spiri-
tual, recreational, and cultural benefits; and supporting services such as
nutrient cycling that maintain the conditions for life on Earth. The
concept ‘‘ecosystem goods and services’’ is synonymous with ecosys-
tem services.

Ecosystem stability (or ecosystem robustness): A description of the
dynamic properties of an ecosystem. An ecosystem is considered sta-
ble or robust if it returns to its original state after a perturbation,
exhibits low temporal variability, or does not change dramatically in
the face of a perturbation.

Elasticity: A measure of responsiveness of one variable to a change in
another, usually defined in terms of percentage change. For exam-
ple, own-price elasticity of demand is the percentage change in the
quantity demanded of a good for a 1% change in the price of that
good. Other common elasticity measures include supply and income
elasticity.

Emergent disease: Diseases that have recently increased in incidence,
impact, or geographic range; that are caused by pathogens that have
recently evolved; that are newly discovered; or that have recently
changed their clinical presentation.

Emergent property: A phenomenon that is not evident in the constit-
uent parts of a system but that appears when they interact in the
system as a whole.

Enabling conditions: Critical preconditions for success of responses,
including political, institutional, social, economic, and ecological
factors.

Endangered species: Species that face a very high risk of extinction
in the wild. See also Threatened species.

Endemic (in ecology): A species or higher taxonomic unit found
only within a specific area.

Endemic (in health): The constant presence of a disease or infectious
agent within a given geographic area or population group; may also
refer to the usual prevalence of a given disease within such area or
group.

Endemism: The fraction of species that is endemic relative to the total
number of species found in a specific area.

Epistemology: The theory of knowledge, or a ‘‘way of knowing.’’
Equity: Fairness of rights, distribution, and access. Depending on con-

text, this can refer to resources, services, or power.
Eutrophication: The increase in additions of nutrients to freshwater

or marine systems, which leads to increases in plant growth and
often to undesirable changes in ecosystem structure and function.

Evapotranspiration: See Transpiration.
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Existence value: The value that individuals place on knowing that a
resource exists, even if they never use that resource (also sometimes
known as conservation value or passive use value).

Exotic species: See Alien species.
Externality: A consequence of an action that affects someone other

than the agent undertaking that action and for which the agent is
neither compensated nor penalized through the markets. Externali-
ties can be positive or negative.

Feedback: See Negative feedback, Positive feedback, and Cross-scale feed-
back.

Fishery: A particular kind of fishing activity, e.g., a trawl fishery, or a
particular species targeted, e.g., a cod fishery or salmon fishery.

Fish stock: See Stock.
Fixed nitrogen: See Reactive nitrogen.
Flyway: Areas of the world used by migratory birds in moving be-

tween breeding and wintering grounds.
Forest systems: Systems in which trees are the predominant life forms.

Statistics reported in this assessment are based on areas that are domi-
nated by trees (perennial woody plants taller than five meters at ma-
turity), where the tree crown cover exceeds 10%, and where the
area is more than 0.5 hectares. ‘‘Open forests’’ have a canopy cover
between 10% and 40%, and ‘‘closed forests’’ a canopy cover of more
than 40%. ‘‘Fragmented forests’’ refer to mosaics of forest patches
and non-forest land. See also System.

Freedom: The range of options a person has in deciding the kind of
life to lead.

Functional diversity: The value, range, and relative abundance of
traits present in the organisms in an ecological community.

Functional redundancy (� functional compensation): A characteris-
tic of ecosystems in which more than one species in the system can
carry out a particular process. Redundancy may be total or partial—
that is, a species may not be able to completely replace the other
species or it may compensate only some of the processes in which
the other species are involved.

Functional types (� functional groups � guilds): Groups of organ-
isms that respond to the environment or affect ecosystem processes
in a similar way. Examples of plant functional types include nitro-
gen-fixer versus non-fixer, stress-tolerant versus ruderal versus com-
petitor, resprouter versus seeder, deciduous versus evergreen.
Examples of animal functional types include granivorous versus
fleshy-fruit eater, nocturnal versus diurnal predator, browser versus
grazer.

Geographic information system: A computerized system organizing
data sets through a geographical referencing of all data included in
its collections.

Globalization: The increasing integration of economies and societies
around the world, particularly through trade and financial flows, and
the transfer of culture and technology.

Global scale: The geographical realm encompassing all of Earth.
Governance: The process of regulating human behavior in accordance

with shared objectives. The term includes both governmental and
nongovernmental mechanisms.

Health, human: A state of complete physical, mental, and social well-
being and not merely the absence of disease or infirmity. The health
of a whole community or population is reflected in measurements
of disease incidence and prevalence, age-specific death rates, and life
expectancy.

High seas: The area outside of national jurisdiction, i.e., beyond each
nation’s Exclusive Economic Zone or other territorial waters.

Human well-being: See Well-being.
Income poverty: See Poverty.
Indicator: Information based on measured data used to represent a

particular attribute, characteristic, or property of a system.
Indigenous knowledge (or local knowledge): The knowledge that is

unique to a given culture or society.
Indirect interaction: Those interactions among species in which a

species, through direct interaction with another species or modifi-
cation of resources, alters the abundance of a third species with
which it is not directly interacting. Indirect interactions can be tro-
phic or nontrophic in nature.
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Indirect use value: The benefits derived from the goods and services
provided by an ecosystem that are used indirectly by an economic
agent. For example, an agent at some distance from an ecosystem
may derive benefits from drinking water that has been purified as it
passed through the ecosystem. (Compare Direct use value.)

Infant mortality rate: Number of deaths of infants aged 0–12 months
divided by the number of live births.

Inland water systems: Permanent water bodies other than salt-water
systems on the coast, seas and oceans. Includes rivers, lakes, reser-
voirs wetlands and inland saline lakes and marshes. See also System.

Institutions: The rules that guide how people within societies live,
work, and interact with each other. Formal institutions are written
or codified rules. Examples of formal institutions would be the con-
stitution, the judiciary laws, the organized market, and property
rights. Informal institutions are rules governed by social and behav-
ioral norms of the society, family, or community. Also referred to as
organizations.

Integrated coastal zone management: Approaches that integrate
economic, social, and ecological perspectives for the management
of coastal resources and areas.

Integrated conservation and development projects: Initiatives
that aim to link biodiversity conservation and development.

Integrated pest management: Any practices that attempt to capital-
ize on natural processes that reduce pest abundance. Sometimes used
to refer to monitoring programs where farmers apply pesticides to
improve economic efficiency (reducing application rates and im-
proving profitability).

Integrated responses: Responses that address degradation of ecosys-
tem services across a number of systems simultaneously or that also
explicitly include objectives to enhance human well-being.

Integrated river basin management: Integration of water planning
and management with environmental, social, and economic devel-
opment concerns, with an explicit objective of improving human
welfare.

Interventions: See Responses.
Intrinsic value: The value of someone or something in and for itself,

irrespective of its utility for people.
Invasibility: Intrinsic susceptibility of an ecosystem to be invaded by

an alien species.
Invasive alien species: An alien species whose establishment and

spread modifies ecosystems, habitats, or species.
Irreversibility: The quality of being impossible or difficult to return

to, or to restore to, a former condition. See also Option value, Precau-
tionary principle, Resilience, and Threshold.

Island systems: Lands isolated by surrounding water, with a high pro-
portion of coast to hinterland. The degree of isolation from the
mainland in both natural and social aspects is accounted by the isola
effect. See also System.

Isola effect: Environmental issues that are unique to island systems.
This uniqueness takes into account the physical seclusion of islands
as isolated pieces of land exposed to marine or climatic disturbances
with a more limited access to space, products, and services when
compared with most continental areas, but also includes subjective
issues such as the perceptions and attitudes of islanders themselves.

Keystone species: A species whose impact on the community is dis-
proportionately large relative to its abundance. Effects can be pro-
duced by consumption (trophic interactions), competition,
mutualism, dispersal, pollination, disease, or habitat modification
(nontrophic interactions).

Land cover: The physical coverage of land, usually expressed in terms
of vegetation cover or lack of it. Related to, but not synonymous
with, land use.

Landscape: An area of land that contains a mosaic of ecosystems, in-
cluding human-dominated ecosystems. The term cultural landscape
is often used when referring to landscapes containing significant
human populations or in which there has been significant human
influence on the land.

Landscape unit: A portion of relatively homogenous land cover
within the local-to-regional landscape.
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Land use: The human use of a piece of land for a certain purpose (such
as irrigated agriculture or recreation). Influenced by, but not synon-
ymous with, land cover.

Length of growing period: The total number of days in a year during
which rainfall exceeds one half of potential evapotranspiration. For
boreal and temperate zone, growing season is usually defined as a
number of days with the average daily temperature that exceeds a
definite threshold, such as 10� Celsius.

Local knowledge: See Indigenous knowledge.
Mainstreaming: Incorporating a specific concern, e.g. sustainable use

of ecosystems, into policies and actions.
Malnutrition: A state of bad nourishment. Malnutrition refers both to

undernutrition and overnutrition, as well as to conditions arising
from dietary imbalances leading to diet-related noncommunicable
diseases.

Marginal abatement cost: The cost of abating an incremental unit
of, for instance, a pollutant.

Marine system: Marine waters from the low-water mark to the high
seas that support marine capture fisheries, as well as deepwater (�50
meters) habitats. Four sub-divisions (marine biomes) are recognized:
the coastal boundary zone; trade-winds; westerlies; and polar.

Market-based instruments: Mechanisms that create a market for
ecosystem services in order to improving the efficiency in the way
the service is used. The term is used for mechanisms that create new
markets, but also for responses such as taxes, subsidies, or regulations
that affect existing markets.

Market failure: The inability of a market to capture the correct values
of ecosystem services.

Mitigation: An anthropogenic intervention to reduce negative or un-
sustainable uses of ecosystems or to enhance sustainable practices.

Mountain system: High-altitude (greater than 2,500 meters) areas and
steep mid-altitude (1,000 meters at the equator, decreasing to sea
level where alpine life zones meet polar life zones at high latitudes)
areas, excluding large plateaus.

Negative feedback: Feedback that has a net effect of dampening per-
turbation.

Net primary productivity: See Production, biological.
Non-linearity: A relationship or process in which a small change in

the value of a driver (i.e., an independent variable) produces an dis-
proportionate change in the outcome (i.e., the dependent variable).
Relationships where there is a sudden discontinuity or change in
rate are sometimes referred to as abrupt and often form the basis of
thresholds. In loose terms, they may lead to unexpected outcomes
or ‘‘surprises.’’

Nutrient cycling: The processes by which elements are extracted from
their mineral, aquatic, or atmospheric sources or recycled from their
organic forms, converting them to the ionic form in which biotic
uptake occurs and ultimately returning them to the atmosphere,
water, or soil.

Nutrients: The approximately 20 chemical elements known to be es-
sential for the growth of living organisms, including nitrogen, sulfur,
phosphorus, and carbon.

Open access resource: A good or service over which no property
rights are recognized.

Opportunity cost: The benefits forgone by undertaking one activity
instead of another.

Option value: The value of preserving the option to use services in
the future either by oneself (option value) or by others or heirs (be-
quest value). Quasi-option value represents the value of avoiding
irreversible decisions until new information reveals whether certain
ecosystem services have values society is not currently aware of.

Organic farming: Crop and livestock production systems that do not
make use of synthetic fertilizers, pesticides, or herbicides. May also
include restrictions on the use of transgenic crops (genetically modi-
fied organisms).

Pastoralism, pastoral system: The use of domestic animals as a pri-
mary means for obtaining resources from habitats.

Perturbation: An imposed movement of a system away from its cur-
rent state.
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Polar system: Treeless lands at high latitudes. Includes Arctic and Ant-
arctic areas, where the polar system merges with the northern boreal
forest and the Southern Ocean respectively. See also System.

Policy failure: A situation in which government policies create ineffi-
ciencies in the use of goods and services.

Policy-maker: A person with power to influence or determine poli-
cies and practices at an international, national, regional, or local
level.

Pollination: A process in the sexual phase of reproduction in some
plants caused by the transportation of pollen. In the context of eco-
system services, pollination generally refers to animal-assisted polli-
nation, such as that done by bees, rather than wind pollination.

Population, biological: A group of individuals of the same species,
occupying a defined area, and usually isolated to some degree from
other similar groups. Populations can be relatively reproductively
isolated and adapted to local environments.

Population, human: A collection of living people in a given area.
(Compare Community (human, local).)

Positive feedback: Feedback that has a net effect of amplifying pertur-
bation.

