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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
to also 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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xvi Ecosystems and Human Well-being: Scenarios

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 secretar-
iat coordinated by the United Nations Environment Pro-
gramme, and it was governed by a multistakeholder board
that included representatives of international institutions,
governments, business, NGOs, and indigenous peoples.
The objective of the MA was to assess the consequences of
ecosystem change for human well-being and to establish the
scientific basis for actions needed to enhance the conserva-
tion and sustainable use of ecosystems and their contribu-
tions to human well-being.

This volume has been produced by the MA Scenarios
Working Group and examines possible changes in ecosys-
tem 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 material in this report has undergone two exten-
sive 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 technical findings of the Assessment. Six synthe-
sis reports have also been published: one for a general audi-
ence and others focused on issues of biodiversity, wetlands
and water, desertification, health, and business and ecosys-
tems. These synthesis reports were prepared for decision-
makers in these different sectors, and they synthesize 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 pro-
vide a unique foundation of knowledge concerning human
dependence on ecosystems as we enter the twenty-first cen-
tury. Never before has such a holistic assessment been con-
ducted that addresses multiple environmental changes,
multiple drivers, and multiple linkages to human well-
being. Collectively, these reports reveal both the extraordi-
nary success that humanity has achieved in shaping ecosys-
tems to meet the need of growing populations and
economies and the growing costs associated with many of
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these changes. They show us that these costs could grow
substantially in the future, but also that there are actions
within reach that could dramatically 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, Explor-
atory Steering Committee, Assessment Panel, Coordinating
Lead Authors, Lead Authors, Contributing Authors, Board
of Review Editors, and Expert Reviewers for their extraor-
dinary 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
Scenarios Working Group Technical Support Unit for their
dedication in coordinating the production of this volume,
as well as the University of Wisconsin-Madison, the Food
and Agriculture Organization of the United Nations, and
the International Maize and Wheat Improvement Center,
which housed this TSU.

We would particularly like to thank the Co-chairs of the
Scenarios Working Group, Dr. Stephen Carpenter and Dr.
Prabhu Pingali, and the TSU Coordinators, Dr. Elena Ben-
nett and Dr. Monika Zurek, for their skillful leadership of
this working group and their contributions 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

Scenarios is one of four central volumes of the Millennium
Ecosystem Assessment, a four-year international program
designed to meet the needs of decision-makers for scientific
information on the links between ecosystem change and
human well-being. Leading scientists from around the
world have been involved with the development of the sce-
narios and the writing of this book.

Scenarios are plausible, challenging, and relevant sets of
stories about how the future might unfold. They are gener-
ally developed to help decision-makers understand the wide
range of potential futures, confront critical uncertainties,
and understand how decisions made now may play out in
the future. They are intended to widen perspectives and
illuminate key issues that might otherwise be missed or dis-
missed. The goal of developing scenarios is often to support
more informed and rational decision-making that takes
both the known and the unknown into account.

We developed four scenarios that focus on ecosystem
change and the impacts on human well-being. Each sce-
nario demonstrates development pathways commonly dis-
cussed today by decision-makers around the world. They
address assumptions that people hold about how the world
works and the best paths to a sustainable future. By compar-
ing different scenarios, readers can understand the potential
impact of today’s decisions on tomorrow’s ecosystems and
human well-being. The probability of any one of our sce-
narios being the real future is low: the real future is likely
to be some mix of the scenarios that we present. The future
could be far worse or far better than any of the individual
scenarios, depending on the choices made by decision-
makers as well as on unforeseeable events.

The scenarios could be presented in many different
ways. We have chosen to present them in three sections.
Part I presents the background material for the scenarios.
Chapter 1 summarizes the MA conceptual framework. It
describes the assumptions that underlie the MA and explains
the basic framework for analysis and decision-making. It
was developed through interactions of the experts involved
in the MA as well as stakeholders who will use the findings
of the MA. Chapter 2 explores the history of global envi-
ronmental scenario building for sustainable development.
While scenarios first emerged as a war planning technique
in the 1950s, the first ones that explicitly included environ-
mental issues were not developed until the 1970s.

Although scenarios have been developed to improve
understanding of the environment, Chapter 3 explains that
even these focus primarily on socioeconomic changes and
have rarely taken ecological dynamics into account. The
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authors show that incorporating ecosystem dynamics could
radically alter the outcome of some scenarios, and they
make the case that including ecosystem knowledge into
scenarios about ecosystem change and human well-being is
critical.

Quantitative projections using models are an important
element of the MA scenarios. Models are used to add quan-
titative dimensions to scenarios, compare outcomes, evalu-
ate the consistency of scenarios with known conditions and
trends, and assess plausibility in relation to generally ac-
cepted mechanisms of ecosystem change. Models exist to
quantify many, but not all, aspects of the MA scenarios.
Even in cases where models exist, however, there may be
critical uncertainties or other weaknesses. Chapter 4 ex-
plores the strengths and weaknesses of the models that are
available to quantify the MA scenarios in nine areas: fore-
casting land cover change, impacts of land cover changes on
local climates, changes in food demand and supply, changes
in biodiversity and extinction rates, impacts of changes in
nitrogen and phosphorus cycles, fisheries and harvest, alter-
ations of coastal ecosystems, and impacts on human health.
The ninth area considered is integrated assessment models
that seek to piece together many different trends by predict-
ing the consequences of changes in critical drivers.

The next four chapters form Part II, the presentation of
the scenarios themselves. There are an infinite number of
interesting scenarios about ecosystem change and human
well-being, but we chose to present four specific ones.
Chapter 5 explains the rationale for choosing these four
particular areas and how decision-maker concerns and eco-
system management dilemmas led us to that focus. We also
present brief versions of each of the scenarios and some
ideas about the potential benefits and risks of each scenario.
In Chapter 6 we present the methods by which the scenar-
ios were developed, including both qualitative and quanti-
tative aspects of scenario development. The qualitative part
of the chapter describes how we considered user needs and
questions when outlining four storylines, and how the sce-
narios grew and were modified from this beginning. The
quantitative part of the chapter describes the various models
that were used to quantify the scenarios as well as the proc-
ess by which these models were soft-linked. Finally, we de-
scribe how we addressed uncertainty in both the qualitative
and quantitative parts of the scenarios and the sensitivity
analysis for the quantitative aspect of the scenarios.

Chapter 7 presents some of the key input information
needed to determine the outcome of the scenarios—the
material about the key drivers of ecosystem change. The
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chapter examines two of the main elements of the MA con-
ceptual framework, indirect and direct drivers. The goal of
the chapter is to provide an overview at the global level of
key drivers of ecosystem change and the ability to deliver
services that improve human well-being. The scenario out-
lines presented in Chapter 5 can be used to infer changes in
the drivers presented in Chapter 7. In turn, the changes
in these drivers will go on to determine the outcomes for
ecosystem change, which are presented later. The final
chapter in this section, Chapter 8, is the full presentation
of the scenario storylines. Chapter 8 also details the differ-
ences and similarities among the four scenarios, as well as
providing an in-depth examination of the potential risks
and benefits of each of our four scenarios.

The last six chapters, Part III, delve into the implications
of the scenarios for ecosystem change and changes in
human well-being as well as for managing socioecological
systems. In Chapter 9, we present estimates of changing
ecosystem services in the form of both qualitative and quan-
titative information. The qualitative information is based on
our interpretation of the storylines in Chapters 5 and 8,
while the quantitative information is based on the related
modeling analysis. Quantification provides insight into de-
mand for food, water, and other ecosystem services and the
potential effects on future capacity of ecosystems to provide
these services.

Chapter 10 looks specifically at changes in biodiversity
across the scenarios. Despite management efforts to stem
losses, biodiversity has continued to decline in many parts
of the world. This chapter examines what the scenarios tell
us about how biodiversity is likely to change in the future
and what actions we can take to help maintain biodiversity.
Because biodiversity is necessary for the provision of many
other ecosystem services, changes in biodiversity in the fu-
ture may have important implications for the provision of
key ecosystem services. Because ecosystems underpin
human well-being through supporting, provisioning, regu-
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lating, and cultural services, changes in ecosystem services
also affect human well-being. Well-being also depends on
the supply and quality of human services, technology, and
institutions. We examine changes in human well-being
across the scenarios in Chapter 11, which also looks at the
resilience and vulnerability of human well-being to adverse
surprises across the scenarios.

Once we understand the similarities and differences in
the provision of ecosystem services and human well-being
across the scenarios, we can begin to think about ecosystem
management. The final three chapters address ecosystem
management options and their consequences. We examine
the implications of the scenarios for trade-offs between eco-
system services in Chapter 12. Trade-offs are reductions
in one ecosystem service that accompany increased use of
another service or increased intensity of some non-ecosystem-
based human activity. The scenarios indicate that major pol-
icy decisions in the next 50–100 years will have to address
trade-offs among ecosystem services. Many trade-offs, such
as the one between agricultural production and water qual-
ity, are consistent across all scenarios. We provide a synthesis
of the lessons of the MA scenario development in Chapter
13. This chapter is directed primarily at the global assess-
ment community. Finally, Chapter 14 synthesizes the re-
sults of the MA scenarios for policy-makers, focusing on the
Convention on Biological Diversity, the RAMSAR conven-
tion on wetlands, the Convention to Combat Desertification,
national governments, communities and nongovernmental
organizations, and the private sector.

Elena Bennett and Steve Carpenter
University of Wisconsin-Madison
United States

Prabhu Pingali and Monika Zurek
Food and Agriculture Organization of the United Nations
Rome, Italy
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Reader’s Guide

The four technical reports present the findings of each of
the MA Working Groups: Condition and Trends, Scenar-
ios, Responses, and Sub-global Assessments. A separate vol-
ume, 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 re-
ports were prepared for ease of use by specific audiences:
Synthesis (general audience), CBD (biodiversity), 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 fig-
ures. Appendix B lists all the authors who contributed to
this volume. Appendix C lists the acronyms and abbrevia-

PAGE xxv

xxv

tions 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 appropriate to indicate judgmental estimates of cer-
tainty, based on the collective judgment of the authors,
using the observational evidence, modeling results, and the-
ory that they have examined: very certain (98% or greater
probability), high certainty (85–98% probability), medium
certainty (65%–58% probability), low certainty (52–65%
probability), and very uncertain (50–52% probability). In
other instances, a qualitative scale to gauge the level of sci-
entific understanding is used: well established, established
but incomplete, competing explanations, and speculative.
Each time these terms are used they appear in italics.
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2 Ecosystems and Human Well-being: Scenarios

Envisioning the Future for Ecosystems and
People

The capacity of Earth’s ecosystems to provide life-support ser-
vices is changing rapidly, at a time when human pressures on
ecosystems are also increasing.

These changes in ecosystems have enormous implications for
life on Earth. Yet they can seem bewildering because of their com-
plexity, speed, surprises, and demands on human ingenuity.

Scenarios organize information about plausible causes of and
responses to long-term change. The central idea is to categorize
outcomes into a few plausible futures, making the complex more
comprehensible. Contrasts among scenarios illuminate key link-
ages and probable outcomes of various approaches or decisions.

Ecosystems are always changing, but the rate and
magnitude of change are not constant over time.
Most of the time, change is gradual, incremental, and
perhaps reversible. However, some changes in eco-
systems and their services are large in magnitude and
can be difficult, expensive, or impossible to reverse
(high certainty). Examples of ecosystems subject to large, im-
portant changes are pelagic fisheries (economic collapse),
freshwater lakes and reservoirs (toxic blooms, fish kills), pas-
toral lands (conversion to woodland with overgrazing and
fire suppression), and dryland agriculture (desertification).
The thresholds and triggering events for these large changes
are often difficult to predict. [3, 5]

Slow losses of resilience set the stage for large changes
that occur after the ecosystem crosses a threshold or is sub-
jected to a random event such as a climate fluctuation (estab-
lished but incomplete). For example, incremental buildup of
phosphorus in soils gradually increases the vulnerability of
lakes and reservoirs to runoff events that trigger oxygen
depletion, toxic algae blooms, and fish kills. Cumulative ef-
fects of overfishing and nutrient runoff make coral reefs sus-
ceptible to severe deterioration triggered by storms, invasive
species, or disease. Slow decrease in grass cover crosses a
threshold so that grasslands can no longer carry a fire, allow-
ing woody vegetation to dominate and severely decreasing
forage for livestock. [3, 5] These long-lasting and costly
changes from seemingly random events pose a daunting
challenge for decision-makers concerned with ecosystems
as well as for people whose livelihoods depend on ecosys-
tems.

Recent trends in human use of ecosystem services reveal
rapid changes and great uncertainty about future changes.
(See MA Current State and Trends volume.) While many
ecosystem services are renewable, current rates of use are
often greater than the renewal rates, leading to degradation
and declines in the future capacity of ecosystems to provide
services. Dryland agricultural areas around the world are
threatened by desertification. Freshwater supplies have been
stressed by increasing withdrawals of groundwater and sur-
face water, as well as by pollution. Marine fish harvest has
declined since the late 1980s, and one quarter of marine
fish stocks are overexploited or depleted. Despite growing
global timber production, the condition of forests is dimin-
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ishing. The observed rates of species extinction in modern
times are as much as 1,000 times higher than the average
observed for comparable taxonomic groups from the fossil
record. These and many other losses have occurred in the
course of using ecosystem services. The capacity of Earth’s
ecosystems to provide life-support services is changing rap-
idly, at a time when human pressures on ecosystems are also
increasing. The Scenarios volume explores the implica-
tions of different approaches for sustaining ecosystem
services in the face of growing demand. [8, 9, 11, 14]

In order to plan for a changing and uncertain future, we
must have tools for organizing extensive information about
socioecological systems. Scenarios are such a tool. Scenar-
ios are plausible, provocative, and relevant stories
about how the future might unfold. They can be told
in both words and numbers. Scenarios are not fore-
casts, projections, predictions, or recommendations,
though model projections may be used to quantify
some aspects of the scenarios. The process of building
scenarios is intended to widen perspectives and illuminate
key issues that might otherwise be either missed or dis-
missed. By offering insight into uncertainties and the conse-
quences of current and possible future actions, scenarios
support more informed and rational decision-making in sit-
uations of uncertainty. Scenarios are a powerful way of ex-
ploring possible consequences of different policies. They
force us to state our assumptions clearly, enabling the conse-
quences of those assumptions to be analyzed. Scenarios, and
the products of scenarios, are not predictions. Rather, they
explore consequences of different policy choices based on
current knowledge of underlying socioecological processes.
[2, 3, 5]

This summary explores the scenarios, how we devel-
oped them, and what we have learned in the process. The
first section describes the methods and the assumptions be-
hind the scenarios. This is followed by four sections that
explore the results for ecosystem services, trade-offs among
ecosystem services, biodiversity, and human well-being. We
conclude with a section describing research needs for im-
proving future development of scenarios for ecosystem ser-
vices and human well-being.

Developing the Millennium Ecosystem
Assessment Scenarios

The MA scenarios assess the consequences of contrasting devel-
opment paths for ecosystem services.

Because stresses on ecosystems are increasing, it is likely
that large, costly, and even irreversible changes will become more
common in the future. This will lead to reduced services provided
by ecosystems or increased costs of maintaining services. Man-
agement that deliberately maintains resilience of ecosystems can
reduce the risk of large, costly, or irreversible change.

Proactive or anticipatory management of ecosystems is partic-
ularly important under rapidly changing or novel conditions.

The MA developed a set of global scenarios to address the
effects of different development paths on ecosystem services
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3Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

and human well-being. The scenarios extend into the fu-
ture from the situation described in the MA Current State
and Trends volume. Three of the four pathways involve
major positive actions taken to move toward sustainable de-
velopment. The alternate pathways of the four contrasting
scenarios illustrate many of the tools described in the MA
Policy Responses volume. Although the scenarios focus on
the global scale, many implications for regional and local
ecosystems were examined. These provide a bridge to the
MA Multiscale Assessments volume. The contrasts among
the global scenarios are designed to illuminate key
risks and benefits of each pathway and to examine
the interaction among drivers of ecosystem change,
ecosystem services, and human well-being.

The MA scenarios explore the potential consequences
of alternate pathways to development, and they inform
decision-makers about the consequences for ecosystem ser-
vices. The scenarios were designed to explore con-
trasting transitions of society as well as contrasting
approaches to policies about ecosystem services. (See
Figure S1). We explore two kinds of transitions—one in
which the world becomes increasingly globalized and
another in which it becomes increasingly regionalized. Fur-
thermore, we address two different approaches for gover-
nance and policies related to ecosystems and their services.
In one case, management of ecosystems is reactive, and
most problems are addressed only after they become obvi-
ous. In the other case, management of ecosystems is pro-
active, and policies deliberately seek to maintain ecosystem
services for the long term.

Framed in terms of these contrasts, the four scenarios
developed by the MA were named Global Orchestration
(socially conscious globalization, with an emphasis on equity,

Figure S1. Millennium Ecosystem Assessment Scenarios: Plausible Future Development Pathways until 2050. The scenario
differences are based on the approaches pursued toward governance and economic development (regionalized versus globalized) and
ecosystem service management (reactive versus proactive).
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economic growth, and public goods and with a reactive
approach to ecosystems), Order from Strength (regional-
ized, with an emphasis on security and economic growth
and with a reactive approach to ecosystems), Adapting
Mosaic (regionalized, with an emphasis on proactive man-
agement of ecosystems, local adaptation, and flexible gover-
nance), and TechnoGarden (globalized, with an emphasis
on using technology to achieve environmental outcomes
and with a proactive approach to ecosystems). The focus
on ecosystem services and effects of ecosystems on
human well-being distinguish the MA scenarios from
previous global scenario exercises. [2, 3, 5, 8]

The future will represent a mix of approaches and con-
sequences described in the scenarios, as well as events and
innovations that have not yet been imagined. No scenario
will match the future as it actually occurs. No scenario rep-
resents business as usual, although all begin from current
conditions and trends. None of the MA scenarios represents
a ‘‘best’’ or a ‘‘worst’’ path. Instead, they illustrate choices
and trade-offs. There could be combinations of policies that
produce significantly better, or worse, outcomes than any
of the scenarios. Each of the scenarios begins in 2000 and
ends in 2050. Each emphasizes different pathways of devel-
opment. [2] (See Box S1.)

Interviews with stakeholders and a literature re-
view of major ecological dilemmas were used to
identify focal questions, key uncertainties, and cross-
cutting assumptions behind the scenarios. (See Figure
S2). These focal questions, uncertainties, and assumptions,
which are explored in more detail in the next paragraphs,
were used to develop the four plausible, alternative futures.
Scenarios were then constructed by working through the
MA conceptual framework (indirect drivers, direct drivers,
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4 Ecosystems and Human Well-being: Scenarios

BOX S1

Global Scenarios of the Millennium Ecosystem Assessment

The Global Orchestration scenario depicts a globally connected society in increasingly large numbers of people, is the key challenge facing manag-
which policy reforms that focus on global trade and economic liberalization ers of ecosystem services.
are used to reshape economies and gov- The Order from Strength scenario represents a regionalized and frag-
ernance, emphasizing the creation of mented world concerned with security and protection, emphasizing primar-
markets that allow equitable participation ily regional markets, and paying little at-
and provide equitable access to goods tention to common goods. Nations see
and services. These policies, in combina- looking after their own interests as the
tion with large investments in global pub- best defense against economic insecu-
lic health and the improvement of rity, and the movement of goods, people,
education worldwide, generally succeed and information is strongly regulated and
in promoting economic expansion and lift policed. The role of government expands
many people out of poverty into an expanding global middle class. Supra- as oil companies, water systems, and
national institutions in this globalized scenario are well placed to deal other strategic businesses are either na-
with global environmental problems such as climate change and fisheries. tionalized or subjected to more state oversight. Trade is restricted, large
However, the reactive approach to ecosystem management favored in amounts of money are invested in security systems, and technological
this scenario makes people vulnerable to surprises arising from delayed change slows due to restrictions on the flow of goods and information.
action. While the focus is on improving human well-being of all people, Regionalization exacerbates global inequality.
environmental problems that threaten human well-being are only consid- Agreements on global climate change, international fisheries, and the
ered after they become apparent. trade in endangered species are only weakly and haphazardly imple-

Growing economies, expansion of education, and growth of the middle mented, resulting in degradation of the global commons. Local problems
class leads to demand for cleaner cities, less pollution, and a more beauti- often go unresolved, but major problems are sometimes handled by rapid
ful environment. Rising income levels bring about changes in global con- disaster relief to at least temporarily resolve the immediate crisis. Many
sumption patterns, boosting demand for ecosystem services, including powerful countries cope with local problems by shifting burdens to other,
agricultural products such as meat, fish, and vegetables. Growing demand less powerful countries, increasing the gap between rich and poor. In
for these services leads to declines in other services, as forests are con- particular, natural resource–intensive industries are moved from wealthier
verted into cropped areas and pasture, and the services formerly provided nations to poorer and less powerful ones. Inequality increases consider-
by forests decline. The problems related to increasing food production, ably within countries as well.
such as loss of wildlands, are remote to most people because they live in Ecosystem services become more vulnerable, fragile, and variable in
urban areas. These problems therefore receive only limited attention. Order from Strength. For example, parks and reserves exist within fixed

Global economic expansion expropriates or degrades many of the boundaries, but climate change crosses them, leading to the unintended
ecosystem services poor people once depended on for their survival. extirpation of many species. Conditions for crops are often suboptimal,
While economic growth more than compensates for these losses in and the ability of societies to import alternative foods is diminished by
some regions by increasing our ability to find substitutes for particular trade barriers. As a result, there are frequent shortages of food and water,
ecosystem services, in many other places it does not. An increasing particularly in poor regions. Low levels of trade tend to restrict the number
number of people are affected by the loss of basic ecosystem services of invasions by exotic species; however, ecosystems are less resilient and
essential for human life. While risks seem manageable in some places, invaders are therefore more often successful when they arrive.
in other places there are sudden, unexpected losses as ecosystems In the Adapting Mosaic scenario, hundreds of regional ecosystems are
cross thresholds and degrade irreversibly. Loss of potable water sup- the focus of political and economic activity. This scenario sees the rise of local
plies, crop failures, floods, species invasions, and outbreaks of environ- ecosystem management strategies and the strengthening of local institutions.
mental pathogens increase in frequency. The expansion of abrupt, Investments in human and social capital are geared toward improving knowl-
unpredictable changes in ecosystems, many with harmful effects on edge about ecosystem functioning and management, which results in a better

ecosystem services, and human well-being), using both
qualitative and quantitative analyses. Qualitative and quan-
titative results were cross-checked at every stage. Quantita-
tive results of one stage often affected qualitative results of
the next stage, but qualitative results of one stage could not
always be fed back into the existing numerical models. Fi-
nally, feedbacks from ecosystem services and human well-
being played an important role in development of indirect
and direct driver trajectories for the qualitative assessment.
Such feedbacks are difficult to incorporate in the quantita-
tive models, however. [6]

Interviews identified many benefits, risks, opportunities,
and threats from contrasting paths of globalization and gov-
ernance for ecosystem management. While some advan-
tages and disadvantages are clear, many have not been
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thoroughly explored, so we designed the scenarios to do
that. The following bullets describe the theme of the sce-
narios, which were chosen to explore various tensions (the
storyline most closely associated with each theme appears in
parentheses at the end of the bullet). [8, 11, 12, 13, 14]
• Economic growth and expansion of education and

access to technology increases the capacity to respond
effectively when environmental problems emerge.
However, if the focus on reducing poverty and increas-
ing human and social capital overwhelms attention to
the environment, and if proactive environmental poli-
cies are not pursued, there is increased risk of regional or
even global interruptions in the provision of ecosystem
services. Severe and irreversible declines in ecosystem
services and human well-being may occur if we do not
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5Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

understanding of resilience, fragility, and local flexibility of ecosystems. There achieve solutions to environmental problems. These solutions are de-
is optimism that we can learn, but humility about preparing for surprises and signed to benefit both the economy and the environment. These changes
about our ability to know everything about managing ecosystems. co-develop with the expansion of property rights to ecosystem services,

There is also great variation among nations and regions in styles of requiring people to pay for pollution they create and paying people for
governance, including management of ecosystem services. Many regions providing key ecosystem services through actions such as preservation
explore actively adaptive management, of key watersheds. Interest in maintaining, and even increasing, the eco-
investigating alternatives through experi- nomic value of these property rights, combined with an interest in learning
mentation. Others use bureaucratically and information, leads to an increase in the use of ecological engineering
rigid methods to optimize ecosystem per- approaches for managing ecosystem services.
formance. Great diversity exists in the Investment in green technology is accompanied by a significant focus
outcome of these approaches: some on economic development and education, improving people’s lives and
areas thrive, while others develop severe helping them understand how ecosystems make their livelihoods possible.
inequality or experience ecological deg- A variety of problems in global agriculture are addressed by focusing on
radation. Initially, trade barriers for goods the multifunctional aspects of agriculture and a global reduction of agricul-
and products are increased, but barriers for information nearly disappear tural subsidies and trade barriers. Recognition of the role of agricultural
(for those who are motivated to use them) due to improving communica- diversification encourages farms to produce a variety of ecological ser-
tion technologies and rapidly decreasing costs of access to information. vices rather than simply maximizing food production. The combination of

Eventually, the focus on local governance leads to some failures in these movements stimulates the growth of new markets for ecosystem
managing the global commons. Problems like climate change, marine services, such as trade in carbon storage, and the development of tech-
fisheries, and pollution grow worse, and global environmental problems nology for increasingly sophisticated ecosystem management. Gradually,
intensify. Communities slowly realize that they cannot manage their local environmental entrepreneurship expands as new property rights and tech-
areas because global and regional problems are infringing, and they begin nologies co-evolve to stimulate the growth of companies and cooperatives
to develop networks among communities, regions, and even nations to providing reliable ecosystem services to cities, towns, and individual prop-
better manage the global commons. Solutions that were effective locally erty owners.
are adopted among networks. These networks of regional successes are Innovative capacity expands quickly in lower-income nations. The reli-
especially common in situations where there are mutually beneficial op- able provision of ecosystem services as a component of economic growth,
portunities for coordination, such as along river valleys. Sharing good together with enhanced uptake of technology due to rising income levels,
solutions and discarding poor ones eventually improves approaches to a lifts many of the world’s poor into a global middle class. While the provi-
variety of social and environmental problems, ranging from urban poverty sion of basic ecosystem services improves the well-being of the world’s
to agricultural water pollution. As more knowledge is collected from suc- poor, the reliability of the services, especially in urban areas, is increas-
cesses and failures, provision of many services improves. ingly critical and increasingly difficult to ensure. Not every problem has

The TechnoGarden scenario depicts succumbed to technological innovation. Reliance on technological solu-
a globally connected world relying tions sometimes creates new problems and vulnerabilities. In some cases,
strongly on technology and highly man- we seem to be barely ahead of the next threat to ecosystem services. In
aged, often engineered ecosystems to such cases, new problems often seem to emerge from the last solution,
deliver ecosystem services. Overall effi- and the costs of managing the environment are continually rising. Environ-
ciency of ecosystem service provision mental breakdowns that affect large numbers of people become more
improves but is shadowed by the risks common. Sometimes new problems seem to emerge faster than solutions.
inherent in large-scale human-made so- The challenge for the future will be to learn how to organize socioecologi-
lutions and rigid control of ecosystems. cal systems so that ecosystem services are maintained without taxing

Technology and market-oriented institutional reform are used to society’s ability to implement solutions to novel, emergent problems.

address natural capital at the same time that we address
social capital. (Global Orchestration)

• A focus on strong national security, which restricts the
flow of goods, information, and people, coupled with a
reactive approach to ecosystem management, can create
great stress on ecosystems, particularly in poorer coun-
tries. While there may be some opportunities for conser-
vation of biodiversity in wealthy or highly prized areas,
in general a focus on security in wealthy nations leads to
a loss of biodiversity in developing ones, as they often
lack the resources to create measures for biodiversity
protection. Without active, proactive management of
ecosystems in a world like this, pressure on the environ-
ment increases; there is greater risk of large disturbances
of ecosystem services and vulnerability to interruptions
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in provision of ecosystem services. Severe and irrevers-
ible declines in ecosystem services and human well-
being may occur if we do not address ecosystem man-
agement where we live, in addition to focusing on re-
serves. (Order from Strength)

• When regional ecosystem management is proactive and
oriented around adapting to change, ecosystem services
become more resilient and society becomes less vulnera-
ble to disturbances of ecosystem services. However, a
regional focus can diminish attention to the global com-
mons and exacerbates global environmental problems,
such as climate change and declining oceanic fisheries.
An adaptive approach may also have high initial costs
and an initially slower rate of environmental improvement.
If the focus on natural capital overwhelms attention to
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6 Ecosystems and Human Well-being: Scenarios

Figure S2. Flow Chart of MA Scenario Development. The focal questions, major uncertainties, and cross-cutting assumptions were used
to develop basic ideas about four plausible alternative futures. These futures were elaborated using qualitative and quantitative methods. At
each step, quantitative and qualitative results were cross-checked (the dotted lines between boxes). Quantitative results of each step were
used to help determine qualitative results of the next step (diagonal arrows). Finally, feedbacks from qualitative ecosystem services and
human well-being outcomes were used to re-evaluate assumptions about indirect drivers. This feedback procedure was also done in a
qualitative way for some quantitative ecosystem services outcomes.

immediate human well-being, poverty alleviation may
be somewhat slower. (Adapting Mosaic)

• Technological innovations and ecosystem engineering,
coupled with economic incentive measures to facilitate
their uptake, can lead to highly efficient delivery of pro-
visioning ecosystem services. However, technologies can
create new environmental problems, and in some cases
the resulting disruptions of ecosystem services affect
large numbers of people. In addition, efficient provision
of ecosystem services may lead to greater demand for
ecosystem services rather than less pressure on ecosys-
tems to provide the same amount of service. (Techno-
Garden)
The scenarios were also designed to explore key

ecosystem management dilemmas. One such di-
lemma is that ecosystem management that neglects
slow changes in resilience or vulnerability of ecosys-
tems increases the susceptibility of ecosystems to
large, rapid changes (established but incomplete). For exam-
ple, government subsidies to agriculture have allowed farm-
ers to continue harmful practices that eventually lead to
larger losses of ecosystem services. When fish stocks decline,
subsidies that sustain fishing effort prevent recovery of the
stocks. Dependency on biocides can increase the vulnera-
bility of agroecosystems to evolution of biocide-resistant
pests. Because stresses on ecosystems are increasing, it is
likely that large, costly, and even irreversible changes will
become more common in the future. On the other hand,
management that deliberately maintains resilience of eco-
systems can reduce the risk of large, costly, or irreversible
change (established but incomplete). The scenarios were con-
structed to explore this dynamic. [5, 8, 9, 10]

Managing for surprise is another dilemma explored by
the scenarios. The MA scenarios differ in the frequency
and magnitude of surprising changes in ecosystem
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services due to the management undertaken in each
scenario, not due to any underlying ecological differ-
ences across the scenarios. Each scenario implies differ-
ent distributions of extreme events. (See Figure S3.)
Examples of extreme events that affect ecosystem services
are famines, technological failure of systems for quality con-
trol of food or water, massive floods, or serious and long-
lasting heat waves or storms. The impact of an extreme
event is driven by both the chance of an event happening
and the vulnerability of people to the event. Extreme events

1

Figure S3. Probabilities of Extreme Events That Involve
Ecosystem Services in MA Scenarios. Left column: Magnitude of
extreme event (measured as the number of people affected) on the
x-axis versus likelihood of events of a given magnitude, on the y-axis.
Right column: Length of the bar indicates the annual probability of
events that affect more than 1 million people.
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7Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

affecting at least 1 million people are most common in
Order from Strength and least common in Adapting Mosaic
and TechnoGarden. [5, 8]

Proactive or anticipatory management of ecosys-
tems is particularly important under rapidly chang-
ing or novel conditions. (See Table S1.) Ecological
surprises are inevitable. Currently well understood phe-
nomena that were surprises of the past century include the
ability of pests to evolve resistance to biocides, the contri-
bution to desertification of certain types of land use, bio-
magnification of toxins, and the increase in vulnerability of
ecosystems to eutrophication and invasion due to removal
of keystone predators. While we do not know which sur-
prises will arise in the next 50 years, we can be certain that
some will occur. Restoration of ecosystems or ecosystem
services following degradation is usually time-consuming
and expensive, if possible at all, so anticipatory management
to build resilient, self-maintaining ecosystems is likely to be
extremely cost-effective. This is particularly true when con-
ditions are changing rapidly, when conditions are variable,
when control of ecosystems is limited, or when uncertainty
is high. [3]

The MA scenarios examine the need to develop
and expand mechanisms of ecosystem management
that avoid large ecosystem changes (by reducing
stress on ecosystems), allow for the possibility of

Table S1. Costs and Benefits of Proactive Management as
Contrasted with Reactive Ecosystem Management

Proactive Ecosystem Reactive Ecosystem
Management Management

Payoffs benefit from lower risk of un- avoid paying for monitoring
expected losses of ecosystem efforts
services, achieved through in- do well under smoothly or in-
vestment in more-efficient use crementally changing condi-
of resources (water, energy, tions
fertilizer, and so on), more in-

build manufactured, social,novation of green technology,
and human capitalthe capacity to absorb unex-

pected fluctuations in ecosys-
tem services, adaptable
management systems, and
ecosystems that are resilient
and self-maintaining

do well under changing or
novel conditions

build natural, social, and
human capital

Costs technological solutions can expensive unexpected events
create new problems persistent ignorance (repeat-
costs of unsuccessful experi- ing the same mistakes)
ments lost option values
costs of monitoring inertia of less flexible and
some short-term benefits are adaptable management of in-
traded for long-term benefits frastructure and ecosystems

loss of natural capital
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large ecosystem changes (by choosing reversible ac-
tions, experimenting cautiously, and monitoring ap-
propriate ecological indicators), and increase the
capacity of societies to adapt to large ecosystem
changes (diversifying the portfolio of ecosystem ser-
vices and developing flexible governance systems
that adapt effectively to ecosystem change). [3, 5]

Quantitative and qualitative results for drivers, ecosys-
tem services, and human well-being are presented in Tables
S2 and S3. Indirect drivers are generally the result of group
consensus and represent our assumptions about the factors
that underlie each of the scenarios. Direct drivers are most
often model outcomes based on the indirect drivers. For
example, model outcomes show carbon emissions to be
quite high in the scenarios with high economic growth,
especially if proactive climate policies are not adopted. (See
Figure S4.) Ecosystem service outcomes are a mixture of
model outcomes and qualitative estimates, both based on
the direct drivers. Most human well-being outcomes, deter-
mined largely by the ecosystem services outcomes while
taking into account other social conditions, such as wealth
and education, are qualitative estimates.

For some drivers, ecosystem services, and human well-
being indicators, quantitative projections were calculated
using established, peer-reviewed global models. Quantifi-
able items include drivers such as economic growth and
land use change and ecosystem services such as water with-
drawals, food production, and carbon emissions. Other
drivers (such as rates of technologic change), ecosystem ser-
vices (particularly supporting and cultural services such as
soil formation and recreational opportunities), and human
well-being indicators (such as human health and social rela-
tions) for which there are no appropriate global models
were estimated qualitatively. Qualitative estimates were the
consensus professional judgment of experts in relevant
fields.

We explored the status of quantitative modeling in at
least nine areas relevant to the MA: land cover change, im-
pacts of land cover changes on local climates, changes in
food demand and supply, changes in biodiversity and ex-
tinction rates, impacts of changes in nitrogen/phosphorus
cycles, fisheries and harvest, alterations of coastal ecosys-
tems, and impacts on human health as well as the use of
integrated assessment models that seek to piece together
many different trends by predicting the consequences of
changes in critical drivers. All these models have weak-
nesses, but the alternative is no quantification what-
soever. Therefore, we used appropriate models with
caution and explicitly stated our uncertainties. Key
uncertainties include limitations on the spatial or temporal
resolution of input data, bias or random error in input data,
poor or unknown correspondence between modeled
mechanisms and natural processes (model uncertainty), lack
of information about model parameters, limited experience
with linking the different models, and the impossibility of
predicting human events and individual choices (which
may be altered by the forecasts themselves). [4]

In general, models address incremental changes
but fail to address thresholds, risk of extreme events,
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8 Ecosystems and Human Well-being: Scenarios

Table S2. Main Assumptions about Indirect and Direct Driving Forces across the Scenarios [8, 9]

Order from StrengthGlobal
Orchestration Industrial Nationsa Developing Nationsa Adapting Mosaic TechnoGarden

Indirect Driving Forces
Demographics high migration; low relatively high fertility and mortality levels high fertility level; high mor- medium fertility levels,

fertility and mortality (especially in developing countries); low tality levels until 2010 then medium mortality; medium
levels; 2050 popula- migration, 2050 population: 9.6 billion to medium by 2050; low migration, 2050 population:
tion: 8.1 billion migration, 2050 population: 8.8 billion

9.5 billion

Average income high medium low similar to Order from lower than Global Orches-
growth Strength but with increasing tration, but catching up

growth rates toward 2050 toward 2050

GDP growth rates/ 1995–2020: 2.4% per 1995–2020: 1.4% per year 1995–2020: 1.5% per year 1995–2020: 1.9% per year
capita per year year 2020–50: 1.0% per year 2020–50: 1.9% per year 2020–50: 2.5% per year
until 2050 (global) 2020–50: 3.0% per

year

Income distribution becomes more equal similar to today similar to today, then be- becomes more equal
comes more equal

Investments into high medium low begins like Order from high
new produced Strength, then increases
assets

Investments into high medium low begins like Order from medium
human capital Strength, then increases in

tempo

Overall trend in high low medium-low medium in general; high for
technology environmental technology
advances

International coop- strong weak—international competition weak—focus on local envi- strong
eration ronment

Attitude toward reactive reactive proactive—learning proactive
environmental
policies

Energy demand energy-intensive regionalized assumptions regionalized assumptions high level of energy-
and lifestyle efficiency

Energy supply market liberalization; focus on domestic energy resources some preference for clean preference for renewable
selects least-cost op- energy resources energy resources and rapid
tions; intensified use technology change
of technology

Climate policy no no no yes, aims at stabilization of
CO2-equivalent concentra-
tion at 550 ppmv

Approach to economic growth national-level policies; conservation; re- local-regional co-manage- green-technology; eco-
achieving leads to sustainable serves, parks ment; common-property efficiency; tradable ecologi-
sustainability development institutions cal property rights

Direct Driving Forces
Land use change global forest loss until global forest loss faster than historic rate until global forest loss until 2025 net increase in forest cover

2025 slightly below 2025, near current rate after 2025; �20% slightly below historic rate, globally until 2025, slow
historic rate, stabi- increase in arable land compared with 2000 stabilizes after 2025; �10% loss after 2025; �9% in-
lizes after 2025; increase in arable land crease in arable land
�10% increase in ar-
able land

Greenhouse gas CO2: 20.1 GtC-eq CO2: 15.4 GtC-eq CO2: 13.3 GtC-eq CO2: 4.7 GtC-eq
emissions by 2050 CH4: 3.7 GtC-eq CH4: 3.3 GtC-eq CH4: 3.2 GtC-eq CH4: 1.6 GtC-eq

N2O: 1.1 GtC-eq N2O: 1.1 GtC-eq N2O: 0.9 GtC-eq N2O: 0.6 GtC-eq
other GHGs: 0.7 other GHGs: 0.5 GtC-eq other GHGs: 0.6 GtC-eq other GHGs:
GtC-eq 0.2 GtC-eq
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9Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

Air pollution emis- SO2 emissions stabi- both SO2 and NOx emissions increase globally SO2 emissions decline; NOx strong reductions in SO2

sions lize, NOx emissions emissions increase slowly and NOx emissions
increase from 2000 to
2050

Climate change 2.0�C in 2050 and 1.7�C in 2050 and 3.3�C in 2100 above pre- 1.9�C in 2050 and 2.8�C in 1.5�C in 2050 and 1.9�C in
3.5�C in 2100 above industrial 2100 above pre-industrial 2100 above pre-industrial
pre-industrial

Nutrient loading increase in N trans- increase in N transport in rivers increase in N transport in decrease in N transport in
port in rivers rivers rivers

a ‘‘Industrial ’’ and ‘‘developing ’’ refer to the countries at the beginning of the scenario; some countries may change categories by 2050.

Table S3. Outcomes for Ecosystem Services and Human Well-being in 2050 Compared with 2000 across the Scenarios [8, 9]

Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Industriala Developinga Industriala Developinga Industriala Developinga Industriala Developinga

ECOSYSTEM SERVICES

Provisioning Services
Sufficient access to food X X ↔ Y ↔ Y X X

Fuel X X X X X X X X

Genetic resources ↔ ↔ Y Y X X ↔ X

Biochemicals/Pharmaceuticals
discoveries Y X Y Y ↔ ↔ X X

Ornamental resources ↔ ↔ ↔ Y X X ↔ ↔

Freshwater X X ↔ Y X Y X ↔

Regulating Services
Air quality regulation ↔ ↔ ↔ Y ↔ ↔ X X

Climate regulation ↔ ↔ Y Y ↔ ↔ X X

Water regulation ↔ Y Y Y X X ↔ X

Erosion control ↔ Y Y Y X X ↔ X

Water purification ↔ Y Y Y X X ↔ X

Disease control: Human ↔ X ↔ Y ↔ X X X

Disease control: Pests ↔ Y Y Y X X ↔ ↔

Pollination Y Y Y Y ↔ ↔ Y Y

Storm protection ↔ Y ↔ Y X X X ↔

Cultural Services
Spiritual/religious values ↔ ↔ ↔ Y X X Y Y

Aesthetic values ↔ ↔ ↔ Y X X ↔ ↔

Recreation and ecotourism Y X Y X Y Y X X

Cultural diversity Y Y Y Y X X Y Y

Knowledge systems (diversity and
memory) ↔ Y Y Y X X ↔ ↔

HUMAN WELL-BEING

Material well-being X X X Y ↔ X X X

Health X X X Y X X X X

Security X X Y Y X X X X

Social Relations ↔ X Y X X X Y Y

Freedom and Choice ↔ X Y Y X X X X

a ‘‘Industrial ’’ and ‘‘developing ’’ refer to the countries at the beginning of the scenario; some countries may change categories by 2050.
Key: X � increase in ecosystems’ ability to provide the service, ↔ � ability of ecosystem to provide the service remains the same as in 2000,
Y � decrease in ecosystems’ ability to provide the service
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10 Ecosystems and Human Well-being: Scenarios

billion tons of CO2 equivalent per year

Figure S4. Total Greenhouse Gas Emissions in CO2 Equivalents
per Year versus Time in the MA Scenarios (equivalent emissions
based on 100-year GWPs) [9]

or impacts of large, extremely costly, or irreversible
changes in ecosystem services. We addressed these phe-
nomena qualitatively by considering the risks and impacts of
large but unpredictable ecosystem changes in each scenario.
Some ecosystem services and aspects of human well-being
could not be quantified and could be assessed only qualita-
tively. [4]

The Future of Ecosystem Services

The capacity of ecosystems to provide services in the future is
jeopardized by rates of use that exceed rates of renewal and by
degradation of regulating ecosystem services.

Although the current flow of many ecosystem ser-
vices to people has increased, the status of many eco-
systems, including stocks of provisioning ecosystem
services, has shifted to degraded conditions (well estab-
lished). These include losses in marine fish stocks and dry-
land agriculture; emergence of diseases that threaten plants,
animals, and humans; deterioration of water quality in fresh
waters and coastal oceans; and regional climate changes and
increased climate variability. Such shifts are likely to in-
crease in the future (established but incomplete). The impact
of unexpected ecosystem changes depends on the intensity
of stress on ecosystems as well as societal expectations about
reliability of ecosystem services and the capacity of societies
to cope with changes in the provision of ecosystem services.
[8, 9, 13]
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For some components of the future state of human-
ecosystem interactions, all four scenarios make similar pro-
jections:
• Demand for provisioning services, such as food, fiber,

and water, increases due to growth in population and
economies (high certainty).

• Food security remains out of reach for many people, and
child malnutrition will be difficult to eradicate even by
2050 (low to medium certainty), despite increasing food
supply under all four scenarios (medium to high certainty)
and more diversified diets in poor countries (low to me-
dium certainty). (See Figure S5.)

• Vast changes with great geographic variability occur in
freshwater resources and their provisioning of ecosystem
services in all scenarios. (See Figure S6.) Climate change
will lead to increased precipitation over more than half
of Earth’s surface and this will make more water avail-
able to society and ecosystems (medium certainty). How-
ever, increased precipitation is also likely to increase the
frequency of flooding in many areas (high certainty). In-
creases in precipitation will not be universal, and climate
change will also cause a substantial decrease in precipita-
tion in some areas, with an accompanying decrease in
water availability (medium certainty). These areas could
include highly populated arid regions such as the Middle
East and Southern Europe (low to medium certainty).
While water withdrawals decrease in most industrial
countries, water withdrawals and wastewater discharges
are expected to increase enormously in Africa and some
other developing regions, and this will intensify their
water stress and overshadow the possible benefits of in-
creased water availability (medium certainty).

• The services provided by freshwater resources (such as
aquatic habitat, fish production, and water supply for
households, industry, and agriculture) deteriorate se-
verely in developing countries under the scenarios that
are reactive to environmental problems. Less severe but
still important declines are expected in the scenarios that
are more proactive about environmental problems (me-
dium certainty).

• Growing demand for fish and fish products leads to an
increasing risk of a major and long-lasting decline of

Figure S5. Number of Malnourished Children in Developing
Countries over Time in MA Scenarios [9]
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11Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

Figure S6. Change in Water Withdrawals from 2000 to 2050 in
MA Scenarios, Globally and for Six Groups of Nations [9]

regional marine fisheries (medium to high certainty). Aqua-
culture cannot relieve this pressure so long as it contin-
ues to rely heavily on marine fish as a food source.
Land use change is expected to continue to be a

major driver of changes in the provision of ecosystem
services up to 2050 (medium to high certainty) [9]. The sce-
narios indicate (low to medium certainty) that 10–20% of cur-
rent grassland and forestland will be lost between now and
2050. This change occurs primarily in low-income and arid
regions. (See Figure S7.) The provisioning services associ-
ated with affected biomes (such as genetic resources, wood
production, and habitat for terrestrial biota) will also be re-
duced. The degree to which natural land is lost differs
among the scenarios. Order from Strength has the greatest
land use changes, with large increases in both crop and graz-
ing areas. The two proactive scenarios, TechnoGarden and
Adapting Mosaic, are the most land-conserving ones be-
cause of increasingly efficient agricultural production, lower
meat consumption, and lower population increases. Exist-
ing wetlands and the services they provide (such as water
purification) are faced with increasing risk in some areas due
to reduced runoff or intensified land use in all scenarios.