Poverty: The pronounced deprivation of well-being. Income poverty
refers to a particular formulation expressed solely in terms of per
capita or household income.

Precautionary principle: The management concept stating that in
cases ‘‘where there are threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as a reason for postponing
cost-effective measures to prevent environmental degradation,’’ as
defined in the Rio Declaration.

Prediction (or forecast): The result of an attempt to produce a most
likely description or estimate of the actual evolution of a variable or
system in the future. See also Projection and Scenario.

Primary production: See Production, biological.
Private costs and benefits: Costs and benefits directly felt by individ-

ual economic agents or groups as seen from their perspective. (Ex-
ternalities imposed on others are ignored.) Costs and benefits are
valued at the prices actually paid or received by the group, even if
these prices are highly distorted. Sometimes termed ‘‘financial’’ costs
and benefits. (Compare Social costs and benefits.)

Probability distribution: A distribution that shows all the values that
a random variable can take and the likelihood that each will occur.

Production, biological: Rate of biomass produced by an ecosystem,
generally expressed as biomass produced per unit of time per unit of
surface or volume. Net primary productivity is defined as the energy
fixed by plants minus their respiration.

Production, economic: Output of a system.
Productivity, biological: See Production, biological.
Productivity, economic: Capacity of a system to produce high levels

of output or responsiveness of the output of a system to inputs.
Projection: A potential future evolution of a quantity or set of quanti-

ties, often computed with the aid of a model. Projections are distin-
guished from ‘‘predictions’’ in order to emphasize that projections
involve assumptions concerning, for example, future socioeconomic
and technological developments that may or may not be realized;
they are therefore subject to substantial uncertainty.

Property rights: The right to specific uses, perhaps including ex-
change in a market, of ecosystems and their services.

Provisioning services: The products obtained from ecosystems, in-
cluding, for example, genetic resources, food and fiber, and fresh
water.

Public good: A good or service in which the benefit received by any
one party does not diminish the availability of the benefits to others,
and where access to the good cannot be restricted.

Reactive nitrogen (or fixed nitrogen): The forms of nitrogen that are
generally available to organisms, such as ammonia, nitrate, and or-
ganic nitrogen. Nitrogen gas (or dinitrogen), which is the major
component of the atmosphere, is inert to most organisms.

Realm: Used to describe the three major types of ecosystems on earth:
terrestrial, freshwater, and marine. Differs fundamentally from bio-
geographic realm.
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Reforestation: Planting of forests on lands that have previously con-
tained forest but have since been converted to some other use.
(Compare Afforestation.)

Regime shift: A rapid reorganization of an ecosystem from one rela-
tively stable state to another.

Regulating services: The benefits obtained from the regulation of
ecosystem processes, including, for example, the regulation of cli-
mate, water, and some human diseases.

Relative abundance: See Abundance.
Reporting unit: The spatial or temporal unit at which assessment or

analysis findings are reported. In an assessment, these units are cho-
sen to maximize policy relevance or relevance to the public and thus
may differ from those upon which the analyses were conducted
(e.g., analyses conducted on mapped ecosystems can be reported on
administrative units). See also System.

Resilience: The level of disturbance that an ecosystem can undergo
without crossing a threshold to a situation with different structure
or outputs. Resilience depends on ecological dynamics as well as the
organizational and institutional capacity to understand, manage, and
respond to these dynamics.

Resistance: The capacity of an ecosystem to withstand the impacts of
drivers without displacement from its present state.

Responses: Human actions, including policies, strategies, and inter-
ventions, to address specific issues, needs, opportunities, or prob-
lems. In the context of ecosystem management, responses may be of
legal, technical, institutional, economic, and behavioral nature and
may operate at various spatial and time scales.

Riparian: Something related to, living on, or located at the banks of a
watercourse, usually a river or stream.

Safe minimum standard: A decision analytical framework in which
the benefits of ecosystem services are assumed to be incalculable and
should be preserved unless the costs of doing so rise to an intolerable
level, thus shifting the burden of proof to those who would convert
them.

Salinization: The buildup of salts in soils.
Scale: The measurable dimensions of phenomena or observations. Ex-

pressed in physical units, such as meters, years, population size, or
quantities moved or exchanged. In observation, scale determines the
relative fineness and coarseness of different detail and the selectivity
among patterns these data may form.

Scenario: A plausible and often simplified description of how the fu-
ture may develop, based on a coherent and internally consistent set
of assumptions about key driving forces (e.g., rate of technology
change, prices) and relationships. Scenarios are neither predictions
nor projections and sometimes may be based on a ‘‘narrative story-
line.’’ Scenarios may include projections but are often based on ad-
ditional information from other sources.

Security: Access to resources, safety, and the ability to live in a predict-
able and controllable environment.

Service: See Ecosystem services.
Social costs and benefits: Costs and benefits as seen from the perspec-

tive of society as a whole. These differ from private costs and bene-
fits in being more inclusive (all costs and benefits borne by some
member of society are taken into account) and in being valued at
social opportunity cost rather than market prices, where these differ.
Sometimes termed ‘‘economic’’ costs and benefits. (Compare Private
costs and benefits.)

Social incentives: Measures that lower transaction costs by facilitating
trust-building and learning as well as rewarding collaboration and
conflict resolution. Social incentives are often provided by bridging
organizations.

Socioecological system: An ecosystem, the management of this eco-
system by actors and organizations, and the rules, social norms, and
conventions underlying this management. (Compare System.)

Soft law: Non-legally binding instruments, such as guidelines, stan-
dards, criteria, codes of practice, resolutions, and principles or decla-
rations, that states establish to implement national laws.

Soil fertility: The potential of the soil to supply nutrient elements in
the quantity, form, and proportion required to support optimum
plant growth. See also Nutrients.
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Speciation: The formation of new species.
Species: An interbreeding group of organisms that is reproductively

isolated from all other organisms, although there are many partial
exceptions to this rule in particular taxa. Operationally, the term
species is a generally agreed fundamental taxonomic unit, based on
morphological or genetic similarity, that once described and ac-
cepted is associated with a unique scientific name.

Species diversity: Biodiversity at the species level, often combining
aspects of species richness, their relative abundance, and their dissim-
ilarity.

Species richness: The number of species within a given sample, com-
munity, or area.

Statistical variation: Variability in data due to error in measurement,
error in sampling, or variation in the measured quantity itself.

Stock (in fisheries): The population or biomass of a fishery resource.
Such stocks are usually identified by their location. They can be, but
are not always, genetically discrete from other stocks.

Stoichiometry, ecological: The relatively constant proportions of the
different nutrients in plant or animal biomass that set constraints on
production. Nutrients only available in lower proportions are likely
to limit growth.

Storyline: A narrative description of a scenario, which highlights its
main features and the relationships between the scenario’s driving
forces and its main features.

Strategies: See Responses.
Streamflow: The quantity of water flowing in a watercourse.
Subsidiarity, principle of: The notion of devolving decision-making

authority to the lowest appropriate level.
Subsidy: Transfer of resources to an entity, which either reduces the

operating costs or increases the revenues of such entity for the pur-
pose of achieving some objective.

Subsistence: An activity in which the output is mostly for the use of
the individual person doing it, or their family, and which is a sig-
nificant component of their livelihood.

Subspecies: A population that is distinct from, and partially reproduc-
tively isolated from, other populations of a species but that has not
yet diverged sufficiently that interbreeding is impossible.

Supporting services: Ecosystem services that are necessary for the
production of all other ecosystem services. Some examples include
biomass production, production of atmospheric oxygen, soil forma-
tion and retention, nutrient cycling, water cycling, and provisioning
of habitat.

Sustainability: A characteristic or state whereby the needs of the pres-
ent and local population can be met without compromising the abil-
ity of future generations or populations in other locations to meet
their needs.

Sustainable use (of an ecosystem): Human use of an ecosystem so that
it may yield a continuous benefit to present generations while main-
taining its potential to meet the needs and aspirations of future gen-
erations.

Symbiosis: Close and usually obligatory relationship between two or-
ganisms of different species, not necessarily to their mutual benefit.

Synergy: When the combined effect of several forces operating is
greater than the sum of the separate effects of the forces.

System: In the Millennium Ecosystem Assessment, reporting units that
are ecosystem-based but at a level of aggregation far higher than that
usually applied to ecosystems. Thus the system includes many com-
ponent ecosystems, some of which may not strongly interact with
each other, that may be spatially separate, or that may be of a differ-
ent type to the ecosystems that constitute the majority, or matrix, of
the system overall. The system includes the social and economic
systems that have an impact on and are affected by the ecosystems
included within it. For example, the Condition and Trend Working
Group refers to ‘‘forest systems,’’ ‘‘cultivated systems,’’ ‘‘mountain
systems,’’ and so on. Systems thus defined are not mutually exclu-
sive, and are permitted to overlap spatially or conceptually. For in-
stance, the ‘‘cultivated system’’ may include areas of ‘‘dryland
system’’ and vice versa.

Taxon (pl. taxa): The named classification unit to which individuals or
sets of species are assigned. Higher taxa are those above the species
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level. For example, the common mouse, Mus musculus, belongs to
the Genus Mus, the Family Muridae, and the Class Mammalia.

Taxonomy: A system of nested categories (taxa) reflecting evolution-
ary relationships or morphological similarity.

Tenure: See Property rights, although also sometimes used more spe-
cifically in reference to the temporal dimensions and security of
property rights.

Threatened species: Species that face a high (vulnerable species), very
high (endangered species), or extremely high (critically endangered species)
risk of extinction in the wild.

Threshold: A point or level at which new properties emerge in an
ecological, economic, or other system, invalidating predictions
based on mathematical relationships that apply at lower levels. For
example, species diversity of a landscape may decline steadily with
increasing habitat degradation to a certain point, then fall sharply
after a critical threshold of degradation is reached. Human behavior,
especially at group levels, sometimes exhibits threshold effects.
Thresholds at which irreversible changes occur are especially of con-
cern to decision-makers. (Compare Non-linearity.)

Time series data: A set of data that expresses a particular variable
measured over time.

Total economic value framework: A widely used framework to dis-
aggregate the components of utilitarian value, including direct use
value, indirect use value, option value, quasi-option value, and existence
value.

Total factor productivity: A measure of the aggregate increase in
efficiency of use of inputs. TFP is the ratio of the quantity of output
divided by an index of the amount of inputs used. A common input
index uses as weights the share of the input in the total cost of pro-
duction.

Total fertility rate: The number of children a woman would give
birth to if through her lifetime she experienced the set of age-
specific fertility rates currently observed. Since age-specific rates
generally change over time, TFR does not in general give the actual
number of births a woman alive today can be expected to have.
Rather, it is a synthetic index meant to measure age-specific birth
rates in a given year.

Trade-off: Management choices that intentionally or otherwise change
the type, magnitude, and relative mix of services provided by eco-
systems.

Traditional ecological knowledge: The cumulative body of knowl-
edge, practices, and beliefs evolved by adaptive processes and handed
down through generations. TEK may or may not be indigenous or
local, but it is distinguished by the way in which it is acquired and
used, through the social process of learning and sharing knowledge.
(Compare Indigenous knowledge.)

Traditional knowledge: See Traditional ecological knowledge.
Traditional use: Exploitation of natural resources by indigenous users

or by nonindigenous residents using traditional methods. Local use
refers to exploitation by local residents.

Transpiration: The process by which water is drawn through plants
and returned to the air as water vapor. Evapotranspiration is com-
bined loss of water to the atmosphere via the processes of evapora-
tion and transpiration.

Travel cost methods: Economic valuation techniques that use ob-
served costs to travel to a destination to derive demand functions for
that destination.

Trend: A pattern of change over time, over and above short-term
fluctuations.

Trophic cascade: A chain reaction of top-down interactions across
multiple tropic levels. These occur when changes in the presence or
absence (or shifts in abundance) of a top predator alter the produc-
tion at several lower trophic levels. Such positive indirect effects of
top predators on lower tropic levels are mediated by the consump-
tion of mid-level consumers (generally herbivores).

Trophic level: The average level of an organism within a food web,
with plants having a trophic level of 1, herbivores 2, first-order car-
nivores 3, and so on.

Umbrella species: Species that have either large habitat needs or other
requirements whose conservation results in many other species
being conserved at the ecosystem or landscape level.
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Uncertainty: An expression of the degree to which a future condition
(e.g., of an ecosystem) is unknown. Uncertainty can result from lack
of information or from disagreement about what is known or even
knowable. It may have many types of sources, from quantifiable
errors in the data to ambiguously defined terminology or uncertain
projections of human behavior. Uncertainty can therefore be repre-
sented by quantitative measures (e.g., a range of values calculated by
various models) or by qualitative statements (e.g., reflecting the
judgment of a team of experts).

Urbanization: An increase in the proportion of the population living
in urban areas.

Urban systems: Built environments with a high human population
density. Operationally defined as human settlements with a mini-
mum population density commonly in the range of 400 to 1,000
persons per square kilometer, minimum size of typically between
1,000 and 5,000 people, and maximum agricultural employment
usually in the vicinity of 50–75%. See also System.

Utility: In economics, the measure of the degree of satisfaction or hap-
piness of a person.

Valuation: The process of expressing a value for a particular good or
service in a certain context (e.g., of decision-making) usually in
terms of something that can be counted, often money, but also
through methods and measures from other disciplines (sociology,
ecology, and so on). See also Value.

Value: The contribution of an action or object to user-specified goals,
objectives, or conditions. (Compare Valuation.)

Value systems: Norms and precepts that guide human judgment and
action.

Voluntary measures: Measures that are adopted by firms or other
actors in the absence of government mandates.
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Vulnerability: Exposure to contingencies and stress, and the difficulty
in coping with them. Three major dimensions of vulnerability are
involved: exposure to stresses, perturbations, and shocks; the sensi-
tivity of people, places, ecosystems, and species to the stress or per-
turbation, including their capacity to anticipate and cope with the
stress; and the resilience of the exposed people, places, ecosystems,
and species in terms of their capacity to absorb shocks and perturba-
tions while maintaining function.

Vulnerable species: Species that face a high risk of extinction in the
wild. See also Threatened species.

Water scarcity: A water supply that limits food production, human
health, and economic development. Severe scarcity is taken to be
equivalent to 1,000 cubic meters per year per person or greater than
40% use relative to supply.

Watershed (also catchment basin): The land area that drains into a
particular watercourse or body of water. Sometimes used to describe
the dividing line of high ground between two catchment basins.

Water stress: See Water scarcity.
Well-being: A context- and situation-dependent state, comprising

basic material for a good life, freedom and choice, health and bodily
well-being, good social relations, security, peace of mind, and spiri-
tual experience.

Wetlands: Areas of marsh, fen, peatland, or water, whether natural or
artificial, permanent or temporary, with water that is static or flow-
ing, fresh, brackish or salt, including areas of marine water the depth
of which at low tide does not exceed six meters. May incorporate
riparian and coastal zones adjacent to the wetlands and islands or
bodies of marine water deeper than six meters at low tide laying
within the wetlands.

Wise use (of an ecosystem): Sustainable utilization for the benefit of
humankind in a way compatible with the maintenance of the natural
properties of the ecosystem
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Assessment (continued)

framework used in assessing responses, 87–89, 87–89

of implementation, 78
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institutional context of, 74–75, 77–80
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risk assessment, 35, 106–107
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Biotechnology, 276, 508. See also Genetically modified

agriculture; Technological responses

waste management and, 324–325

wood production and, 16, 505

Black Sea, 298, 300

Bolivia. See also Latin America

national strategy for biodiversity conservation, 155

water privatization, 226

Bonn Guidelines on Access and Benefit Sharing, 136,

137

Botanic gardens, 149

Brazil. See also Amazon area; Latin America

biological nitrogen fertilizer use, 301, 327

Chico Mendes Extractive Reserve, 53

integrated crop management program, 61

integration of agrarian and environmental policies,

445

nutrition and cultural perceptions, 412

Socio-environmental Institute, 407

Brown bears, reintroduction of, 408

Buddhist ecology, 409

C
Calibration uncertainty, 98, 108, 110

Campylobacteriosis, 477–478

Canada

Aquaculture Action Plan, 202

cod industry, 199

flooding and storms, 342, 348

forecasting and warning, 346

forests and rights of indigenous people, 268

large-scale watershed ecosystems, development of,

541

Model Forest Program, 89

national park management, assessment of, 127

wetlands, 342

Cap-and-trade systems, 8

design of, 499

emissions under Kyoto Protocol, 395

freshwater systems and, 233, 234

Capacity-building, 7

need for, 10

for policy-making, 581–582

waste management and, 324

Captive breeding programs, 140

Carbon dioxide, 377, 381, 381, 387, 590

Carbon management, 282, 389, 389, 588–589

accounting of biological carbon, 392–393

Carbon sequestration, 159, 207, 283, 450, 450

Caribbean

hurricane damage, 567

infectious disease control, 367

integrated coastal zone management, 455

protected areas, 128

Cartagena Protocol, 42, 43, 44

CBD. See Convention on Biological Diversity

CCD. See Convention to Combat Desertification

Certification, 414

accessibility to local communities and small

producers, 19, 502

forests and, 150, 274–276, 275, 414, 449, 498

freshwater systems and, 242

Chagas disease, 362, 364, 364

Charcoal, 281, 388, 498, 506, 516, 581

market and biodiversity conservation, 495, 496

Chemical control of vector-borne diseases, 362–363,

369

Chemical inputs in food provision, 179

Chesapeake Bay, 230, 300, 304, 505

Chico Mendes Extractive Reserve, 53

Children

education, Millennium Development Goals,

558–559, 559

HIV/AIDS and, 565–566
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mortality reduction, Millennium Development

Goals, 562–563, 563

Chile. See also Latin America

fisheries sector and transferable quotas, 497, 497

water policy, 237–238, 240–241, 241

China. See also Asia

agricultural improvements in, 298

education and gender equity, 560

emission reduction targets, 379

family planning policy, 51

flooding and storms, 342

forests, 262, 269

irrigation with wastewater, 324

Mekong River, 230

nitrate pollution, 300, 300

Yangtze River basin, 342

Ciguatera (fish poisoning), 479, 479–480

CITES. See Convention on International Trade in

Endangered Species of Wild Fauna and Flora

Civil disobedience and protest, 53

Civil society awareness and ecosystem management, 41,

46, 51, 53, 432. See also Education and

awareness raising

Clean water. See Drinking water; Freshwater systems

Climate change, 21, 373–400, 586. See also Kyoto

Protocol

accounting of biological carbon, 392–393

adaptation to, 21, 378, 383–385

adverse impacts and reasons for concern, 587

agriculture and, 390

biodiversity and, 139, 377, 378, 383–384

as driver of change, 57

ecological systems and, 377–378

economic instruments, 394–396

ecosystem services and goods and, 383–384

energy technologies and policies to mitigate,

386–389

flooding and storms and, 338, 349, 349–350

food provision and, 177

forestry and, 389–391, 391, 393

geo-engineering options, 394

greenhouse gases and, 376–377, 381, 381–382

burden sharing/equity considerations, 382–383

economic costs of reducing, 396

mitigation of, 385–394, 386

non-carbon dioxide, 393–394

regional implications of, 382

human behavior and, 384–385

human health and, 377–378, 474

human well-being and, 498–499

indirect anthropogenic effects, 391–392

institutional responses, 396–398, 397

justification for setting targets to limit rate of climate

change, 380–381

land use and cover changes and, 21, 389–391, 391,

393

legal responses, 378–379

mitigation of, 378

observed and projected changes, 377

rangeland systems and, 390

response scale needed, 379–383
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sinks and, 389–393, 390

technological change and, 9, 395–396

vulnerability and risk considerations, 540

Coastal water systems

flood and storm control, 339, 340

nitrogen pollution and, 300, 305

red tides and, 330

wastes and, 330

Coastal zone management

integrated responses, 452–454

U.S. program, 306

Cod industry, 199

Cognitive responses, 54–56. See also Knowledge

Collaboration. See Coordination

Command-and-control interventions

economic responses, 47–48

compared to tradable permit systems, 49

‘‘Command and control’’ regulations, 44

Common Agricultural Policy (EU), 4, 100, 185,

188–189

Communication. See also Education and awareness

raising

environmental conventions’ need to improve, 9

importance of, 160–161

Communities. See Local communities

Community-managed floodplains, 410

Community-managed forests, 136, 136

Composting, 320

Concentrated animal feeding operations. See Feedlots

and animal wastes

Conceptual framework of ecosystem assessment,

25–36, 30

assessment tools, 34–35

cross-scale interactions and, 33

drivers of change and, 32–33

ecosystems and their services, 29, 30

human well-being as focus of, 29

reporting categories used in, 31

responses assessment report and, xv

statement of problem, 26–28

strategies and interventions, 35–36

values associated with ecosystems, 33–34, 34

Conservation

business opportunities associated with, 544

cultural services and, 406

economic incentives for, 495–499

integrated responses, 450–452, 494

Conservation concessions, 272

Conservation easements, 134

Conservation Fund, 271

Constitutional law, 44–45

Consumer action

‘‘fair trade’’ and, 414–415

forests and, 16, 271–274

Consumer preferences, expression of, 8, 544

food provision and, 177–178

sustainable food consumption knowledge system,

188–189

Contextual uncertainty, 98

Contingent valuation and uncertainty, 111–112

Convention on Access to Information, Public

Participation in Decision-Making, and

Access to Justice in Environmental Matters,

433

Convention on Biological Diversity (CBD)

captive management programs under, 140

decentralization of governance and, 152

design of, 491, 492

dispute resolution under, 44

ecosystem approach endorsed by, 29, 436–438,

437–438

effectiveness of, 3, 155

environmental impact assessments (EIAs) under, 44

equity concerns and, 538

forests and, 264, 266

Guidelines on Biodiversity and Tourism

Development, 133

importance of, 155

mariculture and, 151

participation levels, 3, 410

poverty reduction and, 520

preservation of traditional knowledge, 52, 55, 136,

152, 410–411, 502

protected areas and, 126, 129

purpose of, 132, 155, 379

regional planning recommendations, 141–142

2010 Target, 3

Convention on Civil Liability for Damage Resulting

from Activities Dangerous to the

Environment, 44

Convention on Environmental Impact Assessment in a

Transboundary Context, 231

Convention on International Trade in Endangered

Species of Wild Fauna and Flora (CITES),

42, 60, 63, 138, 154, 158

Convention on Migratory Species, 26, 138, 158

Convention on the Conservation of European Wildlife

and Natural Habitats, 43

Convention on the Law of the Nonnavigational Uses

of International Watercourses, 42

Convention on the Law of the Sea (UNCLOS), 42, 43

environmental impact assessments (EIAs) under, 44

Convention on Wetlands. See Ramsar Convention on

Wetlands

Convention to Combat Desertification (CCD), 3, 26,

42, 52, 55, 60

forests and, 264, 267

links with UNFCCC and CBD, 379

poverty reduction and, 520

Coordination

across decision-making levels, 3, 429

across international agreements, 492

across sectors and scales. See Cross-sectoral responses

among international institutions, 2–3, 367–369

at national and sub-national levels, 3

Coral reefs, 158, 330, 377, 383

Corruption, 521, 521

Cost-effectiveness, 83–84, 482

Costa Rica. See also Latin America

balancing ecotourism and environmental protection,

545

conservation policy of, 406, 406

El Programa de Pago De Servicios Ambientales

(PSA), 8, 129, 134, 135, 144
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watershed payment initiatives in, 242–243