Threats to drylands are multiscale—ranging from global
climate change to local pastoral practices. In addition, dry-
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Figure S7. Forest Area in 2050 in Adapting Mosaic and Order
from Strength Scenarios in Six Groups of Nations. Forest area is
the net result of losses of pre-existing forest and establishment of
new forest on land that was formerly used for something else [9]

land ecosystem services are particularly vulnerable to substan-
tial and persistent reductions in ecosystem services driven by
climate change, water stress, and intensive use. For example,
sub-Saharan Africa is projected to expand water withdrawals
rapidly to meet needs for development. Under some scenar-
ios, this causes a rapid increase in untreated return flows to
freshwater systems, which could endanger public health and
aquatic ecosystems (medium certainty). Expansion and intensi-
fication of agriculture in this area may lead to loss of natural
ecosystems and higher levels of surface and groundwater
contamination. Loss of ecosystem services related to these
changes could undermine the future provision of ecosystem
services in this region, eventually leading to increased pov-
erty. Global institutions to address dryland problems
(such as desertification) need to consider responses at
multiple scales, such as mitigation of climate change,
technological development, and trade and resource
transfers that foster local adaptation. [14]

In our scenarios, continued population growth, improv-
ing economic conditions, and climate change over the next
decades exert additional pressure on land resources and pose
additional risk of desertification in dryland regions. Subsi-
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12 Ecosystems and Human Well-being: Scenarios

dizing food production and water development in
vulnerable drylands can have the unintended effect
of increasing the risk of even larger breakdowns of
ecosystem services in future years. Local adaptation and
conservation practices can mitigate some losses of dryland
ecosystem services, although it will be difficult to reverse
trends toward loss of food production capacity, water sup-
plies, and biodiversity in drylands. [14]

Threats of wetland drainage and conversion, with
adverse impacts on capacity of ecosystems to provide
adequate supplies of clean water, increased in all sce-
narios. Reductions in trade that accompany greater region-
alization can increase pressure on agricultural land and
water withdrawals. To some extent, these adverse effects
can be mitigated by economic growth, technology, or re-
gional adaptive management. However, economic growth
without proactive ecosystem management can increase the
risk of large disturbances of water supplies, water quality,
and other aquatic resources such as fish and wildlife. [14]

Terrestrial ecosystems are currently a net sink of CO2 at
a rate of 1.2 (�/� 0.9) gigatons of carbon per year (high
certainty). They thereby contribute to the regulation of cli-
mate. But the scenarios indicate that the future of this ser-
vice is uncertain. Deforestation is expected to reduce the
carbon sink. Proactive environmental policies can maintain
a larger terrestrial carbon sink. [9]

The Future of Biodiversity

Present goals for reduced rates of biodiversity loss will be difficult
to achieve because of changes in land use that have already oc-
curred and ongoing stresses from climate change and nutrient
enrichment.

Ecosystem management practices that maintain response di-
versity, functional groups, and trophic levels while mitigating
chronic stress are more likely to increase the supply of ecosystem
services and decrease the risk of large losses of ecosystem ser-
vices than practices that ignore these factors.

The scenarios indicate that present goals for reduced
rates of biodiversity loss, such as the 2010 targets of
the Convention of Biological Diversity, will be diffi-
cult to achieve because of changes in land use that
have already occurred, ongoing stresses from climate
change, and nutrient enrichment. In all scenarios, pro-
jections indicate significant negative impacts on biodiversity
and its related ecosystem services. However, these scenarios
were not designed to optimize the path for preserving bio-
diversity. Negative impacts on biodiversity can be reduced
by proactive steps to, for example, decrease the rate of land
conversion, integrate conservation practices with landscape
planning, restore ecosystems, and mitigate emissions of nu-
trients and greenhouse gasses. It is important to note that
decreasing rates of land conversion may impair our ability
to meet increased demands for food or other ecosystem ser-
vices. [10, 14]

Significant decline of ecosystem services can
occur from species loss even if species do not become
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globally extinct. Some terrestrial ecosystem services
will be lost (very certain) as local native populations are
extirpated (become locally extinct). Examples include
loss of cultural services when a culturally important forest
species is extirpated, loss of supporting services when polli-
nator species are extirpated, and loss of provisioning services
when an important medicinal plant becomes locally extinct.
[10]

Production and resilience of ecosystems are often en-
hanced by genetic and species diversity as well as by spatial
patterns of landscapes and temporal cycles (such as succes-
sional cycles) with which species evolved. Within ecosys-
tems, species and groups of species perform functions that
contribute to ecosystem processes and services in different
ways. Diversity among functional groups increases the flux
of ecosystem processes and services (established but incom-
plete). For example, plant species that root at different
depths, that grow or flower at different times of the year,
and that differ in seed dispersal and dormancy act together
to increase ecosystem productivity.

Within functional groups, species respond differently to
environmental fluctuations. This response diversity derives
from variation in the response of species to environmental
drivers, heterogeneity in species distributions, differences in
ways that species use seasonal cycles or disturbance patterns,
or other mechanisms. Response diversity increases the
chance that ecosystems will contain species or functional
groups that become important for maintaining ecosystem
processes and services in future changed environments (me-
dium certainty). Ecosystem management practices that
maintain response diversity, functional groups, and
trophic levels while mitigating chronic stress will in-
crease the supply and resilience of ecosystem services
and decrease the risk of large losses of ecosystem ser-
vices (established but incomplete). [5]

Habitat loss in terrestrial environments is pro-
jected to lead to decline in local diversity of native
species in all four scenarios by 2050 (high certainty). (See
Figure S8.) Loss of habitat results in the immediate extirpa-
tion of local populations and the loss of the services that
these populations provided. [10]

Decreases in river flows from water withdrawals and cli-
mate change (decreases occur in 30% of all major river ba-
sins) are projected to result in loss of species under all
scenarios (low certainty). Rivers that are forecast to lose fish
species are concentrated in poor tropical and sub-tropical
countries, where the needs for human adaptation are most
likely to exceed governmental and societal capacity to cope.
The current average GDP in countries with diminishing
river flows is about 20% lower than in countries whose riv-
ers are not drying. [10]

Habitat loss will eventually lead to global extinctions as
species approach equilibrium with the remnant habitat. Al-
though there is high certainty that this will happen eventually,
the time to equilibrium is very uncertain, especially given
continued habitat loss through time. Between 10% and 15%
of vascular plant species present in 1970 were lost across the
four scenarios when species numbers reached equilibrium
with reduced habitat (low certainty). This may be an under-
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13Summary: Comparing Alternate Futures of Ecosystem Services and Human Well-being

Figure S8. Loss or Gain of Natural Habitat from 1970 to 2050 in Adapting Mosaic and Order from Strength Scenarios. Habitat
changes are indicated by biome and by biogeographic realm. [9, 10]

estimate because it addresses only those changes due to hab-
itat loss and does not consider the effects of other stressors
such as climate change or nutrient deposition. Time lags
between habitat reduction and extinction provide a pre-
cious opportunity for humans to rescue those species that
otherwise may be on a trajectory toward extinction. [10]

Trade-offs among Ecosystem Services

Increasing the flow of provisioning services often leads to reduc-
tions in supporting, regulating, and cultural ecosystem services.
This may reduce the future capacity of ecosystems to provide
services.

Building understanding about how ecosystems provide ser-
vices will increase society’s capacity to avert large disturbances
of those services or to adapt to them rapidly when they do occur.

Trade-offs exist in all of the MA scenarios between
food and water and between food and biodiversity.
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Each scenario takes a slightly different approach to addressing
these trade-offs. By comparing these approaches and their
outcomes, we can learn about managing trade-offs. [12]
• In all four MA scenarios, application of fertilizers,

including manure, in excess of crop needs caused
large nutrient flows into fresh waters and estuaries
(high certainty). (See Figure S9.) This overenrichment of
water causes serious declines in ecosystem services (food,
recreation, fresh water, and biodiversity) provided by
aquatic ecosystems. There are possibilities for mitigating
these trade-offs through technological enhancements
such as agricultural efficiency (in the use of land, water,
and fertilizers) and through productivity-enhancing,
resource-conserving technologies, which combine natu-
ral capital conservation with yield improvement tech-
niques.

• In all four MA scenarios, conversion of land to
agricultural uses for food production reduced bio-
diversity. Clearing diverse land cover for crop production
reduces biodiversity by eliminating local populations.
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1995

1970

Figure S9. Global River Nitrogen Export in 2030 in MA
Scenarios. Reference lines show global river nitrogen export in 1970
and 1995.

Removing water from lakes and rivers for use can re-
duce aquatic biodiversity because less aquatic habitat is
available. There are possibilities for mitigating these
trade-offs through agricultural land management that
explicitly maintains biodiversity or through more effi-
cient use of water.

• In all four MA scenarios, use of water for irrigation
of crops reduced the availability of water for other
uses, such as household or industrial use or the
maintenance of other ecosystem services. Although
water is a renewable resource, the amount available in
any one place at any one time is finite. Thus, excessive
use of water for irrigation can restrict the amount of
water for other important uses.
All scenarios show the general tendency of man-

agement to focus intensely on increasing the avail-
ability of provisioning services, which often leads to
reductions in the provision of supporting, regulating,
and cultural ecosystem services. (See Figure S10.) Ef-
forts to increase the short-term provision of services typi-
cally reduce the capacity of ecosystems to provide the full
array of services in the future. This vulnerability can be dif-
ficult to detect because ecosystems often exhibit threshold
behavior that can mask declines in regulating and support-
ing services until a collapse occurs. Such trade-offs have far-
reaching consequences for maintaining ecosystem function-
ing in the long term. For example, decisions about fertilizer
use in the 1960s are still affecting water quality in the
twenty-first century.

Scenarios in which long-term consequences of trade-
offs are not taken into consideration exhibit the largest risk
of declines in supporting and regulating services (such as
climate change and biodiversity loss). Scenarios with a pro-
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active approach to ecosystem management via flexible
ecosystem governance mechanisms and learning or techno-
logical innovations are more likely to sustain ecosystem ser-
vices in the future. [12]

At every scale, there are opportunities for com-
bining advantageous approaches to achieve syner-
gistic benefits. For example, actions to preserve marine
fish species have been shown to make coral reefs more resis-
tant to the pressures associated with declines in other species
or excess nutrients. Actions to preserve local fisheries have
been shown to have positive benefits on human well-being
through enhancing social interactions and networking
among fishers in the region. Advantages can be found by
combining techniques from each of the scenarios. For ex-
ample, combining the advantages of green technology
(TechnoGarden) with fairer markets (Global Orchestration)
and flexible ecosystem management that encourages local
creativity (Adapting Mosaic) may lead to improvements in
ecosystem services and human well-being beyond those
found in any individual scenario. [12]

In the scenarios in which monitoring was a focus,
societies built an understanding of large changes in
ecosystem services that increased their capacity to
anticipate and avert large disturbances of ecosystem
services or to adapt to them more rapidly if they did
occur. In the scenarios in which monitoring was not done
and policies that anticipate the possibility of large break-
downs in ecosystem services were not implemented (Global
Orchestration and Order from Strength), societies faced in-
creased risk of large impacts from unexpected disruptions of
ecosystem services. The greatest risks of large, unfavorable
ecological changes arise in dryland agriculture, marine
fisheries, quality of fresh and coastal marine waters, disease
emergence, and regional climate change. [8, 12, 14]

The Future of Human Well-being

Attempts to improve human well-being that do not actively take
ecosystems into account can cause unintended but rapid, severe,
and persistent degradation of ecosystem services.

Most of the 2015 targets established for the Millen-
nium Development Goals were not achieved in the
MA scenarios. The scenarios also indicate that some
strategies for achieving goals such as poverty reduc-
tion and hunger reduction quickly could increase
pressures on ecosystems, thereby compromising the
ability to continue progress toward these goals in the
future and undermining progress toward the MDG of
environmental sustainability. Although the MA scenar-
ios were not designed to chart an optimal path to meeting
the MDGs, they provide useful information about plausible
paths. Attempts to meet the MDGs by 2015, which will
largely involve increased use of provisioning ecosystem ser-
vices, may lead to ecosystem degradation and reductions
in regulating and supporting services that undermine future
ecosystem capacity to supply provisioning services. This
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Figure S10. Net Changes in Availability of Provisioning, Regulating, and Cultural Ecosystem Services by 2050 in MA Scenarios for
Industrial and Developing Countries. The y-axis is the net percentage of ecosystem services enhanced or degraded. For example, 100%
degradation of the six provisioning ecosystem services would mean that all of these were degraded in 2050 relative to 2000, while 50%
enhancement could mean that three were enhanced and the other three were unchanged, or that four were enhanced, one was degraded,
and the other two were unchanged. The data used to calculate the y-axis are presented beneath the figure.

degradation may increase the risk of regime shifts and other
surprises that seriously undermine human well-being. [14]

Ecosystem services are essential for human well-being.
However, the relationship between human well-being and
ecosystem services is discontinuous. Above some threshold,
a marginal increase in ecosystem services contributes only
slightly to human well-being, but below that threshold, a
small decrease in ecosystem services can substantially reduce
it. [11]

Across the dimensions of human well-being, each sce-
nario yields a different package of gains, losses, and vulnera-
bilities for different regions and populations. (See Figure
S11.) In our scenarios, actions that focused on improving
the lives of the poor by reducing barriers to international
flows of goods, services, and capital tended to lead to the
most improvement for those who are currently the most
disadvantaged. Health and social relations improve, but
human vulnerability to ecological surprises is high.

Globally integrated approaches that focused on technol-
ogy and property rights for ecosystem services generally im-
proved human well-being in terms of health, security, social
relations, and material needs. When those same technolo-
gies were used globally, however, local culture was lost or
undervalued. High levels of trade lead to more rapid spread
of emergent diseases, somewhat reducing the gains in health
in all areas. Locally focused, learning-based approaches led
to the largest improvements in social relations, but with
variability by region. Order from Strength, which focuses
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on reactive policies in a regionalized world, has the least
favorable outcomes for human well-being, as the global dis-
tribution of ecosystem services and human resources that
underpin human well-being are increasingly skewed. [11]

Toward Future Assessments of Ecosystem
Services

The future capacity of ecosystems to provide services is often
determined by feedbacks at multiple scales. Future projects on
ecosystem service scenarios should explicitly nest or link assess-
ments at several scales from the beginning.

Active adaptive ecosystem management (experimentation with
monitoring and analysis to learn more-sustainable management
methods) could greatly improve outcomes for ecosystem services
and human well-being.

In considering multiple aspects of ecosystem services and
feedbacks with human well-being, this assessment is the first
of its kind. Lessons learned from the MA suggest many op-
portunities to improve the development of ecosystem ser-
vice scenarios in the future.

The future capacity of ecosystems to provide ser-
vices is often determined by feedbacks at multiple
scales. Future projects on ecosystem service scenarios
should explicitly nest or link assessments at several
scales from the beginning. This innovation would pro-
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Figure S11. Changes in Components of Human Well-being in
2050 in MA Scenarios. The pentagon in the middle represents the
situation in 2000. Moving outward from that indicates an improvement
in that component of human well-being in that scenario by the year
2050. Moving inward from the pentagon indicates a decline in that
aspect of human well-being since 2000.

vide decision-makers with information that links local, na-
tional, regional, and global futures of ecosystem services
directly. In addition, future projects should allow more time
for iterations between qualitative and quantitative assess-
ments of the storylines. This additional work would im-
prove the harmonization of qualitative and quantitative
assessments and allow for a more diverse set of simulations
to address risks and regime shifts. [4, 6, 13]

Active adaptive ecosystem management (experi-
mentation with monitoring and analysis to learn
more-sustainable management methods) could greatly
improve outcomes for ecosystem services and human
well-being. Existing assessment models for most ecosystem
services do not account for effects of active adaptive man-
agement at local to regional scales. Thus most of our projec-
tions of ecosystem services represent outcomes in the absence
of local-to-regional adaptive change. Actively adaptive
management could significantly improve the outcomes rel-
ative to the projections presented here. (See the MA Policy
Responses volume.) [4, 5, 13]

There are important gaps between the processes
depicted in the MA conceptual framework and the
existing capacity of ecosystem modeling. Major ele-
ments of the conceptual framework that are not well
addressed by models include the effects of changes in eco-
systems on flows of ecosystem services and the effects of
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changes in ecosystem services on changes in human well-
being. In addition, existing models focus mainly on a subset
of provisioning and regulating ecosystem services, largely
neglecting cultural and supporting ecosystem services. Cul-
tural ecosystem services, together with the other ecosystem
services, play a critical role in adaptive responses and
changes in human attitudes and behaviors toward nature.
[4, 13]

The underlying chapters in this volume list many spe-
cific needs for improved models. Models are needed to ad-
dress thresholds and the risk of large, costly, or irreversible
changes in ecosystem services. There is emerging under-
standing that the diversity of species response and the heter-
ogeneity of landscapes affect the resilience of ecosystem
services. This important feedback needs to be incorporated
in ecosystem service models. [4, 5, 9, 10, 13]

Future projects on ecosystem service scenarios
should allow more time for assessing decision-maker
needs at the outset of the project and should include
decision-makers in the scenarios development team.
Differences among disciplines in core beliefs about func-
tioning of the global system are a crucial uncertainty that is
addressed in the scenarios. Better interdisciplinary commu-
nication would make it easier to understand and assimilate
these differences in future scenario exercises. Finally, com-
munication of scenarios requires development of synthetic
graphics, nontechnical narratives, and nontechnical illustra-
tions. Future projects on ecosystem service scenarios should
allocate more time for creation of these important commu-
nication and outreach products. [13]

Synthesis

Future conditions of ecosystem services could be worse or better
than in the present, depending on policy choices.

None of the MA scenarios represents an optimal outcome. A
selected mix of policies from several scenarios may yield better
outcomes than any single scenario.

The Millennium Ecosystem Assessment scenarios show that
the condition of ecosystem services in the future could be
significantly worse or better than in the present. Scenarios
that improve the condition of ecosystem services and
human well-being involve substantial changes in policy.
Examples include:
• major investments in public goods and poverty reduc-

tion, together with elimination of harmful trade barriers
and subsidies (Global Orchestration);

• widespread use of actively adaptive ecosystem manage-
ment and investment in education (Adapting Mosaic);
and

• significant investments in technologies to use ecosystem
services more efficiently, along with widespread inclu-
sion of ecosystem services in markets (TechnoGarden).
Although examples of all these policies are known from

the world of today, such policies are not widespread at the
present time.
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The MA scenarios were not designed to determine opti-
mal policies for any specific locale, nation, international
bloc, or Earth as a whole. Different combinations of policies
may produce significantly better results than any of the sce-
narios presented here. Successful hybrid policies may capi-
talize on the advantages of several scenarios while avoiding
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the risks. For example, combining the local-learning ap-
proach of Adapting Mosaic with the global coordination
and technological advances of TechnoGarden may capital-
ize on the benefits of both scenarios while avoiding the loss
of cultural services found in TechnoGarden and the global
commons problems found in Adapting Mosaic.
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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 re-
plenished by living ecosystems. The human species, while
buffered against environmental immediacies by culture and
technology, is ultimately fully dependent on the flow of
ecosystem services.

In his April 2000 Millennium Report to the United Na-
tions General Assembly, in recognition of the growing bur-
den that degraded ecosystems are placing on human well-
being and economic 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 ecosys-
tems. 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,
nongovernmental organizations, and scientists to provide an
integrated assessment of the consequences of ecosystem
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change for human well-being and to analyze options avail-
able to enhance the conservation of ecosystems and their
contributions to meeting human needs. The Convention
on Biological Diversity, the Convention to Combat Desert-
ification, the Convention on Migratory Species, and the
Ramsar Convention on Wetlands plan to use the 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
Development Goals and to carry out the Plan of Implemen-
tation of the 2002 World Summit on Sustainable Develop-
ment. It has mobilized 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
decision-makers a mechanism to:
• Identify options that can better achieve core human devel-

opment and sustainability goals. All countries and com-
munities are grappling with the challenge of meeting
growing demands for food, clean water, health, and em-
ployment. And decision-makers in the private and pub-
lic sectors must also balance economic growth and social
development with the need for environmental conser-
vation. All of these concerns are linked directly or indi-
rectly 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 sustain-
ability.

• Better understand the trade-offs involved—across sectors
and stakeholders—in decisions concerning the environ-
ment. Ecosystem-related problems have historically
been approached issue by issue, but rarely by pursuing
multisectoral objectives. This approach has not with-
stood 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 conserv-
ing 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 eco-
systems 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 re-
quired for the management of ecosystems refer to the
steps that humans can take to modify their direct or indi-
rect 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 com-
munities. The multiscale assessment framework devel-
oped for the MA provides a new approach for analyzing

................. 11411$ $CH1 10-27-05 08:40:37 PS



23MA Conceptual Framework

policy options at all scales—from local communities to
international conventions.

1.2 What Is the Problem?
Ecosystem services are the benefits people obtain from eco-
systems, which the MA describes as provisioning, regulat-
ing, supporting, and cultural services. (See Box 1.1.)
Ecosystem services include products such as food, fuel, and
fiber; regulating services such as climate regulation and dis-
ease 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 agricul-
ture, for example, but 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 regu-
lation 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 im-
pacts on ecosystems and the services they provide.

The problem posed by the growing demand for ecosys-
tem services is compounded by increasingly serious degra-
dation in the capability of ecosystems to provide these
services. World fisheries are now declining due to overfish-
ing, for instance, and a significant amount of agricultural
land has been degraded in the past half-century by erosion,
salinization, compaction, nutrient depletion, 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

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.
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in rivers and coastal waters, along with contributions to cli-
mate change. In many parts of the world, this degradation
of ecosystem services is exacerbated by the associated loss of
the knowledge and understanding held by local communi-
ties—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 di-
minishes the prospects for sustainable development. Human
well-being is affected not just by gaps between ecosystem
service supply and demand but also by the increased vulner-
ability of individuals, communities, and nations. Productive
ecosystems, with their array of services, provide people and
communities with resources and options they can use as
insurance in the face of natural catastrophes or social up-
heaval. 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 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 ma-
rine 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 un-
derexploited stocks. In contrast, poor people often lack ac-
cess to alternate services and are highly vulnerable to
ecosystem changes that result in famine, drought, or floods.
They frequently live in locations particularly sensitive to
environmental threats, and they lack financial and institu-
tional buffers against these dangers. Degradation 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
members may not have enough income to purchase fish.
Degradation affects their very survival.

Changes in ecosystems affect not just humans but count-
less 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 intrinsic value of species and eco-
systems. Intrinsic value is the value of something in and for
itself, irrespective of its utility for someone else. For exam-
ple, villages in India protect ‘‘spirit sanctuaries’’ in relatively
natural states, even though a strict cost-benefit calculation
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 management thus involves steps to address the
utilitarian links of people to ecosystems as well as processes
that allow considerations of the intrinsic value of ecosystems
to be factored into decision-making.
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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.

The degradation of ecosystem services has many causes,
including excessive demand for ecosystem services stem-
ming from economic growth, demographic changes, and
individual choices. Market mechanisms do not always en-
sure the conservation of ecosystem services either because
markets do not exist for services such as cultural or regula-
tory services or, where they do exist, because policies and
institutions do not enable people living within the ecosys-
tem to benefit from services it may provide to others who
are far away. For example, institutions are now only begin-
ning to be developed to enable those benefiting from car-
bon sequestration to provide local managers with an
economic incentive to leave a forest uncut, while strong
economic incentives often exist for managers to harvest the
forest. Also, even if a market 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
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services provided by ecosystems, but poorly managed eco-
tourism activities can degrade the very resource on which
they depend. Finally, markets are often unable to address
important intra- and intergenerational equity issues associ-
ated with managing ecosystems for this and future genera-
tions, given that some changes in ecosystem services are
irreversible.

The world has witnessed in recent decades not just dra-
matic changes to ecosystems but equally profound changes
to social systems that shape both the pressures on ecosystems
and the opportunities 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 institu-
tions, including regional governments, multinational com-
panies, the United Nations, and civil society organizations.
Stakeholders have become more involved in decision-
making. Given the multiple actors whose decisions now
strongly influence ecosystems, the challenge of providing
information to decision-makers has grown. At the same
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time, the new institutional landscape may provide an
unprecedented opportunity for information concerning
ecosystems to make a major difference. Improvements in
ecosystem management to enhance human well-being will
require new institutional and policy arrangements and
changes in rights and access to resources 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
governance, the protection, restoration, and enhancement
of ecosystem services tends to have multiple and synergistic
benefits. Already, many governments are beginning to rec-
ognize the need for more effective management of these
basic life-support systems. Examples of significant progress
toward sustainable management of biological resources can
also be found in civil society, in indigenous and local com-
munities, and in the private sector.

1.3 Conceptual Framework
The conceptual framework for the MA places human well-
being as the central focus for assessment, while recognizing
that biodiversity 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 conceptual 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 be-
tween ecosystem services and human well-being. The as-
sessment deals with the full range of ecosystems—from
those relatively undisturbed, such as natural forests, to land-
scapes with mixed patterns of human use and ecosystems
intensively managed and modified by humans, such as ag-
ricultural land and urban areas.

A full assessment of the interactions between people and
ecosystems 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 ecosystem changes and policy re-
sponses on different regions and groups within regions.

This section explains in greater detail the characteristics
of each of the components of the MA conceptual frame-
work, moving 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
microorganism communities and the nonliving environ-
ment interacting as a functional unit. Humans are an inte-
gral part of ecosystems. Ecosystems provide a variety of
benefits to people, including provisioning, regulating, cul-
tural, and supporting services. Provisioning services are the
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products people obtain from ecosystems, such as food, fuel,
fiber, fresh water, and genetic resources. Regulating services
are the benefits people obtain from the regulation of ecosys-
tem processes, including air quality maintenance, climate
regulation, erosion control, regulation of human diseases,
and water purification. Cultural services are the nonmaterial
benefits people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection, recreation,
and aesthetic experiences. Supporting services are those that
are necessary for the production of all other ecosystem ser-
vices, such as primary production, production of oxygen,
and soil formation.

Biodiversity and ecosystems are closely related concepts.
Biodiversity 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 ele-
ment of biodiversity. Products of biodiversity include many
of the services produced by ecosystems (such as food and
genetic resources), and changes in biodiversity can influ-
ence all the other services they provide. In addition to the
important role of biodiversity in providing ecosystem ser-
vices, the diversity of living species has intrinsic value inde-
pendent of any human concern.

The concept of an ecosystem provides a valuable frame-
work for analyzing and acting on the linkages between peo-
ple and the environment. For that reason, the ‘‘ecosystem
approach’’ has been endorsed by the Convention on Bio-
logical Diversity, and the MA conceptual framework is en-
tirely consistent with this approach. The CBD states that
the ecosystem approach is a strategy for the integrated man-
agement 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 system, 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 ecosystems. For
instance, subsidies for fertilizer use may increase food pro-
duction, but sound decisions also require information on
whether the potential reduction in the harvests of down-
stream 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 interactions among its components and weak inter-
actions across its boundaries. A useful choice of ecosystem
boundary is one where a number of discontinuities coin-
cide, such as in the distribution of organisms, soil types,
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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

drainage basins, and depth in a waterbody. At a larger scale,
regional and even globally distributed ecosystems 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, island,
mountain, polar, cultivated, and urban regions. These re-
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gions are not ecosystems themselves, but each contains a
number of ecosystems. (See Box 1.3.)

People seek multiple services from ecosystems and thus
perceive the condition of given ecosystems in relation to
their ability to provide the services desired. Various meth-
ods can be used to assess the ability of ecosystems to deliver
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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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particular services. With those answers in hand, stakeholders
have the information they need to decide on a mix of ser-
vices 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 consider-
ations 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
multidimensional and has been defined as the pronounced
deprivation of well-being. How well-being, ill-being, or
poverty are experienced and expressed depends on context
and situation, reflecting local physical, social, and personal
factors such as geography, environment, age, gender, and
culture. In all contexts, however, ecosystems are essential
for human well-being through their provisioning, regulat-
ing, cultural, and supporting services.

Human intervention in ecosystems can amplify the ben-
efits to human society. However, evidence in recent dec-
ades 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 ser-

vices, which affect supplies of food and other goods and
the likelihood of conflict over declining resources, and
by changes in regulating services, which could influence
the frequency and magnitude of floods, droughts, land-
slides, or other catastrophes. It can also be affected by
changes in cultural services as, for example, when the
loss of important ceremonial or spiritual attributes of
ecosystems contributes to the weakening of social rela-
tions in a community. These changes in turn affect ma-
terial 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 pro-
duction and regulating services, including water purifi-
cation.

• Health is strongly linked to both provisioning services
such as food production and regulating services, includ-
ing those that influence the distribution of disease-
transmitting insects and of irritants and pathogens in
water and air. Health can also be linked to cultural ser-
vices through recreational and spiritual benefits.

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

• Freedom of choice and action is largely predicated on the
existence of the other components of well-being and are
thus 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
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instruments, institutions, organizations, and technology.
Creation of these through participation and transparency
may contribute to freedoms and choice as well as to in-
creased economic, social, and ecological security. By eco-
logical security, we mean the minimum level of ecological
stock needed to ensure a sustainable flow of ecosystem ser-
vices.

Yet the benefits conferred by institutions and technology
are neither automatic nor equally shared. In particular, such
opportunities are more readily grasped by richer than
poorer countries and people; some institutions and technol-
ogies mask or exacerbate environmental problems; respon-
sible governance, while essential, is not easily achieved;
participation in decision-making, an essential element of re-
sponsible 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 population
at the expense of others.

Sometimes the consequences of the depletion and deg-
radation of ecosystem services can be mitigated by the sub-
stitution 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 inputs, and water
treatment facilities can sometimes substitute for the role of
watersheds and wetlands in water purification. But ecosys-
tems are complex and dynamic systems and there are limits
to substitution possibilities, especially with regulating, cul-
tural, and supporting services. No substitution is possible for
the extinction of culturally important species such as tigers
or whales, for instance, and substitutions may be eco-
nomically impractical for the loss of services such as erosion
control or climate regulation. Moreover, the scope for sub-
stitutions varies by social, economic, and cultural condi-
tions. 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 sys-
tems, the consequences of ecosystem changes made today
may not be felt for decades. Thus, sustaining ecosystem ser-
vices, and thereby human well-being, requires a full under-
standing and wise management 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 future availability.
This can be prevented by ensuring that the use is sustain-
able.

Achieving sustainable use requires effective and efficient
institutions 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 be-
tween individual and social interests 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 es-
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sential. But for the poor, an equally critical need is to pro-
vide 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 capture 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 altering one or
more direct drivers, and its influence is established by un-
derstanding 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 introduc-
tion of alien invasive species. Similarly, technological ad-
vances 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 organiza-
tional 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 ecosystem;

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

• by public and private decision-makers at the interna-
tional level, such as through international conventions
and multilateral agreements.
The decision-making process is complex and multidi-

mensional. 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 ex-
ogenous 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 fertilizer is an exogenous
driver, since the farmer’s decisions have little direct influ-
ence on price. The specific temporal, spatial, and organiza-
tional scale dependencies of endogenous and exogenous
drivers 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 example, a local decision-maker can directly in-
fluence the choice of technology, changes in land use, and
external inputs (such as fertilizers 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 fac-
tors, such as macroeconomic policy, technology develop-
ment, 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 in-
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stance, education, the advancement of women, and migra-
tion policies.

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

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

roeconomic 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 in-
formation 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

levels of resource consumption and differences in consump-
tion both within and between countries. Clearly these driv-
ers are changing—population and the world economy are
growing, for instance, there are major advances in informa-
tion technology and biotechnology, and the world is be-
coming 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 af-
fect the direct drivers. The direct drivers are primarily phys-
ical, chemical, and biological—such as land cover change,
climate change, air and water pollution, irrigation, use of
fertilizers, harvesting, and the introduction of alien invasive
species. Change is apparent here too: the climate is chang-
ing, species ranges are shifting, alien species are spreading,
and land degradation continues.

An important point is that any decision can have conse-
quences external to the decision framework. These conse-
quences are called externalities because they are not part of
the decision-making calculus. Externalities can have posi-
tive or negative effects. For example, a decision to subsidize
fertilizers to increase crop production might result in sub-
stantial degradation of water quality from the added nutri-
ents 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 produce more
apples because of enhanced pollination arising from the
presence of the bees.

Multiple interacting drivers cause changes in ecosystem
services. 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 cannot be conducted at a single temporal or spatial
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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 ero-
sion, 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 ser-
vices 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 controls 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 temporal scales are often closely
related. For instance, food production is a localized service
of an ecosystem and changes on a weekly basis, water regu-
lation 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 tempo-
ral scales appropriate to the process or phenomenon being
examined. Those done over large areas generally use data
at coarse resolutions, 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 ex-
tent of the problem. Assessors, if they are aware of such
thresholds and have access to high-resolution data, can in-
corporate such information even in a large-scale assessment.
Yet an assessment done at smaller spatial scales can help
identify important dynamics of the system that might other-
wise be overlooked. Likewise, phenomena and processes
that occur at much larger scales, although expressed locally,
may go unnoticed in purely local-scale assessments. In-
creased carbon dioxide concentrations or decreased strato-
spheric ozone concentrations have local effects, for instance,
but it would be difficult to trace the causality of the effects
without an examination of the overall global process.

Time scale is also very important in conducting assess-
ments. Humans tend not to think beyond one or two gen-
erations. If an assessment covers a shorter time period than
the characteristic temporal scale, it may not adequately cap-
ture variability associated with long-term cycles, such as gla-
ciation. 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. Moreover, both eco-
logical 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
increase for several years even after they have reached un-
sustainable levels because of the large number of juvenile
fish produced before that level was reached.
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Social, political, and economic processes also have char-
acteristic scales, which may vary widely in duration and ex-
tent. Those of ecological and sociopolitical processes often
do not match. Many environmental problems originate
from this mismatch between the scale at which the ecologi-
cal process occurs, the scale at which decisions are made,
and the scale of institutions for decision-making. 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 sub-
sidy or the establishment of a regulation). Moreover, it may
lack the relevance and credibility necessary to stimulate and
inform national or regional changes. On the other hand, a
purely global assessment may lack both the relevance and
the credibility necessary to lead to changes in ecosystem
management at the local scale where action is needed. Out-
comes at a given scale are often heavily influenced by inter-
actions of ecological, socioeconomic, and political factors
emanating from other scales. Thus focusing solely on a sin-
gle scale is likely to miss interactions with other scales that
are critically important in understanding ecosystem deter-
minants and their implications for human well-being.

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

1.4 Values Associated with Ecosystems
Current decision-making processes often ignore or under-
estimate the value of ecosystem services. Decision-making
concerning ecosystems and their services can be particularly
challenging because different disciplines, philosophical
views, and schools of thought assess the value of ecosystems
differently. One paradigm of value, known as the utilitarian
(anthropocentric) concept, is based on the principle of hu-
mans’ preference satisfaction (welfare). In this case, ecosys-
tems 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 utilitarian
concept of value, people also give value to ecosystem ser-
vices that they are not currently using (non-use values).
Non-use values, usually known as existence values, involve
the case where humans ascribe value to knowing that a re-
source exists even if they never use that resource directly.
These often involve the deeply held historical, national,
ethical, religious, and spiritual values people ascribe to eco-
systems—the values that the MA recognizes as cultural ser-
vices of ecosystems.
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A different, non-utilitarian value paradigm holds that
something 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 contribution to human well-being.

The utilitarian and non-utilitarian value paradigms over-
lap and interact in many ways, but they use different met-
rics, with no common denominator, and cannot usually be
aggregated, although both paradigms of value are used in
decision-making processes.

Under the utilitarian approach, a wide range of method-
ologies has been developed to attempt to quantify the bene-
fits of different ecosystem services. These methods are
particularly well developed for provisioning services, but
recent work has also improved the ability to value regulat-
ing and other services. The choice of valuation technique
in any given instance is dictated by the characteristics of the
case and by data availability. (See Box 1.4.)

Non-utilitarian value proceeds from a variety of ethical,
cultural, religious, and philosophical bases. These differ in
the specific 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 utilitarian value. For example, if the ag-
gregate utility of the services provided by an ecosystem (as

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.
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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 impetus for
conserving the ecosystem. If, however, economic valuation
indicates that the value of converting the ecosystem out-
weighs the aggregate value of its services, its ascribed intrin-
sic value may be deemed great enough to warrant a social
decision to conserve it anyway. Such decisions are essen-
tially 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 sanc-
tions for violating laws recognizing an entity’s intrinsic
value may be regarded as a measure of the degree of intrin-
sic value ascribed to them. The decisions taken by busi-
nesses, local communities, and individuals also can involve
considerations of both utilitarian and non-utilitarian values.

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

1.5 Assessment Tools
The information base exists in any country to undertake
an assessment within the framework of the MA. That said,
although new data sets (for example, from remote sensing)
providing globally consistent information make a global as-
sessment 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 biodiv-
ersity. 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 deficien-
cies—for instance, by providing estimates where observa-
tions 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 pro-
duction, 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 increas-
ingly be used at both global and sub-global scales.
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The MA incorporates both formal scientific information
and traditional or local knowledge. Traditional societies
have nurtured and refined systems of knowledge of direct
value to those societies but also of considerable value to
assessments undertaken at regional and global scales. This
information often is unknown to science and can be an ex-
pression of other relationships between society and nature
in general and of sustainable ways of managing natural re-
sources in particular. To be credible and useful to decision-
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 pro-
cedures relevant to the form of knowledge.

Since policies for dealing with the deterioration of eco-
system services are concerned with the future consequences
of current actions, the development of scenarios of medi-
um- to long-term changes in ecosystems, services, and
drivers can be particularly helpful for decision-makers. Sce-
narios are typically developed through the joint involve-
ment of decision-makers and scientific experts, and they
represent a promising mechanism for linking scientific in-
formation to decision-making processes. They do not at-
tempt 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 example of what might happen under particular
assumptions. They can be used as a systematic method for
thinking creatively about complex, uncertain futures. In
this way, they help us understand the upcoming choices that
need to be made and highlight developments in the present.
The MA developed scenarios that connect possible changes
in drivers (which may be unpredictable or uncontrollable)
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 several areas:
• development of scenarios for global futures linked ex-

plicitly to ecosystem services and the human conse-
quences of ecosystem change,

• consideration of trade-offs among individual ecosystem
services within the ‘‘bundle’’ of benefits that any partic-
ular ecosystem potentially provides to society,

• assessment of modeling capabilities for linking socioeco-
nomic drivers and ecosystem services, and

• consideration of ambiguous futures as well as quantifi-
able uncertainties.
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 ap-
praisal of uncertainty is unavailable.
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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 pro-
vide. These options include incorporating the value of eco-
systems in decisions, channeling diffuse ecosystem benefits
to decision-makers with focused local interests, creating
markets and property rights, educating and dispersing
knowledge, and investing to improve ecosystems and the
services they provide. As seen in Box 1.2 on the MA con-
ceptual framework, different types of response options can
affect the relationships of indirect to direct drivers, the in-
fluence 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 ecosystems will involve a mix of interventions at
all points in this conceptual framework.

Mechanisms for accomplishing these interventions in-
clude laws, regulations, and enforcement schemes; partner-
ships and collaborations; 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 im-
plications for equity and trade-offs. Institutions 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 com-
bine political 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 criteria
considered to be important by the decision-makers. Infor-
mation from these analytical frameworks is always com-
bined with the intuition, experience, and interests of the
decision-maker in shaping the final decisions.

Risk assessment, including ecological risk assessment, is
an established discipline and has a significant potential for
informing the decision process. Finding thresholds and
identifying the potential for irreversible change are impor-
tant for the decision-making process. Similarly, environ-
mental impact assessments designed to evaluate the impact
of particular projects and strategic environmental assess-
ments designed to evaluate the impact of policies both rep-
resent important mechanisms for incorporating the findings
of an ecosystem assessment into decision-making processes.

Changes also may be required in decision-making proc-
esses themselves. Experience to date suggests that a number
of mechanisms can improve the process of making decisions
about ecosystem services. Broadly accepted norms for deci-
sion-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?
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• pay special attention to equity and to the most vulnera-
ble populations?

• use decision analytical frameworks that take account of
the strengths and limits of individual, group, and organi-
zational information processing and action?

• consider whether an intervention or its outcome is irre-
versible and incorporate procedures to evaluate the out-
comes of actions 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 cumula-

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

problems and opportunities related to ecosystems and their
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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 understanding of ecosystem dynamics will
always be limited, socioeconomic systems will continue to
change, and outside determinants can never be fully antici-
pated. Decision-makers should consider whether a course
of action is reversible and should incorporate, whenever
possible, procedures to evaluate the outcomes of actions and
learn from them. Debate about exactly how to do this
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

Scenarios are plausible, challenging, and relevant stories about how the
future might unfold, which can be told in both words and numbers. Sce-
narios are not forecasts, projections, predictions, or recommendations. They
are about envisioning future pathways and accounting for critical uncertainties.

The process of building scenarios is about asking questions as well as
providing answers and guidance for action. It is intended to widen perspec-
tives and illuminate key issues that might otherwise be missed or dismissed.
By offering insight into uncertainties and the consequences of current and
possible future actions, scenarios support more informed and rational decision-
making.

Scenarios address real-world questions of systems dynamics, policy
choices, technological evolution, and consumption and production pat-
terns. They reflect the modern worldview that the future is not preordained but
rather is subject to human actions and choices. Yet the age-old drive to ponder
the possibilities for our collective future, and to draw relevant lessons for how
to live today, remains.

The international commitment to sustainable development that has
emerged in recent decades gives the study of the future a new urgency
and direction. Global scenario analysis has evolved rapidly over the past
10 years in response to this challenge. Although maintaining the long-term
resilience of the world’s ecosystems is fundamental to sustainable develop-
ment, ecosystem dynamics themselves have not yet been central to this re-
search. Adding such a focus is a primary aim of the Millennium Ecosystem
Assessment scenarios. This chapter sets the historical context and point of
departure for the ecosystem outlook.

This chapter reviews the historical context of scenarios, beginning with
brief sketches of early scenario activity, from its post–World War II ori-
gins up to about a decade ago. While heterogeneous, these studies all take
a global perspective in attempting to link social, economic, and environmental
issues. The literature can be split into two largely nonoverlapping streams—
quantitative simulation and qualitative narrative. Scenario analysis as a profes-
sional undertaking first surfaced with strategic planning and war games during
the early years of the cold war. But the direct antecedents of contemporary
scenarios lie with the future studies of the 1970s. At this time, scenario analysis
was also first used as a corporate strategic management technique. After a
considerable lull during the early 1980s, a second round of integrated global
analysis began in the late 1980s and 1990s, prompted by concerns with cli-
mate change and sustainable development. The first decades of scenario as-
sessment paved the way by showing the power—and limits—of both
deterministic modeling and descriptive future analyses. A central challenge of
contemporary global scenario exercises is to unify these two aspects by blend-
ing the replicability and clarity of quantification with the richness of narrative.

Today, scenarios are being applied in an expanding array of business,
community, policy, and research contexts with highly varied aims—better
management, consciousness raising, conflict resolution, policy advice,
and research. Scenarios can be forward-looking, exploring how futures might
unfold from current conditions and uncertainties, or backward-looking, begin-
ning with a normative vision of the future and asking whether there is a plausi-
ble path to it. Scenario building can include the active engagement of targeted
audiences through participatory processes and game playing, deliberation
among expert scenario panels, and quantitative simulations by modeling
groups.

Scenarios relevant for the MA process are those that have a public policy
and scientific orientation. The ideal attributes for such scenarios are: integra-
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tion across social, economic, and environmental dimensions; regional disag-
gregation of global patterns; multiple futures that reflect the deep uncertainties
of long-range outcomes; and quantification of key variables linked to ecosys-
tem conditions.

The following global scenario building exercises after 1995 were consid-
ered for building the MA scenarios: Global Scenarios Group, Global Envi-
ronment Outlook, Special Report on Emissions Scenarios, World
Business Council for Sustainable Development, World Water Vision, and
the Organisation for Economic Co-operation and Development. A scan of
these studies suggests great variation in the way each exercise was structured.
Yet beneath the diversity, the scenarios are rooted in a common set of arche-
typal visions of the future—worlds that evolve gradually, shaped by dominant
driving forces; worlds that are influenced by a strong policy push for sustain-
ability goals; worlds that succumb to fragmentation, environmental collapse,
and institutional failure; and worlds where new human values and forms of
development emerge.

In the coming years, the enrichment of global scenarios, often through
participatory processes, will define an important agenda for policy analy-
sis, scientific research, and education. Improving environmental scenario
building will require the enhancement of the role of ecosystems in both sce-
nario narrative and quantification. Narratives will need to more richly reflect
ecosystem descriptors, impacts, and feedbacks. Models will need to simulate
ecosystem services and ecosystem dynamics, including feedbacks from eco-
system processes to ecosystem services and human well-being.

2.1 Sustainability and the Future
Since ancient times, speculation about human destiny has
infused culture through myth and religious cosmology. Pro-
phetic tales told of what is to come, of apocalypse and resur-
rection, often conveying moral messages for the here and
now. These stories gave voice to the powerful impulse to
give meaning to the human condition and to act worthily.
In a sense, they were the first scenarios.

Of course, where ancient mythology sought to divine
the workings of spirits, gods, and cosmic forces, contempo-
rary global scenarios are a good deal more prosaic, harness-
ing the imagination to the secular insights of the social and
natural sciences. They address real-world questions of sys-
tems dynamics, policy choices, technological evolution, and
consumption and production patterns. They reflect the
modern worldview that the future is not preordained but
rather is subject to human actions and choices. Yet the age-
old drive to ponder the possibilities for our collective fu-
ture, and to draw relevant lessons for how to live today,
remains.

Basically, scenarios are plausible, challenging, and rele-
vant stories about how the future might unfold, which can
be told in both words and numbers. Scenarios are not fore-
casts, projections, or predictions. They are about envi-
sioning future pathways and accounting for critical
uncertainties. The process of building scenarios is about
asking questions as well as suggesting answers and guidance
for action. It is intended to widen perspectives and illumi-
nate key issues that might otherwise be missed or dismissed.

The international commitment to sustainable develop-
ment that has emerged in recent decades gives the study
of the future a new urgency and direction. The essence of
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sustainability is to harmonize economic development with
social goals and environmental preservation. At its core is
the moral imperative that current generations should pass
along an undiminished world to their descendants. To a
large degree, sustainability is a challenge to think about the
long-range future and, in so doing, to rethink the present.
Sustainable development brings the question of the future
to the strategic forefront of scientific research, policy delib-
eration, forward-thinking organizations, and the concerns
of citizens.

The challenge of sustainability poses fundamental ques-
tions: How might global development evolve over the
coming decades? Are we currently on a sustainable path?
What surprises could deflect the global system in novel di-
rections? How do environmental, social, and economic
processes interact, dampening or amplifying change? How
do global and sub-global processes interact? What actions,
policies, and value changes can best ensure a sustainable fu-
ture?

By offering insight into uncertainties and the conse-
quences of current actions, scenarios support more in-
formed and rational decision-making. Global scenario
analysis has evolved rapidly over the past 10 years in re-
sponse to this challenge. Although maintaining the long-
term resilience of the world’s ecosystems is fundamental to
sustainable development, ecosystems have not yet been
central to this research. Adding such a focus is a primary aim
of the Millennium Ecosystem Assessment scenarios. This
chapter sets the historical context and point of departure for
the ecosystem outlook. It sketches early scenario efforts in
Section 2.2, introduces key concepts in Section 2.3, reviews
recent global scenario studies in Section 2.4, and draws les-
sons for ecosystem scenarios in Section 2.5. The rationale
and methods used in the MA scenarios are addressed in sub-
sequent chapters of this volume.

2.2 Scenarios Then
To provide historical context, we briefly sketch scenario ac-
tivity prior to 1995. (See Box 2.1.) While heterogeneous,
these studies all take a global perspective in attempting to
link social, economic, and environmental issues. The litera-
ture can be split into two largely nonoverlapping streams—
quantitative modeling and qualitative narrative. This
dualism mirrors the twin challenges of providing systematic
and replicable quantitative representation, on the one hand,
and contrasting social visions and nonquantifiable descrip-
tors, on the other hand.

Scenario analysis as a professional undertaking first sur-
faced with strategic planning and war games during the
early years of the cold war, as popularized by Herman Kahn
and his colleagues (Kahn and Wiener 1967). But the direct
antecedents of contemporary scenarios lie in the future
studies of the 1970s. These responded to emerging concerns
about the long-term sufficiency of natural resources to sup-
port expanding global populations and economies. This first
wave of global scenarios included ambitious mathematical
simulation models (Forrester 1971; Meadows et al. 1972;
Mesarovic and Pestel 1974) as well as speculative narrative
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(Kahn et al. 1976). At this time, scenario analysis was first
used at Royal Dutch/Shell as a strategic management tech-
nique (Wack 1985), an effort that spawned a small industry
of consultants working with major corporations to broaden
perspectives on how to position the firm in a changing
world (Schwartz 1991). At the same time, the French
‘‘prospective’’ school of strategic scenario analysis evolved
a sharp critique of conventional techniques and a rich
conceptual framework for exploratory future assessments
(Godet 1987).

After a considerable lull during the early 1980s, a second
round of integrated global analysis began in the late 1980s
and 1990s, prompted by concerns with climate change and
sustainable development. These included narrative scans of
alternative futures (Burrows et al. 1991; Milbrath 1989), an
optimistic analysis by the Central Planning Bureau of the
Netherlands (1992), a pessimistic vision by Kaplan (1994),
and a consideration of surprising futures (Svedin and Anian-
sson 1987; Toth et al. 1989). The long-term nature of the
climate change issue spawned countless world energy sce-
narios, the most important of which were those of the In-
tergovernmental Panel on Climate Change (Leggett et al.
1992), which generally explored technological change and
economic policy within a conventional ‘‘business-as-usual’’
framework.

The first decades of scenario assessment paved the way
by showing the power—and limits—of both deterministic
modeling and descriptive future analyses. A central chal-
lenge of contemporary global scenario exercises is to unify
these two aspects by blending the replicability and clarity of
quantification with the richness of narrative.

2.3 Scenarios Now
Scenarios are being applied in an expanding array of busi-
ness, community, policy, and research contexts with highly
varied aims—better management, consciousness raising,
conflict resolution, policy advice, and research. ‘‘Business
strategy scenarios’’ explore uncertainty in a world that the
business does not control in order to test the robustness of
decision-making and to identify opportunities and chal-
lenges. ‘‘New conversation scenarios’’ explore new and un-
known topics and can be used as an educational tool for
wide audiences. ‘‘Groups-in-conflict scenarios’’ use sce-
nario techniques to understand differences and jointly ex-
plore consequences of actions. ‘‘Public interest scenarios’’
aim to shape the future by articulating a common agenda
and highlighting potential actions and their consequences.
‘‘Scientific scenarios’’ examine the possible long-range be-
havior of biophysical systems as perturbed by human influ-
ence.

There are many methods for scenario building. They
can be forward-looking, exploring how futures might un-
fold from current conditions and uncertainties, or backward-
looking, beginning with a normative vision of the future
and asking whether there is a plausible path to it. The ap-
proach to generating scenarios can include the active en-
gagement of targeted audiences through participatory
processes and game playing, deliberation among expert sce-
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BOX 2.1

Selected Global Scenarios to 1995

Modeling-based shift—using a macroeconomic model. The global crisis scenario assumed
an overall economic decline. The European renaissance and the global

Meadows et al. (1972). The Limits to Growth report and the ensuing
shift scenarios projected economic stagnation in some regions and rapid

controversy surrounding its results was a seminal moment in global mod-
economic expansion in others. All scenarios were optimistic compared

eling. A systems dynamics model was used to assess the limits of the
with The Limits to Growth. In fact, all the scenarios projected significant

world system and the constraints these limits place on human numbers
convergence between rich and poor regions by the beginning of the

and activity. The model was global, with five sectors: population, capital,
twenty-first century.

agriculture, nonrenewable resources, and pollution. Results were pre-
sented for 14 scenarios with varying assumptions on technical progress, Narrative-based
social policy, and value changes from 1900 through 2100. The report

Kahn et al. (1976). The Next 200 Years presented an optimistic scenario
emphasized that present trends will lead to major crises; however, con-

in response to the pessimistic Limits to Growth, which was receiving con-
certed effort could alter these trends.

siderable publicity at the time. The basic message of the scenario was
Mesarovic and Pestel (1974). Mankind at the Turning Point was a follow- that the world could vastly expand its population and economic scale and
up project to Limits to Growth, aiming to provide a more regionally disag- remain far from the natural limits for most resources. The authors also
gregated analysis. The Mesarovic/Pestel Model, or World Integrated discussed the possibility of considerable human activities occurring in
Model, organized the world into 10 regions. Instead of a unified systems outer space.
dynamics approach, WIM used five different linked sub-models for econ-

Robertson (1983). The Sane Alternative presented five futures: business
omy, population, food, energy, and environment. The model featured an

as usual; disaster; authoritarian control; hyper-expansionist; and sane, hu-
interactive mode that allowed choices to be entered during a model run.

mane, and ecological. The latter scenario incorporated significant changes
The report underscores an impending global crisis and the need for sig-

in the direction of human activities and policies, emphasizing the need for
nificant societal changes.

development in psychological and social spheres rather than economic
Leontief (1976). The Future of the World Economy relied on an input- and technical growth. The author argued that the future is likely to be a
output model to analyze the impact of prospective economic policies for mix of all five scenarios.
the United Nations. It tracked economic flows among 15 world regions.

Burrows et al. (1991). Into the 21st Century examined three scenarios:
The report focused on a relatively optimistic scenario in which the income

a pessimistic scenario, a piecemeal scenario, and an optimistic scenario.
gap between industrial and developing countries decreases by one half

The pessimistic scenario explored what the future might be like if present
by the year 2000. The report concluded that the limits to sustained eco-

trends continue unchecked. The piecemeal scenario assumed a deter-
nomic growth and accelerated development are political, social, and insti-

mined but fragmented attempt to find solutions to environmental and so-
tutional, not physical. However, this growth would require very large

cial problems. The optimistic scenario featured dramatic changes in
capital investments in developing regions and significant political, social,

attitudes and values toward altruism, cooperation, and ecology. The au-
and institutional changes.

thors argued that the holistic approach, together with an appropriate
Herrera et al. (1976). Catastrophe or New Society? A Latin American planet management system, is the only way to solve growing problems,
Model emphasized sociopolitical rather than physical issues. It relied on and that we must act urgently lest the world reach a point of no return
the so-called Bariloche Model, an optimization model with four global re- soon.
gions and five sectors (agriculture, nutrition, housing, capital goods, and

Kaplan (1994). The Coming Anarchy presented a dark vision of a dra-
other) that ran for a 100-year period from 1960. The simulations ad-

matic increase in demographic, environmental, and social stresses world-
dressed such questions as ‘‘what future global order would be best for

wide. The author argued that the current critical situation in West Africa is
humankind?’’ It asked how a human-oriented global society could grow,

a premonition of the future. He underscored the critical links between
meet basic human needs, and manage resources wisely. This exercise

environmental and social stresses, foreseeing surging populations,
was unique for its time in its explicit normative purpose of defining a future

spreading disease, resource degradation, water depletion, air pollution,
that the authors considered desirable and examining pathways for getting

and rising sea levels. These stresses will cause mass migrations and, in
there.

turn, incite group conflicts. This was later expanded into a book (Kaplan
Barney (1980). The Global 2000 scenario assumed that existing trends 2000).
would continue into the future. The analysis relied on a set of linked

Svedin and Aniansson (1987). Surprising Futures presented the results
models to project global changes in population, natural resources, and

of a workshop of social and natural scientists that explored a range of
the environment. The model covered 11 sectors, including population,

‘‘surprise-rich’’ futures through the year 2075. Four alternative scenarios
economy, climate, technology, food, fisheries, forestry, water, and energy.

were developed: the big load, the big shift, history lost, and hope regained.
The report argued that a projected global population of 10 billion by 2000

These explored, respectively, dominant trends, a shift toward new centers
and 30 billion by 2100 would be dangerously close to Earth’s carrying

of power such as China and India, a future of crises, and environmentally
capacity and would lead to persistent global poverty.

and socially balanced world development. The workshop participants gen-
Central Planning Bureau (1992). In Scanning the Future, the Dutch Cen- erated numerous variations on these scenarios along with hypothetical
tral Planning Bureau considered four scenarios through the year 2015— ‘‘future histories.’’ Quantitative sketches were presented in Toth et al.
global crisis, balanced growth, European renaissance, and global (1989).
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nario panels, and quantitative simulations by modeling
groups.

For this report, we focus on the subset of environmental
global scenario projects that have a public policy and scien-
tific orientation, since these are of greatest interest to the
MA. The ideal attributes for such scenarios are integration
across social, economic, and environmental dimensions; re-
gional disaggregation of global patterns; multiple futures that re-
flect the deep uncertainties of long-range outcomes; and
quantification of key variables linked to ecosystem condi-
tions. We briefly expand on each of these.

2.3.1 Integration

Integration is needed because multiple anthropogenic stres-
sors have an impact on the environment or lead to changes
in the provision of ecological services. These stressors (or
direct drivers) include pollution, climate change, hydrologi-
cal change, resource extraction, and land degradation and
conversion. In turn, these direct drivers result from long
causal chains of indirect socioeconomic drivers, such as de-
mographic, economic, and technological developments. Fi-
nally, changing patterns of human values, culture, interest,
and power set the conditioning framework (or ultimate
drivers) for unfolding socioecological systems. To capture
this nexus of interactions, a systemic framework is required
that includes key economic, social, and environmental sub-
systems and links. (See Figure 2.1.)

2.3.2 Regional Disaggregation

Such systems can be meaningfully defined at different
scales—global, regional, national, and local. A planetary
panorama reveals global economic, cultural, and environ-
mental phenomena, and becomes more critical as global
connectivity increases. A regional perspective brings the
problems of acid rain, water allocation, trade, and migration
into focus. A national viewpoint sheds light on policy, envi-
ronmental, and security issues. A local standpoint is needed
for detailed assessment of land change patterns, biodiversity,
and ground-level pollution.

Figure 2.1. The Socioecological System and Its Components
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These different spatial scales provide mutually enriching
windows of perception into a unitary world system. Global-
ization links these different scales through processes that
increase economic, cultural, social, and geopolitical inter-
dependence. In particular, the factors that directly affect
ecosystems are conditioned by far-flung global influences
—patterns of production and consumption, the character of
economic globalization, cultural influence, migration, and
global environmental change. Ecosystem futures are an as-
pect of the wider question of global futures.

One day, perhaps, scenario-building techniques will
evolve to allow analysts to seamlessly zoom across levels,
representing each spatial unit as an interacting component
of an integrated global system. But in these early years of
this analytic discipline, the state-of-the-art is far more modest
—the disaggregation of the global system into a single layer
comprised of major multinational regions.

2.3.3 Multiple Futures

Since the issues that need to be considered in the context
of sustainable development or the long-term provisioning
of ecological services embody multigenerational concerns,
and since certain ecological consequences only become vis-
ible over long time periods, the scenario outlook must span
at least several decades. The MA horizon is 50 years. Over
such an extended time frame, current trends can evolve in
unexpected ways, all the while subject to new phenomena,
events, and human influence. At critical thresholds, the
planetary socioecological system can branch into unique
pathways. Thus, global outlooks that do not consider a
broad range of plausible long-range visions are incomplete.

Three distinct sources of indeterminacy are ignorance,
surprise, and volition (Raskin et al. 2002). Ignorance refers to
limits of scientific knowledge on current conditions and dy-
namics. Even if the global system were deterministic in
principle, this classic form of uncertainty would lead to a
statistical dispersion over possible future states. Surprise is the
uncertainty due to the inherent indeterminism of complex
systems, which can exhibit emergent phenomena and struc-
tural shifts.

Volition refers to the unique uncertainty that is intro-
duced when human actors are internal to the system under
study—the future is subject to human choices that have not
yet been made. Moreover, the very process of ruminating
on the future can influence these choices. Through this re-
flexivity, this double role of humans as observers and actors,
scenario studies become internal to the story they tell to the
degree they alter awareness, behavior, and the future.

Alternative global futures can result from the accumula-
tion of gradual incremental changes. Or perhaps a threshold
of instability will be crossed in which the global trajectory
bifurcates into very different possible outcomes. Massive
unexpected events could change the course of development
—a world war, a pandemic, a large-scale act of terrorism,
a systemic economic breakdown, abrupt climate change, a
technological wildcard, and so on. The exploration of mul-
tiple futures is fundamental to the scenario enterprise.
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2.3.4 Quantification and Narrative

In view of this complexity and uncertainty, scenario analysis
requires approaches that transcend the limits of conven-
tional deterministic models of change. Predictive modeling
is appropriate for simulating well-understood systems over
sufficiently short times (Peterson et al. 2003). But as com-
plexity increases and the time horizon lengthens, the power
of prediction diminishes. Quantitative forecasting is legiti-
mate only to the degree the system state can be well speci-
fied, the dynamics governing change are known and
persistent, and mathematical algorithms can be devised to
validly represent these relationships.

These conditions are violated when it comes to assessing
the long-range future of socioecological systems—state de-
scriptions are uncertain, causal interactions are poorly un-
derstood and may change by unknown ways in the future,
and nonquantifiable factors are significant. Probabilistic
forecasts of a given future state, or a spectrum of possible
states, are simply not feasible when structurally unique fu-
tures can emerge from current conditions and trends, and
novel behavior can be expected. To take but one example,
the combined effects of abrupt climate change, geopolitical
conflict, and global economic instability could drive the
planetary system into a new state that exhibits historically
unprecedented institutional and biophysical processes.

The development of methods to blend quantitative and
qualitative insight effectively is at the frontier of scenario
research today. (See Figure 2.2.) The scenario narrative
gives voice to important qualitative factors shaping devel-
opment such as values, behaviors, and institutions, provid-
ing a broader perspective than is possible from mathematical
modeling alone. Narrative offers texture, richness, and in-
sight, while quantitative analysis offers structure, discipline,
and rigor. The most relevant recent efforts are those that
have sought to balance these.

2.4 Major Studies
The catalogue of recent global scenarios encompasses hun-
dreds of greenhouse gas emissions projections (IPCC 2001),

Scenarios

Stories

Models

Qualita
tiv

e

Quantita
tiv

e

Figure 2.2. Scenarios, Models, and Stories (Nakićenović et al.
2000)
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regional and national scenarios (Raskin 2000), and sectoral
outlooks on energy, food, economy, demography, and tech-
nology (Glenn and Gordon 2002). But only a few studies
have the comprehensive scope and analytic detail to satisfy
the criteria of integration, regionalization, multiple futures,
and quantification. We introduce six major efforts
below—a subset of global exercises that have a scientific
and public policy orientation—and summarize their salient
features in Table 2.1.

2.4.1 Global Scenario Group

Convened in 1995 by the Stockholm Environment Insti-
tute, the Global Scenario Group is an independent, interna-
tional, interdisciplinary body that has been developing
integrated global and regional scenarios (Raskin et al. 1998,
2002; Gallopı́n et al. 1997). The GSG scenario narratives
are quantified with the use of the PoleStar System, a trans-
parent tool for synthesizing global data sets, organizing sec-
toral linkages, and introducing assumptions (Raskin et al.
1999). This work has been used by a number of interna-
tional assessments, including several discussed below.

2.4.2 Global Environment Outlook

The United Nations Environment Programme’s third
Global Environment Outlook placed greater emphasis than
previous editions on integrated global and regional scenar-
ios (UNEP 2002). The scenarios were developed through a
lengthy collaborative process that began with four of the
GSG scenarios, which were then refined through a series of
regional and global meetings (Raskin and Kemp-Benedict
2002), with input from the IPCC’s Special Report on
Emissions Scenarios. The emphasis of the process was on
refining the narratives and giving them regional texture. A
consortium of modeling teams elaborated on different as-
pects of the scenarios (Potting and Bakkes 2004).

2.4.3 Special Report on Emissions Scenarios

The IPCC’s Special Report on Emissions Scenarios (Naki-
ćenović et al. 2000) was a significant advance over prior
IPCC scenarios. Its purpose was to develop a wide range
of emissions scenarios as input to ongoing climate change
research. A set of alternative social visions was linked to
assumptions on the main driving forces of human-induced
climate change, and the implications for future energy-
related and land-use emissions were analyzed. Based on its
mandate, the SRES scenarios did not include policies for
greenhouse gas mitigation in the scenarios and thus only
simulated emissions in the absence of such policies. Six
modeling groups analyzed each family, thus giving a wide
range of outcomes for each storyline. An open process so-
licited participation and feedback. Several modeling groups
went on to publish variants of the SRES scenario that do
include climate policy (Morita et al. 2001).

2.4.4 World Business Council for Sustainable
Development

The World Business Council for Sustainable Development
constructed a set of three scenarios to engage the business
community in the debate on sustainable development
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Table 2.1. Description of Selected Global Scenario Studies since 1995 and Their Structure (Raskin, in press)

Study Horizon Regions Focus Scenario Structure

GSG 2050 11 Environment; poverty 1. Conventional Worlds: gradual convergence in incomes and culture toward dominant
reduction; human market model
values a) Market Forces: market-driven globalization, trade liberalization, institutional

modernization
b) Policy Reform: strong policy focus on meeting social and environmental sustainability

goals
2. Barbarization: social and environmental problems overwhelm market and policy

response
a) Breakdown: unbridled conflict, institutional disintegration, and economic collapse
b) Fortress World: authoritarian rule with elites in ‘‘fortresses,’’ poverty and repression

outside
3. Great Transitions: fundamental changes in values, lifestyles, and institutions

a) Eco-Communalism: local focus and a bio-regional perspective
b) New Sustainability Paradigm: new form of globalization that changes the character

of industrial society

GEO-3 2032 6 Environment Markets First; Policy First; Security First; Sustainability First (correspond, respectively, to
1a, 1b, 2b, and 3b above)

SRES 2100 4 Climate change A1: rapid market-driven growth with convergence in incomes and culture
A2: self-reliance and preservation of local identities, fragmented development
B1: similar to A1, but emphasizes global solutions to sustainability
B2: local solutions to economic, social, and environmental sustainability

WBCSD 2050 n.a. Business and FROG!: market-driven growth, economic globalization
sustainability GEOpolity: top-down approach to sustainability

Jazz: bottom-up approach to sustainability, ad hoc alliances, innovation

WWV 2025 18 Freshwater crisis Business-as-usual: current water policies continue, high inequity
Technology, Economics, and the Private Sector: market-based mechanisms, better technology
Values and Lifestyles: less water-intensive activities, ecological preservation

OECD 2020 10 Environment in OECD Reference with policy variants (e.g., subsidy removal, eco-taxes)
countries

Key: GSG Global Scenario Group, GEO-3 Global Environment Outlook, SRES Special Report on Emissions Scenarios, WBCSD World Business Council on
Sustainable Development, WWV World Water Vision, OECD Organisation for Economic Co-operation and Development

(WBCSD 1997). The focus is on the scenario narratives,
which span a broad spectrum of possible futures. For each
narrative, the authors present a set of challenges to business
and lessons to be drawn. The scenarios were developed in an
open process involving representatives from 35 organizations.

2.4.5 World Water Vision

The World Water Vision was conducted by the World
Water Council to increase awareness of a rising global water
crisis (Cosgrove and Rijsberman 2000). The WWV pres-
ents three global water scenarios that focus on issues of
water supply and demand, conflict over water resources,
and water requirements for nature (Gallopı́n and Rijsber-
man 1999). While only a subset of water-related issues and
variables were quantified, the scenario narratives extend be-
yond issues specific to water, including lifestyle choice,
technology, demographics, and economics. Some of these
additional themes were explored quantitatively in back-
ground studies.

2.4.6 Organisation for Economic Co-operation and
Development

The Environmental Outlook of the Organisation for Eco-
nomic Co-operation and Development developed a base-
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line scenario based on development projections to 2020,
complemented by several policy variants (OECD 2001).
The Outlook examined drivers of environmental change,
specific sectors that put the greatest pressure on the envi-
ronment, and resulting environmental impacts. The focus
of the Outlook is the critical environmental concerns facing
OECD countries, but the study is global in scope. Global
economic patterns were modeled using the OECD’s JOBS
model. These drivers were then used as inputs to the Pole-
Star System to assess potential environmental impacts in the
scenarios.

2.4.7 Study Outputs

Two of the studies—GSG and SRES—stand out as present-
ing both a broad range of scenario visions and a wide set of
quantitative indicators. Table 2.2 summarizes the kinds of
outputs provided by these studies, including drivers of envi-
ronmental change, resource requirements, and environ-
mental stressors. The Table also references the IMAGE 2.2
model, which has been used to update and expand the
SRES scenarios (RIVM 2001; Alcamo et al. 1998), provid-
ing input to GEO-3.

A scan of these studies suggests great variation in the way
each exercise was structured. Yet beneath the diversity, the
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Table 2.2. Variables Included in Scenario Simulations by GSG,
IPCC-SRES, and IMAGE

Variable GSG IPCC-SRES IMAGE

Demographics
Population X X X
Distribution urban/rural age and sex
Poverty X

Economics
GDP X X X
Sectors X X
Income distribution/poverty X

Agriculture and forestry
Diets X X
Yields X X
Livestock practices X X
Inputs X X
Timber production X X
Fish production X
Cropland degradation X X

Water
Withdrawals X
Resources X
Stress X

Energy
Requirements by fuel X X X
Production X X X

Land use
Built environment X gridded
Cropland X X gridded
Grazing/grassland X X gridded
Forest X X gridded
Plantation X X gridded

Pollution/waste
Air GHGs; SOx GHGs; SOx GHGs; SOx;

NOx; VOC
Water X
Toxics X
Solid waste X

Key: GSG Global Scenario Group, SRES Special Report on Emissions
Scenarios

scenarios are rooted in a common set of archetypal visions
of the future—worlds that evolve gradually, shaped by
dominant driving forces; worlds that are influenced by a
strong policy push for sustainability goals; worlds that suc-
cumb to fragmentation, environmental collapse, and insti-
tutional failure; and worlds where new human values and
forms of development emerge. The scenarios from the vari-
ous studies are mapped into a common framework in Table
2.3, using the GSG scenario structure as a template.
Thumbnail sketches of narratives used in the GSG, SRES,
and WBCSD studies are presented in Box 2.2.

2.5 The Past as Prelude
Over the past decade, global scenarios of increasing sophis-
tication have influenced the policy discussion of sustainable
development, sharpened perspectives, and broadened
awareness. But they have yet to focus directly and systemat-
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ically on the role of ecosystem conditions and management
as a critical component of the global future, nor have they
fully taken ecosystem dynamics into account. The scenario
experience to date provides a useful point of departure for
injecting this dimension. To do so, storylines must be en-
riched with an ecosystem perspective, and quantifications
expanded to include measures of ecosystem condition.

The recent global scenario literature covers an immense
array of detailed findings, conclusions, and lessons, far more
than can be summarized here. But some broad lessons can
be drawn that cut across these diverse studies. For example,
collectively they suggest that a global future that excessively
relies on a ‘‘market forces’’ vision of economic globalization
and on the consumer society as the model for successful
development would be a perilous basis for global develop-
ment. The risk is that social polarization, persistent poverty,
and environmental degradation would undercut sustainabil-
ity by eroding social cohesion, ecosystem resilience, and the
global economy. Then, rather than mitigating current tend-
encies toward global polarization and conflict, a full descent
into a fragmented ‘‘fortress world’’ or other unpleasant pos-
sibilities becomes a real danger.

The studies tend to find great scope for ‘‘policy reform’’
scenarios for reducing such risk. The ambitious social and
environmental goals articulated in such high-level interna-
tional appeals as Agenda 21 (UN 1993) and the Millennium
Development Goals (UN 2000) are seen as feasible, at least
in principle. A host of specific actions could accelerate the
deployment of nature-sparing technology, alleviate poverty,
and reduce social tension. But the reform strategy is prob-
lematic in practice. It requires mobilizing a comprehensive

Table 2.3. Comparing Selected Global Scenarios after 1995

GSG SRES WBCSD GEO-3 WWV OECD

Conventional
worlds

Market forces A1 FROG! Markets B-a-u Reference
first

Policy reform B1 GEOpolity Policy Technology Policy
first and variants

economics

Barbarization
Breakdown A2

Fortress Security
world first

Great
transitions

Eco- B2
communalism

New Jazz Sustain- Lifestyles
sustainability ability and values
paradigm first

Key: GSG Global Scenario Group, GEO-3 Global Environment Outlook,
SRES Special Report on Emissions Scenarios, WBCSD World Business
Council on Sustainable Development, WWV World Water Vision, OECD
Organisation for Economic Co-operation and Development
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BOX 2.2

Narrative Sketches

Global Scenario Group. GSG scenarios are organized into three different energy mixes. A2 is a fragmented unsustainable world in which
classes—Conventional Worlds, Barbarization, and Great Transitions—with regions and nations stress self-reliance and preservation of local identities
two variants for each class. Conventional Worlds envisions the spread of with relatively high population growth, slow income convergence, and het-
dominant values and development patterns with the gradual convergence erogeneous local development patterns. B1 is a regionally convergent
of developing regions toward rich-region patterns. In the Market Forces world with global population peaking in mid-century and declining thereaf-
variant, powerful global actors advance the priority of growth, liberaliza- ter, as in A1. B1 is also an integrated sustainable world that features a
tion, and privatization. In the Policy Reform variant, concern over environ- rapid shift to a service economy and clean technologies, and the pursuit
mental deterioration, social conflict, and economic instability leads to of global solutions to economic, social, and environmental problems (ex-
comprehensive government action for sustainable development. The Bar- cluding climate change). B2 is a fragmented sustainable world in which
barization class of scenarios envisions the eventual deterioration of civili- regions and nations pursue plural models of development with diverse
zation, as crises overwhelm the coping capacity of both markets and local initiatives that balance economic, social, and environmental goals.
policy reform. The Breakdown variant spirals toward unbridled conflict and

World Business Council for Sustainable Development. FROG! begins
institutional collapse. The Fortress World variant features an authoritarian

as a business-as-usual scenario, where economic growth is the major
response to this threat, with elites in protected enclaves and an impover-

concern and action on sustainable development is weak. However, the
ished majority outside. The Great Transitions class depicts fundamental

reliance on technology does not deliver environmental or social health,
changes in the global development model. Human values emphasize ecol-

and eventually increased inequity and unrest threaten basic survival. In
ogy, dematerialized lifestyles, and strong social solidarity. Regions pursue

GEOpolity, a new global consensus welcomes technocratic solutions,
diverse strategies building on unique cultural, ecological, and institutional

sanctions, and more direct control of the market to ensure environmental
attributes. The Eco-Communalism variant is a highly localist vision that

preservation and social cohesion. New global governance institutions are
emphasizes regional self-reliance. The New Sustainability Paradigm, high-

created, and governments become rejuvenated as focal points in shifting
lighted by the GSG (Raskin et al. 2002), would build a more humane

the structure of the economy toward sustainable development. Jazz is an
global civilization rather than retreat into localism.

innovative world of ad hoc alliances of diverse stakeholders, experimenta-
Special Report on Emissions Scenarios. In the SRES notation, ‘‘A’’ tion, adaptation, and a dynamic global market. Government activity is
and ‘‘B’’ signify little and high commitment to sustainable development, largely at the local level, as ad hoc global governance institutions address
respectively, and ‘‘1’’ and ‘‘2’’ signify regional integration or fragmentation, particular problems, and environmental and social goals are achieved
respectively. Thus, A1 is an integrated unsustainable world of rapid eco- largely out of corporate self-interest and partnerships among nongovern-
nomic growth, stabilizing populations, rapid technological change, and mental organizations, governments, consumers, and businesses.
convergence among regions. The scenario has three variants that assume

array of incremental adjustments to gradually counteract
underlying trends that are highly unsustainable. The plausi-
bility of such scenarios rests on the difficult task of provid-
ing an account of how the necessary political will would
emerge for such a massive effort.

In view of these difficulties, many of the studies go on
to explore scenarios that include more fundamental trans-
formations of the underlying values and institutions of de-
velopment. Several find that an eventual transition toward
a form of global development based on ‘‘sustainability first’’
may be both the necessary and desirable condition for en-
suring an ecologically sound and humane global future.
This alternative paradigm draws attention to institutional
and value innovations. Multiscale, adaptive, and democratic
governance processes include the constructive engagement
of civil society in balancing economic, social, and environ-
mental concerns. Human values come to emphasize quali-
tatively rich lifestyles, encompassing material sufficiency, a
strong sense of human solidarity from local to global levels,
and an ecological sensibility.

In the coming years, the enrichment of global scenarios,
often through participatory processes, will define an impor-
tant agenda for policy analysis (EEA 2001), scientific re-
search, and education. This will require the enhancement
of the role of ecosystems in both scenario narrative and
quantification. Narratives will need to more richly reflect
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ecosystem descriptors, impacts, and feedbacks. Models will
need to simulate ecosystem services within global assess-
ment frameworks. Previous global scenario studies are the
prelude and platform for beginning to address these chal-
lenges.

References
Alcamo, J., R. Leemans, and E. Kreileman (eds.), 1998: Global Change Scenarios

of the Twenty-First Century: Results from the IMAGE 2.1 Model. Elsevier, Kid-
lington, U.K.

Barney, G. (ed.), 1980: The Global 2000 Report to the President of the U.S.:
Entering the Twenty-First Century, vols. IIII. Pergamon Press, New York.

Burrows, B., A. Mayne, and P. Newbury, 1991: Into the 21st Century: A Hand-
book for a Sustainable Future. Adamantine, Twickenham, UK.

Central Planning Bureau, 1992: Scanning the Future: A Long-term Scenario
Study of the World Economy 1990–2015. SDU Publishers, The Hague.

Cosgrove, W. and F. Rijsberman, 2000: World Water Vision: Making Water
Everybody’s Business. Earthscan, London.

EEA (European Environment Agency), 2001: Scenarios as Tools for International
Environmental Assessments. Environmental Issue Report No 24. Office for Of-
ficial Publications of the European Communities, Luxembourg. Available at
http://www.eea.eu.int.

Forrester, J., 1971: World Dynamics. Wright-Allen Press, Cambridge, MA.
Gallopı́n, G. and F. Rijsberman, 1999: Three Global Water Scenarios. World

Water Council, Paris. Available at http://www.worldwatervision.org.
Gallopı́n, G., A. Hammond, P. Raskin, and R. Swart, 1997: Branch Points:

Global Scenarios and Human Choice. Stockholm Environment Institute, Stock-
holm. Available at http://www.gsg.org.

Glenn, J.C. and T.J. Gordon, 2002: State of the Future at the Millennium. Ameri-
can Council for the United Nations University, Washington, DC.

Godet, M., 1987: Scenarios and Strategic Management. Elsevier, The Netherlands.

................. 11411$ $CH2 10-27-05 08:40:57 PS



44 Ecosystems and Human Well-being: Scenarios

Herrera, A., H. Scolnic, G. Chichilnisky, G. Gallopı́n, J. Hardoy, D. Mosovich,
E. Oteiza, G. de Romero Brest, C. Suarez, and L. Talavera, 1976: Catastrophe
or New Society? A Latin American World Model. IDRC, Ottawa.

IPCC (Intergovernmental Panel on Climate Change), 2001: Climate Change
2001: Mitigation. Third Assessment Report of the Intergovernmental Panel on Cli-
mate Change. University of Cambridge Press, Cambridge, UK.

Kahn, H. and A. Weiner, 1967: The Year 2000: A Framework for Speculation on
the Next Thirty-three Years. Macmillan, New York.

Kahn, H., W. Brown, and L. Martel, 1976: The Next 200 Years: A Scenario for
America and the World. Morrow, New York.

Kaplan, R., 1994: The Coming Anarchy. The Atlantic Monthly, 273(2), 44–76.
Kaplan, R., 2000: The Coming Anarchy. Shattering the Dreams of the Post Cold

War. Random House, New York.
Leggett, J., W.J. Pepper, and R.J. Swart, 1992: Emissions Scenarios for IPCC:

An Update. In: Climate Change 1992. The Supplementary Report to the IPCC
Scientific Assessment, J.T. Houghton, B.A. Callander, and S.K. Varney (eds.),
Cambridge University Press, Cambridge.

Leontief, W., 1976: The Future of the World Economy: A Study on the Impact of
Prospective Economic Issues and Policies on the International Development Strategy.
United Nations, New York.

Meadows, D., D. L. Meadows, J. Randers, and W. Behrens, 1972: The Limits
to Growth. Universe Books, New York.

Mesarovic, M. and E. Pestel, 1974: Mankind at the Turning Point. Dutton, New
York.

Milbrath, L., 1989: Envisioning a Sustainable Society: Learning Our Way Out.
SUNY Press, Albany, New York.

Morita, T. and Robinson J., 2001: Greenhouse gas emission mitigation scenar-
ios and implications. In Climate Change 2001: Mitigation. B. Metz, O. David-
son, R. Swart, and J. Pan (eds.), Cambridge University Press. Cambridge.
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Main Messages
Ecosystems are essential to the survival of human societies and econo-
mies. Ecosystems provide a range of economic and cultural services to hu-
mans. These include such basic necessities as clean air, clean water, and the
production of food. Ecosystems also enhance human well-being through a
diverse range of services that include climate and disease regulation, flood
and erosion control, pollination, recreational areas, and enhancement of spiri-
tual and aesthetic experiences.

The inclusion of ecology in past global scenario exercises has been lim-
ited. Previous global scenario exercises (see Chapter 2) have largely focused
on social and economic drivers and consequently have presented an incom-
plete picture of the world.

Ecological change affects scenario outcomes. Ecosystems have a signifi-
cant influence on societies and economies, and people modify ecosystems.
One of the goals of the Millennium Ecosystem Assessment is to develop the
first set of global scenarios to explore the importance of ecosystems and eco-
logical change for human well-being while maintaining an awareness of the
importance of social and economic change.

There are substantial risks that ecological degradation will diminish the
future well-being of humanity. Much of our current socioeconomic progress
is not sustainable because it reduces the capacity of the biosphere to provide
the ecological services that we depend on. Irreversible ecological changes,
such as extinctions and species invasions, are of particular concern. It is likely
that changes in production systems, ecological management, and social orga-
nization will be necessary if we are to sustain human well-being.

Regime shifts in ecosystems cause rapid, substantial changes in ecosys-
tem services and human well-being. Ecosystem services that have been
impaired by regime shifts include fisheries and food production in drylands and
the quality of fresh waters. Other types of ecological regime shifts with impor-
tant effects on people include regional climate changes and the emergence of
disease. Increasing pressure on these ecosystems will increase the frequency
of regime shifts that affect ecosystem services and human well-being.

Ecological feedbacks may accentuate human modifications of ecosys-
tems. Changes in ecological functioning produced by unintended ecological
feedbacks from human actions appear likely to amplify climate change, de-
crease agricultural productivity, reduce human health, and increase the vulner-
ability of ecosystems to invasive species.

Although ecological theory is well developed, an improved understand-
ing of the relationships between ecosystems and human well-being
would facilitate sustainability. There are numerous ecological theories, de-
scribed in this chapter, that help us understand ecological processes and their
relevance for thinking about ecosystem services in global scenarios. Recent
developments in complex systems theory offer further insights into the relation-
ships between ecosystems, economies, and societies. Research on resilience,
adaptive management, political ecology, and ecological economics offers guid-
ance on linkages between ecosystems, societies, and economies. Although
we believe that the inclusion of ecology in global scenarios is a big step for-
ward, further research is needed to better understand the connections among
the production of multiple ecosystem services, the local and global impact of
ecological processes, and the determinants of ecological resilience.

3.1 Introduction
It is easy for us to take for granted the complex environ-
ment that has given rise to our species. Although life on
Earth has persisted far longer than we have, and will proba-
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bly outlast us, recent years have brought an awareness that
ecosystems may be more fragile than we had thought. Some
of the changes that humans have caused in ecosystems are
now affecting people directly. Continuing human impacts
on ecosystems cast doubt on the capacity of ecosystems to
continue to provide the goods and services that we depend
on. We need to pay attention to changes in ecosystems,
even if only because our social and economic systems are
embedded within them.

The direct importance of ecosystem services to humans
is explained in Chapter 1 and is summarized in the MA
conceptual framework. Ecosystem services emerge from the
interactions of diverse ecological structures and processes.
They are not independent of one another; what may be
most important for people is the continued existence, or
resilience, of an entire bundle of interdependent services.
It is possible to affect a range of ecosystem services when
attempting to manage or change only a single service.

Many ecosystem services interact with one another
through trade-offs, in which increasing the provision of one
service causes declines in provision of another service. De-
cisions concerning the economic benefits of ecosystem
modification often require us to address trade-offs between
different types of ecosystem service. For example, Fearnside
(2000) describes how climate regulation (carbon storage,
evapotranspiration) may conflict with food production
(such as clearing of woodlands to create pastures); similarly,
the use of river systems as conduits for the removal of wastes
can have severe impacts on water quality and human health
(e.g., Donnison and Ross 1999).

Changes in ecosystems may have both direct and indi-
rect effects on human health and well-being. These changes
are often more complicated than direct provision of food
and fiber, recreational areas, or clean water. For example, a
decrease in flow variability caused by an impoundment on
the Vaal River in South Africa contributed to an outbreak
of the blackfly Simulim chutteri, the vector of river blindness
(Carr 1983; Chutter 1968), and destruction of wetlands has
resulted in higher levels of heavy metals in table fishes
(Brant et al. 2002; King et al. 2002). In Ecuador, destruction
of mangroves for the aquaculture of shrimps for the export
market has contributed to declining food security through
the loss of coastal fisheries (Parks and Bonifaz 1994).

Ecosystem services are intricately related to poverty
(Martinez-Alier 2002). People with few financial resources
are more likely to rely on the direct provisioning services
of ecosystems, such as bushmeat and unpurified water. They
may also be less able to manage resources effectively if they
have been resettled in unknown areas (Angelsen and Kai-
mowitz 1999; Deininger and Binswanger 1999), are denied
full tenure (Lawrence 2003; Parks and Bonifaz 1994; Rob-
inson and Bennett 2002), or lack the political power to pre-
vent imports of externally generated pollutants (Martinez-
Alier 2002). Effective ecosystem management will require
policies that take poverty into account. Similarly, effective
poverty alleviation requires realistic policies that take into
account the capabilities of different ecosystems to provide
bundles of ecosystem services.
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In this chapter we describe the future of ecosystem ser-
vices, the motivation for developing scenarios that consider
ecological services, some of the ecological theories that may
be useful for integrating ecosystem services into scenarios,
the integration between ecology and related disciplines, and
the relevance of ecological theories and scenarios for the
development of management and policy approaches. Our
aim is to provide a cohesive summary of relevant ecological
thinking (and its relationship to other disciplines) for readers
who are interested in understanding the motivation for the
MA scenarios and the current limitations and future needs
for the development of ecological scenarios.

3.2 The Future of Ecosystem Services
There is increasing evidence that the activities of humans
can alter a range of ecosystem services at global and regional
scales. Well-documented impacts of human activities on
ecosystem services at a variety of scales include changes in
Earth’s climate (Watson and Team 2001), the number and
distribution of species (Chapin et al. 2000; Higgins et al.
2003; Sala et al. 2000), the quality and quantity of fresh
water (Meyer et al. 1999; Brinson and Malvarez 2002), and
air quality and pollution levels (Sinha et al. 2003). Human
activities also affect ecosystems in ways that have diverse
effects on bundles of ecosystem services, for instance
through changes in the ability of organisms to disperse (Hill
and Curran 2003) and by disrupting food webs through
species translocations (Simon and Townsend 2003; Zavaleta
et al. 2001).

Sustainable development has become a mantra for many
development organizations, although (or perhaps because)
the concept of sustainability has proved difficult to pin
down and apply (Goldman 1995). Given projected in-
creases in human population and the slow rate of change
of many human behaviors, it seems increasingly likely that
human impacts on ecosystem services will affect the quality
of life of the majority of the human population within the
next 50 years. Our current lack of knowledge concerning
the resilience of ecosystem services makes it difficult to as-
sess the degree to which we should be concerned about
this. If ecosystems are relatively robust, it is possible that
current trends may not greatly alter the provision of the
more vital ecosystem services. By contrast, if ecosystems are
relatively brittle and if the relationship between ecological
impacts and ecosystem services is nonlinear, we run the risk
that cumulative human impacts will some day push ecosys-
tems over one or more thresholds, resulting in the collapse
of a bundle of ecosystem services (Peterson et al. 2003a).

The true state of affairs probably lies somewhere be-
tween these two extremes and will differ for different eco-
system services. Current understanding suggests that there
are high levels of uncertainty concerning the relative mag-
nitude of human impacts on ecosystems, that rates of habitat
destruction and species extinctions are higher than they
have ever been in the history of humanity (McNeill 2000),
and that ecosystem services may be intricately linked to one
another in surprising or unforeseen ways. For example, in
Australia, deforestation has led to the unexpected rise of a
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saline water table, severely affecting food production (Keat-
ing et al. 2002).

One of the most worrying aspects of the loss and modifi-
cation of natural habitats is that we risk damaging our own
life-support systems irreversibly. This is particularly true in sit-
uations where cross-scale interactions (and other kinds of non-
linearity) are possible. Cross-scale interactions occur from
broad scales to fine scales, and vice versa. For example, a
broad-scale process such as the formation of clouds may be
tightly linked to a fine-scale process such as evapotranspiration
(Heck et al. 2001; Wang and Eltahir 2000). Rainfall affects the
moisture that is available to plants, driving evapotranspiration.
At the same time, increases in evapotranspiration make the
air more humid, affecting circulation patterns and potentially
making rainfall more likely. Although we typically assume that
the broad-scale process drives (or constrains) the small-scale
process, this is not necessarily the case in every instance or at
all times. Small-scale disturbances can affect broad-scale proc-
esses either by individual action (for example, a single highway
blocks an important migration corridor for the Florida black
bear) or, more commonly, by the combined effects of small-
scale contagion (for example, a single lightning strike starts a
fire that burns a vast area of forest).

Cross-scale interactions occur between fine- and broad-
scale processes, as in the rainfall-evapotranspiration exam-
ple. Where the effect influences the cause, these interactions
are termed cross-scale feedbacks. Cross-scale feedbacks
often start with large-scale stressors (such as droughts, gla-
ciers, or floods) that cause local ecosystem change. Local
change leads in turn to a contagious spread of ecological
responses that collectively cause an upscaling of the prob-
lem. Positive feedback loops, in which fine- and broad-
scale processes amplify one another, can lead to escalating
changes. For example, Foley et al. (2003) and Higgins et al.
(2002) explore the ways in which land use and land cover
change may affect the global climate. (See Box 3.1.)

A second example of a cross-scale feedback involves
schistosomiasis, a debilitating parasitic disease in the Lake
Malawi area (Stauffer et al. 1997). Until the early 1990s,
schistosomiasis was thought to be absent from Lake Malawi.
By 1994, however, nearly 80% of all schoolchildren evalu-
ated had schistosomiasis. The change in human schistoso-
miasis levels was caused by an increase in the abundance of
snails, the intermediate hosts of the Schistosoma parasite, in
the nearshore regions of the lake. Snail populations in-
creased following a decline in the fish that preyed on them,
which in turn occurred as a result of introductions of non-
native fish and intensified fishing. Ironically, intensive fish-
ing was facilitated by a program that was intended to protect
local people from malaria-carrying mosquitoes, when mos-
quito nets were converted to fishing nets by enterprising
fishers.

3.3 Why We Need to Develop Ecological
Scenarios
3.3.1 Ecological Critique of Existing Scenarios and
Statement of What Value We Add

Chapter 2 of this volume presents the motivations for de-
veloping scenarios and the main tenets of scenario building.
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BOX 3.1

Green Surprises: Climate, Ecology, and Carbon

The dynamics of terrestrial ecosystems can have both physical and chem- rently occupies about 35% of Earth’s land surface, and deforestation con-
ical influences on climate. Albedo, which is the proportion of incident radi- tinues to reduce the area of the world’s remaining large areas of forest.
ation that is reflected by Earth’s surface, is modified by changes in land The impacts of these patterns on regional climate (and hence on the
cover. For example, ice caps and bare sand (high albedo) tend to reflect dynamics of terrestrial ecosystems) are not well understood. However, the
far more radiation than a multilayered tree canopy and understory (low presence of climate-vegetation feedbacks creates the potential that
albedo). Changes in albedo affect energy exchange between atmosphere changes in land cover may trigger a cascade of biophysical feedbacks to
and land, and so they can modify surface temperatures. Changes in sur- climate. For instance, the northward expansion of forest could decrease
face temperatures affect heat transfer via evapotranspiration and air the albedo of northern areas, enhancing global warming (Levis et al.
movement. Surface structure also affects air currents, altering the move- 2000).
ment and mixing of the atmosphere near Earth’s surface. Rougher sur- Modeling studies have shown that anthropogenically forced climate
faces produce more mixing, and so cool Earth’s surface more effectively. change could cause the biosphere to switch from being a net sink to a
Changes in vegetation, such as deforestation, affect both albedo and sur- net source of CO2, further accelerating the process. This positive feedback
face structure and thus can influence climate. would occur as a consequence of changes in rainfall that reduce forest

Chemical transformations in terrestrial ecosystems influence the cli- productivity and increase soil respiration, causing some regions to switch
mate by changing the composition of the atmosphere. The amount of from being sinks of CO2 to sources (Cox et al. 2000).
carbon absorbed by the biosphere is the difference between the amount The relative importance of the interaction between biogeochemical and
of carbon plants absorb through photosynthesis and the amount released biophysical processes appears to vary by region. Changes in terrestrial
to the atmosphere by plant and microbial respiration. Disturbances such ecosystems may either dampen or amplify the effects of anthropogenic
as fire, wind, and insect outbreaks, in conjunction with human modification climate change (Foley et al. 2003). An integrated model that includes both
of land cover, alter carbon absorption and respiration and frequently re- biogeochemical and biophysical feedbacks shows that deforestation in the
lease additional carbon. The terrestrial biosphere appears to have acted tropics tends to result in warming due to biophysical feedbacks, while
as a net carbon sink for the last few decades, absorbing nearly 20% of boreal deforestation tends to result in cooling due to biogeochemical feed-
anthropogenic emissions (Prentice et al. 2001). Whether terrestrial eco- backs (Claussen et al. 2001). These loops suggest that climate-ecosystem
systems continue to provide this service will depend on land use and land feedback processes may act to resist change driven by external forcing,
cover change, as well as on changes in climate and atmospheric CO2 but when change occurs it can be abrupt and surprising, as positive feed-
concentrations. back processes move regional climate and vegetation away from its his-

The cumulative impacts of local changes in land cover can combine to torical state. There is some evidence that Amazonian deforestation may
produce regional or global changes (Brovkin et al. 2004). Agriculture cur- be approaching such a threshold (Rial et al. 2004).