Cost–benefit analysis, 105–106, 106, 110

Crops. See Agriculture

Cross-scale interactions, 33, 542

decision-making process and, 542

Cross-sectoral responses, 2–3, 5

human health and, 482–483

promotion of, 522–523

Cryopreservation for plant species, 149

Cultural and religious drivers, 59

Cultural services, 18–20, 401–422

cross-scale interactions and, 542

defined, 29

dichotomy of nature vs. culture, 404–405, 499–500

drivers of change and, 405

ecosystem biophysical information and, 535

equity concerns and, 538

history of conservation and, 406

human health and, 475

international agreements and, 410–413

landscapes, cultural perceptions of, 19, 405–406

local identities and, 500–501

responses related to, 407–409, 536

types of, 405, 410–415

sacred groves and areas, 19, 27, 409, 409, 500

Tibetan and Buddhist ecology, 409

tourism and, 415–417, 419

traditional and local knowledge. See Knowledge

vulnerability and risk considerations, 540

Cultural tourism, 20, 417, 419, 544

Customary law, 42

Cyclones. See Flood and storm control

D
Dams and reservoirs, 14, 248, 249, 339, 434, 505

Danube Basin, 232, 343

DDT, 323, 369, 566

Debt swaps, 50

Decentralized government control of forests, 261,

268–270

Decision-making process, xv–xvi, xvi, 5–6, 529–546

agenda setting for, 530

biodiversity and, 164

cross-scale interactions and, 542

deliberative tools for, 5, 89, 89

drivers of change and, 32

ecosystem biophysical information and, 534–535

effective implementation of, 530, 535–536

efficiency and, 535–536

equity concerns and implications, 537–538

evaluation as part of, 530–531, 538–539

in health sector, 480

information-gathering tools for, 5, 89, 90

integrated responses and, 459, 460

key ingredients of, 531–542, 532

knowledge, use in, 10

methods and frameworks for, 6, 110

monitoring and, 530–531

planning tools for, 5, 89, 90

policy formulation for, 530
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public participation in. See Participation and

transparency; Public participation in

decision-making

scenario building and, 5

sociopolitical information available for, 533–534

strategies and interventions in, 35–36

uncertainties and, 5. See also Uncertainties

vulnerabilities and. See Vulnerability analysis

Declaration on Science and the Use of Scientific

Knowledge, 55

Deforestation

climate change and, 389, 391

effect of, 262, 558

government policy and, 45–46

livestock and, 207

Demographic drivers, 57. See also Population

Dendro power, 282, 506, 537, 544

Dengue, 361, 367, 368, 368, 369

Desalination, 251, 251–252

Deschutes River Conservancy (Oregon), 237

Developing countries

‘‘fair trade’’ and, 414–415, 415

pastoral ecosystems and, 206–207

waste management and, 321, 323, 327

Direct drivers. See Drivers of change

Discounting, 82–83, 105

Diseases. See Infectious diseases

Displacement of population, 85

Dispute resolution, 43–44, 154, 492

Distributional issues

of international responses, 492

of national and local responses, 494–495

Doha Trade Round, 440

Domestic legal responses. See also National responses

constitutional law, 44–45

enforcement system, 46, 494

environmental regulations, 44

non-environmental legislation, 45–46

Downstream Response to Imposed Flow

Transformations (DRIFT), 221, 223

Drinking water. See also Freshwater systems

effect of access to, 543

fundamental right to (MDG), 43, 218, 568, 570,

570–572

Drivers of change, 32–33. See also specific types of drivers

cultural services and, 405

decision-making process and, 32

defined, 33

direct drivers, 33, 57, 60

endogenous drivers, 32

exogenous drivers, 32

flood and storm control and, 340

for food provision, 175–177

for forest products, 261–262

for freshwater systems

direct drivers, 216–217, 217

indirect drivers, 217–218

indirect, 32, 57–59, 60

interactions of, 32–33, 518–519

relationship to response options, 57–60, 58–59

for waste management, 317–319

within MA conceptual framework, 32

Dust formation, 207

Dust storms, 340

E
Earth Summit, 323, 359, 431, 566

East Coast fever, 360

Eco-agriculture to conserve ‘‘wild biodiversity,’’

149–150

Ecolabels, 50

Ecology

agriculture and ecological problems, 27

assessment in ecological context, 74–75

climate change and ecological systems, 377–378

infectious diseases, ecological conditions and vector-

borne disease, 357

Tibetan and Buddhist ecology, 409

Economic drivers, 57–58

freshwater systems and, 217

Economic incentives, 7–8, 48–49, 544

access to markets and, 137

assessment of, 137

for biodiversity conservation, 495–496

local peoples and, 132–136

combining incentive schemes, 134–136

direct pay systems, 134

for freshwater systems, 232–248, 496–497

indirect systems, 132–133

integrated conservation and development projects

and, 452

for nutrient management, 305

for watershed management, 241–244, 242

Economic responses, 47–51, 56

assessment of, 74–75, 80–85

command-and-control interventions, 47–48

compared to tradable permit systems, 49

cost-effectiveness of, 83–84

financial and monetary measures, 50

human well-being and, 495–499

incentive-based interventions. See Economic

incentives

international trade policy, 50

property rights, 84–85, 134

synthesis in response strategies, 112–113

value. See Value associated with ecosystem services

voluntarism-based instruments, 49–50

waste management and, 320–321

Economic valuation. See Value associated with

ecosystem services

Ecosystem approach as framework for integrated

responses, 436–438, 437–439

Ecosystem biophysical information and decision-

making, 534–535

Ecosystem services

biodiversity and, 29

climate change and, 383–384

in conceptual framework, 29–32

cultural. See Cultural services

defined, 27

direct provision of, 47

flood and storm control and, 339

freshwater systems providing, 216, 218–219
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linkages among ecosystems

flood and storm control and, 349

with human well-being, 28, 470–471, 471–472,

478–479, 483, 483

response options for, 6–10

effect of, 507–514, 512, 512

restoration of and technology, 9

trade-offs of. See Trade-offs and synergies

values associated with. See Value associated with

ecosystem services

vector-borne diseases, effect of responses to, 362

Ecosystems, 29

boundaries for, 29

defined, 27

degradation of, 27

Ecotourism, 20, 27, 133, 417, 417, 495, 545. See also

Tourism

Education and awareness raising, 9, 41, 46, 49–50, 51,

546

biodiversity, 140, 159–161

business opportunities for, 544

cost of, 53

cultural diversity and, 534

effectiveness of, 544

flood and storm control, 17, 346–347, 350

food provision and, 185–190

human well-being and environmental education,

503

linkage of global and local institutions, 407

Millennium Development Goals, universal primary

education, 558–559, 559

vector-borne diseases, 364–365

waste management and, 21, 322, 331

EIAs. See Environmental impact assessments

‘‘Embedded Autonomy,’’ 79

Emission permits, tradable, 48

Empowerment

devolvement of authority and, 153

of indigenous and local communities, 9, 52, 57

of women, 9, 560–562

Enabling conditions

adaptive management and, 520

for designing effective responses, 7

integrated responses and, 457–458

national responses and, 447–448

Endangered species. See Biodiversity; Convention on

International Trade in Endangered Species

of Wild Fauna and Flora (CITES); U.S.

Endangered Species Act

Energy. See also Fuelwood

dendro power, 282, 506, 537, 544

efficiency improvements, 388–389

Millennium Development Goals and, 580–581

nuclear power, 387

reduction of fossil fuel emissions, 387

renewable energy technologies, 387–388

technologies and policies to mitigate climate change,

9, 386–389

transition to less carbon-intensive energy sector, 389,

389

Environmental flow regimes, implementation of,

222–223
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Environmental impact assessments (EIAs), 44, 45

biodiversity issues and, 143

transboundary environmental impact assessments

(TEIAs), 230–231, 539

Equity between social groups, 85, 85, 537–538

and decision-making process, 537–538

Espoo Convention, 231

Ethics, environmental, 52

EU bubble, 379

Europe

brown bears, reintroduction of, 408

Danube Basin, 232, 343

environmental education, 51

flood control strategies, 342, 343, 344, 344

nutrient management, 299–300, 302, 305, 307–308

open access fisheries, 200, 201

Rhine Basin, 457

Rhön Biosphere Reserve in Germany, 416, 416, 536

waste management, 323

wetlands restoration, 343

European Court of Justice, 107–108

European Union (EU)

clean air laws, 107

Common Agricultural Policy. See Common

Agricultural Policy (EU)

emission reduction targets, 379

emissions trading system, 395

environmental policy integration, 442, 443

forests and, 265

Habitats Directive, 100

Nitrate Directive, 305

ombudsman system, 46

organic waste in landfills, 320

protected areas and, 127

trade challenges by, 439

Water Framework Directive, 229, 230, 305

Eutrophication, 329

Evaluation as part of decision-making process,

530–531, 538–539

Ex situ conservation

agriculture and biodiversity, 148–149, 191

wild species and biodiversity, 140

Explicit controls, 47

Export restrictions. See Trade policies

Extinction. See Biodiversity

F
‘‘Fair trade,’’ 19, 414–415, 415

Family planning, 51

FAO. See Food and Agriculture Organization

FBI report on youth crime, 53

Feedlots and animal wastes, 302–303, 307–308

Fertilizer, application of. See Nutrient management

Field gene banks, 148

Financial incentives. See Economic incentives

Fire as forest management tool, 283

Fire management, 282–283

Fish and fisheries, 43

biodiversity and, 150–151

capture fisheries, 199–201

cod industry, 199

education to allow restoration, 9

flooding and its beneficial impacts, 339

as food source, 176, 180, 196–205

future demand for, 27

future governance, 201

human well-being and, 497

Lake Victoria and introduction of non-native

species, 204

management of open-access fisheries, 200, 200

marine reserves. See Marine reserves

poverty and, 497

protected areas for, 128

technological advances and, 509

time and area closures, 201

Fish poisoning (ciguatera), 479–480

Fixed quota systems, 47–48

Flood and storm control, 17–18, 335–352

adverse impacts, 337–338, 338

beneficial impacts, 338–339

climate change and, 338, 349, 349–350

coastal floods, 339, 340

conflict between short- and long-term objectives for,

349

cross-scale interactions and, 542

cyclones, 339–340, 345–346

drivers of change and, 340

ecosystem biophysical information and, 535

ecosystem services and, 339

education and access to information about, 17,

346–347, 350

equity concerns and, 538

financial services and insurance for, 17, 347

flash floods, 339

forecasting and warning, 346–347

human health and, 338, 474

infectious diseases and, 338

institutional issues for, 349

land use planning and, 18, 347–348, 348

lessons learned, 348–350

linkages among ecosystems and, 349

natural environment and, 17, 342–346

physical structures and, 17, 341–342, 342

pre-flood preparedness systems, 341

protection mechanisms for, 340

rainfall floods, 339

responses

analysis and assessment of, 341–348

selection of, 340–341

risk assessment and, 346

riverine flooding, 339, 340

substitutability of ecosystems, 348–349

sustainable development and, 341–348

technological responses, 504–505

types of events, 339–340

uncertainties and, 542

upland reforestation/afforestation, 344

upland reforestation/afforestation and, 343–344

urbanization and, 340

vulnerability and risk considerations, 540

wetlands and flood moderation, 342–343

Food and Agriculture Organization (FAO)

aquaculture policy, 202, 203
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Food and Agriculture Organization (continued)

fertilizer, documentation of use, 557

fishing policy, 199–200

Globally Important Ingenious Agricultural Heritage

Systems, 411

plant genetic resources, 149

Food provision, 173–212, 185–188. See also

Agriculture

agrobiodiversity and, 177, 192

aquaculture, 201–205, 202

biodiversity loss and, 176–177, 179

chemical inputs and, 179

climate change and, 177

consumption and, 177–178, 188–189

crops. See Agriculture

drivers of change and, 175–177

ecosystem biophysical information and, 535

ecosystem impacts, 180–181

fish. See Fish and fisheries

forestry and, 262

Green Revolution and, 503, 504

human health and, 472–473

human well-being and, 497–498

increase in food supplies per person, 298

integrating ecological and socioeconomic responses,

189–190

knowledge and education and, 185–190

land for, 178

livestock. See Agriculture

natural resources and, 176–177

nutrition and, 412, 472–473

population and, 176

production and, 178–180, 185–188, 193–194

responses associated with, 181–208

gender issues, 181, 184

globalization and trade policies, 181–185,

182–185

sugar markets, 186–187

sustainable food consumption knowledge system,

188–189

sustainable food production knowledge system,

193–194

technological responses and, 190–194, 504

trade-offs and, 536

uncertainties and, 541

vulnerability and risk considerations, 540

water resources and, 176, 194–196

Food security, 43, 176, 177, 412, 504. See also Food

provision

Forced displacement of population, 85

Forecasting of floods and storms, 346–347

Forest Stewardship Council, 273

Forests. See also Deforestation; Tropical forests

accountability, monitoring, and enforcement, 539

biodiversity and, 150

certification and, 150, 274–276, 275, 414, 496, 498

changing patterns of wood consumption and,

261–262

climate change and, 389–391, 391, 393

community-managed forests, 136, 136, 534

company-community forestry partnerships, 15,

270–271, 271–273
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consumer action and, 16, 271–274