As it makes clear, although there are a number of detailed,
carefully constructed global scenarios in existence, their
focus is largely on social, economic, and immediate envi-
ronmental issues. Scenarios are usually designed to differ in
a way that is important to the issue being addressed (van der
Heijden 1996; van Notten et al. 2003). Where the central
issue relates to the environment, however, previous scenar-
ios have tended to downplay the importance of ecosystem
dynamics. Environmental changes, as distinct from ecosys-
tem dynamics, are incorporated in many existing global sce-
narios. They are explicitly included in the biodiversity
scenarios of Sala et al. (2000) and the Intergovernmental
Panel on Climate Change’s global climate change scenarios
(Watson and Team 2001). They are implicitly incorporated
as drivers of societal change in most of the Global Scenarios
Group scenarios (Raskin et al. 2002).

While the IPCC’s global emissions take into account
global feedbacks between climate, land use, and emissions,
the many complex feedbacks that characterize real ecosys-
tems (Higgins et al. 2002) are not explored or tested in de-
tail in existing global scenarios. Such feedbacks can result in
nonlinear system behaviors that differ profoundly from
those of models that do not include feedbacks. Local eco-
system feedbacks may be important for global processes in
several ways. (See Box 3.2.) In general, although previous
scenario exercises have been environmentally aware, they
have largely ignored the role of ecological feedbacks. A

PAGE 49

more detailed discussion of the role of ecology in previous
global scenario exercises is presented in Cumming et al. (in
press).

Ecological feedbacks matter for global scenarios because
the continued provision of ecological services is central to
human well-being. Ecological science has demonstrated
that certain kinds of anthropogenic ecological change can
radically transform the ability of ecosystems to provide eco-
system services (Turner et al. 1993). The unintended conse-
quences of attempts to increase food production include
alterations to rainfall patterns, increases in soil erosion and
populations of agricultural pests, introductions of new dis-
eases, and reduced water quality and quantity. These
changes represent feedbacks from one part or scale of the
ecosystem to another; perturbations in one part of the sys-
tem are translated by ecological dynamics into environmen-
tal changes. Ecological feedbacks have the potential to
become important drivers of human action, although they
may be difficult to include quantitatively in scenario exer-
cises because their likelihood and their strength are uncer-
tain (Bennett et al. 2003).

From the perspective of scenario development, one type
of ecosystem change that is of greatest concern involves re-
gime shifts. These occur when an entire system flips into an
alternative stability domain or stable state (Scheffer et al.
2001). Such changes occur rapidly and are often a strongly
nonlinear response to gradual changes in the variables that
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BOX 3.2

Local and Global Ecosystem Feedbacks

One of the central messages of this chapter is that ecosystems are active scape. The potential exists for small-scale ecosystem feedbacks to have
entities that can cause extensive changes in socioeconomic systems. Al- disproportionately large effects, particularly as the effective scale of the
though the relevance of ecosystems for human societies at a local scale problem changes from one hierarchical level to another. One of the chal-
is well documented, the relevance of ecology at a global scale (and hence lenges for global scenarios is to try to determine where important thresh-
for global scenarios) is less obvious. We suggest that ecosystem feed- olds are located and at what point the net impact of local and regional
backs matter most for global scenarios when they are cumulative, nonlin- feedbacks becomes global in nature.
ear, or interactive.

Interactive feedbacks. Ecosystem feedbacks have the potential to inter-
act with one another and to compound socioeconomic problems at globalCumulative feedbacks. Small-scale changes become broad-scale
scales. Ecosystem feedbacks are unlikely to occur singly or in a way thatchanges when they are sufficiently widespread. For most socioeconomic
is independent of context. For example, extensive clearing of woodlandsdrivers, such as stock markets and human population growth rates, local
for sheep pastures in Australia has resulted in a rise of the saline waterfluctuations have little significance until a global trend emerges. The same
table and a widespread soil salinity problem. Technological replacementis true of ecological drivers like deforestation or infectious diseases. Local
of the ecological service of groundwater regulation (through pumping andecosystem changes that are usually considered to have local impacts will
water recycling) has been expensive and has reduced the profitability ofhave global impacts if a global trend develops. Global scenarios will need
farming in the area, with ramifications for social and economic systemsto consider the overall scale of ecological feedbacks, rather than continu-
that were already in a state of flux.ing to categorize all ecosystem feedbacks as local.

Although it is currently difficult to make rigorous predictions in each of
Nonlinear feedbacks. Gradual changes in ecosystems may either elicit these areas for most ecosystem feedbacks, we can at least conclude that
gradual and corresponding changes in global systems (linear responses) local ecosystem feedbacks with effects that are cumulative, interactive, or
or appear to have no effect until a threshold is crossed and a strong, nonlinear will lead to greater uncertainties in global models. One of the
relatively sudden global response occurs (nonlinear responses). System challenges for the future quantitative development of global scenarios will
responses that are strongest at particular scales are typically nonlinear. be to establish which ecosystem feedbacks are significant enough to war-
For example, the total area that a fire can burn from a single ignition is a rant inclusion in global and regional models and which can safely be
nonlinear function of the number of flammable habitat patches in the land- ignored.

have defined a system’s stability domain. The stability do-
main can be conceptualized as a cup in which the ecosystem
moves like a rolling ball. If the shape of the cup is altered,
or the ball is knocked hard enough by some external agent,
the system can escape its current stability domain and enter
a new state. For example, gradual increases in phosphorus
levels in a shallow lake can result in a regime shift that pro-
pels the lake from a clear water system to a turbid water
system in a relatively short period of time (Carpenter et
al. 1999b). Regime shifts have been documented in lakes,
woodlands, deserts, coral reefs, and oceans (Scheffer et al.
2001). They are of high importance for scenarios because
they usually have large impacts on ecosystem services and
human well-being; because they often occur rapidly and
with little warning, making them hard to predict and man-
age; and because they may be irreversible or extremely ex-
pensive to reverse, raising the possibility of long-term
ecosystem degradation and the effective loss of ecosystem
services.

The kinds of ecological feedbacks that either maintain
system stability or result in regime shifts are incompletely
understood. Three key areas in which further understand-
ing would be valuable are the connectivity of ecosystem
services, the role of cross-scale connections, and the ques-
tion of what determines ecological resilience. It is unclear
to what extent ecosystem services can be examined in isola-
tion or should be considered as a coproduced ensemble. For
example, differentiation in species (biodiversity) is the basis
for variety in ecosystem services (Kinzig et al. 2001), be-
cause no single organism provides all ecosystem services;
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groundwater depletion may affect certain components of
the biota but leave others untouched; and many organisms
may be able to cope relatively well with a change in the
variability of the global climate. Some case studies of trade-
offs between different ecosystem services are described in
Chapter 12.

Cross-scale interactions complicate the analysis of eco-
logical feedbacks. Systems may be highly resilient to human
impact at one scale and very brittle at others. It is difficult
to establish definitively the probability and plausibility of
different scenarios without a more comprehensive under-
standing of the cross-scale properties of resilience, a topic
that is currently a frontier in ecological research. The ways
in which ecological processes interact to determine ecologi-
cal resilience are poorly understood, and we have little abil-
ity to identify, detect, or monitor changes in the resilience
of ecosystems—especially in the face of novel types of dis-
turbance (Carpenter et al. 2001).

Difficulties also emerge in assessing the contribution of
ecological feedbacks at a global scale. Global systems are
hugely complex and may be highly resistant to change. It
took a large amount of research to demonstrate that anthro-
pogenic activities have influenced carbon dioxide levels in
the atmosphere, and even more to demonstrate that these
changes have altered global temperatures (Weart 2003). The
significance of the contribution to global processes made by
any system component, including ecosystems, is difficult to
establish because of the multivariate complexity of the
global system. Furthermore, many ecological processes are
essentially homeostatic within a wide range of conditions,
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serving to regulate global systems and maintain their stabil-
ity, and hence there may be few global signals that can be
strongly linked to ecosystem change unless a major regime
shift occurs. The lack of extensive evidence for global eco-
logical feedbacks should not, therefore, be interpreted as
implying that no such feedbacks exist.

One of the main themes of several previous global sce-
narios is that people will respond to environmental change
rather than ignoring it. Societal responses to change, and
the potential for changes in human values, are of central
importance in the future. Existing values may themselves be
either highly resilient or refreshingly adaptive. For example,
the development of China’s current forestry policy was ini-
tiated in part by severe dust storms in the seat of govern-
ment, Beijing (Zhang et al. 2000; Zhuang et al. 2001).

If governments continue to act only when such clear
and unmistakable signals of ecological degradation become
apparent, then changes to the status quo may only come
through an ecological perturbation of a magnitude greater
than anything that we have yet experienced—which im-
plies that the change in values that would be necessary for
the formation of a true ethic of sustainability might only
occur in response to the local destruction of a significant
component of the environment. This Catch-22 situation is
not explicit in the scenario literature and may make some
existing global scenarios excessively optimistic. On the
other hand, remedial actions have been taken rapidly in the
past without a fundamental change in values. For example,
the specter of a hole in the ozone layer led to the speedy
adoption of the Montreal Protocol, which restricted the use
of ozone-destroying chemicals (Beron et al. 2003; Mullin
2002; Powell 2002), although this response occurred in
conjunction with the understanding that the industry creat-
ing the problem would in turn be the one to most profit
from its solution.

Adoption of the Montreal Protocol required a rapid and
coordinated institutional response. It was fortunate that the
capacity for such a response existed. The capacity of institu-
tions to respond to ecological change across a variety of
scales is central to the creation of global scenarios. A mis-
match in the scales of social, economic, and ecological
processes may create inconsistencies in scenarios. For exam-
ple, a true reformation of global markets (to incorporate
evaluations of ecosystem services) would require a substan-
tial rearrangement of the institutions responsible for manag-
ing economies and ecosystems. This would have to occur
at many different scales, from global to local. Scenarios that
envisage the emergence of ecological sustainability under
the invisible guidance of the market would require that
local institutions were able to manage ecosystem processes
at the appropriate scales in order to avoid the kinds of scale
mismatch problems described here (Spaargaren and Mol
1992).

To some extent, the idea that development will result in
ecological concerns being addressed assumes that there are
relatively direct and manageable links between ecological
cause and effect that allow the causes of negative ecological
outcomes to be identified and addressed. Ecological science
suggests that while this is true in some cases, frequently eco-
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logical causation is complex, with impacts being produced
at locations distant in time and space from their causes. If
such complex causation is common, the costs of reactive
approaches to ecological issues are likely to be high.

The capacity of institutions to respond to change often
depends on the resources that are available to them and
hence may be linked to the wealth of the society in which
they occur. Economists have proposed that an inverted U-
shaped relationship exists between the per capita income of
a country and the environmental impact of its economic
activities. This relationship, which has aroused controversy,
is termed the Environmental Kuznets Curve after the rela-
tionship that the economist Kuznets found between income
inequality and per capita income (Canas et al. 2003).

The model underlying the Kuznets Curve views envi-
ronmental services as a luxury. It assumes that when people
are poor the environment provides many services, and that
development represents a trade-off between ecosystem ser-
vices and economic growth; as societies become richer and
can afford to sustain a wider range of environmental ser-
vices, they are assumed to invest more money in environ-
mental protection. Empirical research has supported the
environmental Kuznets model for a number of regional at-
mospheric pollutants (Selden and Song 1994), but not for
many other types of environmental degradation (Agras and
Chapman 1999; Arrow et al. 1996; Dietz and Adger 2003).
Gergel et al. (2004) show that an Environmental Kuznets
Curve may be more likely for phenomena that are ecologi-
cally reversible or of concern for human health. Our cur-
rent understanding of the Environmental Kuznets Curve
may simply reflect the absence of studies designed to distin-
guish between alternative hypotheses; for instance, Bruvoll
and Medin (2003) identify a range of other relevant covari-
ates that do not necessarily parallel economic growth.

3.3.2 Value of Ecological Scenarios

Ecological scenarios will take into account existing ecologi-
cal knowledge while recognizing the uncertainties that are
present in any complex scientific analysis. One of the great-
est contributions to be made by ecological scenario exer-
cises will be to thoroughly work through the likely impacts
of current resource exploitation and habitat conversion on
the long-term sustainability of future human societies. Vari-
ous estimates of the current human impact on Earth suggest
that it is impossible to greatly expand human consumption
of ecological production (Haberl et al. 2002; Rojstaczer et
al. 2001; Vitousek et al. 1986). Wackernagel et al. (2002)
have estimated that humanity is already exceeding the car-
rying capacity of the biosphere.

Contrary to the assumptions made by many economic
models, continued increases in the production of ecosystem
services over the long term will simply not be possible.
Global ecological scenarios will highlight the regions in
which declines in ecosystem goods and services are most
likely to have significant impacts on human health and
well-being. In particular, they will clarify the trade-offs that
must be made between ecological, economic, and social
capital, while also identifying the key ecological processes
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and ecological thresholds that can be used to guide policy
responses. We also anticipate that ecological scenarios will
aid in the development of appropriate measures (indicators)
of change, relevant monitoring programs, and realistic pol-
icy and management goals by working through the range
of multivariate interactions that may occur between ecosys-
tems and people.

3.4 Relevant Ecological Theories and Ideas for
Global Scenarios
Ecosystems have been defined by Tansley (1935) as ‘‘the
fundamental concept appropriate to the biome considered
together with all the effective inorganic factors of its envi-
ronment.’’ (See also the MA Glossary in Appendix D.)
Ecology is defined as the study of the distribution and abun-
dance of organisms (Andrewartha and Birch 1954) or, more
broadly, as ‘‘the scientific study of the processes influencing
the distribution and abundance of organisms, the interac-
tions among organisms, and the interactions between or-
ganisms and the transformation and flux of energy and
matter’’ (IES 2004).

Ecology has produced numerous ideas that are relevant
to the development of global scenarios. The ecological the-
ories and ideas that are of the greatest importance for global
scenarios are those that relate to global processes and broad-
scale spatial and temporal patterns. They can be categorized
in four main groups: fundamental frameworks that under-
pin ecological thinking; community ecology theories,
especially those that relate specifically to biodiversity, abun-
dance, and other aspects of community composition that
are of particular importance in the provision of ecosystem
services; landscape and ecosystem ecology theories, espe-
cially those that deal with broad-scale spatial patterns and
the movements of organisms or substances; and a more gen-
eral set of ideas relating to prediction, forecasting, and un-
certainty. This section summarizes the theories and ideas
from ecology that we consider most important for global
scenario exercises. In each instance we explain a little about
the theory and its relevance to the development of scenar-
ios. This list is necessarily incomplete; in particular, we have
focused on ecological theories that are not described in de-
tail elsewhere in this volume. We conclude this section with
a short discussion of some of the topics that we still need to
learn more about.

3.4.1 Fundamental Frameworks

3.4.1.1 Evolution

The theory of evolution is the central organizing idea in
biology (Mayr 1991). We understand and interpret the di-
versity of organisms in the world according to the principles
of descent, variation, and selection. Evolution gives us nu-
merous insights into the nature of change in the natural
world. Macroevolution (the origin and extinction of spe-
cies) and microevolution (the adaptation of species to their
environment) are both important to ecological scenarios.

Although the rate of speciation is slow by comparison to
the time frames for which we design global scenarios, the
rate of extinction is not. Rates of extinction currently ex-

PAGE 52

ceed rates of speciation by around four orders of magnitude
(Lawton and May 1995). This asymmetry in evolutionary
processes explains why ecologists have become increasingly
concerned about the recent accelerations in extinction rates;
once lost, species that perform particular functions cannot
be replaced at time scales that have any meaning for human
society. Despite recent advances in genetics and biotechnol-
ogy, we do not consider it plausible that these technologies
will be able to restore extinct species effectively within the
time period of this assessment. The many failures of at-
tempts at species reintroductions from small numbers of
captive individuals serve to underline this point.

Microevolutionary theory describes how natural selec-
tion drives changes in species attributes. Through natural
selection, changes in the environment can produce changes
within populations of species over a relatively short time
period. Consequently, microevolutionary theory is particu-
larly important for understanding possible changes in the
behavior of short-lived species in response to anthropogenic
modification of their environment, such as in predicting
how ecological change will alter the epidemiology of dis-
ease (Anderson and May 1991; Daily and Ehrlich 1996) and
how changes in ecosystems will affect the evolution of ag-
ricultural pests and their predators (Conway 1997). For ex-
ample, many species of pests have rapidly evolved resistance
to pesticides and appear to be evolving resistance to trans-
genic crops that incorporate the organic insecticide Bacillus
thuringiensis (Wolfenbarger and Phifer 2000). Numerous ex-
amples of microevolution also exist for plants.

Few scenario exercises have considered either macro-
or microevolution directly. Speciation usually occurs slowly
enough that it is not perceived as relevant over the time
scales of most assessments. However, since evolution is the
sole mechanism for the replacement of biodiversity, reduc-
tions in genetic diversity (including species extinctions and
loss or reduction of distinct populations) are of extremely
high concern. Microevolution is also an important issue for
scenarios in which organisms with short life spans and rela-
tively simple genomes may play an important role. In par-
ticular, the emergence of new infectious diseases and more
virulent or drug-resistant pathogen strains has the potential
to influence global scenarios, not only because of the possi-
bility for the occasional massive epidemic but also because
pathogen microevolution places a continuing burden on
the economies of developing nations. (See Box 3.3.)

3.4.1.2 Hierarchy Theory

The issue of scale lies at the center of ecology (Levin 1992).
As an ecosystem is examined at larger or smaller scales, the
apparent magnitudes and rates of ecological processes
change. The relationships between pattern (variation, het-
erogeneity) and process may also change as a function of
scale. Hierarchy theory offers a way of organizing and visu-
alizing the world as a series of scale-dependent units (Allen
and Starr 1982).

The units that make up hierarchies are typically ordered
from big to small or from fast to slow. In most hierarchies,
the general principle applies that ‘‘upper levels constrain,
lower levels explain.’’ In other words, the mechanisms that
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BOX 3.3

Ecology of Emerging Infectious Disease

The ecology of infectious disease has shaped human history. Diseases creasing the exposure of people and their domestic animals to diseases
can have large effects on human populations, and humans have often (Daszak et al. 2001). For instance, deforestation has coincided with in-
facilitated the emergence of new diseases (McNeill 1976). Human dis- creases in malaria in Africa, Asia, and Latin America. This increase is due
eases are concentrated in the tropics; about 75% come from other ani- in part to the creation of new areas of mosquito habitat in cleared land
mals (Taylor et al. 2001). Disease has both direct and indirect social and (Patz et al. 2004), as has occurred during the expansion of irrigation in
economic consequences. For example, malaria kills and incapacitates mil- India (MA Current State and Trends, Chapter 14). Leaky irrigation systems
lions of individuals every year and greatly reduces the economic growth of increase standing water, fields are often leveled to improve production,
countries where it is endemic (Sachs and Malaney 2002). Understanding and irrigation has raised the water table (Tyagi 2004). Roads further im-
epidemiology depends not only on medicine and molecular biology, but pede the flow of water, creating pools of standing water that can increase
also on disease ecology: the ways in which transformation of ecosystems populations of disease-transmitting mosquitoes and snails; people are
alters the distribution and abundance of pathogens. Human interactions also more likely to come into contact with water near roads and may
with ecosystems have changed over time through four main eras of dis- encounter or introduce pathogens as they enter new areas (Patz et al.
ease (McMichael 2004): 2000).

Urbanization is an important component of recent patterns of land use/
• Agriculture brought people in close contact with domestic animals, such

land cover change. The world’s urban population has been steadily in-
as cows and pigs, and parasitic species that occupied agricultural set-

creasing since reaching 1.7 billion in 1980 and is expected to reach 5
tlements, such as lice and rats. This contact provided the opportunity

billion by 2030. At this time, 30% of humanity is projected to be living in
for the ancestors of many of the pathogens that cause disease (such

cities of more than 5 million people. (See Chapter 7.) Drainage and water
as influenza, tuberculosis, leprosy, cholera, and malaria) to adapt from

supplies are critical factors that determine the extent to which many dis-
their animal hosts to infect humans.

eases are either contained or propagated in urban communities. A combi-
• Conflict and trade among civilizations in Eurasia connected populations,

nation of poverty and rapid, unplanned growth of urban populations can
allowing the spread of epidemic disease, and began a process that led

produce high-density areas that lack infrastructure for the safe storage
to the co-evolution of people and their pathogens. Many epidemic dis-

and distribution of water and the drainage of wastewater. Failure to collect
eases became endemic diseases, and urban populations developed

garbage increases the number of small pools of water that provide habitat
disease resistance.

for mosquitoes and can, for example, lead to epidemics of dengue fever
• European colonization connected diverse populations more tightly,

(Patz et al. 2004).
spreading infectious disease to people with little previous exposure and

Tourists and business travelers can carry infectious diseases from one
causing horrific epidemics of measles, smallpox, and influenza on small

region of the world to another, as has been the case with AIDS and
oceanic islands, Australia, and most famously in the Americas. These

SARS. The introduction of new diseases and new disease-transmitting
epidemics affected entire civilizations and facilitated the European colo-

organisms into a region is a form of ‘‘pathogen pollution’’ that places an
nization of the temperate Americas, Australia, and New Zealand

increased pressure on public health efforts (Daszak et al. 2001). Further-
(Crosby 1986).

more, some researchers have suggested that today’s rapid changes in
• Over the twentieth century, the expansion and increasing mobility of

the distribution of pathogens could favor the evolution of virulent diseases
the human population produced a globalized community of pathogens.

(Ewald 1994).
The ecology of infectious disease is currently being shaped by four

Human dietary demands and production practices can also influence
main drivers: land use and land cover change, urbanization, human

disease emergence. Bushmeat hunting—the commercial hunting of wild
migration and trade, and diet.

animals—has lead to outbreaks of Ebola and monkeypox and has been
People alter their disease environment in many ways, of which road con- linked to the emergence of HIV 1 and 2 (MA Current State and Trends,
struction, water control systems, and the conversion of forest to agriculture Chapter 14). Human-animal contact in production systems has been impli-
are of particular importance (MA Current State and Trends, Chapter 14). cated in the emergence of Avian flu and SARS. Feeding herbivores to
These ecological changes affect the abundance and distribution of both other herbivores that humans then eat has further contributed to the emer-
pathogens and their hosts, changing the timing and location of encounters gence of diseases of both livestock and humans. In recent times, one of
between people and pathogens and altering disease dynamics. the most notable of these has been the prion-caused bovine spongiform

Many emerging infectious diseases have spread from their animal encephalitis, which manifests itself as Creutzfeldt-Jakob disease in hu-
hosts to people as people have cleared disease-rich tropical forests. mans and is thought to have been caused by feeding cattle with protein
Clearing disrupts existing host-parasite interactions and encourages the obtained from sheep with scrapie. All these emerging diseases have been
selection of strains suited to new, human-dominated environments by in- facilitated by an increasing societal demand for meat.

explain a particular event usually originate at smaller scales
(faster rates, smaller areas) while the potential of a particular
unit is constrained by the levels above it in the hierarchy.
For example, outbreaks of spruce budworm (a herbivorous
caterpillar) in the northeastern United States and Canada
can result in the defoliation and subsequent death of spruce
trees over large areas. The lower-level mechanisms that ex-
plain budworm population dynamics are the reproductive
rates of budworms and predation by birds (Holling 1988).
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Once the spruce trees grow sufficient foliage to provide
protection from predation for the budworms, the budworm
population can increase rapidly. The amount of food avail-
able for budworms to consume and the degree to which
they are protected from predation by slow-growing foliage
act as upper-level constraints on the ultimate size of the
budworm population (Holling 1986).

For global scenarios, awareness of the hierarchical ar-
rangement of the world is essential. In many cases the re-
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gional properties of a particular location will constrain
possible events at that location. Crop production in higher
latitudes is constrained by the number of growing days in a
season; growth rates of small towns are constrained by the
national economy; and innovative management of natural
resources may be constrained by tenure and property sys-
tems that operate at a higher hierarchical level than the indi-
vidual. Many of the impacts in which we are interested
involve top-down effects, such as where changes in a na-
tion’s economy can influence small-scale mining activities
in remote regions (Heemskerk 2001). There are also bottom-
up effects where the cumulative impacts of small-scale
changes result in changes at larger scales. Examples include
the effects of individual car engines on the gas composition
of the atmosphere, the fragmentation of landscapes by indi-
vidual clear-cuts, and, in political systems, individual dis-
content rising in turbulent revolutions such as those in
China and East Germany (Kuran 1989). It is essential that
global scenarios are not naive about the possibilities for
cross-scale effects, meaning both that such effects are in-
voked only where they are plausible and that their potential
as agents of sweeping change is not ignored.

As an ecosystem changes, its dynamics vary in rate. Peri-
ods of slow accumulation of natural capital, such as biomass
or soil, are interrupted by its abrupt release and reorganiza-
tion (Holling 1986). Ecological disturbance releases natural
capital that was tightly bound in accumulations of biomass
and nutrients. Rare events, such as hurricanes or the arrival
of invading species, can unpredictably shape structure at
critical times or at locations of increased vulnerability. As
resources enter and leave the system, and as system compo-
nents enter new relationships with one another, ecological
innovation can occur.

This dynamic tension between growth and destruction,
between stabilization and disruption, appears to represent a
key aspect of ecological dynamics. Stabilizing forces (those
that push a system toward an equilibrium) maintain produc-
tivity and biogeochemical cycles. Destabilizing forces (those
that push systems away from equilibrium conditions) serve
to maintain diversity and create opportunity by removing
portions of a population, reducing competition, making
habitats available for colonization, and creating new niches
(Gunderson and Holling 2002). For example, organisms
may take advantage of unusual climatic events, fluctuating
habitat conditions, or predator-free environments to
achieve rapid increases in numbers (e.g., Bakun and Broad
2003). Similarly, forested areas that are cleared by fires or
landslides offer opportunities for early successional species.

From the perspective of the MA, the key aspect of this
conceptualization of ecological dynamics is that the con-
nections between an ecosystem and the context in which it
is embedded will change over time. Although ecosystems
are typically constrained by top-down processes, there will
be some periods during which they are vulnerable to dis-
ruption from bottom-up change (Peterson 2000b). A small-
scale disturbance can trigger a larger-scale collapse if the
larger system is vulnerable to disturbance. The introduction
of shrimp into lakes in the Columbia River Basin provides
an example of a small event triggering large-scale reorgani-
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zation. The shrimp have caused the reorganization of the
lake and surrounding ecosystems, as salmon populations and
the species feeding upon them have declined and been re-
placed by bottom-feeding fish (Spencer et al. 1991).

As an ecosystem reorganizes following a disturbance, the
remaining ecosystem legacies and surrounding large-scale
systems provide the components and constraints out of
which a system reorganizes. For example, the 1934 destruc-
tion of a dam on the Salmon River allowed salmon from
neighboring watersheds to colonize the restored river and
establish new populations (Wilkinson 1992). Without the
maintenance of source populations in neighboring water-
sheds, recolonization would have been extremely unlikely.

We are not aware of any previous scenario exercises that
have explicitly considered hierarchy theory. However,
choosing spatial and temporal scales for analysis is a contin-
ual issue in any modeling exercise. Since processes at differ-
ent scales can interact with one another in complex and
unexpected ways, awareness of the hierarchical arrange-
ment of ecosystems is essential for scenario exercises. Hier-
archy theory will also provide the conceptual basis for
models that predict the cumulative effects of local ecosys-
tem feedbacks.

3.4.2 Theories from Community Ecology

3.4.2.1 Island Biogeography

Since the early work of Darwin and Wallace, island com-
munities have been used as model systems in ecology
(Quammen 1996). The theory of island biogeography has
been the inspiration for many of the quantitative approaches
currently used in population and landscape ecology. Mac-
Arthur and Wilson (1967) noted that small oceanic islands
tended to have communities that were composed of a sub-
set of the species that were present on nearby mainland
areas. They argued that community composition would be
limited by the dispersal ability of its constituent species;
poor dispersers would not be able to travel from mainland
to island. As the distance of islands from the mainland in-
creased, colonization by new species would become in-
creasingly less likely. Similarly, species living on larger
islands would be able to maintain larger populations and
would be less likely to become extinct.

MacArthur and Wilson (1967) proposed that the com-
munity of species living on an island would be determined
by the balance that was reached between the processes of
colonization and extinction. They argued that island size
was the principal determinant of the overall species extinc-
tion rate on the island and that the distance of the island
from the mainland was the prime factor driving coloniza-
tion. According to their framework, variations in these two
factors would explain differences in community composi-
tion among islands. While a number of the extensions of
this theory (such as the importance of the arrival sequence
of new species on an uncolonized island) have been con-
tested, its basic predictions have been strongly supported.

Island biogeography was one of the first formal, quanti-
tative recognitions of the role of space and dispersal in de-
termining community composition. Many theories that are
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currently used to predict the long-term persistence of com-
munities rely on the same basic mechanisms of reproduc-
tion and distance-dependent dispersal. Islands of species
habitat are not identical to oceanic islands because the de-
gree of isolation is less, the area surrounding a patch of habi-
tat on the mainland is likely to be habitable by many
terrestrial species, and changes in terrestrial vegetation will
not present the same type of barrier as the ocean provides to
the dispersal of terrestrial species. Despite these differences,
however, the basic tenets of island biogeography have been
used to predict species richness and changes in biodiversity
on continents as well as on oceanic islands (e.g., Davis et
al. 2002; Fragoso et al. 2003; Lomolino and Weiser 2001;
Sanchez and Parmenter 2002).

Global scenarios inevitably involve changes in the loca-
tion and spatial pattern of human settlement and either the
destruction or restoration of natural areas. Some areas are
naturally patchy while others are naturally continuous but
may be fragmented by humans. Island biogeography tells us
how different populations of organisms will respond to
these different conditions as a function of their dispersal
ability and their proximity to potential sources of coloniza-
tion. There are numerous models that allow quantitative
estimation of the likelihood of population persistence in
patchy landscapes (Bascompte 2003; Husband and Barrett
1996; Wennergren et al. 1995).

In scenarios, recognition of the impacts of land cover
change on the distribution and abundance of species is inte-
gral to making connections between economic and social
changes and likely changes in the provision of ecosystem
services. This point is further elaborated in Chapter 10,
where the species-area relationship and its relevance for the
estimation of biodiversity are described in detail. Island bio-
geography makes it clear that scenarios must consider not
only the amount of habitat change, but also its spatial pat-
tern, since equivalent amounts of habitat reduction that
occur in different spatial configurations can have very dif-
ferent implications for the provision of ecosystem services.

As far as we are aware, island biogeography has not been
incorporated in previous scenario exercises. The relevance
of island biogeography and related ideas (such as metapopu-
lation theory and the design of corridors and reserve net-
works) for studies of ecosystem function is becoming
increasingly apparent as humans fragment systems that were
formerly continuous (Sanderson et al. 2002). Predictions
about the sustainability of biodiversity and the continued
provision of ecosystem services in fragmented landscapes
will have to rely on island biogeography theory. Island bio-
geography and its offshoots will also provide the bridge for
linking broad-scale satellite remote sensing assessments of
land cover change directly to populations, communities,
and ecosystems. Although the methods are at an early stage,
Chapter 10 raises the possibility that future scenario exer-
cises will be able to link quantitative simulations of land
cover change to changes in biodiversity and the provision
of ecosystem services.

3.4.2.2 Disturbance, Succession, and Patch Dynamics

One of the debates that has surrounded studies of small is-
lands is whether they are more vulnerable to disturbances,
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in which case they would have an elevated extinction rate
and should contain fewer species than expected from their
location (Herwitz et al. 1996; Jones et al. 2001; Komdeur
1996; Whittaker 1995). Island biogeography recognizes dis-
turbance as a major influence on ecosystems. The impor-
tance of disturbance has also been apparent in studies of
vegetation succession as an answer to the question of why
old-growth forests tend to be highly diverse instead of
dominated by a single, highly competitive species.

The continual disturbance of areas within the bound-
aries of a particular ecosystem or community creates a
mosaic of vegetation patches, each at different stages of suc-
cession. Successional processes create predictable temporal
changes in communities, where hardy earlier colonizers are
gradually replaced through time by slower-growing com-
petitors (Vanandel et al. 1993). The spatial and temporal
diversity that is produced by disturbance and succession
allows a range of species to survive within the system (Levin
1992), even though individual patches may tend toward
homogeneity. The development of patchiness (heterogene-
ity, variation) within an ecosystem, and the ways in which
patches change through time and interact with one another,
is termed patch dynamics.

Disturbance, succession, and patch dynamics are integral
components of ecosystems. Human managers are often un-
comfortable with processes that are not strongly regulated
or controllable. Consequently, many management strategies
have resulted in reductions in the number, intensity, and
duration of natural disturbances such as floods, fires, and
pest outbreaks. The net consequence of such decreases in
natural disturbances is frequently to create a system that be-
comes increasingly vulnerable to other kinds of disturbance
(Holling and Meffe 1996). For example, fire suppression in
the United States in the middle of the last century allowed
fuel loads to increase beyond their normal densities, result-
ing in huge and potentially catastrophic fires.

For global scenarios, it is important to recognize not
only that disturbance regimes are integral parts of ecosys-
tems, but also that systems tend to cope well with some
kinds of disturbance but not others. Feedbacks may occur
between the properties of landscapes and the kinds of dis-
turbance that they experience. Disturbance regimes and
their interactions with ecosystems can be major sources of
surprises and shocks in scenario storylines.

Broad-scale ecological disturbances have been consid-
ered as drivers of change in previous scenario exercises.
However, the focus of these analyses has typically been on
anthropogenic drivers of change, such as CO2 emissions,
and abiotic responses, such as changes in the frequencies of
extreme rainfall events or hurricanes. Ecosystems are often
perceived as dependent on socioeconomic forces rather
than as independent systems that can cause change in their
own right. This perspective ignores the degree to which
ecosystem characteristics influence their susceptibility to
disturbance. For example, changes in albedo in Alaskan and
Australian habitats can influence the frequency of lightning
strikes that forests and grasslands experience and hence the
number of fires that occur (Bonan et al. 1995; Higgins et
al. 2002; Kasischke et al. 1995; Lafleur and Rouse 1995;
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Rabin et al. 1990). The vital role of natural disturbance
regimes and patch dynamics in maintaining biodiversity and
the continued provision of ecosystem services, as well as the
two-way interactions between ecosystems and disturbance
regimes, have not been considered in depth in any global
scenario exercise.

3.4.2.3 Food Webs, Bioaccumulation, and Trophic Cascades

Each species within an ecosystem eats and is eaten by a lim-
ited set of the other species within an ecosystem. This net-
work of feeding relationships constitutes a food web. The
relative position of a species within a food web is termed its
trophic level. Photosynthetic organisms, which receive
their energy directly from the sun, are at the lowest trophic
level. Trophic levels increase as organisms become more re-
moved from primary production. Organisms at different
trophic levels play different roles in ecosystems. Species at
lower trophic levels tend to be abundant producers; those
at higher trophic levels tend to be rarer and to act more as
regulators of other populations.

The trophic level of a species predicts, to some extent,
the response of the entire system to changes in the popula-
tion of that species. For example, overfishing of Caribbean
coral reefs has lowered populations of many herbivorous
fish species. When sea urchin populations were suddenly
affected by pathogens and hurricanes around the same time
as several coral bleaching events, many reefs became domi-
nated by algae (McClanahan et al. 2002). Changes in the
composition and abundance of species at the top of the food
web can have consequences that resonate through the food
web in surprising ways (Pinnegar et al. 2000; Schmitz 2003;
Snyder and Wise 2001). Species at high trophic levels are
often large, long-lived predators with slow population
growth rates. A decline in the populations of these species
can initiate a trophic cascade, in which the abundance of
species at lower levels of the food web increases as they are
released from predation and species in the next lower tro-
phic level in the food web are suppressed (Carpenter and
Kitchell 1993b).

The trophic level of a species in the food web can also
be used as a guide to the vulnerability of that species to
contaminants in the food web. For example, mercury is
concentrated in living tissue as it moves up the food web.
Small fish in a lake may be unaffected by their low concen-
trations of mercury, but birds that eat piscivorous fish will
accumulate a much higher level of mercury (Brant et al.
2002). This process is called bioaccumulation and is often
associated with contaminants that are fat-soluble. Species at
the top of a food web are more vulnerable to bioaccumula-
tion than those at lower trophic levels. Humans, for exam-
ple, are potentially vulnerable to the consumption of
biomagnified contaminants that have accumulated in
farmed salmon (Fairgrieve and Rust 2003).

An understanding of food web interactions, the feeding
relationships between organisms, is important for global
scenarios because disruption of individual food web com-
ponents may have surprising effects on other organisms. For
example, the removal of birds from a system can lead to
increases in the abundance of the insect species on which
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they feed, resulting in pest outbreaks and reduced produc-
tivity of agriculture (Battisti et al. 2000; Crawford and Jen-
nings 1989; Mols and Visser 2002). Similarly, the removal
of large predators has resulted in increases in herbivore den-
sities in many areas, reducing densities of plants (Terborgh
et al. 2001).

Many trophic interactions have immediate importance
for humans. An interesting example comes from the c. 50-
year periodic masting (flowering and fruiting) of Melocanna
bambusoides bamboo plants in India. The ready availability
of nutritious bamboo seeds after masting events can lead to
rapid increases in rodent populations. High rodent abun-
dance creates a subsequent problem for farmers, whose
grain crops are vulnerable to rats once the brief pulse of
bamboo production is over. Plagues of rats associated with
bamboo masting have been blamed for famines in the
northeastern state of Mizoram in 1861, 1911, and 1959
(John and Nadgauda 2002).

Trophic cascades and food web dynamics have entered
into previous global scenarios where depletion of food
stocks has been considered important, particularly in scenar-
ios that have considered fisheries; but in general, the poten-
tial for nonlinear food web change (and its impacts) has
been ignored.

3.4.3 Systems Approaches: Landscape Ecology and
Ecosystem Ecology

Landscape and ecosystem ecology are focused on the study
of broad-scale processes and patterns in ecology. Ecosystem
ecology has traditionally focused on the movements of mat-
ter and energy through ecosystems. It has already made
many important contributions to global scenarios, including
models that describe fluxes of carbon, nitrogen, and phos-
phorus from soils through plants, animals, and decomposers.

Landscape ecology has been less on the agenda of sce-
nario planners, although it also has potentially valuable con-
tributions to make. One of its central tenets is the idea that
the locations at which ecosystem processes occur and the
spatial relationships between locations are important.
Although habitat amount is of primary importance in deter-
mining the size and ultimately the persistence of popula-
tions, habitat arrangement becomes increasingly more
important as habitat is lost (Flather and Bevers 2002). Per-
colation theory (Stauffer 1985) and neutral landscape mod-
els (Gardner et al. 1987) predict that the ease of movement
of animals through a given habitat type should follow a lo-
gistic function, with a rapid decline in connectivity once
30–50% of habitat is lost (Plotnick and Gardner 1993). Re-
cent studies have suggested that habitat arrangement may
also affect equilibrial population densities (Cumming 2002;
Flather and Bevers 2002) and predator-prey dynamics
(Cuddington and Yodzis 2002). Ecosystem services are pro-
vided by populations of organisms. Consequently, global
scenarios that seek to link ecosystems and human well-
being will have to take into account the potential for local
extinctions and population changes as a consequence of
habitat arrangement, not just as a function of habitat
amount.
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The impacts of anthropogenic activities can be pervasive
at broad scales. For example, Forman (1999) has estimated
that up to a fifth of the United States is affected by roads.
The relevance of this kind of habitat fragmentation will dif-
fer for different species, depending on their dispersal capa-
bilities and habitat requirements (Poiani et al. 2000).
Animals perceive and move through landscapes at distinct
scales that relate to their body size (Holling 1992; Roland
and Taylor 1997); habitat fragmentation is likely to have
different effects on animals at different trophic levels. Larger
terrestrial species will have larger home ranges and require
more habitat; the relatively coarse grain at which they per-
ceive the landscape suggests that they will be among the
first species to be affected by habitat fragmentation. How-
ever, larger species may also be less vulnerable to predation
and more capable of traveling through areas of suboptimal
habitat (as witnessed by the persistence of the Florida black
bear, for example).

Anthropogenic changes in landscapes have altered the
ways in which plants and animals disperse. Human modifi-
cation of the landscape has separated areas that were for-
merly continuous. For example, roads and cities create
barriers to dispersal for a variety of organisms, forestry clear-
cuts and agricultural land conversion may disrupt landscapes
that were formerly continuous, and impoundments reduce
the connectivity of streams and lakes. Humans have also
created novel connections between ecosystems that were
formerly separate. Roads and trade (both terrestrial and ma-
rine) have resulted in the translocation of many species into
new habitats, with huge consequences for people and the
world’s ecosystems (Crosby 1986).

Understanding the flows of energy, material, and organ-
isms across landscapes integrates ecosystem and landscape
ecology. In many instances, the continued provision of eco-
system services in a given area is dependent on exchanges
of organisms, substances, or materials with other areas. This
effect is termed a spatial subsidy. For example, many cities
are built on the banks of large rivers. The continued provi-
sion of water by the river depends on the spatial subsidy
provided by the upper watershed. Changes in the upper
watershed, such as deforestation or increased numbers of
livestock, can result in changes in the quality and quantity
of water provided downstream, as well as affecting siltation,
nutrient influxes to floodplains, and eutrophication of lakes.
In small oceanic islands, soil fertility may be maintained by
dust blown in from mainland areas (Chadwick et al. 1999),
and recolonization by tree species after a hot fire may de-
pend on dispersal from nearby forests.

There are a number of approaches to thinking about
these kinds of phenomena, including ideas about bound-
aries and flows of substances and organisms through land-
scapes (Cadenasso et al. 2003); the spread of invasions
(Muller-Landau et al. 2003), colonization, metapopulation,
and island biogeography; and biogeochemical cycles that
describe the movements of essential substances (such as
water, carbon, calcium, nitrogen, and phosphorus) through
ecosystems (Krug and Winstanley 2002; Newman 1995;
Schimel et al. 1991; Singh and Tripathi 2000). Subsidies
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may also be temporal, such as through seeds that are stored
in the soil.

Global scenarios will inevitably depict a variety of spatial
patterns of anthropogenic activity and different degrees of
infrastructure development, human settlement, and urban-
ization. They will also vary in levels of resource exploitation
and the ability of communities or governmental organiza-
tions to cope with the management issues that are raised by
changes in ecosystem connectivity. As connectivity be-
tween different areas changes, ecological processes will be
influenced by increases or decreases in the variety and
amount of spatial subsidies that they receive.

The responses of people to such changes may in turn
create either positive or negative feedbacks between man-
agement actions and ecosystem services. For example, de-
clines in water quality and the increased likelihood of
flooding in rivers such as the Yangtse have largely been
blamed on environmental changes in the upper catchment.
The Chinese response to this problem has taken several
forms. The ban on logging on the Tibetan plateau, which
will serve to stabilize soils and improve water quality, may
result in further positive feedbacks toward ecological en-
hancement (Zhang et al. 2000). By contrast, the construc-
tion of large impoundments such as the Three Gorges Dam
is likely to create further ecological and social problems (re-
settling 2 million people, creating an impassable barrier for
fish and mussel species, altering the natural variability of the
downstream flow regime, affecting coastal fisheries and
food security) while potentially solving the problem of
flooding. This type of destabilizing ecological feedback, in
which the anthropogenic modification of one set of ecolog-
ical subsidies alters another set , can have important implica-
tions for ecological scenarios. Ecological trade-offs are
described in more detail in Chapter 13 of the MA Multiscale
Assessments volume.

Although global climate models and emissions scenarios
have taken account of spatial patterns and flows of sub-
stances, in general the roles of ecosystem subsidies and
changes in the configuration of habitats have been ignored
in global scenario exercises.

3.4.4 Prediction, Forecasting, and Uncertainty

Human action now dominates the dynamics of many eco-
systems. People generally make decisions based on their
current knowledge and their expectations about the future.
The heterogeneity, nonlinear dynamics, and cross-scale
feedbacks that occur within ecosystems make ecosystem be-
havior difficult to predict (Holling 1978; Levin 1999). Al-
though management decisions are often constrained by the
amount of information that is available about the system,
monitoring is frequently perceived as an irrelevant or exces-
sively costly activity. In reality, people seldom have enough
information to make reliable forecasts of ecosystem behav-
ior (Sarewitz et al. 2000).

Even in situations where large amounts of data exist and
there are relatively reliable and accepted ecosystem models,
unexpected environmental variation can falsify predictions.
Exogenous variables, such as changes in climate or distur-
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bance regimes, can have enormous impacts on ecosystems
and are often difficult to predict with great accuracy. For
example, the El Niño-Southern Oscillation is a global
weather pattern driven by the interaction between the
ocean and the atmosphere in the central and eastern Pacific.
ENSO alternates on a two- to seven-year period and exerts
a strong influence on the productivity of fisheries in the
eastern Pacific (Bakun and Broad 2003). Although our un-
derstanding of ENSO events is improving, it is still difficult
to make precise and accurate predictions about its onset and
impacts.

A considerable amount of variation in different variables
can also be generated by processes that are endogenous to
ecosystems. For instance, relatively high levels of variability
in the relationship between phosphorus and chlorophyll
production in freshwater lakes can be generated by changes
in food web structure (Carpenter 2002), and ecosystem-
climate coupling can produce complex behaviors in
weather systems (Higgins et al. 2002). Predictions about so-
cial systems may also be falsified by both exogenous and
endogenous drivers. For example, fluctuations in the global
market (an exogenous driver) can have unexpected effects
on local communities, and the formation of new political
organizations (an endogenous driver) can result in broader
societal change, such as when the organization of rubber
tappers in the Amazon stimulated new approaches to forest
management.

The uncertainty associated with ecological statements
about the future is seldom evaluated in a rigorous manner.
In particular, the problem of model uncertainty is often ig-
nored in ecology, even though statistical methods are avail-
able to address the issue (Clark et al. 2001). Rigorous
evaluation of the uncertainty associated with an ecological
prediction usually indicates that a forecast is quite uncertain,
meaning that it assigns roughly equal probability to a wide
range of different outcomes. The weaknesses of ecological
predictions are typically exacerbated by their reliance on
drivers that are difficult to predict, such as human behavior.
The reflexivity of human behavior further constrains the
reliability of ecological predictions (Funtowicz and Ravetz
1993); if predictions are made and taken seriously, people
will change their actions in response to the predictions,
making accurate forecasts difficult (Carpenter et al. 1999a).
For example, a coordinated global response to climate
change could make current predictions based on high-
emissions scenarios incorrect.

Despite the difficulties of producing reliable forecasts,
people need to make decisions about the future. Carpenter
(2002) suggests that three ways in which science can con-
tribute to decision-making include obtaining a better un-
derstanding of ecological thresholds and dynamics, assessing
uncertainty more rigorously, and using scenarios as tools for
thinking through the possible consequence of decisions and
the ways in which unexpected events may influence their
outcomes. The narrative form of scenarios makes them
more accessible than many other kinds of scientific infor-
mation. Their accessibility provides a forum for dialogue
between scientists, the public, and decision-makers, which
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can be useful for addressing complex issues of high public
concern (Funtowicz and Ravetz 1993; Kinzig et al. 2003).

Questions of prediction, forecasting, and uncertainty
have been major concerns in several past scenario exercises,
most notably the IPCC scenarios (Nakićenović and Swart
2000). These questions relate more to the applications of
scenario planning than to their internal consistency. One of
the main benefits of attaching estimates of uncertainty to
the events that are envisaged in scenarios is that uncertainty
estimates give scenario users an indication of the degree of
scientific confidence in individual forecasts. The risk of
presenting uncertainty estimates is that they may become
an excuse for failing to act. In general, since the risks of
mismanaging ecosystems are so large, the precautionary
principle should be applied (Harremoes et al. 2001); manag-
ers should try, where possible, to keep systems well clear of
key thresholds that might lead to ecosystem degradation.

3.4.5 The Application of Ecological Theories in
Scenarios

The ecological theories just described are relevant to global
scenarios. We envision that they will be applied in different
ways and at different scales of analysis in different contexts.
Evolution and hierarchy theory provide a basic context for
thinking about ecosystems and their interactions with social
systems. Evolution (including the study of the fossil record)
offers a long-term perspective on environmental change
and the ways in which species responded to it in the past
and provides a frame of reference for thinking about how
species may respond in the future. Microevolution is a
likely source of ecological feedbacks, particularly those re-
lating to pests and pathogens. Hierarchy theory is relevant
in any context in which some kind of change in space or
time is posited. Hierarchies offer a structured approach to
problems of scale and for thinking about the interactions of
processes and patterns that occur at the same scales or differ-
ent ones. Scenarios will need to justify the lower-level
mechanisms that create system changes and to take into ac-
count the upper-level constraints on what is possible. Cop-
ing with the concept of scale and the dynamics that are
generated by cross-scale interactions, particularly the possi-
bility for broad-scale regime shifts, remains a major chal-
lenge for scenario development.

Theories from community ecology, ecosystem ecology,
and landscape ecology are especially relevant for scenarios
that incorporate anthropogenic impacts on the environ-
ment. They will be applicable in situations where humans
extract resources, alter the flows and movements of energy
and materials, or change land use or land cover. Hunting
and fishing, logging, fruit and nut extraction, and other ac-
tivities that have focused impacts on particular components
of the ecosystem will set in train a series of knock-on effects
that may be transmitted through the food web. Alterations
in temperature and rainfall regimes will have profound ef-
fects on nutrient cycles, the domain of ecosystem ecology.
Changes in land use and land cover will affect the broader-
scale context in which communities of organisms live and
may disrupt processes such as migration and gene flow. Al-
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though many of these feedbacks are typically characterized
as local, they may have larger impacts under certain condi-
tions.

3.4.6 What Don’t We Know?

Consideration of uncertainty makes it clear that in many
cases we know less than we think we do. There are also
areas of ecology about which we are spectacularly ignorant
or whose true importance we have only recently started to
recognize. One of the most critical areas for global scenarios
concerns the connections between ecosystem patterns and
ecosystem processes. Current global models for ecological
variables produce estimates of changes in patterns based on
a mixture of correlative and mechanistic understanding. We
urgently need better models that link likely changes in land-
scape patterns to likely changes in essential ecosystem proc-
esses, including nutrient cycles, primary production, and
community dynamics (such as predator-prey cycles, trophic
cascades, and pest outbreaks).

The loss of species and the functions that they perform
is closely related to changes in habitat. There has been con-
siderable debate over the question of whether higher species
diversity results in greater community stability and/or resil-
ience (Ives and Hughes 2002; Ives et al. 2000; Pimm 1984).
Relevant questions include whether more diverse commu-
nities are better able to survive extreme disturbances,
whether more diverse communities are more vulnerable to
invasion by introduced species, and whether ecosystem
function is more likely to be maintained in a diverse com-
munity, assuming that diversity includes ‘‘redundant’’ spe-
cies that perform similar functions to one another but have
different environmental tolerances (Huston 1997; Loreau et
al. 2001; Naeem 2002; Tilman et al. 1996; Walker et al.
1999). Furthermore, there is little understanding of how
changes in the interactions between species at different
scales influence ecosystem function (Peterson et al. 1998).

Our current understanding of ecology is also weak in
the area of long-term and large-area ecological dynamics
(Carpenter 2002). Studies of ecological processes at very
large spatiotemporal scales are rare, partly because the nec-
essary data are so hard to obtain. Our understanding of the
relative importance of different variables may change when
analyses are undertaken at broader scales. For example, local
studies of the Caribbean Sea often ignore the impact of the
Amazon and Orinoco outflows on water quality and circu-
lation patterns (Hellweger and Gordon 2002). At broad
scales, the magnitude and even the direction (positive versus
negative correlation) of relationships that have been estab-
lished at finer scales may change (Allen and Starr 1982).
Broad-scale processes are of high importance for global sce-
narios because they often provide the slowly changing vari-
ables that can force ecosystems from one state to another
(Bennett et al. 2003).

3.5 Placing Ecology in a Socioeconomic Context
Ecological knowledge arises and is applied in a socioeco-
nomic context. In each of the MA scenarios, the causes and
consequences of ecological change depend on the nature
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of the interactions between ecosystems and socioeconomic
systems. The scenarios explore not only the importance of
ecological dynamics for human societies, but also the conse-
quences of alternative approaches to ecosystem manage-
ment. Approaches to ecological management can be
organized using the concepts of uncertainty and controlla-
bility.

3.5.1 Ecological Uncertainty and Control

In human societies there are different ways of knowing,
ranging from the formal structures of science to less formal
knowledge systems such as customs and traditions. Regard-
less of the variety of knowledge in question, however,
knowledge is used whenever decisions are made. People
who make decisions about natural resource management
generally take into account both what they know and what
they are capable of achieving. It is difficult to track ecologi-
cal knowledge through global scenarios, but it is clear that
ecological knowledge is more likely to increase in scenarios
in which people work with ecosystems and have structured
ways of learning from their experiences. (See MA Multiscale
Assessments, Chapter 5.)

High levels of uncertainty correspond to a lack of eco-
logical knowledge and hence an inability to predict future
aspects of system behavior. The degree to which aspects of
system behavior are predictable affects both the likelihood
that a given management action will achieve its desired aim
and the ease of obtaining social approval for the action to
be taken. Where uncertainty is high, costly interventions
are less likely to be approved and a command-and-control
management approach is unlikely to be successful. Depend-
ing on the context, high levels of uncertainty may have
different effects on management. Uncertainty can lead to
inaction because it can be hard to determine the best course
of action when uncertainty is high. Uncertainty can also
provide opportunities that inspire action by fostering the
belief that the future is malleable and that desired futures
are attainable (Ney and Thompson 2000). Last, uncertainty
can encourage humility and tolerance, because managers
and stakeholders are ignorant of what the future will bring
and may find that the plans and beliefs of others are more
effective or correct than their own.

The controllability of ecological processes by manage-
ment actions depends on aspects of both the ecosystem and
the social system. Available technologies influence the con-
trollability of ecosystems; for example, it is currently easier
to add nutrients to a system than to remove them, to con-
trol access to an island than to an offshore fishery, and to
monitor and regulate a stream rather than groundwater. A
second component of controllability is the willingness and
ability of a group of people to coordinate their ecological
management actions. Changes in ecological controllability
can occur due to social change, such as increased agreement
on what constitutes fair or good management, or changes
in technologies relating to ecosystem services (e.g., Kiker et
al. 2001). Throughout history, groups of people have orga-
nized ways of managing water, game, and fisheries (Berkes
1999), with varying degrees of success. Governments have
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frequently expropriated resources from local people and
then been unable to manage the resources effectively, as a
consequence of passive or active resistance to their policies.
The increased level of interest in community-based conser-
vation in recent decades is largely due to the failure of coer-
cive and nonparticipatory environmental management
practices (Agrawal and Gibson 1999).

The appropriateness of a given approach to ecosystem
management depends largely on the degree of uncertainty
about a system’s behavior and the degree to which the sys-
tem can be controlled. (See Figure 3.1.) Optimizing ap-
proaches make sense when a system is controllable and
known. Resilience-building approaches to management are
more appropriate when a system is difficult to control but
understanding of its dynamics is high. When understanding
is lacking, learning-based approaches are appropriate. If
control is possible, adaptive management can be useful; if
control is difficult, however, more exploratory and dia-
logue-centered techniques are likely to be needed and the
focus shifts from ecosystem management to societal adjust-
ment. Many of our most pressing environmental problems,
such as concern over the ecological impacts of transgenic
organisms or the local impacts of climate change, are situa-
tions in which control is difficult and uncertainty is high.
These problems appear best suited to open ecological man-
agement practices that engage an extended community in
defining and analyzing the socioecological context (Fun-
towicz and Ravetz 1993).

3.5.2 Command and Control

Managers have historically tended to view ecosystems as
places in which isolated, individual provisioning ecosystem
services exist and can be enhanced. This optimization ap-
proach has largely been implemented via the goal of ‘‘maxi-
mum sustained yield.’’ The MSY approach combines
quantification and technical understanding with command-
and-control management to attempt to produce the maxi-
mum achievable continuous supply of an ecosystem service.

Figure 3.1. Uncertainty and Controllability in Ecological
Management. Ecological management situations can be repre-
sented in a two dimensional space defined by the uncertainty that
surrounds our knowledge of the system and the degree to which
the system is controllable by management. (Adapted from
Peterson et al. 2003b)

PAGE 60

It has been the guiding philosophy of agriculture, forestry,
hunting, and fishing.

Fisheries management provides many rich examples of
MSY applications. The concept of MSY in fisheries was
developed in the early twentieth century but was formal-
ized, extended, and extensively applied following World
War II (Clark 1985; Ricker 1975; Schaefer 1954). MSY
approaches were largely based on fitting a population
growth curve using estimates of current numbers of fish and
their reproductive rates and then setting a level of exploita-
tion that maximized the biomass or the monetary value (or
some other criterion determined by the manager) of the
catch. Difficulties in measuring fish populations, identifying
stocks, enforcing regulations, and coping with environmen-
tal variation all present challenges to the MSY approach, as
does managing political intervention in the process of set-
ting sustainable catches.

Despite good progress in fisheries stock assessment in
addressing many of these challenges (Hillborn 1992), it is
difficult to find a case where MSY fisheries management
has unequivocally succeeded. Indeed, the concept of MSY
appears to be an idea that is more resilient than the fisheries
it has been used to manage. For example, Larkin (1977), a
prominent fisheries scientist, argued nearly 30 years ago that
MSY should be abandoned because it risks the catastrophic
decline of populations, it fails to recognize the role of tro-
phic interactions, and it is not necessarily desirable in eco-
nomic terms. Despite these warnings and the poor track
record of MSY, it has continued to dominate fisheries man-
agement.

More generally, the command-and-control approach
adopted by MSY views ecological management as a
straightforward process of problem definition, solution de-
velopment, and solution implementation (Holling and
Meffe 1996). Solutions are expected to be direct, appro-
priate, feasible, and effective over relevant scales. Command
and control is expected to solve the problem either through
control of the processes that lead to the problem (such as
hygiene to prevent disease) or through mitigation of the
problem after it occurs (such as pathogens killed by antibi-
otics). A command-and-control approach assumes that the
problem is well bounded, clearly defined, relatively simple,
and follows a linear or nearly linear relationship between
cause and effect. Most of the problems with command and
control arise when it is applied to complex, nonlinear sys-
tems that show low levels of predictability. Unfortunately,
many ecosystems (and most ecological problems) fit this de-
scription. Societal recognition of the weaknesses of com-
mand and control approaches to natural resource
management, and the degree to which the search for alter-
natives is successful, is a key aspect of the MA scenarios.

3.5.3 Managing for Resilience

Managing for resilience is intended to increase the ability of
a system to cope with stress or surprise. It is an approach
that has been advocated in situations where control is diffi-
cult but where there is understanding about how the system
works. This approach has arisen in response to failures of
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command-and-control management. It is based on the ar-
gument that rather than maximizing production of individ-
ual ecosystem services, the central goal of ecological
management should be to maintain a range of supporting
and regulating ecosystem services to ensure the reliable sup-
ply of provisioning services. Resilience theory offers a
framework for understanding the supporting and regulating
systems that maintain ecosystem organization (Holling
1973; Peterson et al. 1998).

The aim of management for resilience is to maintain
ecosystems that can persist despite environmental changes,
management mistakes, and unexpected events (Gunderson
and Holling 2002). Managers can do so by enhancing the
ecosystem services that regulate and maintain the ecosys-
tem. For example, lakes in the U.S. Midwest can be man-
aged for resilience by the manipulation of lake food webs.
Many of the agricultural areas in the Midwest have experi-
enced large increases in soil phosphorus, and lakes in the
region are vulnerable to eutrophication from high-nutrient
runoff. Controlling runoff is very difficult. An alternative
approach to coping with the increased stress on lake ecosys-
tems is to increase lake resilience to phosphorus loading.
This can be done by ensuring that lakes have a robust food
web that includes substantial populations of piscivorous
(fish-eating) fish (Carpenter and Kitchell 1993). An increase
in these leads, via a trophic cascade, to increases in popula-
tions of the large herbivorous zooplankton that prey on lake
algae. Increases in zooplankton populations decrease the
likelihood that increased phosphorus loading will tip lakes
into an alternate state where undesirable algal blooms occur.

The ability of a service to persist depends heavily on its
response diversity—the variation of responses to environ-
mental change among species that contribute to the same
ecosystem service (Elmqvist et al. 2003). Increasing re-
sponse diversity, such as by allowing the recovery of a
diverse set of fish species with different responses to envi-
ronmental change, can further increase resilience. While
ecosystem management is increasingly aimed at managing
for resilience, the capacity for managers to do so has been
limited by a lack of models and tools for understanding re-
silience in ecosystems (Carpenter 2002). Socioecological re-
searchers are actively working to fill this gap (Berkes et al.
2003).

3.5.4 Adaptive Management

A second alternative to command and control is adaptive
management. This is a systematic process for continually
improving management policies and practices by learning
from the outcomes of operational programs. It is particu-
larly appropriate when there is uncertainty about how an
ecosystem functions and managers have some ability to ma-
nipulate the environment.

Adaptive management regards policies as alternative
hypotheses and management actions as experiments (Hol-
ling 1978; Lee 1993; Walters 1986; Walters and Hilborn
1978; Walters and Holling 1990). This approach is very dif-
ferent from the typical ‘‘informed trial-and-error’’ ap-
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proach, which uses the best available knowledge to generate
a risk-averse, ‘‘best guess’’ management strategy that is only
changed as new information becomes available. Practicing
adaptive management involves identifying uncertainties and
then establishing ways to reduce them. It is a tool not only
to change the system, but also to learn about the system.
The key scientific and social aspects of adaptive manage-
ment include the following: a link to appropriate temporal
and spatial scales; a focus on statistical power and controls;
use of computer models to synthesize and build an embod-
ied ecological consensus; use of embodied ecological con-
sensus to evaluate strategic alternatives; and communication
of alternatives to the political arena for the negotiation and
selection of a management action (Holling 1978; Lee 1993;
Walters 1986). In its strongest form—‘‘active’’ adaptive
management—interventions are designed to experimentally
evaluate alternative hypotheses about the system being
managed (e.g., Prato 2003).

Adaptive management is particularly useful in situations
where management intervention is possible and there is a
focus on the development of scientific knowledge for eco-
logical intervention. These processes are appropriate in so-
cial contexts where technical understanding is used as the
basis for ecosystem manipulation, but they are less likely to
be successful in situations where ecological dynamics are
not considered in decision-making or where ecosystem ma-
nipulation is unfeasible.

3.5.5 Social Learning

The degree to which learning, adaptation, and innovation
can occur in socioecological systems shapes the ability of
that system to cope and respond to the emergence of poorly
defined and understood ecological problems. Resilience
theory identifies three types of social learning (Gunderson
and Holling 2002): incremental, lurching, and transforma-
tional.

Incremental learning occurs during phases of gradual
system change. In this instance, the process of learning in-
volves the collection of data or information to refine exist-
ing models. It is based on the assumption that models of
how the world works are structurally correct, but imprecise.
Incremental learning is similar to the process of single-loop
learning described by Argyris and Schoen (1978). In many
cases, organizations view this type of change and learning as
problem solution (Westley 1995).

Lurching learning is episodic, discontinuous, and sur-
prising. It often occurs when a system changes, making in-
adequacies in a previously acceptable model more apparent.
For example, inadequacies in food production and distribu-
tion systems often emerge during drought years. Lurching
learning is frequently stimulated by an environmental crisis
that makes policy failure undeniable (Gunderson et al.
1995). In this case, where the underlying model is ques-
tioned and rejected, the learning process is described as
double-loop (Argyris and Schoen 1978). It is also character-
ized as problem reformulation. In organizations, lurching
learning is frequently facilitated by outside groups or charis-
matic leaders.
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Transformational learning is the most profound type of
learning and is often a consequence of dramatic system
changes. It is characterized by the emergence of novel or
unexpected outcomes from complex, nonlinear, and/or
cross-scale interactions. Transformational learning involves
the identification of the variables that define the domain, in
multivariate space, of the system of interest (Ludwig 2001).
Defining or bounding variables are typically broad-scale and
slow to change. For example, phosphorus levels in sedi-
ments are a bounding variable for lake eutrophication (Car-
penter et al. 1999b). Transformational learning occurs via
the assimilation of knowledge about slowly changing vari-
ables into the views of managers and policy-makers, includ-
ing recognition of the possibility that slow variables may
create surprises (such as the nonlinear shift from clear to
turbid lake water). Examples of transformational learning in
the ecological sciences include the discovery of and re-
sponse to the Antarctic ozone hole and the discovery of the
bioaccumulation of DDT and the resulting control of the
use of DDT and other persistent organic pollutants. Trans-
formational learning has also been described as evolutionary
learning (Parsons and Clark 1995), where not only new
models but also new paradigmatic structures are developed
(Kuhn 1962). Transformational learning differs from double-
loop learning in that it involves substantial alterations to a
dominant worldview.

Social learning processes allow groups of people to de-
velop new adaptive responses to various types of surprising
situations. Consequently, the possibilities for social learning
present in each scenario will determine the capacity of peo-
ple to respond to ecological surprises.

3.6 Ecosystem Management and Economics
Ecological and environmental economics have sought to
understand how economies shape people’s interactions with
ecosystems, and how economic incentives can be used to
improve ecological management. The complexities of both
human behaviors and ecosystems make the application of
economic theory to economic management difficult. For
example, indicators commonly monitored by governments
are unlikely to accurately reflect ecosystem resilience (Deu-
tsch et al. 2003). Three of the more active areas of research
at the nexus of ecology and economics are the use of eco-
nomics to improve the efficiency of ecological manage-
ment, the assessment of the value of ecosystem services to
improve decision-making, and conflicts over property
rights to nature.

3.6.1 Economics and Ecology

Understanding human behavior is important for natural re-
source management because ecology alone is insufficient to
explain the dynamics of human-dominated ecosystems.
Humans, individually or in groups, can anticipate and pre-
pare for the future to a much greater degree than ecological
systems can (Brock and Hommes 1997; Westley et al.
2002). Human views of the future are based on mental
models of varying complexity and completeness. People
have developed elaborate ways of exchanging, influencing,
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and updating their mental models of both the past and the
future. Individual and societal perspectives on the future
can create complicated dynamics that are influenced by ac-
cess to information, ability to organize, and power.

By contrast, although some components of ecosystems
are capable of ‘‘anticipating’’ future changes—for instance,
many bats undergo reproductive delays that allow their off-
spring to be born at a time of year when food is abundant
(Bernard and Cumming 1997)—the behavior of ecological
systems is based primarily on the past. Ecological dynamics
are the products of the mutual reinforcement of many inter-
acting structures and processes. The behavior of ecosystems
emerges from the successes of past evolutionary experimen-
tation at the species level. The fundamental differences
between human and ecological behavior mean that under-
standing the role of people in ecological systems requires
not only understanding how people have acted in the past,
but also what they think about the future.

Many economic ideas have been applied to understand-
ing the dynamics of socioecological systems. One key dis-
tinction that economists have drawn from coupled
economic-ecological models is the need to consider that
economic activity anticipates the future. Economic criti-
cisms of the early global environmental modeling work The
Limits to Growth (Meadows et al. 1972) argued that the con-
clusions were flawed because people’s views of the future
were not incorporated into the models. Specifically, econo-
mists argued that people will shift their spending and invest-
ments as their perceptions of their current and future
situation change. Many global models of ecosystem and
economic change have not included these dynamics.

The economic concept of rational expectations proposes
that people’s actions are based on what they think will
change in the future and how other people will respond
to those changes. If people’s behaviors are based on their
expectation of what will happen, and this expectation is
based on a prediction of the behaviors of other people, then
when the world is well understood, such expectations will
cause individual behaviors to converge rapidly. However,
when the world is poorly understood many possible behav-
iors become equally likely. Consequently, when the world
is unknown and difficult to understand, the consequences
of individual rational behavior can make the future more
difficult to predict (Brock and Hommes 1997). Game the-
ory is one area of economics that allows for an analysis of
this type of socioecological dynamic, but game theory for
ecological management is still at an early stage (Brock and
de Zeeuw 2002; Roth 2002; Supalla et al. 2002).

Another key insight from economics is the value of mar-
kets for distributing knowledge, observations, and decision-
making for ecological management (Scott 1998). The suc-
cessful development of markets for ecosystem services is an
exciting advance in economics that shares important simi-
larities (and some differences) with the economics of public
and club goods, such as policing and intellectual property
rights. Recent work has examined the design of markets for
pollution emissions and genetically modified crops (Batie
and Ervin 2001).
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3.6.2 Valuation of Ecosystem Services

A second area in which the integration of ecology and eco-
nomics may make a large contribution to scenarios is
through the valuation of ecosystem services. Many decision-
making processes involve some sort of cost-benefit analysis
that attempts to convert all costs and benefits into a single
currency that can easily be compared. Doing this with eco-
system services is difficult, however, as most ecosystem ser-
vices are not traded in markets and consequently do not
have prices. To improve people’s ability to evaluate ecolog-
ical management decisions involving a mix of market and
nonmarket values, it is sometimes useful to illustrate the
nonmarket economic value of services provided by ecosys-
tems. Valuation is not necessary for many types of decisions,
as people do not place economic values on many things
they prize, such as freedom or democracy, and do not nec-
essarily conserve things that they value. The valuation of
ecosystem services is difficult, and only appropriate in spe-
cific situations, but it can illustrate the value of investing in
natural capital. (For more details on ecological valuation,
see MA 2003, Chapter 6.)

Some types of evaluation use market prices to estimate
the value of ecosystem services. Hedonic prices, travel costs,
and replacement costs all use techniques that estimate the
marginal value people attach to a service (Heal 2000; Wil-
son and Carpenter 1999). That is, these approaches estimate
how much a small change in the supply of a specific ecosys-
tem service would be worth. They can be difficult to apply
in cases where market data are lacking. In such situations,
contingent valuation—the statistical analysis of question-
naires that ask people how much they would pay or spend
for a specific ecosystem service—is used to estimate the
marginal value of services.

Ecological valuation usually differentiates between use
and non-use values. Use values derive from the use of a
service, such as clean water. Non-use valuation of ecosys-
tem services arises from diverse cultural, religious, ethical,
and philosophical sources. Some of these values are strongly
held and have endured for centuries. Some have decreased
over time, while other new values have emerged. World-
wide concern for animal rights is an example of a relatively
new movement that has had major impacts on how many
societies view their relationship with animals. Intrinsic val-
ues can complement or counterbalance utilitarian values.
For example, the Endangered Species Act in the United
States is an expression of the view that human action should
not directly cause extinction. This value is distinct from the
economic value of the species that it protects. Similarly,
many people donate money for tiger conservation because
they value the existence of tigers in the wild, without ex-
pecting that they will derive an economic benefit from the
presence of tigers.

Valuation does not solve the problem of who should
have rights to use ecosystem services. Nor does it define
good management or answer the question of how to con-
struct institutions or markets that provide economic incen-
tives to manage ecosystem services well (Martinez-Alier
2002). These issues, along with the technical and defini-
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tional problems surrounding ecosystem services, can lead to
large differences between the values placed on an ecosystem
service by different parties (Wilson and Carpenter 1999).
Despite these difficulties, even the gradual and partial as-
signment of new property rights to ecosystem services (such
as carbon credits and emissions trading) is likely to have
substantial impacts on future scenarios.

One concern is that the partial incorporation of property
rights for ecosystem services may have perverse or unex-
pected impacts on ecological services that remain open ac-
cess. For example, assigning property rights to forests based
solely on their role as producers of timber has been partially
responsible for the undervaluation of the many other eco-
system services that forests provide (Scott 1998). However,
valuation can provide useful information for dialogues
about complex ecological management issues, which may
help people develop better assessments of the trade-offs and
synergisms among different sets of ecosystem services.

The complex interrelationships of ecosystem compo-
nents complicate the creation and allocation of property
rights that provide social and economic benefits. Ecosys-
tems produce many different services, often at different
scales, and the maintenance of ecosystem function may also
depend on spatial or temporal subsidies that occur between
systems. For example, a forested watershed can simultane-
ously provide clean water to downstream ecosystems, a
habitat for migrating songbirds, and timber for a property
owner. Conflicts over ecosystem change and use frequently
relate to issues of who should own or control different eco-
system services (Martinez-Alier 2002). These questions are
largely political; little economic theory has been developed
to cope with them, although there has been substantial re-
search on understanding common pool resources (Com-
mittee on the Human Dimensions of Global Change 2002;
Levin 1992; Ostrom 2003).

3.6.3 Ecosystem Management and Political Ecology

Political ecology—the study of the relationship between
nature and society—arose out of a theoretical need to inte-
grate local situations into a political economy that often
transcended the local (Blaikie and Brookfield 1987; Peet
and Watts 1993; Schmink and Wood 1992; Watts 1983;
Wolf 1972). Its basic theoretical framework encompasses
‘‘the constantly shifting dialectic between society and land-
based resources, and also within classes and groups within
society itself ’’ (Blaikie and Brookfield 1987).

A focus on the structure of human systems has domi-
nated much recent writing about political ecology (Martinez-
Alier 2002; Pred and Watts 1992; Rocheleau et al. 1996).
These approaches could be described as the political econ-
omy of natural resources, rather than political ecology, be-
cause they consider ecosystems primarily as passive objects
that are transformed by human actors. An ecological politi-
cal ecology should incorporate the active role of ecosystems
as agents of political change, and an understanding of their
diversity and dynamics (Peterson 2000a; Robbins 2004).
The ecological services and resources that are available at a
given time and place determine the alternatives that are
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available to people. This set of alternatives shapes the poli-
tics, economics, and management of ecosystems. However,
constraints imposed by ecosystems are fluid, because ecosys-
tems are dynamic and variable.

Ecological approaches to management will be strength-
ened by an understanding of political dynamics as they re-
late to human actions. Natural scientists frequently disregard
the politics of human societies (Martinez-Alier 2002). This
attitude can lead to scientific recommendations that ignore
important determinants of human behavior, such as the po-
litical forces that influence what and how people learn, the
political dimensions that determine which events are con-
sidered crises, and what kinds of things are considered to be
property. Such blind spots may cause scientists to provide
advice or formulate policy that is either spectacularly inade-
quate or may be open to disastrous misuse (Gunderson et
al. 1995; Ludwig et al. 1993). The social consequences of
such failures can be severe.

3.7 Application of Theory to Scenario Storylines
The ecological concepts described in this chapter are rele-
vant to the MA scenario storylines in many different ways.
A number of valuable insights relating to the role of ecology
and ecosystem services in scenario exercises have emerged
from the MA process (summarized in Table 3.1). This list is
not exhaustive; it is intended as a summary for decision-
makers who are wondering why they should be concerned
about ecosystems.

Differences in the relationships between people and eco-
systems are the main driver of differences among the MA
scenarios. Key aspects of the relationship between people
and ecosystems include the ways in which people learn
about ecosystems, the approaches people take toward eco-
logical management, and the extent to which ecosystem
services are incorporated in economies and economics. The
nature of ecosystem management will inevitably change as
societies accumulate knowledge. Approaches to ecological
management depend on people’s abilities to control ecosys-
tems as well as their certainty about ecosystem dynamics
and their confidence or risk adversity in applying this
knowledge. The degree to which future decision-making
considers ecological trade-offs will be an important deter-
minant of ecosystem and societal change. The scenarios ex-
plore these differences by considering alternative futures
under different degrees of societal learning.

3.8 Synthesis
The importance of ecosystems as a sustaining, interactive
partner to human social and economic systems emerges
strongly from this volume. In Chapter 1 the necessity of
ecosystem services for human well-being is described. Soci-
ety has not always given enough thought to its future need
for ecosystem services. In recognition of this failing, the
MA scenarios have built on past scenario exercises (see
Chapter 2), acknowledging both their strengths and their
weaknesses.
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In this chapter, we first explain why the future of ecosys-
tem services should be of particular concern as the human
population increases and resource scarcity becomes increas-
ingly more likely. Since ecosystem services play an essential
role in our societies, greater consideration of ecosystems is
needed in policy and management decisions. The rigorous
inclusion of ecology in global scenarios is an important step
toward bringing ecosystems back onto the stage of global
decision-making. Previous scenario exercises have not
given ecosystems adequate consideration or recognized the
potential for the disruption of social and economic proc-
esses that can occur when the flow of ecosystem services is
reduced or removed. The discipline of ecology has made
considerable progress over the last 50–100 years in develop-
ing and testing quantitative approaches and conceptual
frameworks that can be useful in assessing and understand-
ing the impacts of anthropogenic modification of our
environment, although ecological theory needs further de-
velopment in many areas to address newly emerging global
issues.

Knowledge of ecology is not sufficient on its own to
produce effective and sustainable management of natural re-
sources. The future of ecosystems is also dependent on our
achieving social, political, and economic awareness of their
importance, and on placing ecology in a socioeconomic
context, so that decision-makers who are not ecologists can
apply ecological theory effectively. The need for interdisci-
plinary approaches to management and policy decisions that
affect multiple spheres is in many ways self-evident. How-
ever, achieving the balanced view that we consider neces-
sary for long-term sustainability will require that societies
develop the capacity to learn and to adopt flexible manage-
ment approaches that can be modified as environmental
conditions change. Fostering a flexible learning approach is
one of the greatest challenges facing managers and policy-
makers. Ultimately, although the social, ecological, and
economic issues described in this chapter could play out in
many different ways in the future, a number of key princi-
ples emerge that will be relevant in all instances.

The MA has used many of the same quantitative models
(see Chapters 4–7) that have been applied in past scenario
exercises, although the MA storylines attempt to introduce
a greater awareness of ecological relevance into the process.
Unfortunately, the majority of existing quantitative ap-
proaches for making socioeconomic projections at broad
scales do not explicitly incorporate ecosystem feedbacks.
Many of the principles that are described in this chapter are
thus applied qualitatively rather than quantitatively in the
scenario storylines. (See Chapters 8 and 9.) Ecologists have
not always made the relevance of their research clear to
practitioners in other disciplines and have frequently been
naive about the causes of anthropogenic impacts.

Making detailed projections of the consequences of
human impacts on biodiversity is difficult in its own right,
and we are far from being able to make similar projections
about the impacts of biodiversity loss on ecosystem services.
A general principle that emerges from Chapter 10 is that
ecosystem services depend on the abundance of individuals
in populations of species rather than on simple species pres-
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Table 3.1. Relevance of Ecological Principle or Insight to the Development of Global Scenarios

Ecological Principle or Insight Relevance for Global Scenarios Illustrative Example

Current rates of change (habitat destruction, ex- ecosystems are more likely to be near to bound- Chapin et al. 2000
tinctions) are extremely high by comparison to ary conditions than they were historically
historical rates baseline data collected in the last 50 years do

not necessarily reflect unperturbed state

Ecosystem services are interdependent need to consider ‘‘bundles’’ of services and their interactions between climate and forests; con-
relevance to society flicts over climate regulation, timber production,

and harvesting of non-timber forest productsinteractions among ecological processes can
lead to surprises

attempts at making trade-offs between ecosys-
tem services may not be successful

Levels of ecological uncertainty may be higher risk associated with different magnitudes of collapse of major marine fisheries (cod, Atlantic
than traditional models have suggested; thresh- human impacts is uncertain salmon, sea turtle) (Jackson et al. 2001; Pauly
olds are difficult to quantify precisely et al. 1998)current global models are naive about human im-

pacts on ecosystems

Relationship between biodiversity and ecosys- uncertain whether projected losses of biodiver- trophic cascades in lakes have demonstrated
tem function is unclear sity will have high or low impact on provision of high interconnectedness of aquatic food webs

ecosystem services

Many ecosystems exhibit nonlinear dynamics ecological shocks and surprises are likely to shallow lakes can switch rapidly from clear to
emerge from unexpected threshold effects turbid with a slight, linear increase in P load

(Carpenter et al. 1999b)

Cross-scale dynamics, particularly those driven ecological impacts and drivers must be consid- multiple small-scale N inputs from farms on the
by the interactions of variables with different ered at a variety of scales Mississippi are creating dead zone in Gulf of
scale-dependent rates and magnitudes, can pro- Mexicocontext of ecological impacts is key, especially
duce feedbacks and cascades when considering likelihoods of positive vs. neg- decline in molluscivorous fishes leading to in-

ative feedbacks creases in snails that act as secondary hosts to
Schistosoma spp. in Lake Malawi; resulting in-constraints and mechanisms needed to explain
crease in schistocomiasis in human populationstorylines will come from different scales
(Stauffer et al. 1997)

human learning about ecosystems is made
harder by relevance of large-scale processes
and slow variables

Spatial and temporal variations are essential changes in mean trends may be less important major impacts of climate change on biota will
components of ecosystems than changes in timing and magnitude of varia- come from extremes, rather than from changes

tions in means

Evidence for ‘‘ecological Kuznets’’ is lacking economic theory cannot be applied indiscrimi- Bruvoll and Medin 2003
nately to relationship between society and eco-
logical services in scenarios

Command-and-control management approaches inherent or unexpected vulnerabilities are more fires in California; development of resistant
often decrease system resilience likely to influence storylines in systems where strains of antibiotics (Holling and Meffe 1996)

command and control is or has been practiced

Successful application of ecology to manage- scenarios must ensure that political context is Walters (1997) presents a number of examples
ment/policy depends on political context appropriate for the ecosystem management ac- of situations in which adaptive management has

tions that are envisaged succeeded or failed

ence or absence. Species loss is worrying, but declines in
ecosystem services will become evident well in advance of
species extinctions. Hence, the management of vital popu-
lations of organisms (and the abiotic environment they de-
pend on) may be a more appropriate focus than entire
species for decision-makers who are concerned about the
contribution of ecosystems to human well-being.

As many of the chapters in this volume make clear,
human well-being is intricately connected to the compo-
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nents and functions of ecosystems. Changes in ecosystems
are likely to have a number of important impacts on human
societies. (See Chapter 11.) Decision-makers must often
balance short-term economic or societal gains against long-
term ecosystem costs. (See Chapter 12.) By attempting to
include ecology in the process of scenario development, we
have learned many lessons about the relationship between
ecosystem services and human well-being. (See Chapter
13.) These are translated into a set of possible responses and
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recommendations for policy-makers and managers. (See
Chapter 14.)

Although ecology and related disciplines have much to
offer in this context, there are a number of areas in which
further exploration of ecosystem dynamics would be useful.
For example, the ecological scope of the scenarios could
have been greatly strengthened if we had a stronger quanti-
tative understanding of such things as diversity-function re-
lationships, the endogenous dynamics of ecosystems and the
circumstances under which they cause unexpected pertur-
bations, the role of cross-scale variation in sustainability, and
the locations of thresholds in the provision of ecosystem
services. The scenarios would also have benefited from
more extensive quantification and analysis of the links be-
tween resource value, resource use, and resource manage-
ment.

In conclusion, we have argued that the consideration of
ecosystems in scenario exercises and in policy and manage-
ment decisions is vital to the long-term sustainability of
human society. Despite the progress that the MA has made
in tackling the complexity of the global socioecological sys-
tem, it is clear that this volume represents a beginning rather
than an end in the ongoing process of learning to manage
ecosystems to increase human well-being sustainably.
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Main Messages

Building scenarios and anticipating changes in ecosystem services are
modeling exercises. The reliability of models depends on their data inputs
and the models themselves. This chapter sketches out the state-of-the-art
modeling approaches for critical components of the Millennium Ecosystem As-
sessment scenarios, examines strengths and weaknesses and alternative ap-
proaches, identifies critical uncertainties, and describes high-priority research
that could resolve fundamental uncertainty.

In order to evaluate the MA scenarios, readers must understand the capa-
bilities, uncertainties, and frontiers of the models used to project
changes in ecosystem services. This chapter provides a rigorous scien-
tific discussion of just how confident we can be about different dimen-
sions of the scenario model analyses and where we need to do a great
deal more work. Uncertainty is acceptable as long as it is acknowledged up
front. Although many of the models used to inform scenarios have weak-
nesses, the alternative is to use no models whatsoever. The modeling ap-
proaches and the uncertainties vary according to topic. Hence we take up the
modeling issues one topic at a time, forecasting land cover change, impacts of
land cover changes on local climates, changes in food demand and supply,
changes in biodiversity and extinction rates, impacts of changes in phospho-
rous cycles, impacts of changes in nitrogen cycle and inputs, fisheries and
harvest, alterations of coastal ecosystems, and impacts on human health. The
final sections evaluate integrated assessment models and look at key gaps in
current modeling abilities.

The uncertainties and limitations of models are extensive, and in many
cases proven methods do not exist for the forecasting tasks that we face.
Recurring limitations and constraints include an absence of models that work
well across multiple scales, failure of models to couple interacting processes,
and models based on nonrepresentative subsets of Earth’s ecosystem ser-
vices (such as specific and narrow taxonomic groups or geographic regions).
These limitations do not mean we should not attempt to make a forecast—only
that we should present results with appropriate levels of uncertainty. The act
of attempting to make forecasts where apt methods do not exist has already
spurred enormous research and innovation, such that in five years our fore-
casts will become much more reliable. For this reason, we pay particular atten-
tion to advances in modeling or data that are likely to greatly enhance our
ability to assess alternative ecosystem futures. It is important to recognize that
models are not statements of fact but instead are hypotheses to be evaluated
in light of coming changes in ecosystem services.

4.1 Introduction
The models used to generate scenarios for the Millennium
Ecosystem Assessment are not the only models available.
This chapter examines state-of-the-art modeling ap-
proaches for critical components of the MA scenarios. It
considers the suite of models and modeling approaches that
might be drawn on for scenario analyses. The four core
models actually used for the global MA were IMAGE for
land use change, IMPACT for food demand and agricul-
ture, WaterGAP for water use and availability, and EcoPath
and Ecosim for predicting fisheries impacts. (See Chapter 6
for more-detailed descriptions of the models.) In many cases
these models were chosen because they are the only ones
with global coverage (WaterGAP, for instance).

The state of the art for environmental modeling is
changing very rapidly. This chapter describes the key mod-
eling arenas in which we expect major advances over the
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next 10 years, which in turn could provide improved tools
for future global ecosystem assessments. Hence we discuss
some models, such as for phosphorous cycling, for which
there is no global model but where progress is expected so
that future global assessments will have new tools. Climate
modeling is not covered, since there have been numerous
review papers describing the existing climate models.

In general we seek in this chapter not to advocate or
defend the MA’s choice of IMAGE, IMPACT, WaterGAP,
and Ecosim/Ecopath. Rather, we provide readers with an
overview of the modeling field and the variety of ap-
proaches being pursued, with pointers to where we expect
future research will lead. This venture is so new that there
is no commonly accepted suite of models or, as is the case
for climate models, some standard approach for testing and
contrasting the performance of competing models. In some
cases the actual models used by the MA are virtually all that
is available. In other cases, such as in models for predicting
biodiversity change, there are a variety of options, all under
current research development.

The major types of models are:
• statistical models that rely on observed relationships and

extrapolate into the future;
• first-principle equations that solve for equilibrium or

draw on fundamental laws of transport and mass balance;
• large system (usually simulation) models that mathemati-

cally describe relationships among a web of state-variables
and attempt to include a somewhat complete representa-
tion of the drivers of change;

• expert models and decision support systems that translate
qualitative insights or expertise into quantitative asser-
tions; and

• a wide variety of ‘‘agent-based’’ or cellular automata
models in which the activities of individual actors are
simulated and then aggregated to understand whole-
system behavior.
This is not the only taxonomy of models; alternative

distinctions include stochastic versus deterministic, simula-
tion versus analytical, spatial versus nonspatial, equilibrium
versus nonequilibrium, and so forth. But these categories
are most germane to the strategic choices available when
attempting to perform a global scenario analysis. We have
made an effort to remove as much technical language as
possible. We obviously have not succeeded as well as would
be ideal. However, in many cases what appears to be ‘‘jar-
gon’’ is necessary for precision and to help other technical
experts know exactly what modeling issue is under discus-
sion.

This is not a chapter for light reading. This is a chapter
to read with the idea of learning what is going on in the
modeling world that might be important for future assess-
ments. The topics chosen are not encyclopedic. We struc-
ture discussion around core modeling arenas (such as
fisheries or land use or agricultural production). One of the
biggest areas of modeling research is coupling models of
different processes together and attempting to incorporate
feedbacks among processes. Figure 6.3 in Chapter 6 shows
how the MA linked together to model different processes.
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In the future there may be many more options, and in fact
one conclusion of this chapter is that the linking of different
processes and scales is probably the biggest research need.

When considering each section, it will be obvious that
none of the modeling approaches is ideal. Compromises
must be made because of lack of data. Documentation of
large-system models is often weak, and transparency is not
all it should be. Although many of the models considered
for use in the MA are for forecasts, they are also hypotheses,
as all models are. This chapter seeks to introduce some al-
ternative approaches that might be selected if existing mod-
els fall short. As data are collected, we expect some models
to be rejected and new ones to be used. One outcome of
the MA is pressure for better modeling practices.

4.2 Forecasting Changes in Land Use and Land
Cover
Land use change models attempt to project future changes
in land use based on past trends and the drivers thought to
determine conversions of land between different categories
(forest to agriculture, agriculture to urban, and so forth).
One initial motivation behind land use change modeling
was the prediction of tropical deforestation, with its many
consequences. The field has now broadened geographically
and with respect to the type of land cover transitions it ex-
amines. Central to understanding the human and ecological
aspects of land use and land cover change (or land change)
is a movement toward an interdisciplinary perspective of
change, where social, ecological, and information sciences
are joined (Liverman et al. 1998; Gutman et al. 2004). A
core component of integrated land change science is formed
by spatially explicit, dynamic land change models that ex-
plain and project land cover and land use changes (IGBP-
IHDP 1999; Veldkamp and Lambin 2001). Given that land
use and land cover are dynamically coupled, land change
models provide one of the more powerful ways to combine
human and biophysical subsystems, permitting assessments
of the consequences and feedbacks between the subsystems.
In this sense, these models improve understanding of a
broad range of issues critical to the MA, from the resilience
of ecosystems to human perturbations to society’s responses
to changes in ecosystem services.

Land change models are generally classified according to
their implementation or scale (e.g., Lambin 1994; Rayner
1994; Kaimowitz and Angelsen 1998; Agarwal et al. 2002).
They tend to use a variety of data sources as input. Survey
and census data have long been used by land change models
and are increasingly joined by spatial data (maps, for in-
stance) on land manager activities and socioeconomic fac-
tors. These spatial data are often used in the context of
geographic information systems—software systems that
store, manipulate, and analyze georeferenced data—and are
derived from sources as varied as remotely sensed imagery
and global positioning system receivers. Data are also in-
creasingly gathered over several time periods in order to aid
understanding of land change trajectories. The chief output
of land change models tends to be explanations of past and
present use and projections of future land use.
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4.2.1 Existing Approaches

Perhaps the simplest land change models use a non-iterative
set of equations to seek a single solution where the modeled
system can be characterized as static or existing in equilib-
rium. Gravity models or logistic functions, for example, are
used to estimate population-driven land conversion over
large areas and coarse resolutions. These models are often
based on theories of population growth and diffusion, proc-
esses that are thought to determine cumulative land change
(Lambin 1994).

System models typically represent stocks and flows of
information, material, or energy as sets of differential equa-
tions linked through intermediary functions and data (Han-
non and Ruth 1994). When differential equations are
numerically solved, time advances in discrete steps, which
in turn allows dynamic representation of feedbacks so that
interacting variables can influence one another’s future dy-
namics. Earlier system models of land change were not spa-
tially explicit, but more recent models are increasingly
linked to spatial data (e.g., Voinov et al. 1999; Zhang and
Wang 2002).

Another group of land change models relies on statistical
methods based on empirical observations (Ludeke et al.
1990; Mertens and Lambin 1997; Geoghegan et al. 2001).
For example, econometric models use statistical methods to
test theoretical hypotheses concerning the consequences of
new road systems (Chomitz and Gray 1996; Nelson and
Hellerstein 1997; Pfaff 1999) and of other economic and
ecological variables exogenous to the modeled system (Alig
1986; Hardie and Parks 1997). Unless statistical models are
tied to a theoretical framework, they may underrate the role
of human and institutional choices (Irwin and Geoghegan
2001).