decentralized government control of, 261

development, 15, 264

devolution and local management, 268–270

drivers of change in ecosystems that provide forest

products, 261–262

ecosystem biophysical information and, 535

environment processes and, 264

extra-sectoral policy processes and, 263–268

fire as forest management tool, 283

human well-being and, 498, 513

indigenous peoples’ management of, 15, 268

integrated management responses, 448–450

land management institutions and investments in,

279–283

lessons learned, 280–281

management and land rights, 268–271

national governance initiatives and forest programs,

15, 266–268, 267, 534

non-wood forest products. See Non-wood forest

products

plantation forestry, 16, 276, 280–281, 543

policy challenges for

certification, 275

company-community forestry partnerships, 271

consumer action, 274

devolution and local management, 270

fuelwood, 282

governance, 280

indigenous peoples’ management, 268

international development assistance, 264–265

national forest programs, 267–268

non-wood forest products, 278–279

trade liberalization, 265–266

tree plantation management, 281

poverty reduction and, 267

privatization of, 261

protected areas, 127

reduced impact logging and, 279

responses

assessment of, 285–290, 537

selection of, 262–263, 284, 536

small-scale private and public–private ownership and

management, 15, 270, 536, 542

sustainability of, 42, 150, 267, 448–450

trade-offs between ecosystem services and human

well-being, 450

third-party voluntary forest certification, 16,

274–276, 275

trade and, 264, 265–266

transnational companies and, 265

uncertainties and, 542

U.S. national and state forests, views on use of, 417,

417

voluntary initiatives, 265, 274–276, 275

vulnerability and risk considerations, 540

Fossil fuel emissions, 386–387, 387. See also Nitrous

oxide emissions

Framework Convention on Biological Diversity, 41, 42

Framework Convention on Climate Change, 21, 41,

42, 63, 376, 378–379

burden sharing/equity considerations, 382–383

Clean Development Mechanism, 7

design of, 491

forests and, 264, 267

justification for setting targets to limit rate of climate

change, 380

poverty reduction and, 520

Free-riders, 81

Freedom and choice. See Human well-being

Freshwater systems, 13, 213–255. See also Water

resources

beneficial use doctrine for, 235–236

cap-and-trade systems for, 233, 234

certification and labeling, 242

conditions and trends of, 216–217, 222

dams and reservoirs. See Dams and reservoirs

desalination and, 252–252

direct drivers in, 216–217, 217

Downstream Response to Imposed Flow

Transformations (DRIFT), 221, 223

economic incentives for, 232–248

partnerships and, 244–248

watershed management, 241–244, 242

ecosystem services provided by, 216, 218–219

ecosystem water requirements, determination of,

221–225

effectiveness of market approaches, 236–241

environmental flow regimes, implementation of,

222–223

equity concerns and, 538

financing sources, 245

future challenges for, 218

governance and, 220, 220–232

human health and, 473

human well-being and, 216–220, 496–497

indirect drivers in, 217–218

infrastructure financing and, 244

instream water acquisition programs, 236, 237, 238

markets for provision of fresh water, 14, 235–236

methodologies for defining ecosystem water

requirements, 222–223

monitoring and evaluation of policies, 539

pollution. See Water pollution

poverty and, 218

property rights and, 235–236

public participation in decision-making regarding,

13, 227–229

public-private partnerships and, 244–245, 246–247

regulatory responses and, 14, 231–232

responses, selection for assessment, 219–220, 220,

536

responsibilities for provision of, 225–227

reverse osmosis, 251, 252

river basin organizations and, 229–231

socioeconomic impacts, 241–242

technologies and, 248–252, 543

third-party impacts of water transfers, 239–241, 241

tradable development rights (TDRs) and, 242

transfer payments and, 242

uncertainties and, 541

values used in responses, 537
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voluntary contractual arrangements and, 242

waste management and, 328–329

water banks, 236, 238, 240, 241, 496

water-borne diseases. See Water-borne diseases

water exchanges, 236, 240

watersheds. See Watershed management

wetlands. See Wetlands

Fuelwood, 16, 281–282

ecosystem impacts of, 281

human well-being and, 473, 498, 513

new business opportunities represented by, 544

policy challenges for, 282, 498

response options for, 281–282, 537

as source of energy for poor and rural communities,

262

technology and, 505–506

user impacts of, 281

Funding

by corporations, 543

for freshwater systems, 245

for governance, 79

for microcredits and loans, 50

G
GEF. See Global Environmental Facility

Gender issues. See Women

General Agreement on Tariffs and Trade (GATT), 42,

44, 438. See also World Trade Organization

(WTO)

General Agreement on Trade and Services (GATS), 42

Genetic modification of vector species, 365–367

Genetically modified agriculture, 192–194, 504, 508,

514

Geo-engineering options, 394

Geographic information system software, 481, 511

Global Assessment of Soil Degradation, 327

Global Environmental Facility (GEF), 41, 129, 146,

264

Global Invasive Species Programme (GISP), 139

Global responses, 63

Global Water Partnership, 456

Globalization

food provision and, 181–185, 182–185

net impact on ecosystem services and human well-

being, 523

wood and fiber production, 261

‘‘Glocalization,’’ 500

Governance. See also Decision-making process

as barrier to sustainability, 6

biodiversity, support for, 152–153

capacity for, 77–80

defined, 77, 152

domestic, 79

financial resources for, 79

freshwater systems and, 217, 220, 220–232

international, 77–79

legitimacy, 78

local, 79–80

participation and accountability in, 530. See also

Participation and transparency; Public

participation in decision-making
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reform, importance of, 6–7, 522

uncertainties and, 101

Government policies, 4, 45–46. See also specific level of

government

as responses, 60, 61, 62, 63–64

trade policies. See Trade policies

Gray water treatment and use, 324, 504

Grazing systems, 180, 207

Great Lakes Water Quality Agreement, 227, 228

‘‘Green Golden Rule,’’ 83

Green Revolution, 503, 504, 513, 543

Greenhouse gases, 376–377, 381, 381–382

burden sharing/equity considerations, 382–383

economic costs of reducing, 396

livestock and, 207–208

mitigation of, 21, 385–394, 386

non-carbon dioxide, 393–394

regional implications of, 382

H
Haribon Foundation, 9, 159

Hazardous wastes, 324, 327–328

Health. See Human well-being; Public health

implications

Health impact assessments (HIAs), 481

Hedonic valuation methods, 111

Helsinki Rules on the Uses of the Waters of

International Rivers, 43

Henry J. Kaiser Family Foundation on youth with

HIV/AIDS, 53

Hindu Kush Himalaya region, 232, 233

HIV/AIDS, 53, 356, 359, 469, 540, 564–566, 565

Home gardens and biodiversity, 148

Horizontal coherence, 519, 520

Hotspots and biodiversity, 114

Human waste and wastewater, 300, 304

Human well-being, 487–526

basic material for a good life, 29, 512–513

biodiversity and, 163, 495–496

climate change responses and, 498–499

defined, 27

development policies and, 515

economic and financial responses and, 495–499

environmental education and, 503

food provision and, 497–498

forests and, 498, 513

freedom and choice, 30, 513–514, 520, 520–521

freshwater systems and, 216–220, 496–497

fuelwood and, 498, 513

health, 29–30, 467–486, 484, 507, 512

agriculture-related problems, 328

biodiversity and, 471–472

ciguatera (fish poisoning) and, 479–480

climate change and, 377–378

climate regulation and, 474

cross-sectoral response options, 482–483

cultural, spiritual, and recreational services and,

475

decision-making in health sector, 480

ecosystem change and, 478

environmental influences on, methods for

measuring and prioritizing, 480–481

flood and storm control and, 474

food and, 472–473

fresh water and, 473

fuelwood and, 473

genetically modified organisms and, 192

interventions, methods for selecting, 481–482

knowledge systems and, 501–502

linkages with well-being and ecosystem services,

470–471, 471–472, 478–479, 483, 483

maternal health, 563–564, 564

nutrient management and, 473, 498

poverty and, 469, 484

response options by health sector, 480–482

response options outside of health sector, 476–480

risk perception and communication, 482

scenario-building and, 475

typology of responses and, 475–476

waste management and, 325, 326, 473

water management and, 478–479

horizontal coherence and, 519, 520

institutional coherence and, 519

key questions from decision-makers on, 491,

521–523

legal responses, 490–495

instrument design, 491–492

international level, 490–493

national and local instruments, 493–494

linkage with ecosystem services, 28

material needs, 29

nutrition as social indicator of, 412

organizational coherence and, 519

policy coherence and, 519–520

poverty and, 29–32, 43. See also Poverty

recreation and, 502–503

response options, 6–10

effect of, 507–514, 512, 512

spatial and administrative scales of, 518

temporal scales of, 517, 517–518

security and, 29, 507

social issues. See Social and behavioral responses

technological interventions and, 503–507

tourism and, 502–503

trade-offs of constituents of, 4

vertical coherence and, 519, 519–520

waste management and, 317, 318, 325, 326, 329,

473, 505, 513

water management and, 216–220, 478–479,

496–497, 505

I
IEG (international environmental governance),

431–434

Import restrictions. See Trade policies

In-vitro techniques for plant species, 148–149

Incineration, 323

India. See also Asia

agricultural improvements in, 298, 504

community-managed forests in, 136, 136, 514

dam building in, 77

education as fundamental right in, 51

emission reduction targets in, 379
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India (continued)

flooding and storms in, 345

forecasting and warning, 346

forests, local management of, 269

gender issues in, 514–515

National Policy and Action Plan on Biodiversity, 60

Plant Variety Protection and Farmers’ Rights Act,

137

regional development and privatization in, 514

sacred groves in, 27, 409

traditional medicine and plant cultivation in, 413

Indigenous peoples

biodiversity benefits for, 55, 131–137

economic incentives, 132–136

forest management by, 15, 268

language diversity and, 411

organizing as NGOs, 411

taking advantage of global institutions and

conventions to receive attention, 407

traditional knowledge of. See Knowledge

Indirect anthropogenic effects and climate change,

391–392

Indirect drivers. See Drivers of change

Indonesia

biodiversity and decentralization of responsibility in,

153

forests in, 262

Komodo National Park, 128

property rights in, 226

Infant mortality reduction, Millennium Development

Goals, 562–563, 563

Infectious diseases, 18, 353–372. See also specific disease

biological control/natural predators, 18, 361–362

burden of, 469–470, 470

chemical control, 18, 362–363, 369

climate change and, 475

current status of, 356

dam construction and, 505

development policies, importance of, 359

ecological conditions and vector-borne disease, 357

ecosystem services and, 362, 472

environmental data, linkage to, 481

floods and storms causing, 338

future projections of, 356

genetic modification of vector species, 18, 365–367

global trends as indirect drivers, 357–359

health awareness and education, 18, 364–365

human settlement patterns and, 18, 363–364

indirect and direct influences on transmission, 358

institutional responses, 369

integrated vector management, 18, 359–360,

360–361, 366, 369

inter-sectoral cooperation among health,

environment, and development institutions,

367–369

Millennium Development Goals, 564–566, 565

poverty and, 356

responses, analysis and assessment of, 369–370, 536

social and behavioral responses to, 363–365, 364,

369

technological advances in overcoming, 365–367
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tick-borne diseases, 477, 512