Expert models express qualitative knowledge in a quan-
titative fashion, often in order to determine where given
land uses are likely to occur. Some methods combine expert
judgment with Bayesian probability (Bonham-Carter
1991). Symbolic artificial intelligence approaches, in the
form of expert systems and rule-based knowledge systems,
use logical rules in combination with data to grant models
some capacity to address novel situations. Lee et al. (1992),
for example, use probabilities to build a set of stochastic
branching rules regarding possible land transformations, and
then connect those rules with an independent ecological
model to assess land change impacts. The probabilities for
these branching rules are not estimated in a traditional statis-
tical sense but instead are inferred by interviewing numer-
ous land managers and synthesizing their answers into
probabilities.

Land change models that are based on biologically in-
spired evolutionary computer modeling methods are in-
creasingly common (Whitley 2001). Perhaps the most
promising are models based on artificial neural networks,
computational analogs of biological neural structures (such
as the neuronal structure of the human brain), which are
trained to associate outcomes with given stimuli, such as
associating spatial land change outcomes with inputs like
population density or distance to water bodies (e.g., Shellito
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and Pijanowski 2003). Another body of research applies
computational models of Darwinian evolution, such as ge-
netic programming or classifier systems, to tease out causal
linkages between various factors and land change (Xiao et
al. 2002; Manson 2004).

A growing number of land use and land cover change
models are based on cellular modeling methods, which use
models that conduct operations on a lattice of congruent
cells, such as a grid. In the common cellular automata ap-
proach, cells in a regular two-dimensional grid exist in one
of a finite set of states, each state representing a kind of land
use, for instance. Time advances in discrete steps, and future
states depend on transition rules based on a the condition
(or state) of the surrounding immediate neighborhood
(Hegelsmann 1998). In another common cellular modeling
method—Markov modeling—the states of cells arrayed in
a lattice depend probabilistically but simply on previous cell
states. Cellular models have proved their utility for model-
ing land change in linked human-environment systems (Li
and Reynolds 1997; White and Engelen 2000).

Agent-based models are a relatively recent development
in land change modeling. They are collections of agents, or
software programs, which represent adaptive autonomous
entities (like farmers, or institutions that build roads, or local
elders) that extract information from their environment and
apply it to behavior such as perception, planning, and learn-
ing (Conte et al. 1997). Agent-based models have been used
in particular to model small-scale decision-making of actors
in land change (Gimblett 2002; Janssen 2003; Parker et al.
2003).

4.2.2 Critical Evaluation of Approaches

Equation models have the advantage of being simple and
elegant and relatively transparent. These models can pro-
vide a good first estimate of land change at broad scales,
which can be tied to driving forces such as population or
economics. Their chief limitation is the degree of simplifi-
cation necessary to create an analytically tractable system of
equations, which often results in a highly abstract model
that does not reflect many aspects of reality (Baker 1989).
Cross-scale relationships (interactions between different
spatial scales) and time-dependent relationships can be dif-
ficult to model with simultaneous equations, given the need
for common parameters across scales or time and equilib-
rium assumptions.

System models are a powerful means of representing dy-
namic systems. They are widespread across many academic
disciplines. System models can face limitations, however,
because the complexity of real-world parameters can be dif-
ficult to convey in the form of linked equations. Equations
can also limit system models to statistically idealized flows
and stocks, which means that discrete actions or the deci-
sion-making that led to them are not included unless the
system in question is modeled at a small scale or in detail
(Vanclay 2003). In order to focus on key dynamics, the
modeler typically makes assumptions about the aggregate
results of behavior at the potential cost of glossing over or
assuming away key system behavior.
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Statistical models are widely accepted and well under-
stood. Despite this, considerable care must be taken to en-
sure assumptions such as independence of observations,
especially in light of spatial or temporal autocorrelation
(where observations are correlated in space or time) (Grif-
fith 1987) and issues of data aggregation (combining data
from multiple sources or scales) (Rudel 1989). Researchers
have begun to devote attention to the statistical problems
that arise from using spatial data, thereby decreasing the bias
and inefficiencies in parameter estimates and using spatial
and temporal autocorrelation to inform model construction
(Kaufmann and Seto 2001; Overmars 2003). Another com-
plication is that the choice of a land change descriptor can
dramatically influence the result, such as when tracking
change in areal extent of land cover, as opposed to the rate
of change in land cover (Kummer and Sham 1994). Either
variable is correct in the sense that it measures phenomena
of interest, but the variables can give different statistical re-
sults.

Expert models are useful for rendering qualitative expert
domain knowledge into formats traditionally considered
quantitative knowledge. The underlying logical basis that
allows these models to function can create difficulties, how-
ever, since it is challenging to include all aspects of the
problem domain, which can lead in turn to inconsistencies
in model results. Application of expert systems to land
change has remained underexplored due to the difficulty of
logically encoding knowledge that adequately maps onto
the complex spatiotemporal nature of most land use and
land cover change situations. Similarly, it can be difficult to
find experts sufficiently versed in a given situation; when
they are found, it is also difficult to parse their knowledge
into the logical rules and structures necessary to create ex-
pert models (Skidmore et al. 1996).

Evolutionary models have been used with success to
project land use and land cover change. They are in essence
powerful directed-search methods that excel in identifying
patterns and relationships in highly dimensional, noisy, sto-
chastic environments (Kaboudan 2003). At the same time,
theories on how and why evolutionary methods work are
subject to ongoing debate, which serves to blunt the edge
of any analysis based on them (Whitley 2001). One side
effect is that identification of structures of causality and cor-
relation is more straightforward with statistical methods, for
example, than with evolutionary methods because the latter
can too easily be used to create convoluted computer pro-
grams that produce seemingly good results but at the ex-
pense of understanding how or why.

Cellular models are appealing for their capacity to use
relatively simple rules to represent local interactions that can
in turn lead to complex outcomes (Phipps 1989). Cellular
models can suffer from ‘‘spatial orientedness’’ (Hogeweg
1988), however, where the simple cellular neighborhood
relationships do not reflect actual spatial relationships. As
such, these methods may not be suited to model land
change where there are non-uniform or non-local interac-
tions. As a result, they must be buttressed with complex rule
sets to differentiate between the kinds of decision-making that
apply to groups of cells, such as local land tenure structure
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(e.g., Li and Gar-on Yeh 2000). While effective, these devi-
ations from classic cellular models come at the potential cost
of moving models away from their key advantage of sim-
plicity (Torrens and O’Sullivan 2001).

Agent-based models typically complement other ap-
proaches to modeling land change. Their strength lies in the
ability to represent heterogeneous agents (Huston et al.
1988) and to incorporate interaction and communication
among agents (Judson 1994) in a manner unlike that of
other modeling methods. Agent-based models can be dif-
ficult to use, however, since they are often tailored to a
particular setting and create results that are often not gener-
alizable (Durlauf 1997). Much work remains to be done
on establishing common modeling platforms and devising
means of validating agent-based models, particularly when
distinguishing legitimate results from modeling artifacts, as
many of these models remain underevaluated. Similarly,
they are often used at small spatial scales; they need to be
scaled up to larger ones useful for full ecological assessment
(Veldkamp and Verburg 2004; Manson 2003)

In sum, modeling land use change runs the gamut from
relatively straightforward equation-based models to compli-
cated and computationally intensive models. There is a
movement toward greater integration and hybridization of
these approaches in order to compensate for shortcomings
of individual methods and to address outstanding issues in
land change, such as interdisciplinary integration, spatio-
temporal scale issues, and the complexity of land change
(Brown et al. 2004).

Dynamic spatial simulation modeling, for example, in-
corporates cellular modeling to address spatial heterogeneity
and uses system models to represent social and economic
mechanisms in addition to ecological processes such as sec-
ondary succession (Lambin 1997). GEOMOD2 combines
statistical modeling, systems approaches, and expert decision
rules to project land change at the regional scale (Pontius et
al. 2001). Another example is given by the CLUE family of
models, which use a combination of approaches to model
land change and associated phenomena at regional scales
(Veldkamp and Fresco 1996; Verburg et al. 2002). A final
example is found in Integrated Assessment Models that in-
corporate links to the terrestrial environment at continental
and global scales. The IMAGE 2.0 model, for example, in-
corporates land use, land use change, soil information, and
element fluxes at the global scale at half-degree resolution
(Alcamo 1994). Integrated Assessment Models are discussed
at the end of this chapter.

4.2.3 Research Needs

The future of land change modeling is defined in part by
three themes: interdisciplinary research, better integration
of theory and method, and refinement of modeling tech-
niques, including establishing standard rules, measures, and
metrics that provide the rigor found in less expansive mod-
eling approaches common to established subfields (such as
demographic or econometric models) (Rindfuss et al.
2004). First, integration across disciplines appears increas-
ingly necessary with respect to understanding the webs of
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causality underlying land change. The land change research
community has identified three conceptual foci: social sys-
tems, ecological systems, and land managers or decision-
makers (IGBP-IHDP 1995). Heretofore, social systems
such as institutions (rules) have not been incorporated well
into human-environment models. Land change models,
however, increasingly account for institutional settings,
thereby increasing their robustness for use at local to re-
gional scales of analysis (Gutman et al. 2004).

Second, it is increasingly apparent that land change
modeling can be improved and can create greater interest
among the core social and environmental sciences if it is
informed by critical concepts and theory relevant to both
sciences and their coupling. Irwin and Geoghegan (2001),
for example, argue that land change models often claim to
represent human behavior while not explicitly using theo-
ries of human behavior. Similarly, other models proclaim to
address the environment, but it is reduced to nature as a
resource stock for human use, not as part of a functioning
ecosystem. There is therefore an increasing focus on incor-
porating ecosystem models, such as landscape-scale forest
models, with models of land use (He 1999). Greater en-
gagement across disciplines will likely (or it is hoped will)
accelerate the trend of better integration of theory and
method.

Third, the greater integration and hybridization of the
approaches noted earlier speaks to ongoing development of
new methods and metrics of performance. It is important
to note that models are increasingly oriented toward pursu-
ing the fine spatial and temporal resolution necessary to as-
sess human dynamics, such as individual decision-making,
and ecological phenomena, such as biodiversity. Having
both temporal and spatial explicitness is a key need, and
therefore a goal, of land change modeling (Agarwal et al.
2002). Getting the magnitude of land change right is only
part of the goal; getting its location right is the other. Model
performance regarding both needs requires new metrics
(Pontius 2000).

Also important is the extent to which models can also
serve as vehicles to integrate disciplines in a manner that
captures interactions across various real-world human and
environment systems. Most of these methods, for example,
can incorporate some degree of feedback between human
and biogeophysical systems. Some do so explicitly, such as
system models or cellular models, while others, such as ex-
pert models or agent-based models, have been adapted to
accommodate dynamic interactions.

Finally, there is a movement toward increasing model
transparency through mechanisms, such as better user inter-
faces and communication of model results both in and out
of the research community (Parker et al. 2003). The key
stumbling block to incorporating these changes resides less
in the models themselves and more in the disciplinary con-
texts in which they are used. This caution notwithstanding,
land change models promise to provide the foundational
basis for understanding and projecting human-environment
interactions for terrestrial ecosystems.
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4.3 Forecasting Impacts of Land Cover Change
on Local and Regional Climates
Terrestrial ecosystems both influence the climate and in
turn are themselves influenced by the climate (Foley et al.
2003). Scenarios of the future paths of the biosphere (e.g.,
DeFries et al. 2002a) must therefore be viewed as interac-
tive with the climate system. A detailed analysis of this issue
would require intertwining Intergovernmental Panel on
Climate Change predictions and dynamical representations
of future greenhouse gas emissions and their impacts on cli-
mate with a MA-type model of vegetation and biotic re-
sponses that in turn fed back on the greenhouse gas
scenarios. Such an analysis is currently not feasible. How-
ever, a general awareness of the techniques that might be
used should promote improved treatments in future assess-
ments. (Various anthropogenic processes that drive climate
change and can feed back on the biosphere are discussed
extensively in Chapter 13 of MA Current State and Trends.)
An earlier review from a climate modeling perspective is
given in Dickinson (1992).

What are the changes of land use that may significantly
affect climate? They include conversion of natural forest to
other uses, including agroforestry, grazing, and crops; con-
version of grasslands by natural or human factors to other
covers, including shrubs (e.g., Hoffman and Jackson 2000)
and croplands; desertification; initiation or cessation of irri-
gated agriculture; urbanization; draining or creation of sea-
sonal or permanent wetlands; and, in general, anything
changing the overall vegetation density, commonly ex-
pressed in models by its leaf-area index, or changing the
hydraulic or nutrient properties of the soil (such as compac-
tion or salinization).

Discussion here is limited to the question of the current
modeling basis for describing how changes in human land
use can modify climate. Any quantification of the future
impacts on climate of land use change must start with pre-
dictions or scenarios of land use change. These changes
must be described in terms of the parameters that character-
ize the impacts of land on climate through biophysical (that
is, energy and water balance) or biogeochemical effects
(modifying the atmospheric gaseous or particulate composi-
tion). Chapter 13 in the MA Current State and Trends vol-
ume addresses current knowledge as to land use change
modification of climate drivers. Here, we focus on the as-
sessment of the capabilities for future prediction, assuming
we have appropriate information on current conditions
(which in reality we may not always have).

Describing the biophysical impacts of land use and land
cover change on local and regional climate is an area where
the general modeling strategy and methodology is relatively
free of controversy. A single modeling approach—based on
global and regional climate models—is accepted as credible,
so the assessment task is a judgment as to which implemen-
tations of this method are likely to be most successful.
However, application of these models to the question of
the impacts of land cover change on climate is sufficiently
immature that their evaluation has been limited. In other
words, any such application may provide useful guidance,
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but details would have to be presented with ample caveats
and with considerable uncertainties. The most serious bot-
tlenecks for progress are quantification of scenarios of future
land use and land cover change in terms that provide pa-
rameters needed by the models, the lack of test cases with
which modeled impacts of land use/land cover change have
been compared to observations, the absence of a full incor-
poration of feedbacks from changes of vegetation cover in
climate simulations, and uncertainties in the treatment of
the coupling between land cover change and atmospheric
boundary layer processes connected to rainfall.

Biogeochemical connections to terrestrial ecosystems are
detailed in Chapter 13 of the MA Current State and Trends
volume and various management strategies are indicated in
Chapter 12 of the MA Policy Responses volume. This brief
overview of the biogeochemical consequences of land use
change indicates what should be included as output of such
modeling: The terrestrial system includes important stores
of carbon that through land use change can become sources
for greenhouse gases or other significant atmospheric con-
stituents. In addition, terrestrial processes can sequester car-
bon dioxide from the atmosphere and so reduce the impact
of that added by fossil fuel combustion. The release of
methane to the atmosphere by carbon cycling in anoxic
soils can be modified by land use change. Land use change
that extends livestock grazing may increase methane emis-
sions. Changes may also occur in the release of volatile or-
ganic compounds and so affect air quality or the formation
of aerosols, and the latter may have impacts on cloud forma-
tion and precipitation.

4.3.1 Existing Approaches

4.3.1.1 Climate Models as Used to Address Biophysical Impacts
of Land Cover Change

The only general approach to assessing impacts of land use/
land cover change on climate that has a good likelihood of
providing useful information from a policy viewpoint is a
comprehensive approach that integrates global or regional
climate models. Such integration is only likely to be credi-
ble if its starting point is current state-of-the-art climate
models. There are perhaps a dozen state-of-the-art models
worldwide as developed and maintained by large groups of
scientists. These models are extensively evaluated by the
IPCC Working Group I (e.g., IPCC 2001), and so their
summary here can be brief. Such models serve as national
or international resources that are generally available to ap-
propriate collaborators and in some cases freely distributed
from the Internet in a form suitable for use on multiple
computer platforms with documentation to facilitate their
use by independent scientists (e.g., the Community Climate
System Model; Blackmon et al. 2000, 2001). However,
meaningful use of these models still requires adequate scien-
tific background, considerable individual commitment, and
adequate computational resources. Such models have been
under development for several decades by various groups
and have many applications (e.g., Manabe and Stouffer
1996; Osborne et al. 2004).
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Climate is modeled by simulation of the atmospheric
weather and coupled surface processes on an hour-by-hour
and day-by-day basis. The surface processes include an
ocean model, a sea ice model, and a land surface model.
The fluid behavior of the atmosphere and oceans are de-
scribed by partial differential equations that are numerically
integrated. The most advanced such ‘‘Earth System’’ mod-
els have been developed by large teams of scientists with
considerable institutional support. The World Climate Re-
search Programme of the World Meteorological Organiza-
tion is largely devoted to coordination between the various
modeling groups and sponsorship of multiple evaluation ac-
tivities of model components and complete model simula-
tions to improve these models.

Climate is established from the simulations of these
models through various kinds of averaging in time and
space and other such analyses that are commonly used with
observational data or to help diagnose the functioning of
the system. A variety of model outputs are produced, each
of which may be of interest to a different community of
scientists.

The overall strategy for use of these models to address
impacts of some imposed change is relatively simple. The
equations are integrated over a sufficiently long period,
often many simulated years, to establish their climatology.
Such a simulation is then repeated, except for the assumed
change, such as land use (e.g., Maynard and Royer 2004),
and the consequent climate impact and its statistical confi-
dence level is assessed by the difference between the two
states and through its comparison with natural fluctuation
statistics.

The production of a sufficient number of independent
samples from this naturally chaotic system is achieved by
some combination of simulating for a sufficiently long pe-
riod, carrying out the integrations multiple times (ensemble
approach, cf. Boer 2004), and using statistical methods of
pattern analysis to optimize the signal (climate change, for
example) relative to the natural variability (that is, noise)
of the system. Available computational resources, and more
important, questions as to the correctness of model details
may limit such analyses.

The latter issue is addressed and more robust conclusions
are obtained by carrying out the same integration with mul-
tiple independent models and identifying and analyzing any
significantly different results that arise or by assessing the
model components most important for the answer being
sought in terms of how they may contribute to the uncer-
tainty of the result. The time required to equilibrate is nec-
essarily at least as long as the longest time scales of the
individual systems. For the oceans, this is determined by
depth included and can be many centuries for a full ocean.
For prescribed vegetation and soil properties (that is, fixed
soil carbon and nitrogen), soil moisture takes longest to
equilibrate. Models that include the development of forests
or some of the slower soil processes may also require centu-
ries. Large ice sheets may require millennia.

4.3.1.2 Model Components Most Closely Connected to
Biophysical Impacts of Land Use Change
Land surface models couple atmospheric processes with the
conservation of energy and water, which may depend on
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land cover. These models initially simply tracked reservoirs
of water whose temperature was adjusted to conserve
energy by turbulent exchanges with the atmosphere (e.g.,
Manabe et al. 1965; Manabe and Bryan 1969; Manabe and
Wetherald 1975). Later authors (e.g., Dickinson et al. 1981;
Dickinson 1984; Sellers et al. 1986) addressed the need to
include land cover elements that varied geographically and
included greater complexity, such as a vegetation compo-
nent and multiple temperature and soil water variables.

The largest modifications in simulations from those of
earlier efforts resulted from the stomatal controls in plants
on transpiration. This aspect is now modeled from carbon
assimilation. Its inclusion (e.g., Sellers et al. 1997) and that
of snow cover and micrometeorology is now relatively ad-
vanced and well understood, but implementations may dif-
fer in details because of different objectives and institutional
histories (e.g., Dai et al. 2003). Improvements in the map-
ping of different land covers and their correlations with leaf
area and albedo are being implemented with use of new
global remote sensing data (e.g., Buermann et al. 2002; Tian
et al. 2004a, 2004b). Many of the more important impacts
of land use/land cover change, such as impacts on the hy-
drological cycle, require not only these components but
also the coupling of the surface micrometeorology to atmo-
spheric boundary layer processes.

What attributes of land use changes need to be incorpo-
rated in climate models? The answer to this question entails
all key attributes that current climate models use as inputs
when calculating energy fluxes. These include the LAI and
hydraulic properties mentioned earlier, albedo and surface
roughness, stomatal functioning as an element of evapo-
transpiration and carbon cycling, and the ways energy fluxes
might be changed independent of the above—for example,
through nutrient changes. These properties are included ei-
ther from prescribed vegetation cover with seasonal phe-
nologies or through models of the vegetation dynamics.

It is currently not practical to include a wide variety of
plant species, so that the climate role of vegetation is repre-
sented by 10–20 ‘‘plant functional types’’ (e.g., Bonan et al.
2002). The extra detail of subtle species-differences within
the same functional group may never yield sufficient addi-
tional predictive power to make species-specific models de-
sirable. The dynamics of vegetation as it interacts with soil
moisture and its climatic environment can be formulated at
various levels depending on the time scales involved. For
changes over a few years or less, only leaf properties need
to be included. On longer time scales, growth, competition,
and hence initiation and survival of individual plant types
may have to be included to characterize the terrestrial feed-
backs adequately.

In general, the vegetation cover can have strong influ-
ences on the surface exchanges of energy and water. Past
sensitivity studies (e.g., Bonan et al. 1992; Foley et al. 1994)
have revealed that a transition from systems shaded by trees
to short vegetation covered by snow can have a large posi-
tive feedback on climate in high latitudes. Raupach (1998)
has shown these sorts of response to gradual temperature
changes are not always incremental but can instead involve
abrupt transitions or thresholds. In addition, spatial scales of
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surface heterogeneity in terms of wind, soils (e.g., Zender
and Newman 2003), soil moisture, and vegetation will in-
teract with the underlying turbulent convection to structure
its spatial scale and consequently the probability and
amounts of precipitation.

4.3.1.3 Examples of Land Use Change Addressed in Past
Literature

Various idealized scenarios have been studied. One popular
question has been the possible impacts of complete conver-
sion of the Amazon forest to degraded pasture (e.g. Dickin-
son and Henderson-Sellers 1988; Lean and Warrilow 1989;
Shukla et al. 1990; Nobre et al. 1991; Zhang et al. 1996;
Voldoire and Royer 2004). Early analyses of this extreme
scenario differed fairly widely not only in results but also in
how the scenario was translated into model parameters. The
controlling parameters are the surface albedo, surface
roughness, soil hydrological properties, and possibly the ca-
pacity of the vegetation to transpire through stomatal func-
tioning.

The most obvious changes when the Amazon forest is
converted to pasture are that its albedo increases and it be-
comes a much smoother surface. The increased albedo re-
duces surface sensible and latent fluxes and ultimately alters
precipitation in almost all models; the decreased surface
roughness tends to make the surface warmer, and the in-
creased upward infrared radiation leads to further reduction
of boundary layer buoyancy generation. Substantial feed-
backs occur with atmospheric cloud cover, with less precip-
itation being accompanied by less cloud cover and more
surface solar heating. The need for more realistic scenarios
that address the consequences of conversion of smaller areas
and forest fragmentation is recognized but has not yet been
adequately addressed.

A few studies have addressed conversions in the United
States between forest and cropland (e.g., Bonan1999; Pan et
al. 1999; DeFries et al. 2002a). Although such conversions
superficially appear similar to Amazon deforestation, results
have been remarkably different, and, in particular, the sur-
face temperatures for cropland have declined rather than
increased. This effect appears to be a result of increases in
evaporative cooling and suggests that plant nutrition effects,
especially nitrogen levels, may provide strong coupling to
surface temperatures and precipitation.

4.3.1.4 Models of Biogeochemical Impacts of Land Cover
Change on Climate

Biogeochemical models to estimate greenhouse gas emis-
sions from land cover change are much simpler than the
climate models used to estimate the biophysical impacts.
Most efforts have focused on the release and uptake of at-
mospheric carbon dioxide from land cover change, particu-
larly deforestation. The most widely used approach is a
‘‘bookkeeping’’ model, in which estimates of the areas of
each type of land use change are combined with prescribed
response curves for decay and regrowth (Fearnside 2000;
Houghton and Hackler 2001).

The land use changes in the bookkeeping model include
the conversion of natural ecosystems to croplands and pas-
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tures, the abandonment of agricultural lands with subse-
quent recovery of natural vegetation, shifting cultivation,
harvest of wood (forestry), plantation establishment, and, in
some instances, fire management (exclusion and suppression
of fire). The bookkeeping approach requires three basic in-
puts: rates of clearing, biomass at time of initial clearing, and
decay and regrowth rates following clearing. Houghton and
Hackler (2001) have applied the model at a very coarse,
continental scale. More recently, remote sensing analysis to
determine rates of deforestation have been combined with
the bookkeeping model for more spatially explicit estimates
of carbon emissions (Achard et al. 2002; DeFries et al.
2002b).

In addition to the bookkeeping approach, process mod-
els of the terrestrial carbon cycle have been used to estimate
carbon fluxes from land use change (DeFries et al. 1999;
McGuire et al. 2001). Such models simulate carbon stocks
in vegetation and soil and the uptake and release of carbon
through photosynthesis and respiration, based on variables
such as climate, incoming solar radiation, and soil type. The
most recent developments are dynamic models that simu-
late the response of vegetation to climate change and en-
hanced growth from elevated atmospheric carbon dioxide
concentrations, as well as the resulting feedbacks to the at-
mosphere through changes in the vegetation’s uptake and
release of carbon dioxide (Cox et al. 2000). Anthropogenic
land cover changes have not yet been incorporated in this
framework.

Most efforts to model greenhouse gas emissions from
land cover change have focused on carbon dioxide. Models
to estimate emissions of other greenhouse gases from land
use change, including methane from landfills, rice paddies,
and cattle, and nitrous oxide from agricultural soils, are
hampered by incomplete understanding of the biological
processes.

4.3.2 Critical Evaluation of Approaches

4.3.2.1 Modeling of Biophysical Impacts of Land Cover Change

This section assesses how successful we judge models to be
in attempting to model the impacts of land cover change
on local climates. The local and regional climate variables
that are modeled are primarily surface temperature and hu-
midity and rainfall. We address how well this is done from
the viewpoint of somebody who might want to use these
models as a tool. A description of the details of any one
model is far too complex to be presented here. Rather, in
order to assess their success, we describe in broad-brush
terms what the models are trying to do. Details are omitted,
such as the fact that surface temperature is not a single vari-
able but has several important elements that must be indi-
vidually modeled. The type of rainfall believed to be most
affected by land use change is of the ‘‘convective’’ (thun-
derstorm) variety. Because it involves important processes
that occur on scales that are not incorporated in current
models, we judge that changes of this variable are not yet
reliably modeled.

4.3.2.1.1 Modeling of temperature change
Current modeling can be judged to provide, in principle,
adequate results for temperature changes on a large scale.
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Temperatures change with land cover change because of
changes in absorbed solar radiation (controlled by cloud
cover and albedo), because of changes in the fraction of
energy going into evapotranspiration, and because of
changes in roughness elements alter turbulence patterns.
The land surface modeling of these relationships is limited
primarily by uncertainties as to how albedo, roughness ele-
ments, clouds, and precipitation will change with land use
change. Mathews et al. (2004) estimate that past land cover
change has cooled the world by between 0.1 and 0.2 K and
that the carbon released by this land cover change has
warmed the world by a comparable amount.

4.3.2.1.2 Representation of heterogeneous land surface in models

Land cover is heterogeneous on a spatial scale that is much
finer than the coarse grid cell size of climate models; these
models treat all vegetation within grids the size of many
thousands of square kilometers as essentially homogeneous.
Because the resolution is so coarse, it is not possible to sim-
ulate with confidence the possible effects of forest fragmen-
tation and inclusion of patches of other cover, such as crops
or pasture. Local micrometeorological factors that will
change with land cover exert considerable controls on local
and regional temperatures. Since such changes are confined
to the fraction of land whose use/cover has been changed
and can go in both directions, their contribution to global
temperature changes is usually thought to be relatively
small. However, they can become considerably more sig-
nificant if temperature changes are weighted by various risk
factors such as proximity to human populations. The mi-
crometeorological effects for particular local or regional sys-
tems may have important consequences for precipitation, as
discussed later, but we do not understand how to include
such effects in climate models.

4.3.2.1.3 Difficulties in modeling rainfall

Modification of rainfall is potentially one of the most im-
portant climatic impacts of land use change (e.g., Pielke
2001). This interesting issue is not well developed because it
involves scaling aspects of modeling that are not sufficiently
advanced. However, it is possible to clarify what is most
important. Precipitation in summertime and tropical sys-
tems (that is, rainfall) is largely or entirely convective. It is
this type of precipitation that is most sensitive to the atmo-
sphere’s lower boundary and hence land use change. Win-
tertime precipitation is largely generated by large-scale
storm systems that are less connected to the surface and
often originate over the ocean.

Convective rainfall is initiated primarily because of the
instability (positive buoyancy) of near surface air that acts in
two ways: it allows convective plumes to penetrate from
the boundary layer up to the level of free convection,
where moist instability carries it further, as high as the top of
the tropopause; and through horizontal gradients it creates
pressure forces that drive horizontal convergence, hence
further uplift. The drivers of these mechanisms are land het-
erogeneities, which are currently lost in the processes used
to scale the effects of motions on these scales to the scales
resolved by climate models. In principle, scaling should in-
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clude all the statistical properties given by distributions of
the small-scale systems that couple back to the large scale.
However, the formulations currently used assume an under-
lying homogeneous surface and may be intrinsically incapa-
ble of determining the changes of rainfall from land use
change.

4.3.2.1.4 Difficulties assessing the significance of modeled impacts of
land use change

Modeling studies test the sensitivity of climate to land cover
changes by varying only the land cover in the model. In
reality, land cover is only one of many factors that deter-
mine climate, including winds, incoming radiation, and
clouds. These confounding factors make it difficult to iden-
tify a ‘‘land cover signal’’ from natural variability either in a
model or in observations. Although sound statistical proce-
dures are available for determining the ‘‘signal to noise’’
ratio of systems with spatially and temporally correlated ran-
domness (e.g., Von Storch and Zwiers 1999), these have
commonly not been used in studies of climate change from
land use change. This limitation hampers interpretation of
impacts reported in the literature.

4.3.2.1.5 Other complexity issues related to inadequacies of scaling
methodology

More detailed models traditionally calculate evapotranspira-
tion in terms of three components: transpiration, soil evap-
oration, and canopy evaporation (interception loss). Model
results depend on how these are apportioned, which de-
pends strongly on precipitation intensities. One difficulty
with many models is that they apply their calculated precip-
itation and radiation from the atmospheric model uniformly
over their grid-squares. These resolution elements are gen-
erally of much larger scale than the occurrence of individual
convective systems, however, and hence poorly match ac-
tual local precipitation intensities and radiation. Appropriate
precipitation and radiation downscaling must be used in the
model to obtain better results. Because of the use of faulty
satellite-derived data, some models have underestimated the
LAI of tropical forests and in doing so have exaggerated the
losses of soil water to bare soil evaporation.

Current parameterizations of runoff do not provide very
plausible schemes for the downscaling to the scales on
which precipitation and runoff occur. Because runoff pro-
vides a major feedback on soil moisture, inadequacies in
its treatment introduce uncertainty into the issue of soil-
moisture/vegetation interaction (e.g., Koster and Milly
1997).

4.3.2.2 Modeling of Biogeochemical Impacts of Land Cover
Change

Model estimates of greenhouse gas fluxes from land cover
change have a large range of uncertainty. Carbon dioxide
emissions from deforestation and uptake from regrowth are
the most uncertain components of the global carbon budget
reported by the IPCC. The uncertainties arise from impre-
cise data on the required model inputs. Estimates of the
rates of deforestation vary, and spatially explicit data cover-
ing the entire tropical belt are not available. These estimates
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are improving with the use of satellite data, but there is
currently no pan-tropical observational system for monitor-
ing deforestation. A second source of uncertainty arises
from lack of spatial data on biomass distributions prior to
clearing. Field measurements of biomass are based on point-
samples, which are difficult to extrapolate over larger areas.
Satellite capabilities to assess biomass distributions over large
areas are not in place.

Estimates of other greenhouse gas fluxes—methane and
nitrous oxide—from land cover change are even more un-
certain than estimates of carbon dioxide fluxes. For these
gases, inadequate understanding of the biological processes
limits the modeling capabilities.

4.3.3 Research Needs

Future scenarios need to provide data quantified for input
to climate models. Specifically, they need to describe in
quantitative terms how the surface structure and its radiative
properties have been modified, using parameters used by
the climate models.

Test cases are needed with simultaneous observations of
land use change and climate change to test modeling pre-
dictions; some areas expected to undergo large land use
change in the future should be equipped with an adequate
observational system to measure the consequent climate
change.

An interactive vegetation-climate dynamical system
needs to be a component of future scenarios. That is, quan-
titative trajectories of land use on a global basis should be
prescribed in terms of quantities that can be used as bound-
ary conditions for climate models. In this way, it would
become possible to address the synergies between land use-
driven climate change and greenhouse warming.

For the biogeochemical fluxes, improved monitoring
systems for deforestation and biomass distributions are
needed to reduce uncertainties of carbon emitted to the at-
mosphere as a result of land cover change. In addition, dy-
namic models that estimate changes in carbon fluxes as a
result of vegetation being altered by climate change need to
also include vegetation changes expected because of human
activities, which will also be altering the landscape.

4.4 Forecasting Change in Food Demand and
Supply
Over the past 50 years, there have been at least 30 quantita-
tive projections of global food prospects (supply and de-
mand balances), as well as numerous qualitative predictions,
with the latter often tied to short-term spikes in global food
prices. Global simulation models that simulate the interrela-
tionships among population growth, food demand, natural
resource degradation, and food supply are yet another class
of forecasting exercises (Meadows et al. 1972, 1992; Mesar-
ovic and Pestel 1974; Herrera 1976); but they are not com-
monly used today.

The number of players engaging in projections of future
food demand, supply, and related variables at the global
level has been declining over time. Important organizations
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conducting projections on the global scale include the Food
and Agriculture Organization of the United Nations, the
Food and Agriculture Policy Research Institute, the Inter-
national Food Policy Research Institute, the Organisation
for Economic Co-operation and Development, and the
U.S. Department of Agriculture. Other food projection ex-
ercises focus on particular regions, like the European
Union. Finally, many individual analyses and projections are
carried out at the national level by agriculture departments
and national-level agricultural research institutions. Results
from some of these models are published periodically with
updated projections. In addition to their differing coverage
and regional focus, existing approaches also vary in the
length of the projections period, the approach to modeling,
and in the primary assumptions made in each model. The
focus in this section will be on global food projection
models.

4.4.1 Existing Approaches

This section examines the evolution of food supply and de-
mand projections and examines current food projection
models based on various criteria, following McCalla and
Revoredo (2001), who carried out a critical review of food
projection models.

4.4.1.1 Evolution of Food Supply and Demand Projections

Early food models (for example, the mathematical model of
population growth posited by Thomas R. Malthus) focused
on potential food gaps by comparing fixed land resources
with rates of growth of population. This was followed by a
requirements approach, where minimum nutritional needs
were multiplied by population to produce projected food
needs; on the supply side, yield increases were added to
supply projections.

By the 1960s, income and Engel curves (statistical rela-
tionship between consumption and income) were added to
food demand projections, while Green Revolution changes
in food production, as well as resource limits, were added
on the supply side. Food price instabilities in the early
1970s, making the assumption of constant prices illusionary,
spurred the disaggregation of global models to the national
level, with domestic supply and demand, country by coun-
try, and appropriate cross-commodity (maize and wheat, for
instance) relationships embedded and with explicit recogni-
tion of policy built in. Disaggregation also allowed for a
more detailed representation of changes in food prefer-
ences, including the diversification of diets with changing
income levels. Models thus graduated from supply-and-
demand gap projections into global price equilibrium trade
models, which are more sophisticated, much larger, and
more expensive to maintain (McCalla and Revoredo 2001).

4.4.1.2 Approach to Food Projections Modeling

The main types of global food projection models fall into
two categories, trend projection models and world trade
models.

Trend projection models project supply and demand
separately based on historical trends. Relative prices are as-
sumed to be constant over time. In pure trend projection

................. 11411$ $CH4 10-27-05 08:41:22 PS



82 Ecosystems and Human Well-being: Scenarios

models, which include most of the existing trend models,
the difference between projected consumption and pro-
jected production creates a gap, indicating food surpluses
and shortages at the regional or global level, which can be
bridged through trade. FAO’s projections during the 1960s
to the 1980s, IFPRI’s 1977 and 1986 projections (IFPRI
1977; Paulino 1986), OECD’s 1960s projections, and
USDA’s 1960s projections fall into this category. In ex-
tended trend projection models, a spatial trade model is
used to distribute the projected surpluses or deficits among
regions and countries (Blakeslee et al. 1973). This can be
done in the form of transportation models, which minimize
the cost of moving surpluses to shortage locations by esti-
mating food flows over geographical regions.

The simplest world trade models assume a global supply
and demand equilibrium. In particular, these models esti-
mate supply and demand functions at the country/regional
levels; projections are aggregated at the world market,
where prices adjust until global supply equals global de-
mand. These models are also called price endogenous mod-
els. All major food projection models in use fall into the
class of global non-spatial trade models. They include the
different versions of FAO’s World Food Model (FAO
1993), partly used in FAO’s World Agriculture: Towards
2015/30 study (Bruinsma 2003), IFPRI’s IMPACT model
(Rosegrant et al. 2001), FAPRI’s commodity models (Mey-
ers et al. 1986), the World Agricultural Model from the
International Institute for Applied Systems Analysis (Parikh
and Rabar 1981), the Free University of Amsterdam’s
Model of International Relations in Agriculture (Linne-
mann et al. 1979), and the World Bank model (Mitchell et
al. 1997).

An alternative form of world trade models starts by as-
suming the costs of trade among regions have been mini-
mized (using output from transportation models), subject to
constraints that represent the characteristics of the different
regions (Thompson 1981). These models depict spatially
varying patterns of trade between different regions. Unfor-
tunately, spatial models do not predict trade flows well, due
to the reality of quantitative trade barriers, the heterogene-
ity of commodities in terms of characteristics and seasonal-
ity, and risk diversification strategies being pursued by
importers (McCalla and Revoredo 2001).

Earlier models used linear equations, while more recent
versions are based on nonlinear elasticity equations, which
can better handle sharp perturbations (or ‘‘shocks’’). Early
projection models were static, with point estimates for fu-
ture years dependent on projected rates of change in popu-
lation and other key variables. The alternative approach
entails recursive models that estimate all variables annually,
moving repeatedly toward the final year, allowing for the
observation of the path of adjustment. Most projection
models are partial equilibrium models—that is, they focus
on the agricultural sector instead of representing the entire
economy.

4.4.1.3 Coverage

Country and commodity coverage differ by model.
Whereas some models explicitly focus on developing coun-
tries (for example, the IMPACT and FAO models) and
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therefore tend to aggregate industrial countries and regions,
others have been specifically developed to analyze the food
supply, demand, and trade projections of industrial coun-
tries, in general, or the European Union, in particular, like
CAPRI of Bonn University (CAPRI 2004).

The European Commission, for example, recently com-
missioned a study on the impact of its Mid-Term Review
proposals for the year 2009 with reference to a status quo
policy situation, involving six different agricultural projec-
tion models: the EU-15 agricultural markets model and the
ESIM model, both under the Directorate General for Agri-
culture of the EU (DG-AGRI 2003a); the FAPRI model
(FAPRI 2002a, 2002b); the CAPRI model of the Univer-
sity of Bonn, operating at the regional level (DG-AGRI
2003b); the CAPMAT model of the Centre for World Food
Studies of the University of Amsterdam and the Nether-
lands Bureau for Economic Policy Analysis in The Hague
(DG-AGRI 2003a); and the CAPSIM model, operating at
the national level, also from the University of Bonn (DG-
AGRI 2003a, 2003c). Similarly, commodity coverage dif-
fers among models, depending on the region or issue of
concern. IMPACT, for example, started out with a focus on
rice, followed by other staple crops of importance to the
food security situation of poor countries, before adding
higher-value commodities.

4.4.1.4 Projections Period

Long-term projections include those by IFPRI and FAO
(as presented in World Agriculture: Towards 2015/30). Short-
term projections have been developed by FAO, FAPRI,
USDA, and OECD.

FAO has produced a series of long-term projections, be-
ginning with the Indicative World Plan for Agricultural Devel-
opment (FAO 1970), followed by World Agriculture: Towards
2000 (Alexandratos 1988), World Agriculture: Towards 2010
(Alexandratos 1995), and World Agriculture: Towards 2015/
2030 (Bruinsma 2003). These are recursive global non-
spatial trade models. The most recent study has a base year
of 1997–99, incorporates the medium-variant U.N. popu-
lation projections (2001), GDP data from the World Bank,
and agricultural data from its own databases to project food
supply, demand, and net trade for crops and livestock prod-
ucts for 2015 and 2030.

FAO develops projections through many iterations and
adjustments in key variables based on extensive consulta-
tions with experts in different fields, particularly during
analysis of the scope for production growth and trade. The
end product may be described as a set of projections that
meet conditions of accounting consistency and to a large
extent respect constraints and views expressed by the spe-
cialists in the different disciplines and countries (Bruinsma
2003, p. 379). The FAO study only uses one scenario: a
baseline that projects the future that the authors anticipate
to be most likely.

The International Model for Policy Analysis of Agricul-
tural Commodities and Trade was developed at IFPRI in
the early 1990s (Rosegrant et al. 1995). IMPACT is a repre-
sentation of a competitive world agricultural market for 32
crop and livestock commodities and is specified as a set of
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43 country or regional sub-models; supply, demand, and
prices for agricultural commodities are determined within
each of these. World agricultural commodity prices are de-
termined annually at levels that clear international markets.

IMPACT generates annual projections for crop area,
yield, and production; demand for food, feed, and other
uses; crop prices and trade; and livestock numbers, yield,
production, demand, prices, and trade. The current base
year is 1997 (average of 1996–98). The model uses FAO-
STAT agricultural data (FAO 2000); income and population
data and projections from the World Bank (World Bank
1998, 2000) and the United Nations (UN 1998); a system
of supply and demand elasticities from literature reviews
and expert estimates; rates of malnutrition from the U.N.
Administrative Committee on Coordination–Subcommittee
on Nutrition (ACC/SCN 1996) and the World Health Or-
ganization (WHO 1997); and calorie-malnutrition relation-
ships developed by Smith and Haddad (2000).

The Food and Agricultural Policy Research Institute
publishes short-term projections of the U.S. as well as an
annual world agricultural outlook (FAPRI 2003). This con-
sists of an integrated set of non-spatial partial equilibrium
models for major agricultural markets, including world
markets for cereals, oilseeds, meats, dairy products, cotton,
and sugar. For each commodity, the largest exporting and
importing countries are treated separately, with other coun-
tries included in regional groupings or a ‘‘rest of world’’
aggregate. For most countries and commodities, the model
estimates production, consumption, and trade; in many
cases the model also estimates domestic market prices,
stocks, and other variables of interest. Parameters are esti-
mated based on econometric techniques, expert opinions,
or a synthesis of the literature. Similar to IFPRI’s IMPACT
model, area is generally a function of output and input
prices and government policies, while yield equations in-
corporate technical progress and price responses. The pro-
jection horizon is 10 years (DG-AGRI 2003a).

The OECD Agricultural Outlook provides a short-term
assessment (five years ahead) of prospects for the markets of
the major temperate-zone agricultural products of OECD
members (OECD 2003). The projections to 2008, pre-
sented in the latest Outlook based on the recursive AGLINK
model, are considered a plausible medium-term future for
the markets of key commodities. Projections are developed
by the OECD Secretariat together with experts in individ-
ual countries from annual questionnaires supplemented
with data from FAO, the United Nations, the World Bank,
and the IMF to determine market developments in the
non-OECD area. National market projections are then de-
veloped with AGLINK and linked with one another
through trade in agricultural products. Final results are pre-
sented following a series of meetings of the various com-
modity groups (cereals, animal feeds and sugar, meat and
dairy products) of the OECD Committee for Agriculture
(Uebayashi 2004).

The U.S. Department of Agriculture also produces
short-term baseline projections of the agricultural situation
12 years into the future (USDA 2003). These projections
cover agricultural commodities, trade, and other indicators,
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including farm income and food prices. The USDA presents
a baseline scenario that projects a future with no shocks, a
continuation of U.S. policies, and other specific assump-
tions related to agricultural policies, the macro economy,
weather, and international development. Crops included
are corn, sorghum, barley, oats, wheat, rice, upland cotton,
and soybeans, as well as some fruit, vegetable, and green-
house/nursery products. The model also produces projec-
tions for livestock, including beef, poultry, and pork. The
projections that are presented tend to focus on the situation
in the United States.

4.4.2 Critical Evaluation of Approaches

In their assessment of global projection models, McCalla
and Revoredo (2001 p. 39) conclude that projections with
shorter time horizons are more accurate than those with
longer horizons; that projections are more accurate for ag-
gregations of components—regions, commodities—than
for the component parts themselves; and that projections
for larger countries tend to be more accurate than for
smaller ones. Data problems are a major cause of error, es-
pecially in developing countries. Moreover, data deficien-
cies are most frequently encountered in countries with
severe food security problems, leading to erroneous conclu-
sions and making it particularly difficult to develop ade-
quate policy interventions.

For industrial countries, modeling rapidly changing,
complex domestic policies, including quantitative border
restrictions, is a major issue of concern. Rosegrant and
Meijer (2001) point out that for IMPACT, the main dis-
crepancies in the projections are due to short-term variabil-
ity, such as the collapse of the Soviet Union or major
weather events, which cause large departures from funda-
mental production and demand trends—variability that
long-term projection models are not intended to capture.

Most of the currently used projection models are equi-
librium models, which by construction require continuous
adjustment to produce consistent, stable conclusions (Mc-
Calla and Revoredo 2001).

Food projection models typically produce alternative
scenario results, which can then be used to alert policy-
makers and citizens to major issues that need attention. A
test for the usefulness of these models may therefore be
whether the results of these models (for example, the differ-
ent scenarios) enrich the policy debate (McCalla and Re-
voredo 2001).

While models can make important contributions at the
global and regional levels, food insecurity will be increas-
ingly concentrated in individual countries with high popu-
lation growth, high economic dependence on agriculture,
poor agricultural resources, and few alternative develop-
ment opportunities. These countries continue to be over-
looked in regional and global studies because, overall,
resources are sufficient to meet future food demands.

Each of the models described includes several critical as-
sumptions in their approaches. Although the general meth-
odology and underlying supply and demand functional
forms are well established in the literature and have been
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widely validated, the details of how to implement these
principles in specific models are not agreed on. For exam-
ple, the elasticity of supply and demand functions is often
unknown. Moreover, the supply and demand functions
must be adjusted by growing incomes or population
growth, which are not easily predicted and thus introduce
an exogenous layer of uncertainty.