vulnerability and risk considerations, 540

waste management and, 325

water-related diseases, 473, 474, 477–478

Information access, 49–50, 160, 433

flood and storm control, 17, 346–347, 350

Inland water systems, 43. See also Freshwater systems

pollution. See Water pollution

response options for, 219–220, 220

Insecticides and elimination of infectious diseases,

362–363, 365, 369

Institutional coherence, 519

Institutional framework

as basis of intervention, 40–56

international level, 77–79

Institutional responses, 77–79

climate change, 396–398, 397

coordination, 2–3

coordination among, 2–3, 78–79

decision-making process and, 7, 545–546

infectious diseases, 369

reform, importance of, 522

waste management, 321–322

Instream water acquisition programs, 236, 237, 238

Insurance

environmental accountability and, 539

for flood and storm control, 17, 347

Integrated management, 7, 89, 101–102

coastal management, 144

pest (IPM), 195, 504

river basins, 144

vector (IVM), 18, 359–360, 360–361, 366, 369

wastes, 324

water resources, 518

Integrated responses, 20, 425–465. See also Integrated

management

assessment of, 429–430, 430

coastal zone management, 452–454

collaboration between different actors, stakeholders,

and institutions, 429

conservation and development projects, 450–452

decision-making process and, 459, 460, 535

defined, 428

ecosystem approach as framework for, 436–438,

437–439

enabling conditions and constraints, 457–458

international level, 440

forest management, 448–450

horizontal and vertical integration, 429

international responses, 430–440. See also

Multilateral environmental agreements

(MEAs); specific agreement or convention

international trade and environmental governance,

438–440

legal responses, 457

limits to integration, 458

linkages between social and natural systems,

428–429

national responses, 20, 440–448, 441. See also

National responses

river basin management, 454–457

sub-national and multiscale, 20, 448–458

trade-offs in, 458–459

vulnerability and risk considerations, 540

Intellectual property rights, 42, 411, 419, 502

Interactions among drivers and ecosystems, 33,

518–519

Intergovernmental Panel on Climate Change (IPCC),

55, 63, 105, 112, 349, 378

greenhouse gas emissions, 376–377, 379

indirect anthropogenic effects, 392

Special Report on Emission Scenarios (SRES),

381–382

International agreements, 3, 41–43, 63. See also Trade

policies; specific agreement or convention

compliance, 78, 78

cultural services and, 410–413

customary law, 42

design of, 491–492

domestic context and, 493

as drivers of change, 57

effectiveness of, 521–522

enforcement system, 43–44

human well-being and, 490–493

negotiation of, 492–493

outside environmental sector, 42–43

policy coherence and, 493

‘‘soft law,’’ 42

treaties, 41–42

International Commission for the Protection of the

Rhine, 230, 518

International Convention for the Control and

Management of Ships’ Ballast Water and

Sediments, 43

International Convention for the Regulation of

Whaling, 138

International Coral Reef Initiative, 158

International Court of Justice’s environmental

decisions, 42

International environmental governance (IEG),

431–434

International Institute for Sustainable Development,

378

International Labour Organization, 55

International legal responses. See International

agreements; specific conventions and agreements

International Monetary Fund (IMF), 41, 516

International Plant Genetic Resources Institute, 148

International Treaty on Plant Genetic Resources for

Food and Agriculture, 43, 136, 149

International Tropical Timber Agreement, 43, 491

International Tropical Timber Organization, 264

International Union for Conservation of Nature and

Natural Resources. See IUCN

Interventions

criteria for choosing, 47

human health, methods for selecting, 481–482

MA assessment of, 35–36

Invasive species

biodiversity and, 138–139

international agreements and, 43

national responses and, 494
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prevention, control, or eradication of, 138–139, 408,

499

South African policy on, 408

IPCC. See Intergovernmental Panel on Climate

Change

Irrigation, 176, 194–195

ferti-irrigation, 323

management of, 228–229, 558

markets in reallocation, 237–239

mixed farming systems and, 197

technological advances and, 509

wastewater, use of, 324

Island systems and waste management, 328

IUCN (International Union for Conservation of

Nature and Natural Resources), 125, 135,

137, 138, 140, 141

IUCN Red List of Threatened Species, 138–139

J
Japan. See also Asia

migratory birds, bilateral agreements on, 158

‘‘Job blackmail,’’ 76

Johannesburg Summit. See World Summit on

Sustainable Development

Judicial review, 46

K
Kaldor-Hicks criterion, 80

Kenya. See also Africa

devolvement of authority and biodiversity in, 153

pyrethrum cultivation in, 60

Knowledge

acquisition and acceptance, 55–56

credibility of, 56

food provision and, 185–190

gaps in, 6, 9–10

human well-being and, 501–502

information provision and, 49–50, 160

scientific knowledge, 55–56, 502

traditional and local knowledge, 19, 409–410

‘‘best practices,’’ 413

biodiversity preservation and, 52

CBD and. See Convention on Biological

Diversity (CBD)

combining with scientific knowledge, 502

compensation for, 19, 413

contributions of, 34–35, 412

human well-being and, 500–502

legitimization of, 54–55

marginalization of, 86

resource ownership and control based on

responses, 413–414

sociopolitical context of, 534

usable knowledge, 534

Komodo National Park, 128

Kyoto Protocol, 42, 43, 63

‘‘Brazilian Proposal,’’ 383

carbon management, 282

accounting of biological carbon, 393

design of, 491

economic aspects of, 21, 394–395

emission reduction, 379

PAGE 615

land use, land use change, and forestry, 389, 391

legal responses, 319

sinks, use of, 390, 392

L
Lake Victoria and introduction of non-native species,

204

Lakes. See Inland water systems

Land use and cover changes. See also Agriculture;

Deforestation; Urban growth and

urbanization

climate change and, 21, 389–391, 391, 393

cultivation and, 207, 558

as drivers of change, 57

flooding and, 344, 344

indices to track, 99

Land use planning and flood and storm control, 18,

347–348, 348

Landfills. See Waste management

Landscape approach to biodiversity, 143–145

Landscapes, cultural perceptions of, 19, 405–406,

499–502

Language diversity, 411

Latin America. See also specific countries

carbon sequestration in Andes, 159

Chico Mendes Extractive Reserve, 53

constitutional provisions on environment, 45

forests, local management of, 269

home gardens and biodiversity, 148

hurricane damage, 567

infectious diseases, 357, 359, 362, 364, 368

outbreaks after disasters, 338

river basin initiatives, 231

tourism and conservation incentives, 133

water rights, 226

watershed management, economic incentives for,

242–243

Least developed countries, Millennium Development

Goals, 575–577

Legal responses, 41–47, 56

climate change and, 378–379

‘‘command and control’’ regulations, 44

domestic constitutional law, 44–45

domestic enforcement system, 46

domestic environmental regulations, 44

domestic non-environmental legislation, 45–46

environmental impact assessments (EIAs), role of, 45

guidelines, standards, codes of practices, etc., 42

human well-being and, 490–495

instrument design, 491–492

international level, 490–493

national and local instruments, 493–494

integrated responses, 457

international customary law, 42

international enforcement system, 43–44

level and effectiveness of, 522

‘‘soft law,’’ 42

treaties, 41–42

uncertainties and, 99–100

waste management and, 319, 323

wild species, management of, 138

Legitimacy, 78, 101

Leishmaniasis, 357, 361, 363

Lesotho Highlands Water Project, 221, 224

Liability, civil and criminal, 46

Linking Poverty Reduction and Environmental Management

(World Bank), 514

Livestock. See Agriculture

Living landscapes, 142

Loans, 50

Local communities

benefiting from biodiversity, 131–137. See also

Indigenous peoples

culture of. See Cultural services

empowerment of, 52, 57

governance, 79–80

ICDPs, 132–133

knowledge of. See Knowledge

responses available to, 61, 62, 64, 67

risk perception of, 482

Local institutions and ecosystem change, 41

Local knowledge. See Knowledge

Logging. See Timber

Long Range Transboundary Air Pollutants regime, 492

Louisiana coast and wetlands project, 343

Lyme disease, 358, 477

M
MA. See Millennium Ecosystem Assessment

Macroeconomic policies, 4, 523

Madagascar and biodiversity, 61

Madrid Protocol on Environmental Protection, 44

Malaria, 356, 357, 358, 359, 361, 362, 364, 366,

368–369, 469, 564–566, 565

Mali. See also Africa

NGO and traditional approach to environmental

management, 414

Mangroves, 344–345, 345, 505

Manure, agricultural use of, 205–206, 306. See also

Nutrient management

Marine protected areas (MPAs), 128, 150–151

Marine reserves

biodiversity and, 150–151

ecosystems and wastes, 330

food provision and, 180–181, 205

Market-based valuations and uncertainties, 110, 522

Markets for provision of fresh water, 235–236, 544

Marrakesh Accords, 390

Material needs and human well-being, 29, 512–513

Maternal health, Millennium Development Goals,

563–564, 564

MDGs. See Millennium Development Goals

MEAs. See Multilateral environmental agreements

Medicine, traditional, 52, 52, 413, 561–562

Mekong River Commission, 230, 231

Melanesia, land and environmental ethics in, 52

Merritt Island National Wildlife Refuge, 128

Microcredits, 50

Migratory birds, 158

Millennium Development Goals, 2–3, 549–583

background to, 323, 551–554

biodiversity and, 124
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Millennium Development Goals (continued)

capacity-building for policy-making, 581–582

child mortality, reduction of, 562–563, 563

crosscutting analysis of, 577–580, 578–579

direct and indirect impacts, 580

ecosystem services and, 5, 514, 553, 575

education, 558–559

energy services and, 580–581

environmental sustainability, 566–568, 577

forestry assistance and, 264

gender equality, 560–562, 561

global partnership for development, 575–577, 576

hunger reduction, 556–558, 557

infectious diseases and, 359, 367, 564–566, 565

least developed countries, special needs of, 575–577

maternal health, 563–564

poverty reduction, 554–556, 555

purpose of, 41, 551

research agenda, 582–583

safe drinking water, 218, 568, 570, 570–572

slum dwellers, improving lives of, 573–574,

573–575

summary of, 552

time trade-offs, 580

transport services and, 580–581

2010 goals for reducing species loss, 144

Millennium Ecosystem Assessment (MA)

assessment tools for, 34–35

conceptual framework. See Conceptual framework

of ecosystem assessment

Millennium Development Goals and, 553–554

reporting categories of, 31

Mining, effect of, 45–46

‘‘Missing market,’’ 81

Mixed farming systems, 180, 205–206

water and, 197

Modeling, 34

Monitoring

biodiversity maintenance and recovery, 145

decision-making and, 530–531, 538–539

importance of, 4

technological advances in, 511

treaty implementation and, 44, 154, 492

waste management and, 21

Mono-cropping, 472

Montreal Protocol, 42, 43, 154, 394, 395, 480, 491,

492

Mosquitoes and vector-borne diseases, 357, 367, 368

genetic modification of vector species, 366

Mountain systems and waste management, 328

MPAs. See Marine protected areas

Multicriteria analysis and uncertainties, 107, 110

Multilateral environmental agreements (MEAs), 63,

153–159, 156–157, 433, 434–438. See also

International agreements

effective implementation of, 153–158

funding for, 438

list of major agreements, 435–436

poverty and, 154, 513–514

problems of, 158

Murray-Darling Basin, 224, 229, 234, 236, 238–239,

454, 456
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N
NAFTA. See North American Free Trade Agreement

National Academy of Sciences (U.S.), 81

National Hurricane Center (U.S.), 346–347

National responses, 63, 65, 67. See also Domestic legal

responses

conservation strategies, 266

effectiveness of, 522

enabling conditions and constraints for, 447–448

environmental action plans (NEAPs), 266, 444–446,

446

environmental policy integration, 442, 442–444

forest programs and, 15, 266–268

human well-being and, 493–494

instruments

for national sustainable development strategies,

447

for NEAPs, 445

for policy integration, 443–444, 444

integrated, 20, 440–448, 441

outcomes

of national sustainable development strategies, 447

of NEAPs, 445–446

of policy integration, 444

sustainable development strategies, 446–447

Natural disasters. See Flood and storm control

Nature Conservancy, 61

Nature–culture dichotomy, 404–405, 499–500

Negotiation of international agreements, 492–493

New business opportunities, 544–545

New York Biosphere Reserve, 408

New York City

waste management, 323

water management, 505

New Zealand

cyclones and flooding in, 342, 345

forests and rights of indigenous people, 268

health concept in, 470

ombudsman system in, 46

open access fisheries in, 200, 201

Taieri Catchment & Community Health Project,

479

NGOs, 41, 45, 53, 432

local and indigenous communities organizing as,

411, 414

responses available to, 61, 62, 67

Tropical Forests Action Plan and, 266

Nigeria. See also Africa

education and awareness raising, 416, 534

waste management, 320, 322, 324

Nitrogen fertilizer. See Nutrient management

Nitrous oxide emissions, 299, 299, 303–304, 308, 394,

395

Non-utilitarian value paradigm, 34

Non-wood forest products, 150, 276–279

commercializing of, 16, 278, 498, 544–545

as food source, 277

policy challenges for, 278–279

poverty and, 277–278

Nonmarket valuations and uncertainties, 110–112

North American Free Trade Agreement (NAFTA),

42–43, 265

Nuclear power, 387

Nutrient management, 17, 206, 295–311, 299, 557,

585

animal wastes and, 302–303

hybrid approaches, 307–308

cross-scale interactions and, 542

ecosystem biophysical information and, 535

fossil fuel sources, 303–304, 308

human health and, 473

hybrid approaches, 307–308

leaching and runoff from agriculture, 301–302, 302

hybrid approaches, 307

lessons learned, 308–309

marketable permits, 307

responses

analysis and assessment of, 304–308

to excess nutrients, 301–304

to insufficient nutrients, 301

taxes and fees, 307, 498

technological change and, 9, 298, 300, 300

technology-based standards, 306

total maximum daily loads, 306–307

urban and suburban sources, 304, 308

voluntary approaches, 305–306

waste conversion to organo-mineral fertilizer, 320

water pollution and, 298, 299, 299–300

watershed vs. nationally uniform responses, 304–305

wetlands and, 304, 308

Nutrient trading, 234

Nutrition. See Food provision

NWFPs. See Non-wood forest products

O
Ocean water and desalination, 251–252

Ombudsman system, 46

Onchocerciasis Control Program, 362–363, 365

Opportunity costs, 83

Organic farming, 193–194, 509, 544

Organic waste in landfills, 320

Organizational coherence, 519

Overexploitation of fish. See Fish and fisheries

Overgrazing, 207

Ozone production, 304

P
Pakistan. See also Asia

irrigation with wastewater, 324

Pan American Health Organization, 367

Pareto efficient, 80, 81

Parks. See Protected areas

Participation and transparency, 3–4, 537, 543. See also

Stakeholders

Partnerships

benefits for conservation from, 137

company-community forestry partnerships, 15,

270–271, 271–273

freshwater systems, 14, 244–248

public-private partnerships and, 244–245,

246–247

innovative, 7

private sector-government partnerships, 60

strategic partnerships, 543
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People, Land Management, and Ecosystem

Conservation program, 413

Permanent Court of Arbitration Optional Rules for

Arbitration of Disputes Relating to Natural

Resources and/or the Environment, 44

Persistent Organic Pollutants Protocol, 43

Pest management, 195, 504, 535

Pesticides, 323, 327, 557, 566

Phosphorus fertilizer. See Nutrient management

Physical structures as means for flood and storm control,

17, 341–342, 342

Pigovian taxes, 84

Plantation forestry, 16, 276, 280–281, 543

Plants. See also Agriculture

traditional medicine and, 52, 413

Plastic waste, 319–320

Polar systems and waste management, 328

Policy coherence, 519–520

Political drivers. See Sociopolitical drivers of change

Pollen storage, 149

Pollution. See Waste management; Water pollution

Population

food provision and, 176

government policies on, 51, 57

Post-materialism hypothesis, 86

Potential Pareto Improvement, 80

Poverty

adaptive management and, 520–521

concepts and measures of, 512

ecosystem degradation and, 27, 86

forests and, 267

freshwater systems and, 218

gender issues and, 514–515, 516

human health and, 469, 484

human well-being and, 43

hunger and, 472

infectious diseases and, 356

Millennium Development Goals and, 554–556, 555

participatory poverty assessments (PPAs), 516

poverty reduction strategies (PRSPs), 4–5, 267, 516

reduction responses, 29–32, 514–516, 523

technological development and, 506

trade-offs with ecosystem services, 219

tropical forests and, 515

waste management and, 331

water management and, 497

Poverty and Famines (Sen), 504

Precautionary principle, 107–108, 110

Precision agriculture, 191, 193, 508

Predators

loss of, 140

vector-borne diseases and, 361–362

Prediction uncertainty, 98, 110

Preferences, expression of, 8, 82

Pregnancy and maternal health, Millennium

Development Goals, 563–564, 564

Private sector responses, 60–61, 62, 494

biodiversity conservation and, 145–147, 146

new business opportunities for, 544–545

partnerships. See Partnerships

public policy consideration of, 545

reputation of businesses and, 543
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Privatization, 152, 226, 513, 523

of forest resources, 261

Prohibition, 47

Projection uncertainty, 98, 110

Property rights, 7, 19, 84–85, 100, 521. See also

Intellectual property rights

conservation of biodiversity and, 134

forest management and, 268–271

freshwater systems and, 225–227, 235–236

Protected areas, 100

adequacy of, 125–126

assessment of, 131

basis of assessment of, 126–127

design of, 129

diverse views on use of, 417, 417, 500

global network of, 126

linking to landscape, 143–145

local participation and effectiveness, 3

management of, 127–129

marine protected areas, 128, 150–151

regional and global planning for, 129–130

as response to biodiversity loss, 125–131, 494

for species conservation, 138

Protocol on Environmental Protection to the Antarctic

Treaty. See Madrid Protocol on

Environmental Protection

Provisioning services, 29. See also specific type of service

Public health implications

vector-borne disease and, 357

waste management and, 331

Public participation in decision-making, 32, 45,

227–229, 522

for freshwater systems, 13, 227–229

integrated responses and, 457–458

R
Radical uncertainty, 99

Ramsar Convention on Wetlands, 3, 26

amendment of, 42

financial support for, 158, 492

integrated river basin management and, 456

monitoring and reporting, 44, 158

restoration under, 250

Rangeland systems and climate change, 390

Recreation, 415–417. See also Tourism

human health and, 475

human well-being and, 502–503

Recycling, 323, 325–326, 329

Red tides, 330

Reduced impact logging, 279

Reforestation. See also Forests

climate change and, 390, 391

flood and storm control, 343–344, 344

impacts of, 17

Regional planning and biodiversity, 141–145, 494

Regulating services, 29

Regulatory responses

climate change and, 397

freshwater systems and, 231–232

human well-being and, 494

Reintroduction of species to native habitats, 138, 408,

494

Religion. See Cultural and religious drivers; Cultural

services

Renewable energy technologies, 387–388

Reporting mechanism in international agreements, 154,

492. See also specific agreement or convention

Reputation of businesses, 543

Research and development

biodiversity priorities, 163–165

insufficient investment in, 6

international agriculture research, 191

Millennium Development Goals, 582–583

Reservoirs. See Dams and reservoirs

Resilience, institutional, 77

Response Assessment Matrix, 87, 87

Responses

characteristics of successful responses, 2–5

choice of, 5–6, 527–548

coordination across sectors and scales, 2–3

definition of, 73

effectiveness of assessed responses, 10–21

enabling conditions for. See Enabling conditions

typology of, 37–70. See also Typology of responses

Responses Working Group’s assessment methodology,

xv

Restoration of ecosystem services, 9

wetlands, 14, 250–251, 343

Reverse osmosis, 251, 252

Rhine Basin, 457

Rhön Biosphere Reserve in Germany, 416, 416, 536

Rio Declaration, 42, 52, 107, 359, 432, 482, 566,

569–570. See also Earth Summit

Risk assessment, 35, 106–107, 110, 346, 539–541

Risk perception and human health, 482

RiskMap as vulnerability analysis tool, 109

River basin management

human health and, 478–479

integrated responses, 454–457

monitoring and evaluation of policies, 539

organizations, 13, 229–231

Rivers. See Inland water systems

Runoff. See Nutrient management

Rural peoples, 534. See also Agriculture; Indigenous

peoples

S
Sacred groves and areas, 19, 409, 409, 500

Safe drinking water. See Drinking water

‘‘Safe stopping rules,’’ 107–108

St. Lucia charcoal market and biodiversity conservation,

495, 496

Samoa and protected areas, 128

Sand dunes, 345

Sand storms, 340

Sanitary and Phytosanitary Measures Agreement, 42

SARS (Severe Acute Respiratory Syndrome), 359, 480,

566

Scale of responses, 62–65

bilateral agreements, 63

challenges and issues, 64, 65

global/universal, 63

local, 64
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Scale of responses (continued)

multilateral agreements, 63

national policies, 63

plurilateral agreements, 63

state/provincial policies, 63–64

Scenario-building, 103–104, 104

definition of scenario, 103

human health and, 475

purpose of, 35

Schistosomiasis, 481

Scientific and technological drivers, 59. See also

Technological responses

Seagrasses, 345

Security and human well-being, 29, 507

Seed banks, 148, 504

Sen, Amartya, 504, 520

Seven Islands Land Company, 271

Severe Acute Respiratory Syndrome. See SARS

Sewage. See Waste management

Sinks and climate change, 389–393, 390

Sleeping sickness, 360

Slum dwellers, improving lives of as Millennium

Development Goal, 573–574, 573–575

Small-scale private and public–private ownership and

forest management, 15, 270, 536, 542

Social and behavioral responses, 8–9, 56, 499–503

as barrier to sustainability, 6

changing perceptions of ecosystems and, 499–502

civil disobedience and protest, 53

climate change and, 384–385

cognitive differences and ecological beliefs, 85–86

empowerment, 51–53. See also Empowerment

equity, 85, 85

human well-being and, 29, 30, 513

infectious diseases and, 363–365, 364, 369, 534

population policies, 51

in synthesis in response strategies, 112–113

waste management and, 322

Social impacts of loss of biodiversity, 164

Social vulnerability, 108

Socio-environmental Institute in Brazil, 407

Socioeconomic impacts of freshwater systems, 241–242

Sociopolitical drivers of change, 58–59

public participation. See Public participation in

decision-making

Sociopolitical information available for decision-

making, 533–534

‘‘Soft law,’’ 42

Soil contamination, 327–328

Solar energy, 251

South Africa

balancing ecotourism and environmental protection,

545

biodiversity and, 143

climate stress and food insecurity, 539–540

invasive species policy, 408

water rights, 226, 227

South America. See Latin America

Species, extinction of. See Biodiversity

Sri Lanka. See also Asia

national environmental action plan, 446

PAGE 618

Stakeholders, 3–4. See also Local communities

forests and, 262

heterogeneity of, 516–517, 517

importance of, 28

institutional responses, involvement of, 100–101

motivations of, 109

participation of, 7, 32. See also Public participation in

decision-making

political feasibility of response and, 75–76

risk perception of, 482

social learning of, 161

trade-offs among, 4

waste prevention and resource recovery,

involvement in, 321

State/provincial policies, 63–64

Statement of Principles for a Global Consensus on the

Management, Conservation, and Sustainable

Development of All Types of Forests, 42, 52

Stockholm Declaration on the Human Environment,

42

Subsidies

elimination of, 8, 522

fertilizer, 306

food production, 185, 497

problems caused by, 47, 135–136, 522

types of, 48

Substitutions

for ecosystems due to floods and storms, 348–349

feasibility of, 32

for wood products, 263

Sugar markets, 186–187

Sustainability, 27, 32. See also World Summit on

Sustainable Development

barriers to, 6

definition of sustainable development, 341, 341

flood and storm control and sustainable

development, 341–348

forests and, 42, 150, 267

history of concept of, 41

integrated and sustainable waste management, 322

Millennium Development Goals, 566–568

Rio Declaration. See Rio Declaration

uncertainty and, 101

wild species and sustainable use programs, 139–140

Sweden

forest management in, 270

nitrogen-polluted water in, 300

tick-borne diseases in, 477

Synergies. See Trade-offs and synergies

Synthesis of responses, 65–67, 66, 99–102

political, economic, and social factors, 112–113

T
Tampa Bay, 251, 300, 305, 505, 542

Taxes

carbon emissions and, 395

conservation of biodiversity and tax credits, 134

effectiveness of tax credits, 495

nutrient management and, 307, 498

as resource management tool, 8

TDRs. See Tradable development rights

Technological responses, 9, 53–54, 56. See also

Scientific and technological drivers;

Substitutions

agriculture and, 9, 504

citizen’s eye-view of, 506

climate change, 9, 395–396

definition of technology, 53

effectiveness of, 522

energy and, 543–544

flood and storm control, 504–505

food provision and, 190–194

freshwater systems and, 248–252

human well-being and, 503–507

infectious diseases, 365–367

nutrient management and, 306

operative, 54

opportunities and incentives for, 543–544

poverty and, 506

preventive, 54

rehabilitative, 54

sustainable use of biological diversity and ecosystem

conservation and, 508–511

targets of responses, 54

timing of responses, 54

transfer mechanisms, 492

climate change and, 395–396

waste management and, 319–320, 324–325, 329,

505

water management and, 505, 543

wood and, 262, 276, 277

Technology regulation, 48

as drivers of change, 57

TEIAs. See Transboundary environmental impact

assessments

Tennessee Valley Authority, 229, 229, 231

Thailand. See also Asia

tourism and conservation incentives, 133, 495

Theory of Value, The (Debreu), 80

Third-party impacts of water transfers, 239–241, 241

Third-party voluntary forest certification, 16, 274–276,

275

Tibetan and Buddhist ecology, 409

Tick-borne diseases, 477, 512

Timber. See also Forests

International Tropical Timber Agreement, 43

reduced impact logging, 279

Time consistency and discounting, 83

Time scale of assessments, 34

Tourism, 20. See also Ecotourism

cultural services and, 415–417, 419

cultural tourism, 20, 417, 419, 544

human well-being and, 502–503

rural and urban tourism, 417

Tradable development rights (TDRs)

conservation of biodiversity and, 134

effectiveness of, 495

freshwater services and, 242

wetland mitigation banks and, 242

Tradable permit systems, 48–49. See also Cap-and-trade

systems

nutrient management and, 307, 498
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Trade-offs and synergies, 4

acceptable trade-offs, xv, 74, 86

biodiversity and, 162–163

businesses’ role in, 542–545

identification of, 87

integrated responses, 458–459

Millennium Development Goals

child mortality, 563

environmental sustainability, 567, 567–568

gender equality, 560–562

infectious diseases, 565

maternal health, 564, 564

poverty reduction, 556

primary education, 559, 559

time trade-offs, 580

trade policies, 575, 576

poverty and, 219

qualitative assessment of, 88, 88

quantitative assessment of, 88, 88

sustainable forest management, 450

Trade policies, 4, 42–43, 50

‘‘fair trade,’’ 19, 414–415, 415

food provision and, 181–185, 182–185

forests and, 264, 265–266

integrated responses and environmental governance,

438–440

liberalization, 113, 265–266, 523, 575

Millennium Development Goals, 575, 576

Trade-Related Aspects of Intellectual Property Rights

(TRIPS), 42, 136

Traditional knowledge. See Knowledge

Traditional medicine, 52, 52, 413

Transboundary environmental impact assessments

(TEIAs), 230–231, 539

Transfer payments and freshwater systems, 242

Transnational companies and forests, 265

Transnational linkages, benefits and negatives, 407

Transparency. See Accountability; Participation and

transparency

Transport services, Millennium Development Goals,

580–581

Travel cost methods, 111

Treaties, 41–42. See also Multilateral environmental

agreements (MEAs)