4.4.3 Research Needs

Future research should include the integration of poverty
projections with global food supply and demand projec-
tions. In addition, distributional consequences of such pro-
jections need examination. Moreover, research aimed at
generating future food security–environment scenarios
must sufficiently disaggregate agroecologies and commodi-
ties so that chronically food-insecure countries do not get
overlooked in regional/global modeling exercises. To rep-
resent the nexus of poverty, food insecurity, and land degra-
dation, we will need models that better treat the way
changes in ecosystems influence these factors and in turn
are driven by them. Last, there is clearly the possibility that
new technologies, most notably genetically modified crops,
could alter food production systems in ways that have im-
plications for human well-being, local economies, and land
practices. A forthcoming study by the National Research
Council of the U.S. National Academy of Sciences is focus-
ing on alternative futures due to biotechnology, and that
study could be a foundation for better models of food pro-
duction.

4.5 Forecasting Changes in Biodiversity and
Extinction
Forecasting changes in biodiversity is key to developing
plausible scenarios of the future. Unfortunately, biodiversity
does not mean the same thing to all ecologists and cannot
be assigned one unambiguous metric. For practical reasons,
the MA scenarios focus on species richness. Changes in spe-
cies richness include both gains and losses of species. This
section briefly outlines several approaches to predicting
changes in species richness on the time scale of 100 to 1,000
years. Global extinction is considered by some to be the
most serious of all the anthropogenic global changes be-
cause it is the only one that will never be reversed.

4.5.1 Existing Approaches

4.5.1.1 Qualitative Approach

One of the earliest attempts to develop global biodiversity
scenarios used a qualitative approach (Sala et al. 2000;
Chapin III et al. 2001). The exercise focused on terrestrial
biomes and freshwater ecosystems, but the qualitative ap-
proach could be used similarly to evaluate patterns of bio-
diversity change in the oceans. The globe was divided into
11 biomes and two types of freshwater ecosystems, and sce-
narios were developed for the year 2100. The first step was
to identify, based on expert opinion, the major drivers of
global biodiversity change. The major drivers were deter-
mined to be changes in land use, climate, nitrogen deposi-
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tion, biotic exchange, and atmospheric concentration of
carbon dioxide. Biotic exchange referred to the accidental
or deliberate introduction of non-native species into an
ecosystem.

The second step broke the analysis into two compo-
nents: assessing the drivers of biodiversity change and char-
acterizing biome-specific sensitivity to changes in those
drivers. Patterns of change for drivers were described from a
series of existent models. For example, the IMAGE 2 model
(Alcamo 1994) provided patterns of global land use change,
and Biome 3 (Haxeltine and Prentice 1996) yielded esti-
mates of climate change and potential vegetation. More
qualitative models were used to estimate the global patterns
of the other drivers. Drivers were not expected to change
uniformly across biomes. Although there was agreement
that biomes ought to react differently to changes in drivers,
there was no quantitative assessment of biome sensitivity to
each driver. Instead, the exercise developed a ranking of
sensitivity for each driver and biome based on the opinion
of experts representing each biome. These experts have all
worked in the biome that they were representing; their ap-
preciations of biome sensitivity were based on their under-
standing of the ecology of each biome and were calibrated
across biomes at a workshop at the National Center for
Ecological Analysis and Synthesis, University of California,
Santa Barbara. Sensitivity estimates were ranked on a scale
from 1 to 5.

The relative expected change in biodiversity from each
biome and freshwater ecosystem resulting from each driver
was calculated as the product of the expected change in the
driver and the biome sensitivity. Finally, the total biodiver-
sity change per biome depended on the interactions among
drivers of biodiversity change. The exercise developed
three alternative scenarios by assuming that there were no
interactions among drivers, that the interactions were syn-
ergistic, or that the interactions were antagonistic. The
three scenarios would encompass a range of potential out-
comes. Information was not available to assign a higher
probability for any of the alternatives. Computationally, the
no-interaction scenario calculated total biodiversity change
as the sum of the effects of each driver, the synergistic sce-
nario used the product of the change resulting from each
driver, and the antagonistic scenario used the change result-
ing from the single most influential driver.

4.5.1.2 Correlation to Environmental Variables

Climate has been identified as one of the most important
correlates of species richness for a wide range of taxa (Ro-
senzweig 1995; Whittaker et al. 2001; Brown 2001). In
combination with changing topography, climate change has
been invoked to explain speciation and extinction events in
such diverse taxa as hominids (Foley 1994), trees (Ricklefs
et al. 1999), carabid beetles (Ashworth 1996), and birds
(Rahbek and Graves 2001). Research on elevational clines
in species richness (e.g., Rosenzweig 1995; Lomolino 2001;
Brown 2001) further supports a fundamental role for cli-
mate as a determinant of patterns of biodiversity.

Many species exhibit a latitudinal gradient in species
richness (e.g., Turpie and Crowe 1994; Cumming 2000)
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that is strongly linked to climate (Gaston 2000; Whittaker
et al. 2001), available energy, and primary production (e.g.,
O’Brien 1998). These gradients have been used as one way
of predicting species richness over large areas, based on the
correlation between species occurrences and environmental
conditions. Correlative approaches typically use general lin-
ear models to estimate species richness in unsampled areas.
Species richness is frequently considered as a response variable
in its own right. An alternative but more time-consuming
approach is to model individual species occurrences and
then to stack species models to produce estimates of species
richness.

A special class of ‘‘correlative models’’ that has been used
to predict biodiversity impacts is the so-called bioclimatic
envelope approach (Midgley et al. 2002; Erasmus et al.
2002). These models identify the current distribution of
species in terms of climatic and other environmental vari-
ables (topography, soils, etc.) and then infer local disappear-
ance of species because new conditions are outside the
species ‘‘bioclimatic envelope.’’ This approach cannot really
predict whether a species will become extinct; instead, it
predicts changes in where species should occur. If no appro-
priate climate zone exists, then it might be concluded that
a species will go extinct, but this is not certain.

4.5.1.3 Species-Area Relationship

The most widely used approach for predicting species loss
entails the application of the species-area relationship
(Pimm et al. 1995; May et al. 1995; Reid 1992). This de-
scribes one of the most general patterns in ecology (Rosenz-
weig 1995; Brown and Lomolino 1998; Begon et al. 1998):
the relationship between the area of sampling and the num-
ber of species in the sample follows the power law,

S � cAz

where S is the number of species, A is the sampled area, z
is a constant that typically depends on the type of sampling,
and c is a constant that typically depends on the region and
taxa sampled. This was the approach adopted for the terres-
trial biodiversity scenarios, and its assumptions and uncer-
tainties are discussed at length in Chapter 10. Here we
simply revisit the high and low points of this approach.

The idea behind using the SAR to estimate extinction
rates is relatively straightforward; it simply assumes that the
number of species remaining after native habitat loss follows
a species-area curve, where A is the area of native habitat
left. A typical value of z for islands of an oceanic archipelago
or other types of habitat isolates (mountaintops, forest frag-
ments, etc.) is 0.3 (Rosenzweig 1995). It takes from a few
decades to several centuries for the species number in the
remnant habitat to reach the equilibrium predicted by the
SAR (Brooks et al. 1999; Ferraz et al. 2003; Leach and Giv-
nish 1996; see also Chapter 10). If habitat restoration takes
place during this time, the extinctions will be fewer than
predicted by the SAR.

4.5.1.4 Threat Analyses Approaches

In many cases species are at risk because of habitat degrada-
tion and environmental threats that do not lend themselves
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easily to a strict species-area curve approach. This is espe-
cially true for freshwater and marine biodiversity. In fresh-
water systems, water withdrawals and dewatering of streams
obviously can make it impossible for fish to survive. One
approach is to link water discharge to fish diversity (e.g.,
Oberdorff et al. 1995). Similarly, in the marine environ-
ment extinctions are very hard to observe, and the primary
impact that has actually been measured is a change in the
biomass occupying different trophic levels. Chapter 10
presents a method for relating changes in biomass at trophic
levels to changes in biodiversity. These threat analyses ap-
proaches typically start with a statistical relationship be-
tween some measured stress and a measured response in a
particular taxa (like fish in response to reduced water dis-
charge).

4.5.1.5 Population Viability Analyses

In order to categorize species according to their risk of ex-
tinction, modelers routinely conduct population viability
analyses. These range from simple diffusion approximations
for population fluctuations to detailed stochastic demo-
graphic matrix models. In all cases extinction is primarily a
function of the current population size, environmental vari-
ability, and rate of population growth rate (Morris and Doak
2002). Changes in extinction risk will result if any of these
key factors is altered. To date, most models that attempt to
predict changing extinction risk per species tend to focus
on what happens because species abundance is reduced.
There is no reason, however, that changes in environmental
variability (which is expected to be affected by climate
change) could not be used to project an altered extinction
risk for any given species. In theory, someone could sum
PVA models over many species and then generate predic-
tions about aggregate extinction risks.

4.5.2 Critical Evaluation of Approaches

4.5.2.1 Qualitative Approach

The strengths of the qualitative approach are that it is sim-
ple, tractable, and easy to communicate. It made global bio-
diversity scenarios possible before global species richness
was fully described. The major weaknesses of the approach
are associated with its scale and qualitative nature. The scale
at which the qualitative biodiversity scenarios were run was
very coarse, with only 11 terrestrial units and two freshwa-
ter ecosystem types. The coarse scale resulted in large errors
in driver patterns and also yielded results at a scale that was
too coarse to be used in management and decision-making.
Most decisions about biodiversity occur at finer scales—
from paddocks to nations—and never reach the level of bi-
omes. The second weakness is the qualitative nature of the
exercise that is related with the scale. This type of exercise
may only be doable at a coarse scale, where differences
among biomes are large enough to be captured without
more sophisticated calculations.

4.5.2.2 Correlation to Environmental Variables

In general, correlative approaches offer a reasonable alterna-
tive to mechanistic methods. Their main weaknesses are the
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same as those of any statistical analysis. The results may be
influenced by biases in sampling regime, they rely on large
sample sizes for accurate prediction, and they may fail to
take adequate account of complex system dynamics and
nonlinearity. Correlative approaches also make the assump-
tion that species will occur wherever habitat is favorable,
ignoring the potential for dispersal limitation and other
confounding biotic interactions (such as competition and
predation) unless they are explicitly included in the model.

Ideally, linear models of species richness should be based
on a small number of variables with well-demonstrated rel-
evance to the occurrence of the study taxon. A number of
studies have reported poor out-of-sample prediction, which
can often result from over fitting; a variety of statistical
methods (bootstrapping, jack-knifing, and model averag-
ing) can be used to overcome this problem (Raftery et al.
1997; Fielding and Bell 1997; Hoeting et al. 1999). Several
authors have used the predictive power of correlative meth-
ods to consider the likely implications of climate change for
species distributions and population processes (e.g., Schwartz
et al. 2001; Thomas et al. 2001; Kerr 2001; Peterson et
al. 2001), although a failure to take account of covariance
between climatic variables may result in oversimplification
of the problem (Rogers and Randolph 2000).

A further weakness in correlative approaches is that spe-
cies will not exploit their full potential geographic range if
individuals are unable to reach areas where the habitat is
suitable. Island biogeography (MacArthur and Wilson 1967;
Hubbell 2001) has been a widely used framework for think-
ing about changes in species distributions. Recent studies of
invasive species (e.g., Parker et al. 1999) also shed light on
the dispersal ability of organisms and the ways in which
physical and biological variables interact to change the ex-
tents of species ranges.

4.5.2.3 Species-Area Relationship

One strength of the SAR approach is its simplicity: it is
very straightforward way to explain how the calculation of
biodiversity loss is made. Furthermore, the SAR is an ubiq-
uitous pattern in nature, with more than 150 studies docu-
menting SARs for different taxa and regions (see, e.g., the
review in Lomolino and Weiser 2001). One weakness of
the SAR approach is that it does not distinguish among
species and hence does not tell us where to direct conserva-
tion efforts. Second, it does not predict when the loss of
ecosystem services associated with a species or a group of
species is going to occur, which may be before a species is
locally extirpated or may not occur even after that event.
Finally, the SAR approach accounts only for the impacts of
habitat loss. While habitat loss is the major driver of biodiv-
ersity loss (Sala et al. 2000; Hilton-Taylor 2000), other driv-
ers such as hunting, trade, invasive species, and climate
change are also important. Nevertheless, in the case of cli-
mate change the SAR has been used to predict biodiversity
loss based on predictions of habitat loss induced by climate
(Thomas et al. 2004).

A major assumption of the SAR approach is that no spe-
cies survive outside native habitat. Put another way, instead
of stating that habitat is lost, it is more accurate to say that
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habitat is changed. The actual changes in habitat, even if
from a forest to a plantation, do not correspond to total
habitat degradation. Some species will remain, even as habi-
tat is altered. In Costa Rica, for instance, about 20% of the
bird species are exclusively associated with human-altered
habitats, and the majority of species (about 66%) use both
natural and human-altered habitats (Pereira et al. 2004).
Furthermore, when the SAR is applied to a given region,
it will project only regional extirpations. Global extinctions
will depend on how many of the species going extinct are
endemic to the region being considered. (See Chapter 10
for a thorough discussion of this issue.) Also, the SAR ap-
proach applies only to the native species of a region.

One large uncertainty associated with the SAR projec-
tions of biodiversity loss is the choice of the z-value (see
Equation above). SARs can be classified according to the
type of sampling in three categories: continental, where
nested areas are sampled within a biogeographic unit, and
typical z-values are in the range 0.12–0.18 (Rosenzweig
1995, but see Crawley and Harral 2001); island, where is-
lands of an archipelago or habitat islands such as forest
patches are sampled, and typical z-values are in the range
0.25–0.35 (MacArthur and Wilson 1967; Rosenzweig
1995); and inter-province, where areas belonging to differ-
ent biogeographic provinces are sampled, and z-values clus-
ter around 1 (Rosenzweig 1995). A review of the literature
of SARs in vascular plants (see Chapter 10) suggests that
typical intervals for the z-values can be even wider, and the
mean values may differ from the ranges discussed above. It
has been standard practice to use z-values of island SARs to
estimate biodiversity loss (Pimm et al. 1995; May et al.
1995; Reid 1992), but arguments could be made for using
the z-values of the continental or even the inter-province
SARs, depending on the time scale of interest (Rosenzweig
2001).

4.5.2.4 Threat Analyses Approaches

Models that link threats like reduced water discharge to
reduced diversity are in some sense a special class of correla-
tive models, and hence have the same weaknesses as de-
scribed for correlative approaches. This is a very new
branch of modeling, and it is plagued by highly norepresen-
tative taxonomic treatments. For instance, predictions of
freshwater extinctions or changes in diversity are made only
for fish. With the exception of coral reefs, predictions about
marine diversity are also made only for fish. In fact, the
data on trophic level and biomass comes from fish landed
commercially; hence the relationships are based on har-
vested species.

4.5.2.5 PVA Models

The biggest limitation of population viability analyses mod-
els for predicting changes in biodiversity is that they are
impractical because of their huge appetite for data and spe-
cies-specific analyses. PVA models are best used to examine
specific species. Even when applied to single species, there
is extensive debate about their value because of huge uncer-
tainty that often leads to a probability of extinction between
0 and 1 (Ludwig 1999). In management, PVAs are used for
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comparing relative risks of alternative options, but they do
not lend themselves so well to point estimates of any given
extinction probability.

4.5.3 Research Needs

There is a need for research that examines which estimation
procedures for z-values and also which z-values are most
appropriate for describing biodiversity loss as a consequence
of habitat loss. Retrospective studies (e.g., Pimm and Askins
1995) that analyze past extinctions associated with habitat
loss as well as long-term experimental studies concerning
the effect of habitat manipulations on local species extinc-
tions are needed. Also needed are approaches to validate
diversity models, which includes the generation of suitable
data sets of biodiversity that are publicly available.

A generalization of the SAR to multiple habitats is
needed. Recently, Tjorve (2002) and Pereira and Daily (in
review) have discussed the implications for biodiversity of
changing the proportion of cover of different habitats in a
landscape. However, more empirical and theoretical re-
search is needed to determine how the SAR can be ex-
tended to complex landscapes with several habitats. Open
questions include: Which z values should be used for differ-
ent habitats? How do we estimate species loss caused by
habitat conversion for species that prefer native habitat but
can also survive in the agricultural landscape?

The development of models of biodiversity change that
do not conveniently fit the species-area paradigm is very
much in its infancy. For aquatic systems, for example, cur-
rently available data tend to represent a highly biased taxo-
nomic sample (such as fish, while invertebrates or aquatic
plants are neglected). In most cases the threat-models are
extrapolated well beyond their original data range in order
to obtain global predictions. These extrapolations need
scrutiny. We expect that within 10 years there could be
huge advances in tools for predicting aquatic biodiversity
and how it responds under different scenarios.

There will probably never be ‘‘a biodiversity model’’
that enables us to predict changes of species richness at all
of the geographic and temporal scales or for all ecosystems
and taxa. The multiscale approach of the MA was met by a
combined use of different quantitative and qualitative tools
for estimating the future development of biodiversity in a
hierarchical approach. This approach made it possible for us
to answer such diverse questions as: What will the future
pattern of species diversity of known groups be and what
trends are to be expected in the future? Is there any scenario
for significantly reducing biodiversity loss? How well can
other, easy-to-obtain abiotic data be used to make predic-
tions about biodiversity patterns? Judgment on the most ap-
propriate methods to use should be based on the following
criteria: spatio-temporal resolution, taxa of interest and data
availability, ease of application, and ability to cope with un-
expected events (such as increased extinction risk due to
sudden population decline).

4.6 Forecasting Changes in Phosphorus Cycling
and Impacts on Water Quality
Phosphorus (P) is frequently the limiting nutrient for pri-
mary production in freshwater ecosystems (Schindler 1977)
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and is recognized as a critical nutrient in marine ecosystems
(Van Capellen and Ingall 1994; Tyrell 1999). Excess P input
causes harmful algal blooms (including blooms of toxic spe-
cies) as well as excessive growth of attached algae and mac-
rophytes. Excess plant growth can damage benthic habitats
such as coral reefs. Harmful algal blooms cause deoxygen-
ation and foul odors, fish mortality, and economic losses.
Impacts on human well-being include health problems
caused by toxic algae blooms and waterborne diseases, as
well as loss of aquatic resources. Economic costs derive
from health impacts as well as increased costs of water puri-
fication and impairment of water supply for agriculture, in-
dustry, and municipal consumption (Carpenter et al. 1998;
Postel and Carpenter 1997; Smith 1998). Because of the
role of P in eutrophication and water quality, it was impor-
tant that the MA Scenarios Working Group considered po-
tential future changes in P flow to freshwater and marine
ecosystems.

In this section, we assess the available models for P trans-
port to water bodies, eutrophication, and impact on ecosystem
services. We discuss process-based and export-coefficient
models of P transport and many types of in-lake eutrophica-
tion models, from simple empirical models to more com-
plex ones that include recycling and biotic effects. We also
briefly discuss models that include interactions of policy
with water quality.

4.6.1 Existing Approaches

4.6.1.1 Phosphorus Transport Models

4.6.1.1.1 Process-based models

Before discussing phosphorus models, it is important to un-
derstand how P moves through the environment. P arrives
in surface waters primarily via runoff. P runoff can be dis-
solved in water, which moves on the surface and in subsur-
face flows. More commonly, P is delivered in the form of
soil particles. Most P runoff is absorbed to soil particles and
moves during major storms with heavy erosion (Pionke et
al.1997). Once it enters the aquatic environment, P can be
released in forms available for plant growth. Measures of P
availability used in terrestrial ecology tend to underestimate
the amount of P that can be released after soil is eroded into
aquatic ecosystems (Sharpley et al. 2002).

Process-based models simulate P transport across water-
sheds to surface water. They have been used for small and
large watersheds, in diverse soils and topographies. Such
models are often used to estimate the impacts of different
types of land use and management on P transport. For ex-
ample, several have been used to highlight best manage-
ment practices (Sharpley et al. 2002). Some of these models
are based on or use the Universal Soil Loss Equation, first
developed by Wischmeier (1958).

Some, like AGNPS–Agricultural Nonpoint Pollution
Source (Young et al. 1989), estimate runoff in large water-
sheds (up to 20,000 ha) but can be used to analyze runoff
from individual fields, and the impact of specific best man-
agement practices, within the overall watershed.
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Other process-based models for simulating P transport
include ANSWERS–Areal Nonpoint Source Watershed
Environment Response Simulation (Beasley et al. 1985),
GAMES–Guelph Model for Evaluating Effects of Agricul-
tural Management Systems on Erosion and Sedimentation
(Cook et al. 1985), ARM–Agricultural Runoff Model
(Donnigan et al. 1977), and EPIC–Erosion-Productivity
Impact Calculator (Sharpley and Williams 1990). Recent
developments include models like INCA-P, a dynamic
mass-balance model that investigates transport and retention
of P in the terrestrial and aquatic environments (Wade et al.
2002). These models were largely developed in order to
estimate the benefit or drawback of specific land manage-
ment techniques and estimated P transport at the edges of
agricultural fields.

4.6.1.1.2 Export coefficient models

Export coefficient models are steady-state models used to
estimate P load based on the sum of P loads from various
land types in a watershed (Wade et al. 2001). These models
are generally simple, empirically driven, and often not spa-
tially explicit. The name comes from the fact that each type
of land in the model has associated with it an export coeffi-
cient that is an empirically determined estimate of P runoff
from that type of land. Land may be defined by soil proper-
ties, land use, land management, or some combination of
factors.

A few spatially explicit export coefficient models for P
have been developed, such as those developed by Soranno
et al. (1996), who included distance and routing to the lake,
and Gburek and Sharpley (1998), who routed export to the
stream from source areas in the watershed. These models
tend to be highly data-intensive and are thus limited in their
applicability.

Data generally come from measurements of edge-of-
field P transport and field data such as the physical and
chemical properties of the soil, land use, and land manage-
ment properties. Export coefficient models can be linked to
a GIS to estimate a runoff over a given watershed or water-
shed area. They often require plentiful data for parameter-
ization and calibration (Sharpley et al. 2002).

A few recent export coefficient models have been devel-
oped to model the impact of land use change on P transport
(Wickham et al. 2002). Wickham et al. (2000) use an export
coefficient model to estimate total P transport with one land
use map and then again with another land use map and
compare the difference between the two to understand how
land use change might affect P runoff.

4.6.1.2 Freshwater Eutrophication Models That Predict
Important Ecosystem and Policy-relevant Impacts

4.6.1.2.1 Simple empirical models

The simplest, and in many ways most widely applicable,
models of eutrophication are the empirical relationships be-
tween P input, or loading, to a water body and the biomass
of primary producers in that water body (Rigler and Peters
1995). We will refer to these as simple empirical models for
eutrophication. The general form of SEMEs is
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A � f(P input, covariates, parameters) � �

In this equation, A is a measure of algal abundance such as
cell concentration, chlorophyll a concentration, or primary
production; P input is expressed as a rate or annual load;
covariates (if present) include variates such as lake morpho-
metry or hydrology; and � are errors with a specified proba-
bility distribution (usually normal or lognormal, with
moments estimated from the data). The parameters of the
function f and the distribution of � are fitted by regression
methods.

SEMEs have a long history in limnology. An early and
frequently adopted model was introduced by Vollenweider
(1968). His model predicts chlorophyll concentration from
P input rate, adjusted by simple corrections for water depth
and hydraulic retention time. P input has also been used to
predict other biotic variates, such as biomass of consumers,
in lakes (Håkanson and Peters 1995). Of particular interest
to the MA, P input has been used in conjunction with N:P
ratios to predict concentration of cyanobacteria, an impor-
tant type of toxic algae (Smith 1983; Stow et al. 1997).
Harmful algal blooms are highly variable in space and time
(Hallegraeff 1993; Soranno 1997). In general, predictions of
chlorophyll have lower uncertainties than predictions of the
timing and spatial pattern of harmful algal blooms.

4.6.1.2.2 Recycling and biotic effects models

The wide confidence intervals around predictions of empir-
ical models and the desire to extrapolate beyond the calibra-
tion data have prompted considerable research on more
complicated models of eutrophication. Much of this work
has focused on P recycling from sediments and food web
processes.

P recycling from sediments can cause lakes to have
higher biomass of algae than expected from typical P input–
chlorophyll relationships. P recycling from sediments is
caused by anoxia (which increases solubility of iron-P com-
plexes found in sediments) or turbulent mixing of sediments
into the water. P recycling due to anoxia has been modeled
empirically, using its correlation with other limnological
drivers (Nürnberg 1984, 1995). More mechanistic models
of recycling have also been developed (Tyrrell 1999).

Under conditions of excess P input, a positive feedback
can maintain a quasi-stable eutrophic state. High produc-
tion of algae leads to rapid depletion of oxygen in deeper
water, as decaying algae sink to the bottom. Anoxia pro-
motes recycling of P from sediments, leading to more pro-
duction of algae, thereby creating a self-sustaining feedback.
A model of this phenomenon exists for lakes (Carpenter et
al. 1999b; Ludwig et al. 2003), though for many applica-
tions at least one parameter of the model has a large standard
deviation (Carpenter 2003). This mechanism is exacerbated
by sulfate deposition caused by coal-burning industrial
processes. In anoxic waters or sediments of lakes and reser-
voirs, sulfate reduction leads to formation of iron sulfide,
decreasing the availability of iron to bind P in sediments
(Caraco et al. 1991). Sulfate is abundant in sea salt. A similar
feedback among algal production, anoxic events, and P re-
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cycling has been modeled for marine systems (Van Capellen
and Ingall 1994; Tyrrell 1999).

In shallow lakes or seas, P can be recycled by physical
mixing of sediments by waves or bottom-feeding fishes
(Scheffer et al. 1993; Jeppesen et al. 1998; Scheffer 1998).
Feedbacks among water clarity, macrophytes, and bottom-
feeding fishes result in two quasi-stable states—one with
macrophytes, clear water, and few bottom-feeding fishes
and the other with turbid water, no macrophytes, and abun-
dant bottom-feeders. Models of shallow lakes are well un-
derstood (Scheffer 1998; Scheffer et al. 2001a, 2001b). The
extent to which these models can predict lake dynamics is
currently an area of active research.

Fish predation can change grazer communities and
thereby change chlorophyll concentrations or primary pro-
duction of pelagic systems (Carpenter and Kitchell 1993).
The grazer community affects phytoplankton through di-
rect consumption as well as excretion of P. Examples of
food web impacts on phytoplankton are known from both
lakes and oceans (Carpenter 2003). In lakes, the impact of
grazers on chlorophyll or primary production can often be
predicted from measurements of the body length of crusta-
cean zooplankton (Pace 1984; Carpenter and Kitchell
1993). A simple empirical model of grazer effects substan-
tially reduced the variance of predicted chlorophyll when
the model was applied to a cross-section of North American
lakes (Carpenter 2002).

Mechanistically rich simulation models have been used
to understand or manage eutrophication in many situations
(Chapra 1997; Xu et al. 2002). Such models address a diver-
sity of climatic, biogeochemical, and biological factors that
may affect eutrophication. Although these models have a
number of fundamental similarities, such as the central role
of nutrient supply, they also include a number of site-
specific features (e.g., Bartell et al. 1999; Drago et al. 2001;
Everbecq et al. 2001; Gin et al. 2001; Håkanson and Bou-
lion 2003; Karim et al. 2002; Pei and Wang 2003). Because
of the diversity and site-specificity of this family of models,
it was not possible to recommend one particular mechanis-
tic model for use by the MA.

Recycling and food web dynamics create threshold be-
haviors in the P cycle (Carpenter 2003). For the MA, the
most important thresholds are those that, if crossed, create
self-perpetuating eutrophication of a water body. These
thresholds are difficult to discern before they are crossed
(Carpenter 2003). For example, in a region of Wisconsin in
the United States with generally high water quality, nearly
half of the lakes were judged susceptible to self-perpetuating
eutrophication (Beisner et al. 2003). Extensive regional data
bases and whole-lake experiments that deliberately eutro-
phied three experimental lakes were necessary to make this
calculation. Comparable data are available for few other re-
gions of the world.

At present, validated and generally applicable models for
the prediction of eutrophication thresholds do not exist.
Certain key elements of such models are present in the re-
search summarized here, but these elements have not been
aggregated in a globally applicable modeling framework.
Statistical studies of eutrophication thresholds reveal broad

PAGE 89

confidence intervals, indicating that uncertainties about the
location of thresholds are high (Carpenter 2003).

4.6.1.2.3 Models for interaction of policy and water quality

Some policy-related models have addressed water quality,
eutrophication, or harmful algal blooms. For example, the
global scenario model PoleStar (Raskin et al. 1999) presents
water quality indicators. The water quality module of Pole-
Star is relatively simple (and therefore readily testable with
data where these exist) and transparent and has been used
in a number of global scenario exercises.

For single lakes, stochastic dynamic optimization models
have been used to determine optimal P input in the pres-
ence of thresholds and uncertainty about parameters (Car-
penter et al. 1999b; Ludwig et al. 2003). Variants of these
models have been used to study the possibility of estimating
the thresholds for eutrophication by active adaptive man-
agement (Carpenter 2003; Peterson et al. 2003). The gen-
eral finding is that someone is unlikely to learn the
threshold without crossing it and thereby eutrophying the
lake (Carpenter 2003).

Various other models have been used to study eco-
nomic, social, or political processes that interact with eco-
system dynamics to determine ecosystem services derived
from fresh water (Brock and de Zeeuw 2002; Guneralp and
Barlas 2003; Janssen 2001; Scheffer et al. 2003; Tundisi and
Matsumura-Tundisi 2003). These include comparisons of
policies that maximize a measure of expected net utility
over long time horizons as well as game theory models of
stakeholder interactions. Other models have considered the
dynamics of uncertainty about thresholds as managers at-
tempt to maximize expected net utility for lake ecosystem
services (Carpenter et al. 1999a; Janssen and Carpenter
1999; Carpenter 2003; Peterson et al. 2003). Extensions of
such models in the form of computer games can be used
to help stakeholders understand the vulnerabilities of water
quality and form expectations that are consistent with sus-
tainable use of fresh waters (Carpenter et al. 1999b; Pe-
terson et al. 2003).

4.6.2 Critical Evaluation of Approaches

4.6.2.1 Phosphorus Transport Models

Phosphorus transport models can provide reasonably accu-
rate estimates of P transport, especially in small, agricultural
watersheds, for which most of them were developed. A re-
cent review by Sharpley et al. (2002) provides an excellent
overview of data and relationships available to update P
transport models.

Applications of transport models are often limited by
lack of data available for the detailed parameterization that
is necessary. The more realistic these models attempt to be
in terms of mechanisms of P transport, the more data they
require. Predicting P transport may require highly accurate
land use maps, digital elevation models, and data about fer-
tilizer and manure use, including the P content of the ma-
nure. Increasing mechanistic detail, watershed size, or
spatial resolution can quickly cause run times to become
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extremely long and the models themselves to be difficult to
apply (Sharpley et al. 2002).

In addition, many models of P transport are designed to
simulate P transport only in small-scale agricultural systems
(Gburek and Sharpley 1998). The accuracy of scaling-up is
dependent on how processes at finer scales relate to proc-
esses that govern P transport at larger, watershed scales
(Sharpley et al. 2002). These models were unlikely to be
useful for quantifying distinctions in the MA scenarios at
global scales due to difficulties in generalizing across differ-
ences in the processes that drive eutrophication around the
world.

Most P transport models are not linked to models that
simulate impact of P on the aquatic ecology (Wade et al.
2002). Linking these two models in order to understand the
impact of land use and management strategies on aquatic
ecosystems will be an important next step for researchers
and watershed managers.

4.6.2.2 Freshwater Eutrophication Models

Empirical eutrophication models of the type introduced by
Vollenweider (1968) could provide a robust foundation for
eutrophication estimates. Advantages of the empirical mod-
els include a long history of usage leading to considerable
information about strength and limitations of the models,
simple transparent mathematical structure, and the possibil-
ity of rigorous uncertainty analyses. Limitations of empirical
models include uncertainty of extrapolation beyond the
conditions of the data used to fit the regressions and the
rather wide confidence intervals of prediction. Cole et al.
(1991) and Pace (2001) discuss the strengths and limitations
of empirical models in ecosystem science.

The simple empirical models omit a number of impor-
tant effects. For the quantification of the global scenarios of
MA, however, it was impractical to obtain data on these
other factors at the necessary scales.

Recycling and food web effects are two important omis-
sions from the simple P input models to predict chlorophyll.
For the purposes of MA, these omissions probably caused
simple empirical models to underestimate chlorophyll and
the harmful effects of eutrophication under conditions
when P recycling was likely to be high. These include situa-
tions in which there has been a long history of high P input,
causing sediments to become enriched with P; water tem-
peratures were warm (Nürnberg 1995); or ecosystems have
received high inputs of sulfate (such as emissions from burn-
ing coal). Overfishing of top trophic levels may cause cas-
cading effects that exacerbate eutrophication. In summary,
then, the simple P input models could underestimate the
severity of eutrophication in warmer regions of the world
or under conditions of chronic heavy loading, climate
warming, or food web transformation by fishing. These are
the future conditions that needed to be addressed in some
MA scenarios.

In situations where extensive data on lake morphometry,
biogeochemistry, hydrodynamics, and food web structure
are available, it may be advisable to use more detailed mod-
els to predict eutrophication. Pragmatically speaking, how-
ever, the current global data bases are not likely to provide
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enough detail to warrant one of these more sophisticated
modeling approaches.

4.6.3 Research Needs

Many of the P transport models presented here require a
large amount of data to be parameterized and calibrated for
the particular watershed or region in question. Yet the un-
derlying principles are similar, and it should be possible to
develop more generally applicable P loading models. Im-
proved spatial data sets for soils and topography (digital ele-
vation maps) will also advance our ability to predict P loads.
Better information is needed about how soil P concentra-
tions and pools interact with land use and change in land
use to affect P transport. Because P transport is affected by
soil type, vegetation type, climate, and many other local
variables, it has been difficult for researchers to generalize
about P transport while attempting to model transport in a
specific watershed. Sharpley et al. (2002) present an over-
view of the generalizations for which data exist.

While eutrophication may appear to be a regional prob-
lem, it is related to global changes that people are making to
the P cycle through mining and widespread use of fertilizers
(Bennett et al. 2001). Eutrophication of a given lake is not
independent of eutrophication happening elsewhere; it is a
global pattern. Developing simple large-scale or even global
models that can be used to indicate P use, transport, and
eutrophication based on land use should be a priority.

Developing models to understand the impact of land use
change on P transport is also important. At present, the
available models assume that the process of land use change
does not release P (Wickham et al. 2000, 2002). That is,
they figure that if agriculture exports equal X g P/ha and
urban exports equal Y g P/ha, converting agricultural area
to urban decreases P export by X-Y g P/ha. However, sev-
eral studies have indicated that the period of transition to
urbanized use is a critical period of high P transport (Kauf-
man 2000; Owens et al. 2000). Models that address the im-
pact of this period of transition are important. Development
of these models will require land use change data as well as
a better quantitative data about the impact of periods of land
use transition on P transport.

A priority for freshwater eutrophication models is devel-
oping a better understanding and predictive capability for
internal recycling and sequestration mechanisms (including
those mediated by organisms, especially invasive species).
The interaction of internal recycling and sequestration with
loading processes will be a critical aspect of this understand-
ing. Although some models have been developed for integ-
rating management with transport and eutrophication
models, further development of models that integrate
human interventions (including management actions) to
water quality, aquatic ecosystem services, and human well-
being is needed.

4.7 Forecasting Changes in the Nitrogen Cycle
and Their Consequences
The nitrogen (N) cycle is a key regulator of the Earth
system, linking terrestrial, marine, photochemical, and in-
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dustrial processes. Biodiversity, carbon storage, and atmo-
spheric chemistry are all regulated in part by the cycling of
reactive nitrogen compounds. Over the last century and a
half, expansion and intensification of agriculture together
with fossil fuel combustion have led to an acceleration of
natural microbial N cycling and have more than doubled N
inputs to terrestrial ecosystems. Measurable results of these
perturbations include a 17% increase in the atmospheric
concentration of nitrous oxide (N2O), a potent greenhouse
gas, and a doubling of dissolved nitrogen export from rivers
to coastal zones and of natural reactive nitrogen emissions
to the atmosphere (Galloway et al. 2004). Since many of
the effects of human N cycle perturbations are difficult to
measure directly, ecosystem models play an important role
in assessing and quantifying past and present impacts and in
making future predictions.

4.7.1 Existing Approaches

4.7.1.1 Transport Models

4.7.1.1.1 Process-based models of the terrestrial nitrogen cycle

A number of models have been developed to simulate ni-
trogen biogeochemistry. The simulation of net primary
productivity is central to all of these models. NPP is either
derived from satellite normalized difference vegetation
index data (Potter et al. 1996; Asner et al. 2001) or calcu-
lated as a function of climatological inputs like temperature,
solar insolation, and precipitation (which drives the soil
water balance component of the models). In terrestrial
models that simulate the coupled carbon-nitrogen cycle, in-
cluding CENTURY, TEM, BIOME-BGC, pNET, and
the NCAR CLM2, the calculation of NPP is modulated by
nutrient limitation—that is, soil nitrogen availability (Mc-
Guire et al. 1992; Aber et al. 1997; White et al. 2000; Par-
ton et al. 2001; Bonan et al. 2002).

The availability of mineral nitrogen in the soil is con-
trolled at short time scales by soil temperature and moisture
conditions, at intermediate time scales by the supply of new
organic matter from plant litter and decomposition of exist-
ing organic matter, and at longer time scales by changes in
litter quality due to changing plant community composition
and soil texture. In the absence of anthropogenic inputs, on
very long time scales (decades to centuries), the composi-
tion of natural plant communities depends on the balance
between accumulation and loss of fixed nitrogen, with ac-
cumulation from N deposition and from the symbiotic and
asymbiotic fixation of atmospheric N2 and with loss due to
leaching and transport in outflow, microbial dentrification,
and denitrification during biomass burning.

The different processes that determine soil N availability
are simulated by current models with varying degrees of
sophistication. Many terrestrial models have multiple com-
partments describing woody and herbaceous litter and rap-
idly and slowly degrading soil organic matter pools (Parton
et al. 1987). These models contain detailed algorithms for
soil organic matter dynamics that include competition be-
tween plants and soil biota for soil mineral nitrogen re-
sources and nitrogen constraints for carbon assimilation and
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allocation to different plant tissues. Some models, like the
NCAR CLM2, are beginning to incorporate dynamic veg-
etation algorithms, with explicit competition between mul-
tiple plant functional types for common soil water and
mineral nitrogen resources, which allows for evolution of
plant communities in the face of human perturbations and
global change (Bonan et al. 2002).

In contrast to these relatively sophisticated algorithms,
other key processes like N2 fixation are still parameterized
rather crudely—for example, as simple functions of precipi-
tation or based on biome type (Parton et al. 1987). Further-
more, a recent assessment of terrestrial N2 fixation, based on
a compilation of measurements from different ecosystems,
revealed a large uncertainty (a range of 100–300 Tg N/yr)
in the global terrestrial fixation rate (Cleveland et al. 1999).

4.7.1.1.2 Modeling N export in rivers

A major consequence of N cycle perturbation is the in-
creased transport of leached N in rivers to coastal regions.
Increased N loading in coastal areas can stimulate harmful
algal blooms and associated heavy loads of decaying organic
matter, which can lead to hypoxic or anoxic conditions.
This phenomenon, known as eutrophication, is often ac-
companied by changes in plant and algal species composi-
tion, fish death, coral reef degradation, and decreases in
species diversity (NRC 2000). In extreme cases, such as the
outlet of the Mississippi River into the Gulf of Mexico,
eutrophication can turn coastal waters into ‘‘dead zones’’
(Rabalais et al. 2002). Increased N delivery to coastal areas
also can lead to enhanced microbial production of nitrogen
trace gases, including NH3 and the greenhouse gas N2O
(Naqvi et al. 2000).

In recent years, a number of studies have attempted to
quantify and identify the origin of N exported in rivers to
coastal regions. These studies generally have used empirical
models to relate N export in rivers to various independent
variables, including basin runoff , land cover type, soil tex-
ture, human population, and N inputs from fertilizer, sew-
age, and atmospheric deposition (Seitzinger and Kroeze
1998; Caraco and Cole 1999; Lewis et al. 1999; Alexander
et al. 2000; Lewis 2002; R. A. Smith et al. 2003; S. V.
Smith et al. 2003). The statistical models range from simple
linear regressions to complex nonlinear matrix inversions.

Recently, Donner et al. (2002) published the first process-
based simulation of N transport in rivers on a regional scale.
Their study coupled water runoff rates from a carbon-only
terrestrial ecosystem model to prescribed N leaching fluxes
and a hydrological routing model for the Mississippi River
basin. The study did not account for increases in fertilizer
and other anthropogenic N inputs over time, since its main
purpose was to isolate the effect of changes in hydrology
(that is, increased runoff ) on N export in the Mississippi
River from 1955 to 1996.

Although the terrestrial ecosystem model used in Don-
ner et al. (2002) was a carbon-only model, most of the ter-
restrial coupled carbon-nitrogen biogeochemistry models
just discussed explicitly calculate NO3-leaching rates as well
as water runoff rates. These models commonly calculate an
N leaching term at each individual grid cell, which goes
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into a global accounting pool but otherwise effectively
leaves the grid cell and disappears from the model. Future
improvements in N cycle modeling will involve coupling
terrestrial N leaching rates to hydrological and river routing
models, permitting evaluation of downstream and long-
term impacts of N leaching.

4.7.1.1.3 Ocean and coastal nitrogen biogeochemistry models

Human N cycle perturbations have impacts not only on
terrestrial ecosystems but also on coastal regions and, poten-
tially, on the open ocean. The transport of leached N in
rivers to coastal regions and its stimulation of coastal eutro-
phication have already been described. In addition, a sig-
nificant fraction of the reactive NH3 and NOx volatilized
from soil and produced by fossil fuel combustion eventually
deposits on coastal or open ocean waters (Holland et al.
1997; Paerl 2002). Global change may also have profound
impacts on oceanic N cycling through other physical and
chemical mechanisms, such as decreases in ocean pH associ-
ated with increasing atmospheric CO2 and enhancement of
thermal stratification due to global warming. The latter may
increase water-column O2 depletion, thus promoting deni-
trification (Altabet et al. 1995).

Three-dimensional ocean biogeochemistry-circulation
models have historically not been well designed to simulate
the impact of anthropogenic N inputs on the oceanic nitro-
gen cycle. Most early ocean carbon models were con-
structed around phosphorus as the limiting nutrient, in large
part to avoid the complications of simulating biological
sources and sinks of oceanic fixed N. Furthermore, rather
than being computed mechanistically, oceanic primary pro-
duction and associated organic matter remineralization
were estimated as the fluxes needed to produce dissolved
phosphate concentrations that match observed climatolog-
ies (Najjar and Orr 1998).

An additional complication is that Fe rather than N ap-
pears to be the limiting nutrient in high nitrate–low chloro-
phyll regions of the sub-tropical North Pacific and the
Southern Ocean, where enhancements in primary produc-
tion could lead to significant increases in oceanic sequestra-
tion of fossil CO2. As a result, most recent model and
empirical studies of oceanic nutrient limitation have focused
on Fe (Fuhrman and Capone 1991; Moore et al. 2002b; Jin
et al. 2002). Some of these studies have predicted that Fe
fertilization may stimulate oceanic primary production and
accompanying remineralization and nitrification, with a re-
sulting increase in oceanic N2O production. The resulting
increase in atmospheric N2O could offset or even outweigh
the gains in greenhouse gas reduction associated with CO2

sequestration. However, a better understanding of oceanic
N2O production and an improvement in its parameteriza-
tion in ocean models are needed before such simulations
can be fully credible.

As in terrestrial ecosystems, the importance of oceanic
biological N2 fixation is not well understood. Current esti-
mates of oceanic N2 fixation range over an order of magni-
tude (Gruber and Sarmiento 1997; Codispoti et al. 2001).
The rate of oceanic denitrification is also uncertain, al-
though current global estimates are somewhat better con-
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strained, thanks to geochemical tracer studies (analyses
based on observed nitrate:phosphate ratios) (Howell et al.
1997; Deutsch et al. 2001). The balance between oceanic
N2 fixation and denitrification, together with riverine N
inputs, ultimately determines the availability of oceanic
fixed N to primary producers and has been hypothesized in
simple box model studies to regulate atmospheric CO2 lev-
els on millennial time scales (Falkowski 1997). Progress is
being made in reconciling estimates of ocean N2 fixation
and denitrification derived from biological extrapolations
versus geochemical tracers, thereby providing improved
constraints on these important N cycle fluxes (Hansell et al.
2004).

Other promising developments in coastal and oceanic N
cycle modeling include the development of regional ap-
proaches to estuarine and coastal nutrient biogeochemistry,
which involve embedding higher resolution regional sub-
modules and/or off-line regional and global compartment
simulations and databases (Jickells 2002; Mackenzie et al.
1998). In addition, open ocean ecosystem models that
move away from climatological ‘‘nutrient-restoring’’ ap-
proaches and toward more process-based simulations are
under development. Such models include multinutrient
(NO3, NH4, PO4, SiO3, Fe) limitation and explicitly resolve
community structure (picoplankton, diatoms, calcifiers, di-
azotrophs) in the upper ocean (Moore et al. 2002a, 2002b;
Le Fevre et al. 2003).

4.7.1.2 Models Emphasizing Feedback between Nitrogen and
Key Ecosystem Processes

4.7.1.2.1 Modeling N regulation of NPP

Models such as the Terrestrial Ecosystem Model and Biome
BGC have examined the influence of vegetation C:N ratio,
and its consequent feedbacks on soil N availability, in regu-
lating NPP. These models have demonstrated why temper-
ate forest ecosystems, which have large, carbon-rich woody
vegetation fractions and wide C:N leaf ratios, tend to be
chronically N-limited (McGuire et al. 1992; White et al.
2000). In contrast, humid and dry tropical forests, which
contain N-rich vegetation, are more likely to be limited
by phosphorus (Vitousek 1994). The TEM model has also
demonstrated the importance of considering N availability
in predicting how climate change will affect NPP (Rastetter
et al. 1992). Models that consider carbon biogeochemistry
alone tend to predict an increase in soil respiration at war-
mer temperatures and therefore net CO2 loss to the atmo-
sphere from soil organic carbon. However, models that
consider coupled carbon-nitrogen dynamics predict an in-
crease in soil N mineralization rates and therefore soil N
availability that can help increase NPP and thus offset soil
carbon losses.

4.7.1.2.2 Modeling N trace gas emissions from terrestrial ecosystems

The ‘‘leaky pipe’’ model of Firestone and Davidson (1989)
provides the conceptual framework for estimating microbial
NOx, N2O, and N2 emissions from soils. Soil gas diffusivity,
a function of soil type and soil water content, regulates the
partitioning of N trace gas in this conceptual model. Low
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soil gas diffusivity favors the emission of N2 over N2O and
N2O over NOx.