Trees. See Forests; Timber

TRIPS. See Trade-Related Aspects of Intellectual

Property Rights

Tropical cyclones. See Flood and storm control

Tropical forests. See also Amazon area; International

Tropical Timber Agreement

carbon and, 208

downstream hydrological function and, 242

poverty and, 515

Rainforest Harvest, 414–415

Tropical Forests Action Plan, 266

Trypanosomiasis. See Chagas disease

Tuberculosis, 566

Typology of responses, 37–70

actors’ responses, 60–62, 62, 531

cognitive responses, 54–56. See also Knowledge

difficulty in differentiating, 39–40
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drivers of change and, 57–60, 58–59. See also Drivers

of change

economic responses, 47–51, 56. See also Economic

responses

government responses, 60

human health and, 475–476

institutional framework as basis of intervention,

40–56

legal responses, 41–47, 56. See also Legal responses

nature of intervention and, 40–56

private sector responses, 60–61

scale of operation of decision-maker and, 62–65. See

also Scale of responses

social and behavioral responses, 51–53, 56. See also

Social and behavioral responses

sources of, 40

synthesis of, 65–67

technological responses, 53–54, 56. See also

Technological responses

U
Ubuntu Declaration, 51

Uganda. See also Africa

vector-borne disease in, 360

Uncertainties, 5, 95–116, 541–542

accommodation of, 104–105

calibration uncertainty, 98, 108, 110

carbon management and, 282

challenges of, 113–114

contextual uncertainty, 98, 110

contingent valuation and, 111–112

cost–benefit analysis and, 105–106, 106, 110

cross-cutting issues and, 112

decision analytic frameworks and, 105–109

governance and, 101

hedonic valuation methods and, 111

human demand ecosystem services and, 100

institutional responses and

to ecosystem protection, 100

stakeholder involvement, 100–101

land tenureship and, 414

legal and control responses and, 99–100

market-based valuations and, 110

methods for analyzing, 102–105, 110

multicriteria analysis and, 107, 107, 110

nonmarket valuations and, 110–112

precautionary principle and, 107–108, 110

prediction uncertainty, 98, 110

projection uncertainty, 98, 110

radical uncertainty, 99

response options and assessment methods, 98–99

risk assessment and, 106–107, 110

‘‘safe stopping rules’’ and, 107–108

subjective and estimated perceptions of, 98

synthesis in response strategies, 99–102

political, economic, and social factors, 112–113

taxonomy of sources of, 98

unintended consequences. See Unintended

consequences

valuation techniques and, 109–112

vulnerability analysis and, 108–109, 110

UNCLOS. See Convention on the Law of the Sea

UNECE Convention on Access to Information, Public

Participation in Decision-Making, and

Access to Justice in Environmental Matters,

433

UNEP. See United Nations Environment Programme

UNESCO

Biosphere Reserve, 408

Local and Indigenous Knowledge Systems in a

Global Society, 412

World Heritage Program, 411, 412, 499

UNFCCC. See Framework Convention on Climate

Change

UNICEF on primary education, 560

Unintended consequences, 60, 74, 102

United Kingdom

agriculture policy, 100, 194

flooding, 338

invasive species, 139

Local Agenda 21 National Campaign, 432

private sector and biodiversity action, 146

water public-private partnerships, 246

United Nations. See also Millennium Development

Goals; specific conventions

Agenda 21, 43, 323, 359, 431, 432, 433, 439, 454,

458, 482, 514

Committee on Economic, Social and Cultural

Rights, 43

Conference on Environment and Development

(UNCED), 55, 323, 441, 458

Draft Declaration on the Rights of Indigenous

Peoples, 55

forest policy of, 263, 267, 458

Forum on Forests, 263

People, Land Management, and Ecosystem

Conservation program, 413

sustainable approach of flood and storm control of,

341

World Water Assessment Program, 221

United Nations Environmental Program (UNEP), 41,

323, 432

Urban agriculture, 326, 504

Urban Biosphere Group, 408

Urban growth and urbanization

agriculture and, 326

flood and storm control and, 340

infectious diseases and, 363–364

Millennium Development Goals, improving to lives

of slum dwellers, 573–574, 573–575

nitrogen pollution and, 304, 308

tourism and, 417

waste management and, 325–326, 326

U.S. air pollution

Clean Air Act, 79, 299, 303

emission reduction targets, 379

U.S. Endangered Species Act, 60, 239

U.S. Interagency Ecosystem Management Task Force,

439

U.S. National Hurricane Center, 346–347

U.S. nutrient management, 299–300, 301, 304–305,

306
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U.S. waste management

Federal Energy Technology Center, 325

Resource Conservation and Recovery Act, 323

Solid Waste Disposal Act, 323

Toxic Release Inventory, 322

U.S. water management

Carey Act, 236

Clean Water Act, 232, 306, 307, 498

flow regulation in Pacific Northwest, 239

instream water acquisition programs, 236, 237, 238

large-scale watershed ecosystems, development of,

541

Mississippi flood control, 342

Safe Drinking Water Act, 251

third-party impacts of water transfers, 239, 241

water banks, 236, 238, 241

water exchanges, 236

water ‘‘grab,’’ 237

Utilitarian value paradigm, 34

V
Value associated with ecosystem services, 33–34, 34,

81–83

best information available, use of, 536–537

biodiversity and, 123, 163–164

importance of, 499

uncertainties and valuation techniques, 109–112

watershed management and, 101

Vector-borne diseases. See Infectious diseases

Vehicle emissions, 323. See also Nitrous oxide emissions

Vertical coherence, 519, 519–520

Vienna Convention for the Protection of the Ozone

Layer, 42

Viruses. See Infectious diseases

Volition, 103

Volunteer responses

economic, 49–50

forests and, 265, 274–276, 275

freshwater systems and voluntary contractual

arrangements, 242

nutrient management, 305–306

private sector responses, 61–62

Vulnerability analysis, 108–109, 539–541

definition of vulnerability, 108

response options and, 476, 477

uncertainties and, 108–109, 110

W
WAINIMATE and traditional medicine, 52, 561–562

Waste management, 20–21, 313–334

agricultural ecosystems and, 326–327

agricultural uses of, 329

animal. See Animal wastes and water pollution

biodiversity conservation and, 331

coastal ecosystems and, 330

conversion to organo-mineral fertilizer, 320

damaging impact of responses, 324

drivers of change and, 317–319

ecosystem and, 317, 318

education and knowledge to change practices and

attitudes, 21, 322, 331

eutrophication, 329
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financial and economic responses, 320–321

freshwater ecosystems and, 328–329

gray water treatment and use, 324, 504

hazardous wastes, 327–328

historical considerations, 322–323, 324

human waste and wastewater, 300, 304

human well-being and, 317, 318, 325, 326, 329,

473, 505, 513

institutional responses, 321–322

integrated and sustainable waste management, 322

integrated design of responses, 324

legal responses, 319, 323

marine ecosystems and, 330

minimization, 325–326

organic waste in landfills, 320

political interest in responses, 323

positive impact of responses, 323–324

poverty reduction and, 331

public health implications of, 331

recycling, 323, 325–326, 329

remote ecosystems and, 328

responses

assessment of, 325–330

selection of, 319–322

sociocultural responses, 322

technological responses and, 20, 319–320, 324–325,

329, 505

typology of, 316, 316–317

urban agriculture, 326

urban and terrestrial ecosystems and, 325–326, 326

Water banks, 236, 238, 240, 241, 496

Water-borne diseases, 473, 474, 477–478

Water exchanges, 236, 240

Water hyacinth, 323

Water pollution, 198, 572

agriculture and, 195–196, 301–302, 302, 543

animal wastes and, 300, 302–303

Great Lakes Water Quality Agreement, 227, 228

human wastewater and, 300, 304

nutrient runoff and, 298, 299

Water resources

climate change and, 378

coastal. See Coastal water systems

dams and reservoirs. See Dams and reservoirs

floods. See Flood and storm control

food provision and, 176, 194–196

fresh water. See Freshwater systems

groundwater. See Inland water systems

human well-being and, 216–220, 478–479,

496–497, 505

inland. See Inland water systems

integrated management, 518

irrigation. See Irrigation

marine. See Marine reserves

mixed farming systems and, 197

permits (U.S.), 521

pollution. See Water pollution

pricing in irrigated agriculture, 194–195, 196

watersheds. See Watershed management

Watershed management, 14, 101. See also River basin

management

economic incentives and, 241–244, 242

nutrient management and, 304–305

Wealth-poverty gap. See Poverty

Weather patterns. See Climate change

Well-being. See Human well-being

Wetlands

Convention on. See Ramsar Convention on

Wetlands

flood moderation and, 342–343

mitigation banking, 234

nutrient sinks in, 304, 308

restoration and mitigation, 14, 250–251, 343

technological advances and, 509

waste management and, 323, 329–330

WHO. See World Health Organization

Wild species, management of, 137–141

Wildstock in competition with livestock, 207

WIPO. See World Intellectual Property Organization

Women

empowerment of, 13, 52, 560–562

food provision and, 181, 184

Millennium Development Goals

gender equality, 560–562, 561

maternal health, 563–564, 564

poverty and, 514–515, 516

traditional medicine and, 52

Wood fuel. See Fuelwood

Woodlands. See Forests

World Association of Zoos and Aquariums, 140

World Bank

BioCarbon Fund, 390

consumer actions targeting for effect on world

forests, 273

environmental issues and, 2, 41

on flooding and its beneficial impacts, 339

forestry sector reviews required by, 266

indigenous people, ensuring benefits for, 55

local involvement in projects, 61

national environmental action plans and, 266

poverty reduction strategies (PRSPs) of, 4–5, 267,

516

protected areas and, 127

World Commission on Dams, 249, 433, 434

World Food Summit, 181

World Health Organization (WHO)

‘‘burden of disease’’ assessments, 480, 566

definition of health from, 470

environment and health awareness, 368

Malaria Eradication Campaign, 362

vector-borne disease, 356

World Heritage Convention, 52, 158, 491

World Heritage Program (UNESCO), 411, 412, 499

World Intellectual Property Organization (WIPO),

411, 502

World Parks Congress, 127, 129

World Summit on Sustainable Development, 124, 145,

201, 205, 323, 359, 431, 433, 482, 492, 493

World Tourism Organization, 133

World Trade Organization (WTO), 41, 42, 265, 575

Agreement on Agriculture, 185

biodiversity and, 125
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World Trade Organization (continued)

dispute resolution, 43–44, 439
Doha Trade Round, 440
rule violations under, 439

World Wide Fund for Nature, 343
World Wildlife Fund (WWF), 61, 127, 133, 274
World Zoo Conservation Strategy, 140
WSSD. See World Summit on Sustainable

Development
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WTO. See World Trade Organization
WWF. See World Wildlife Fund

Y
Youth, empowerment of, 52–53

Z
Zimbabwe. See also Africa

sacred areas and land reform in, 409

tourism in, 418

Zoning, 47

Zoo populations, 140

Zoonotic diseases, 361, 512
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