The leaky pipe model has been incorporated into some
process-based model algorithms. For example, the CASA
model estimates N trace gas emissions as a fixed fraction
(say, 1–2%) of the rate of soil N mineralization, with a soil-
moisture dependent partitioning between NOx and N2O
(Potter et al. 1996). The N gas sub-model of CENTURY
uses calculated soil water content, temperature, and micro-
bial N cycling rates to simulate daily N2, N2O, and NOx

emissions from nitrification and denitrification. A daily time
step is used because this degree of resolution is needed to
reproduce the short-term events that are often responsible
for the majority of N gas emissions from soils (Parton et al.
2001). The daily time step is also more appropriate to the
needed coupling to atmospheric chemistry transport models.

NH3 emissions are largely associated with volatilization
from livestock manure and ammonium fertilizers and are
equal to or exceed NOx emissions on a global scale. Model-
ing of NH3 emissions is generally based on simple empirical
regression models (which are also used to estimate NOx and
N2O losses from fertilizer) (Bouwman et al. 2002). Alterna-
tively, some process-based models like CENTURY esti-
mate immediate NH3 volatilization losses as a product of
the livestock manure or fertilizer input and a soil texture-
dependent emission coefficient.

Soil N trace gas models have been successfully evaluated
at specific test sites (Parton et al. 2001), although the extrap-
olation of model results to the regional and global scales is
still highly uncertain. An additional shortcoming of current
trace gas emission models is that they do not track the atmo-
spheric transport, chemical transformation, and deposition
of NH3 and NOx, and they thus neglect additional emissions
and other effects that may occur downwind.

4.7.1.2.3 Feedbacks between N fluxes and ecosystem response

Much of the anthropogenic NOx and NHx emitted to the
atmosphere as a result of agriculture, fossil fuel combustion,
and other human activities deposits close to its point origin.
However, a portion may be transported long distances,
crossing national boundaries and even oceans before depos-
iting. The lifetime of NOx and NHx in the atmosphere is
short (hours to days), but these reactive species can be trans-
formed to longer-lived species such as HNO3 and PAN or
may simply escape the boundary layer and be rapidly trans-
ported in strong upper tropospheric winds.

Long-distance transport of NHx and NOy can have pro-
found impacts on downwind ecosystems. N deposition on
formerly pristine natural ecosystem, such as N-limited
grasslands, forests, and aquatic systems, in some cases can
stimulate productivity, leading to increased carbon uptake
and storage (Galloway et al. 1995; Holland et al. 1997). In
other cases, excessive N deposition can cause acidification,
forest decline, a decrease in plant species diversity, declining
production, and C storage and accelerated N losses (Gallo-
way et al. 1995; Vitousek et al. 1997; Aber et al. 1998). N
deposition onto formerly pristine areas can also alter the
emission and uptake of other trace species. For example, N
deposition can lead to increased N2O emissions (Mosier et
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al. 1998) and decreased soil consumption of atmospheric
CH4, which is also important greenhouse gas. Both in-
creased N2O emissions and decreased CH4 consumption
contribute to increased radiative heating of Earth’s atmo-
sphere.

Northern temperate forest ecosystems, which are often
located downwind from centers of fossil fuel combustion,
have seen the greatest changes in N inputs from the atmo-
sphere and have been the focus of most terrestrial biogeo-
chemical modeling studies. Models have predicted an initial
stimulation of NPP in these generally N-limited ecosys-
tems, followed in some cases by eventual N saturation,
which is characterized by increased nitrate leaching rates
and ultimately declining forest productivity (Aber et al.
1997). The TerraFlux model has been applied to biomes
other than temperate forests, notably semiarid and tropical
regions, where much of the future growth in atmospheric
N deposition is projected to occur. These ecosystems may
respond to excess N in markedly different ways than tem-
perate forests and may be more likely to suffer deleterious
effects. TerraFlux results suggest that N-rich tropical forests
may have reduced productivity following excess N deposi-
tion, associated with increased leaching of NO3 and the re-
lated loss of important, potentially nutrient-limiting cations
like Ca�2, Mg�2 (Asner et al. 2001). However, Terra-
Flux predicts increases in productivity in semiarid systems
following N input if water availability is sufficient and water
losses are moderate.

4.7.2 Critical Evaluation of Approaches

One of the major weaknesses in current N cycle models
is that they fail to account for the significant fraction of
anthropogenic N inputs to terrestrial ecosystems that is de-
nitrified (lost to gaseous N2 or N2O), reassimilated into bio-
mass, or stored within groundwater or wetlands before
reaching rivers. Detailed N budget studies in individual wa-
tersheds have found that only approximately 15–25% of N
fertilizer and other inputs to watersheds ends up in rivers
(Howarth et al. 1996; Caraco and Cole 1999). Typically,
�40% of N inputs to watersheds cannot be accounted for
(Howarth et al. 1996). This missing N is assumed to be
denitrified or stored in the landscape. A relatively smaller
fraction of N inputs (�10%) is observed to be denitrified
within rivers. Improved accounting for N losses that occur
in between the soil leaching and coastal delivery stages is
necessary for a credible simulation of the impact of human
N cycle perturbations in a comprehensive Earth System
model.

4.7.3 Research Needs

Addressing the changing nitrogen cycle and ecosystem ser-
vices requires a variety of models at a range of temporal and
spatial scales, from local to global. One of the clear gaps
in our knowledge is in modeling the dynamics of coupled
systems, in which terrestrial and atmospheric systems inter-
act with economic trends or cycles. Coupled models, in-
cluding coupling among the biogeochemical cycles, will
need to be improved so that they can anticipate the cross-
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ings of thresholds that yield entirely new ecosystem states.
More specifically, we must move toward an integrated
model of the terrestrial, aquatic, and atmospheric compo-
nents of the nitrogen cycle, which encompasses the com-
plex feedback-response relationships and key nonlinearities
of the cycle. Such a whole Earth system model should in-
clude terrestrial biogeochemistry models coupled with
atmospheric chemistry/dynamics models, river transport
models, and coastal and open ocean biogeochemistry/circu-
lation models.

4.8 Forecasting Fish Populations and Harvest
The goal of fisheries assessment is to predict the conse-
quences of fishing and other environmental interventions
and, on that basis, evaluate how different management
schemes fare at achieving various management goals. Fore-
casting the state and harvest of exploited populations and
communities is thus central to fishery science.

There are two broad approaches that can be used to
forecast fisheries population and harvest. On the one hand,
there are short-term forecasts aimed at predicting the size of
the exploitable stock for the upcoming fishing season in
order to implement a predetermined feedback harvest rule.
In this case, the forecast is part of the tactic used to define
regulatory measures for the fishing season, such as the total
allowable catch or the number of allowable effort units.
This type of forecast is critical for fisheries based on short-
lived or semelparous species (species that reproduce once
and then die), where the bulk or all of the annual catch is
made up of new recruits.

Mid- and long-term forecasts of populations, on the
other hand, are used in policy design to examine likely con-
sequences of different management options and thus guide
strategic decision-making. In contrast to short-term tactical
forecasts, mid- and long-term forecasts are not meant to
actually predict the future of the system under exploitation;
rather, they attempt to represent a full range of scenarios
that are deemed possible based on historical experience. Be-
cause our ability to actually predict the responses of natural
systems to harvest is admittedly limited, the emphasis in
policy design is on feedback and robustness of performance
across scenarios. Mid- and long-term forecasts aimed at
guiding general management approaches are difficult be-
cause they require more information than the most recent
harvest rates and data on catch per unit of effort, but it is
not clear which of many possible auxiliary data will be most
useful or how much history to consider.

4.8.1 Existing Approaches

The basic approach to fisheries forecasting has three com-
ponents: a mathematical model used to describe the dynam-
ics of the system under study as it is impacted by fishing, an
approach used to condition the model on available informa-
tion, and numerical tools used to implement forecasts under
various management regimes.

4.8.1.1 Single-Species Approaches

Fisheries assessment and management have been dominated
by single-species approaches aimed at controlling fishing
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impacts on unitary stocks by considering them in isolation
from the ecosystem of which they are part. As a result,
quantitative methods used for fisheries forecasting and pol-
icy evaluation have emphasized single-species modeling.

4.8.1.1.1 Models

Models used to represent single-stock dynamics range
widely in complexity. The simplest models correspond to
biomass-aggregated stock-production models, such as the
Schaefer or Pella Tomlinson models (Quinn and Deriso
1999), which specify production as a simple nonlinear func-
tion of aggregate stock biomass. Surplus production is zero
when the stock is at carrying capacity, and it increases to
some maximum at some intermediate stock size. An in-
crease in realism relative to simple stock-production models
is achieved in the so-called delay-difference models (Deriso
1980; Quinn and Deriso 1999) by explicitly modeling the
separate contributions of growth and births (actually re-
cruitment of new-year classes to the exploited stock) to
stock production. In these models, the stock is represented
by the aggregate biomass of the exploited, mature compo-
nent, animals recruit to the stock at some age r, and annual
recruitment is a stochastic function of the mature biomass
r years earlier. Generalized versions of this model include
equations to predict the changes in size composition of the
exploited stock (Hilborn and Walters 1992).

The models most widely used for fisheries forecasting
are substantially more complex, including a representation
of the age and size structure of the stock as well as age/size-
specific fishing mortalities. As in delay-difference models,
stochastic, density-dependent stock-recruitment relation-
ships of various types are used to generate recruitment as a
function of mature biomass. The standard Virtual Popula-
tion Analysis and statistical catch-at-age models (Hilborn
and Walters 1992; Quinn and Deriso 1999) used commonly
for fish stock assessment and forecasting belong in this class.
Finally, even more complex are models that incorporate
spatial structure in addition to age or size structure, such
as MULTIFAN CL (Fournier et al. 1998; Hampton and
Fournier 2001). Each increase in realism is achieved by an
increase in the number of parameters. For example, while a
single fishing mortality rate per year is used in stock-
production and delay-difference models, a vector of age/
size-specific mortality parameters per year is used in stan-
dard age/size-structured models.

Forward projections constructed with these models al-
ways include stochasticity in at least some of the key proc-
esses. Recruitment variability induced by environmental
forces is usually the dominant source. Typically, this vari-
ability is captured using a probabilistic distribution (such as
log-normal with independent or autocorrelated random-
year effects) as an empirical descriptor without attempting
to model the actual environmental factors and processes un-
derlying the variability. The inclusion of regime shifts in
some of the scenarios (e.g., MacCall 2002; Parma 2002a,
2002b) is becoming more common, as empirical evidence
is gained in their support (Francis and Hare 1994, 1998).
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4.8.1.1.2 Conditioning approaches

Whichever the structure of the population model, its pa-
rameters are estimated by fitting time series of data on the
stock and its fishery or fisheries, often making use of other
sources of relevant information, such as information ‘‘bor-
rowed’’ from other similar stocks. Fishery models are con-
ditioned using formal statistical methods based on maximum
likelihood or, increasingly, Bayesian techniques (Hilborn
and Mangel 1997; Punt and Hilborn 1997, 2002). Maxi-
mum likelihood methods aim at providing best point esti-
mates of abundance and fishing mortality rates over time
and their associated estimation error. By contrast, Bayesian
methods are used to derive joint probability posterior distri-
butions of model parameters (and functions of them), con-
ditioned on all observations and prior information.

Models are fitted to different types of data, depending
on model complexity. Most critical for the estimation of the
level of stock depletion is the availability of indices of stock
abundance. These are derived from research surveys or
commercial catch per unit of effort. Tagging data can also
be used to provide information on abundance or exploita-
tion rates. In addition, age/size-structured models use infor-
mation on the age/size composition of the commercial and
survey catches to help estimate trends in year-class strength.
All these different sources of information are generally ana-
lyzed using an integrated statistical approach, where the
likelihood function has several components, one for each
type of data, with each based on a probability model
deemed appropriate for the data in question. When estima-
tion is done using Bayesian methods, prior information
other than hard data may also be incorporated (e.g., McAl-
lister et al. 2001).

Advances in computer technology and development of
efficient methods of nonlinear estimation (such as use of
automatic differentiation in AD Model Builder; available at
www.otter-rsch.com/admodel.htm) have made it possible
to build very complex models that incorporate process
variability in many parameters assumed to be constant in
simpler models. For example, fishing catchability and selec-
tivity may be assumed to vary over time according to some
specified random process. While in the past, estimation was
done assuming that either all the noise was due to measure-
ment error or process error, the new generation of fishery
models incorporate both process and measurement error in
the estimation.

4.8.1.1.3 Numerical tools

Monte Carlo techniques are used to simulate future stock
trajectories incorporating different sources of uncertainty,
as discussed below. Bayesian Markov Chain Monte Carlo
methods (Punt and Hilborn 1997, 2002) are increasingly
used to approximate posterior distributions of model pa-
rameters and then sample from them to project populations
under various candidate fishing policies (e.g., Patterson
1999; Parma 2002a, 2002b).

4.8.1.2 Multispecies Approaches

Concerns about the impacts of fisheries on non-target spe-
cies, habitats, and marine communities have increased over
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the last decade, leading to strong pressure to move from
single-species management to ecosystem management. This
has encouraged further developments of ecosystem models,
which are needed to address the type of questions now
being posed to fisheries assessment scientists.

4.8.1.2.1 Generalizations of single-species models to include features
of multispecies systems

The simplest way in which multispecies effects have been
incorporated into single-species fishery models is by adding
mortality terms to represent the effects of predation on a
target species. The dynamics of the predator is not explicitly
modeled but instead is used as a driving variable in model-
ing the dynamics of the target species. Walters et al. (1986),
for example, modeled the stock-recruitment relationship of
Pacific herring (Clupea harengus) as affected by the abun-
dance of its main predator, Pacific cod (Gadus macrocepha-
lus). Similar models have been developed for pollock
(Theragra calcograma) in the eastern Bering Sea (Livingston
and Methot 1998) to assess the influence of predation and
climate effects on recruitment. Also, Punt and Butterworth
(1995) used a three-species model to evaluate the impact of
culling the predator fur seals (Arctocephalus pusillus pusillus)
on the abundance and catches of the Cape hakes Merluccius
capensis and M. paradoxus. They considered this to be the
‘‘minimal realistic model’’ needed to examine their ques-
tion and emphasized that great care needs to be taken when
designing such models to ensure that all the important pred-
ator-prey interactions are incorporated.

A coarse approach for applying single-species models to
multispecies systems are the so-called aggregated produc-
tion models (Hilborn and Walters 1992), which simply
apply stock-production models (biomass logistic models
with harvest) to aggregates of species. These models have
been tuned to time series of catch rate and fishing effort.
Ralston and Polovina (1982) found that in several tropical
fisheries, trends in catch rate and yield for mixed-species
assemblages were consistent, while results from production
models applied to single-species were erratic.

4.8.1.2.2 Multispecies ‘‘top-down’’ models based on the mass action
principle

Most of the early multispecies fishery models rely on the
mass action principle to represent predator-prey interac-
tions (Walters and Martell in review). Under this principle,
the number of encounters between species is proportional
to the product of their densities. Predation rates, whether
or not they are affected by predator satiation and handling
time (so-called type II functional response by predators), are
directly predicted from such encounter rates. These models
generally predict very strong ‘‘top-down’’ control of abun-
dances by predators.

The simplest models based on the mass-action principle
are generalizations of single-species stock-production mod-
els. They depict the biomass dynamics of multiple species
using logistic models linked by Lotka-Volterra predator-
prey equations (Larkin and Gazey 1982).

A second approach is multispecies virtual population
analysis (Sparre 1991), a detailed age-structured model with
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age-specific harvest and predation rates, originated in the
North Sea model of Andersen and Ursin (1977). MSVPA
focuses on the interactions between commercially exploited
fish stocks for which catch-at-age data are available. It as-
sumes that individual food intake and growth are constant,
and it uses data on stomach contents of all modeled species
to estimate prey suitabilities. Historical trends in abundance
are estimated from historical catches. A forecasting version
of MSVPA, MSFOR, is being applied to the analysis of
exploited ecosystems of the North Sea (Rice et al. 1991;
Vinther et al. 2002) and eastern Bering Sea (Jurado-Molina
and Livingston 2002).

4.8.1.2.3 Mass balance multispecies approaches

While all the previous approaches are conditioned on past
data on the dynamic states of the populations represented,
mass-balance methods are founded on a static description
of the ecosystem, represented by biomasses aggregated into
ecologically functional groups. The basic idea behind the
mass-balance assumption is that for the collection of func-
tional groups considered, production ought to be balanced
by predation, harvest, migration, and biomass change. The
most widely used mass-balance model is Ecopath, which is
based on static flow models (Polovina 1984; Christensen
and Pauly 1992), defined by a series of simultaneous linear
equations that represent trophic interactions and fishing.
The essential parameters required for each functional group
are generally the same as those of other multispecies mod-
els—namely biomass, production rate, consumption rate,
diet composition, and fisheries catch. One extra parameter
per group controls the fraction of the production that is
accounted for in the model. The diet composition matrix
plus four of the five group-specific parameters need to be
‘‘known,’’ and the mass-balance equations are solved for
the remaining parameters.

Unlike MSVPA, Ecopath uses data on the production/
biomass ratio as input (Christensen and Walters 2000). Eco-
path does not require a representation of individual species
or their age structure. Another difference between the two
approaches is that while MSVPA considers the subset of
commercially important species and their key preys and
predators, Ecopath attempts to portray ecosystem-wide dy-
namics, including primary production.

Ecosim is a dynamic extension of Ecopath that simulates
time trajectories of the different functional groups modeled
and thus can be used to examine influences on ecosystem
dynamics resulting from any given harvest policy (Walters
et al. 1997). Ecosim replaces the static biomass flow of Eco-
path by a system of differential equations but it retains the
mass-balance assumption of Ecopath by tuning the model
to the baseline observations on biomasses and consumption
rates of the functional groups at a given reference time. We
should note that this does not imply equilibrium; known
changes in biomasses can be incorporated in the Ecopath
biomass flow equations.

A fundamental difference with mass-action models is the
introduction in Ecosim of the foraging arena concept (Wal-
ters and Juanes 1993; Walters and Martell in review), by
which only a dynamic fraction of each ecosystem compo-
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nent is vulnerable to predators. The fact that parts of the
prey populations are not vulnerable effectively augments
bottom-up effects compared with typical Lotka-Volterra-
based models. Through alternative parameterizations, users
can represent a variety of assumptions about the nature of
predator-prey interactions.

Ecopath with Ecosim software is a widely used tool for
the quantitative analysis of food webs and ecosystem dy-
namics (e.g., Pauly et al. 2000), and new capabilities are
being constantly developed. In particular, the software can
input historical trends in fishing mortality or effort, produc-
tivity indices (such as upwelling), recruitment indices, and
biomass of other, nonmodeled species to drive the dynam-
ics. Also, predicted trends can be fitted to observed trends
in relative or absolute abundances, to direct estimates of
total mortality rate, and to historical catches. Advanced
users are beginning to experiment with fitting the model to
time series data using formal statistical methods, but this is
in its early stages of development compared with single-
species approaches.

4.8.2 Critical Evaluation of Approaches

4.8.2.1 Uncertainty Analysis

Our limited ability to forecast population abundances and
catches has several roots: observation uncertainty, process
uncertainty, model uncertainty, and institutional uncer-
tainty.

First, we do not ‘‘observe’’ marine populations directly,
nor do we observe all the relevant variables to be able to
estimate population abundance confidently and understand
the relationships that govern their interactions. Errors in es-
timates of current exploited stock sizes obtained by modern
assessment methods commonly exceed 30% (NRC 1998).
Much larger errors, as large as 200%, have resulted from the
use of flawed assessment models (Walters and Maguire
1996). The abundance of other unexploited ecosystem
components may be even less known. This means that there
is substantial uncertainty about the initial conditions of the
variables involved in running any forecast model. Impreci-
sion and biases in diet composition data used to parameter-
ize predator-prey relationships are also a problem. In
particular, Walters and Martell (in review) have cautioned
about the risk of missing small prey items infrequently eaten
by abundant predators, a phenomenon that may strongly
affect prey dynamics.

Second, natural processes are inherently variable, and no
matter how good our models may be, they cannot predict
the exact state of the system at any given time in the future.
In marine populations, most life histories involve an early
larval stage that is subject to the vagaries of the planktonic
environment. As a result, variability in recruitment contri-
butes substantial process uncertainty (Botsford and Parma in
press). Oceanic processes are subject to large-scale decadal
oscillations, as well as episodic events like El Niño that alter
primary production and hence fish productivity. It has
proved very hard to build these environmental drivers into
fishery models.
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Third, models consist of relationships between variables
(functional or probabilistic) and parameters, and there is un-
certainty in both: structural uncertainty and parameter un-
certainty. As a rule, many alternative models are consistent
with experience and historical data, but some model uncer-
tainties are more critical than others. For example, the pro-
ductivity of a stock at low biomass is critical for the
estimation of sustainable harvest rates; uncertainty about the
stock structure and the proper spatial resolution to consider
may affect interpretation of most observed patterns; differ-
ent parameterizations of predator-prey relationships may
completely change the behavior of a multispecies model,
from top-down to bottom-up (Walters and Martell in re-
view).

Fourth, forecasts usually assume that some management
scheme will be in place in the future. In reality, there is
substantial uncertainty about future management decisions
and the degree of compliance with management regula-
tions. Although this could be considered part of model un-
certainty, institutional uncertainty brings into play a higher
order of complexity associated with forecasting how society
and its institutions will behave in response not only to the
vagaries of natural systems but also to economic, social, and
political forces.

Different forecasting approaches have different capacities
for dealing with uncertainty. Modern single-species fore-
casts usually incorporate uncertainty in initial conditions,
process uncertainty, and parameter uncertainty using Bayes-
ian techniques. Structural uncertainty is commonly treated
in a more ad hoc way, by conducting forecasts using a small
number of alternative model structures when searching for
robustness in policy performance (e.g., Butterworth and
Punt 1999). Less frequently, formal Bayesian techniques are
used to estimate the plausibility of alternative model struc-
tures (e.g., Patterson 1999; McAllister and Kirchner 2002;
Parma 2002a).

Multispecies models of intermediate complexity, like
those derived by extending single-species models to ac-
count for predation effects, facilitate the incorporation of
current state-of-the-art tools used in single-species models.
When it comes to large multispecies approaches, uncertain-
ties that surround model forecasts are much less frequently
conveyed. For example, uncertainties about input parame-
ters to Ecopath can be explored using the ECORANGE
routine, but the sensitivity of Ecosim predictions to these
uncertainties is often overlooked. Walters and Martell (in
review) recommend the use of alternative values to parti-
tion predation mortalities, in addition to those implied by
diet composition data, to evaluate sensitivity with respect to
uncertainty in the data. Despite similar warnings repeatedly
made by modelers (Aydin and Friday 2000; Walters et al.
1997), the software has often been often used as a black
box.

4.8.2.2 Strengths and Weaknesses of Different Approaches

The merits and limitations of the different forecasting ap-
proaches need to be viewed in the context of the purpose
of the forecasting exercise—that is, what question is being
addressed. Single-species approaches continue to be the
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preferred approach for evaluating the performance of sin-
gle-species management procedures. Their main strength is
that they are formally conditioned on past data (which
means management draws its lessons from history). The
methods for doing this are supported by a significant devel-
opment of statistical techniques (and specialized software)
for estimating model parameters efficiently, quantifying un-
certainty based on modern Bayesian techniques, and incor-
porating this uncertainty in decision analysis. Their
limitations are mainly a function of the quality of the data
used for model fitting and the peculiar history of exploita-
tion of the stock in question.

In many cases, stock assessments, and in turn population
forecasts, rely solely on fishery-dependent data. This is
problematic because there are many ways in which catch
per unit of effort may fail badly as an index of stock abun-
dance (Hilborn and Walters 1992). Also, many exploitation
histories correspond to depletion trajectories, the so-called
one-way trips (Hilborn and Walters 1992), which do not
provide needed contrast in abundance and effort, making it
hard to distinguish productivity and mortality parameters
when conditioning on past data. Conditioning is so critical
because by fitting a model to historical data before attempt-
ing a forecast, we demonstrate that the model is able to
reproduce historical trends and we constrain the universe of
possible models. This, however, is no guarantee that the
model will be able to extrapolate system responses correctly
to novel perturbations in the future.

Aside from these limitations, single-species approaches
obviously cannot be used to address ecosystem questions,
such as forecasting the impact of large-scale perturbations
or determining how human interventions propagate from
particular components to the rest of the ecosystem. Some
multispecies concerns, such as the impact of a given single-
species management procedure on other species, may best
be addressed by modeling only the linked dynamics of the
key species involved, as in the ‘‘minimal realistic model’’ of
the hake-seal system developed by Punt and Butterworth
(1995). The uncertainty present in single-species models is
here compounded by uncertainty in the parameters and re-
lationships that govern species interactions. This increase in
model uncertainty was the main reason why the large
multispecies approaches developed in the late 1970s and
early 1980s fell out of favor (Quinn in press).

The resurgence of multispecies models, such as MSVPA
in the North Sea and the Bering Sea, was accompanied by
major investments in field programs of stomach data collec-
tion to help fill some of the information gaps. Unfortu-
nately, such investments are seldom possible, so lack of basic
data to support multispecies models will be a major limita-
tion for their widespread use.

Beyond observation uncertainty, other problems de-
tected when using top-down multispecies models to fore-
cast ecosystem changes seem to reflect limitations of the
basic core assumptions used to represent predator-prey in-
teractions. MSVPA, for example, assumes that the predator
is always able to consume a fixed ration of food. According
to Walters and Martell (in review), forecasts done using top-
down multispecies models based on the mass-action princi-
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ple have produced some unrealistic results (such as strong
trophic cascades, loss of biodiversity, and dynamic instabil-
ity) more drastically and more frequently than is supported
by field evidence.

The development of the foraging arena concept of
Ecosim as an alternative to mass-action assumptions was a
major step forward, allowing control of the degree to which
the model behaves as top down or bottom up. However,
choosing appropriate values for prey vulnerability parame-
ters is difficult due to the lack of information to quantify
these processes (Plagányi and Butterworth in review). The
alternative of using default values followed in many applica-
tions is unsatisfactory, as Ecosim predictions are highly sen-
sitive to the choice of vulnerability settings (Shannon et al.
2000). Further development of time series–fitting ap-
proaches and alternative estimation schemes will be needed
to help parameterize these processes. Some alternatives are
discussed by Walters and Martell (in review).

Like the foraging arena formulation, the implications of
several other assumptions in Ecosim are just beginning to
be explored (see detailed discussions in Aydin and Friday
2000; Christensen and Walters 2000; Plagányi and Butter-
worth in review; Walters and Martell in review). In particular,
the assumption of mass balance and the use of Ecopath as a
starting point have raised criticism. On the one hand, the
mass balance condition is a strength in that information is
added by forcing the productivity of all consumers to be
supported by primary productivity in the ecosystem. This is
in sharp contrast to Lotka-Volterra systems, where the over-
all productivity is unconstrained, leading to instability.

This information, however, is not without a cost. First,
it augments the requirements for ecosystem-wide data, in-
cluding primary production, and specification of the form
of functional responses in predator-prey relationships
among all functional groups represented. Second, reliance
on Ecopath biomass flows balanced for some reference time
implies that predator-prey parameters are time-invariant,
which may not hold when the ecosystem changes substan-
tially from the reference situation. The assumption of equi-
librium commonly made when balancing Ecopath equations
may be even more problematic when biomass of some of
the key groups is changing during the reference time (Wal-
ters et al. 1997; Plagányi and Butterworth in review).

To conclude, single-species approaches will be hard to
beat as tools for describing the dynamics of exploited stocks.
Improvements on predation mortalities may result from in-
corporation of multispecies interactions but only when the
data required to parameterize them are available. Large
multispecies models such as MSFOR and Ecosim, on the
other hand, have been and will be useful to explore ecosys-
tem function and to postulate alternative scenarios about
plausible ecosystem responses to environmental change and
human interventions, when applied taking due care of un-
certainties and potential pitfalls. To date, calibration and di-
agnostic methods and expertise have not yet advanced to
the standards common in single-species fishery models. The
value of these approaches to guide management decisions
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in the future will be a direct function of the expertise gained
in that area.

None of the forecasting tools should ever be used with-
out at the very least exploring the sensitivity of predictions
to alternative model parameterizations and observation un-
certainties. This is less of a problem in single-species fishery
forecasting because assessment scientists have learned (the
hard way) not to trust model predictions, and growing em-
phasis is placed on robustness and precaution. The risk is
more serious with multispecies powerful packages like Eco-
path with Ecosim, which are relatively easy to set to run
without careful consideration of the implications of default
choices.

4.8.3 Research Needs

In general, it can be argued that fishery models must be
unsuccessful because such a large portion of fishery stocks
have been overexploited, and some have even collapsed. In
many of these cases, however, the collapse of the stocks was
anticipated by the models (of, for example, Georges Bank
cod). Thus it is not clear what is a failure of modeling and
what is a failure of policy-making.

Improved understanding of ecosystem function and im-
proved forecasting capabilities will require research and de-
velopments in several fronts, including:
• research aimed at improving understanding of spatial

structure and relevant scales at which different natural
processes operate and at evaluating when is it worth the
effort to incorporate the space dimension into single or
multispecies models and collect the required data;

• development of approaches to bridge the gap between
detailed process-oriented studies and simpler empirical
models useful for fisheries forecasting (can we use the
results of process-oriented studies to build alternative
scenarios, represented as simple model prototypes, and
assign relative plausibility?);

• further development and testing of formal approaches
for conditioning ecosystem models to different sources
of information, including times series data;

• development of new methods for estimating predator-
prey vulnerability parameters; and

• further exploration of the implications of core assump-
tions made in ecosystem models and consideration of
alternative formulations.

4.9 Forecasting Impacts on Coastal Ecosystems
Ecological forecasts predict the effects of biological, chemi-
cal, physical, and human-induced changes on ecosystems
and their components. Short-term coastal ecosystem fore-
casts, such as predicting landfall of toxic algal blooms, are
similar to those done for weather and hurricane prediction,
which also affect human well-being. On the other hand,
forecasting large-scale, long-term ecosystem changes has
similarities with macroeconomic forecasts that rely heavily
on expert judgment, analysis, and assessment, in addition to
numerical simulation and prediction. Forecasts of such
broad-based, long-term effects are particularly important
because some of the most severe and long-lasting effects on

................. 11411$ $CH4 10-27-05 08:41:40 PS



99State of the Art in Simulating Future Changes in Ecosystem Services

ecosystems may result from chronic influences that are sub-
tle over short time frames. In this sense, one aspect of coastal
forecasting has a longer history because of the well-developed
use of modeling in fisheries stock assessments, as described
in the preceding section.

Coastal ecosystem models should be able to predict
long-term changes in ecosystem function based on past and
present environmental and societal change and on coastal
governance processes. The results of such a model will de-
pend not only on the modeling of physical, chemical, and
biological spatial and temporal data but also on the value
judgments involved in the decision-making process. The
key direct drivers of coastal ecosystem change that may af-
fect human well-being and that are a priority for coastal
forecasting are eutrophication, habitat modification, hydro-
logic and hydrodynamic disruption, exploitation of re-
sources, toxic effects, introduction of non-native species,
global climate change and variability, shoreline erosion and
hazardous storms, and pathogens and toxins that affect
human health.

4.9.1 Existing Approaches

The basic structure of a simple coastal forecasting model
consists of a meta-data portal linked to an analysis system.
The meta-data portal is an algorithm that integrates and
manages data from many disparate sources and organizes
them into a form that can be used by the analysis system.
Data can be from archived sources or arrive in real time
from satellites and onsite measuring instruments. The analy-
sis component that processes the physical, chemical, and bi-
ological data required to monitor the direct drivers is
normally handled by a set of interactive deterministic multi-
models, the choice of which depends on the questions
being asked. Interactive or coupled multimodels consist of
a set of stand-alone models that handle different kinds of
data (such as in situ optics, chemical analyses, and remotely
sensed data) and that communicate with each other in order
to predict the likelihood of some outcome (such as a harm-
ful algal bloom). Final output is usually in the form of a
visual display in a GIS or mapping module.

Deterministic models are commonly of two types: em-
pirical models based on observation or experience in partic-
ular places and mechanistic models based on theories, which
explain phenomena in purely physical terms. Empirical
models are very common but of limited general use and are
not discussed further. What we need instead are models that
can accommodate the value judgments involved in the
decision-making process of humans. For this, some sort of
decision support system is required. The current state of the
art is still a long way from integrating this latter aspect into
existing coastal forecasting systems, which at present do not
allow sufficient lead time for coastal managers to intervene
in order to avert a potentially undesirable long-term out-
come. This assessment is not meant to review the many
excellent scientific publications on coastal models. It aims
rather to give a sense of the state of the art in relation to the
aspiration of building scenarios that inform the decisions of
coastal managers for long-term planning.
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4.9.1.1 Nowcast/Forecast Modeling Approach

A nowcast/forecast type system results when data from
multiple sources is fed to a meta-data portal in real time.
The term ‘‘nowcast’’ is used because it refers to the fact
there is no lag time between events and analyses—data are
immediately fed into the decision analyses. Nowcast models
are of interest because they promise the possibility of allowing
scenarios over long time scales to respond to discontinuities
and surprises as they arise. The Global Ocean Observing
System has scientific details of the operation of a nested set
of regional coastal and ocean forecasting systems (see http//:
ioc.unesco.org/goos).

An illustrative state-of-the-art example of a regional
nowcast/forecast system is the New Jersey Shelf Observing
System being developed by the Coastal Ocean Observatory
Laboratory. The aim is to provide a synoptic 3-D picture of
the biogeochemical cycling of elements and physical forcing
of continental shelf primary productivity in the New York
Bight (Schofield et al. 2002). The system under develop-
ment consists of an array of surface current radar systems,
color satellites, and autonomous underwater vehicles. These
will input mainly bio-optical data into a new generation of
physical-biological ocean models for hindcast and real-time
continental shelf predictive experiments. Results will be
disseminated in real time to both field scientists and water
quality forecasters over the Internet (marine.rutgers.edu/
cool) as well as to the general public (www.coolroom.org).

The ensemble of forecasts is generated by an extensive
suite of atmospheric, ocean, and biological models includ-
ing ROMS–the Regional Ocean Modeling System and
TOMS–the generalized Terrain-following Ocean Model-
ing System. ROMS is interfaced with a suite of atmospheric
forecast models. TOMS is coupled with a bio-optical eco-
system model, which uses the spectral distribution of light
energy along with temperature and nutrients to estimate the
growth of phytoplankton functional groups representing
broad classes of the phytoplankton species. The biological
forecast can then be validated in real time from the field
measurements that can guide the evolution of the model.
Errors between the model prediction and the field measure-
ments are used to direct autonomous underwater vehicles
into regions where more data are needed.

4.9.1.2 Decision-Support Approach

Another approach is to supplement deterministic models by
decision-support techniques. Decision analysis is a step-by-
step analysis of the consequences of choices under uncer-
tainty. Decision-support techniques include cost-benefit
analysis, cost-effectiveness analysis, multicriteria analysis,
risk-benefit analysis, decision analysis, environmental impact
assessment, and trade-off analysis. Of the various decision-
support techniques in use, only multicriteria analysis uses
mathematical programming techniques to select options
based on objective functions with explicit weights, which
stakeholders can then apply. The other approaches are not
easily adaptable to mathematical programming techniques
because of lack of clear techniques for incorporating infor-
mation in the decision-making process.
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SimCoast provides an illustrative example of how a
fuzzy logic expert system can be objectively programmed
into a coastal ecosystem decision-support model. According
to McGlade and Price (1993), three key intelligent systems
techniques potentially useful for sustainable coastal zone
management are neural networks, expert systems, and ge-
netic algorithms. However, interactions between these
methods and other approaches such as fuzzy logic and issue
analysis also give users the ability to assess the combined
uncertainty and imprecision in their knowledge and data.

SimCoast is a fuzzy logic, rule-based, expert system in
which a combination of a fuzzy logic and issue analysis has
been used to produce a soft intelligence system for multi-
objective decision-making. It is designed to enable re-
searchers, managers, and decision-makers to create and
evaluate different policy scenarios for coastal zone manage-
ment. The conceptual basis is a two-dimensional multi-
zoned transect onto which key features such as ports, laws,
mangroves, and activities such as fisheries, aquaculture,
shipping, and tourism are mapped. These activities are asso-
ciated with different zones and with the process to which
they are linked (such as land tenure, erosion, organic load-
ing). The effects of activities on the features are evaluated
in relation to defined policy targets (water quality, system
productivity, ecosystem integrity, for instance) measured in
particular units (oxygen level, turbidity, E. coli concentra-
tions, number of species, or biomass). This evaluation is the
result of consensual expert rules defined during workshops.
Fuzzy logic and certainty factors are used to combine new
data and build scenarios based on the ideas or even alterna-
tive hypotheses of experts.

4.9.2 Critical Evaluation of Approaches

4.9.2.1 Nowcast/Forecast Modeling

There are numerous coastal ecosystem nowcast/forecast
systems based on deterministic models coupled to a GIS to
predict harmful algal blooms, oxygen depletion effects, oil
spills, climate change effects, and the like. In spite of their
great scientific interest, these approaches require consider-
able expertise and resources that are not widely available to
coastal ecosystem managers around the world. Further, each
coastal area has different conditions and priority problems,
so that no single system of deterministic models will be use-
ful in most situations.

Coastal nowcast/forecast systems are typically domi-
nated by uncertainties in model initialization largely attrib-
utable to under-sampling. To deal with this, an ensemble of
forecasts with differing initial conditions is used to identify
regions in which additional data are required (Schofield et
al. 2002). Hence the models provide insight into what has
not been sampled and guidance for further real time obser-
vational updates using multiple platforms, including remote
(satellites, aircraft, and shore-based), stationary (surface and
subsurface), movable (ships and autonomous underwater
vehicles), and drifting (surface or vertically mobile) systems.

This rapid environmental assessment capability changes
the entire paradigm for adaptive sampling and nowcast/
forecast modeling. Forecast errors or misfits may now be
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dominated by uncertainties in the model formulations or
boundary conditions, and ensemble forecasts with differing
model parameterizations identify regions in which addi-
tional data are needed to keep a model on track. In the time
it takes to prepare the ensemble of forecasts for the well-
sampled ocean, additional data have arrived, and on-the-fly
model-data metrics can be used to quantify which forecast
in the ensemble is the least uncertain (Schofield et al. 2002).
This approach offered the MA the potential to have scenar-
ios and long-term forecasts dynamically updated to adapt
to discontinuities and surprises, which are an increasingly
common feature of the modern world.

4.9.2.2 Decision Support Systems

Decision support techniques are not really forecasting
methods. They do, however, provide a structured frame-
work through which a choice between alternatives can be
made with regard to a given set of criteria. This more
widely accessible approach can be criticized for theoretical
difficulties associated with aggregating preferences for use as
weights in the models.

Expert systems, by their very nature, deal with a good
deal of uncertain data, information, and knowledge. Deci-
sion support systems use many methods to integrate uncer-
tain information for inference: these most commonly
include Bayes theorem or the Dempster-Shafer theory of
evidence, but certainty factors and fuzzy sets are sometimes
also used. The commonly used Dempster-Shafer theory of
evidence (Dempster 1968; Shafer 1976), which is an exten-
sion of Bayes theorem, appears to be a robust approach.
According to Moore et al. (2001), this theory does not re-
quire exhaustive prior or conditional probabilities before
calculation can take place, and it can be used where evi-
dence is based on vague perceptions or entirely lacking.

Normally, where probabilities are not known, equal
prior probabilities are unrealistically assigned to each com-
peting piece of evidence, and the sum of all assigned proba-
bilities must equal one. With the Dempster-Shafer theory,
an ignorance value close to zero (ignorance � 0 represents
complete ignorance) can be used to represent the lack of
information, rectifying what would be erroneous with
probability. Related to this is the fact that when belief is
assigned to a particular hypothesis, the remaining belief does
not necessarily support the hypothesis’ negation. Other ad-
vantages of using the Dempster-Shafer theory include the
ability to use evidence supporting more than one hypothesis
(a subset of the total number of hypotheses). Finally, this
approach models the narrowing of the hypothesis set with
the accumulation of evidence, which is exactly how experts
reason. It held the possibility for the MA to allow fully spec-
ified uncertainties being attached to scenarios. It creates a
feedback loop, which stimulates human beings to take deci-
sions that they think may change the scenario outcome.

4.9.3 Research Needs

Traditional ecological forecasting and decision-support
methods are no longer adequate because they have a limited
ability to predict discontinuities—significant nonlinear
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changes in the direct or indirect drivers of change that force
a fundamental re-evaluation of strategy or goals. We there-
fore need to look for new models that are able to accom-
modate discontinuities and facilitate proactive scenario
planning where the past is an increasingly unreliable guide
to the future.

Perhaps the deliberative process that attempts to look at
the long-term future of ecosystems advocated by Clark et
al. (2001) and adopted by the MA should advance beyond
conventional ecological forecasting and be more accurately
referred to as ecological foresighting. This is taken to mean
not the identification of the most likely scenario but the
evaluation of many possible, feasible, or even desirable sce-
narios. This helps develop a deeper understanding of the
options and promotes better planning from a backcasting
standpoint. Since long-term ecological foresighting must
have as a base significant hindcast and nowcast information,
both nowcast/forecast deterministic models and scenario-
based decision support systems need to be linked so that
relevant up-to-date alternatives are presented to coastal
managers.

We need to also develop ways of modeling and of esti-
mating how ecosystem services respond to combinations of
stresses at local and regional scales. The combination of
complex interactions among a large number of components
with the variable nature of ecosystems and their driving
forces makes the development of such tools a significant
challenge. Potential techniques include neural nets, artificial
intelligence, fuzzy sets, and massively parallel algorithms.

4.10 Forecasting Impacts on Human Health
Forecasting the impacts of future ecosystem change on
human health (McMichael et al. 2003) at a global scale and
over the next century is daunting. This task is subject to
such large uncertainty that it might reasonably be consid-
ered impossible, or at least not scientific. Nevertheless, un-
certainty is not infinite, and many boundary conditions can
be identified. These include not only the consistency of
anatomy, physiology, and pathophysiology (disease proc-
esses), but also the fact that social and technological factors
will continue to influence and modify human health, as
they have for millennia. Though substantial uncertainty re-
mains about the characteristics of even present health at the
global scale, a great deal is known.

4.10.1 Existing Approaches

One dominant approach to modeling human health and
disease is embodied by classical epidemiological and biocli-
matic treatments of malaria, and even wildlife disease (e.g.,
Dobson 2000; Rogers and Randolph 2000). These ap-
proaches typically start with a detailed look at one disease
and one host, and then build toward predictions of critical
thresholds for epidemics and the implications for public
policy. Land changes or climatic changes are especially im-
portant when the diseases are transmitted by vectors, such
as malaria being transmitted by mosquitoes; this is because
temperatures alter vector survival and behavior, and land
alterations can create or destroy habitats for vectors. Be-
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cause they are host-pathogen specific, these approaches do
not lend themselves easily to global assessments; nor are
they motivated toward global assessment, since health pol-
icy is often formulated one disease at a time. Currently,
there is a move away from modeling one species at a time—
even from the perspective of classical epidemiology. For in-
stance, there is a growing recognition that climatic and
habitat perturbation may underlie the emergence of many
new human diseases (Patz et al. 1996), but no models of this
process are yet available.

Because of the limitations of single-species disease mod-
els, an alternative emphasis for global assessments has been
on a more phenomenological or aggregate approach that
emphasizes connections between population demography,
social behavior, and poverty. This topic can appear over-
whelmingly complex. It may be useful to consider that un-
certainty applies to three key ‘‘black box’’ determinants
relevant to this task. These boxes can be conceptualized as
input, output, and modifying determinants, where input
represents the state of ecosystems, output the state of health,
and modifiers the social, technological, and political co-
factors that can either dampen or exacerbate the importance
of ecosystem change upon health. Of course, in reality these
categories are not clearly separate. At all times, a continuous
interaction exists between these three categories, though
often the causal links are subtle, poorly identified, and at
least in some cases—away from thresholds—unimportant.

Clearly, myriad possible interactions and cascading re-
sponses between ecosystem services, human health, and the
societies and institutions that modify and influence both
health and ecosystems are possible. The outcomes can be
positive or negative. One method has been proposed to
classify potential adverse responses into one of four broad
groups, called ‘‘direct,’’ ‘‘mediated,’’ ‘‘modulated,’’ and
‘‘systems failure’’ effects (Butler et al. in press).

In this categorization, direct health effects manifest
through the loss of a useful ecosystem service, such as the
provision of sufficient food, clean water, or fertile soil or
the restriction of erosion and flooding. Direct effects occur
as the result of physical actors but do not include pathogens
per se. They are probably the most easily understood of the
four effects.

Mediated effects, as opposed to direct ones, have in-
creased causal complexity and in some cases involve patho-
gens. Some have potentially high morbidity and mortality.
There is also often a longer lag between the ecosystem
change and the health outcome than for direct effects.
Many infectious and some chronic diseases fall in this cate-
gory. In many of these cases disease have emerged as a result
of the increased food-producing capacity of ecosystems (a
provisioning ecosystem service)—for example, by animal
domestication, irrigation, dams, and other intensive farming
practices. A trade-off has been the unforeseen increase in
the incidence and prevalence of many of these communica-
ble diseases.

Effects called ‘‘modulated’’ and ‘‘systems failure’’ have
also been identified as larger-scale, more lagged, and more
causally complex adverse consequences of ecosystem
change. Modulated effects refer to episodes of state failure
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or of nascent or realized large-scale social and economic
collapse. Systems failure refers to economic and social col-
lapse at a supra-national scale as a result of coalescing, inter-
acting modulated effects.

This classification can be mentally fitted to different eco-
system futures. For example, if a region experiences marked
loss of provisioning services, then direct adverse effects,
such as the disruption of flooding or increased hunger, are
likely. Loss of biodiversity, and more contact between hu-
mans and undomesticated species may mean the occurrence
of more mediated effects, including emerging infectious
diseases. Greater intensification of animal husbandry may
facilitate the spread of recombinant forms of known dis-
eases, such as influenza. However, more realistic and useful
predictions of the health impact of ecosystem change re-
quire greater understanding and at least attempted predic-
tions of the social, institutional, and technological factors
that modify health—the third of the black boxes identified
earlier.

In some cases, such as modulated health effects, health
itself may critically affect the quality of these human ser-
vices. It is true that modulated effects are far less likely to
occur in societies that have strong institutions, reasonable
governance, and high technology. Adverse health effects
consequent to ecosystem change and reduced ecosystem
services may in some cases overwhelm societies that are al-
ready fragile, however, causing them to exceed a ‘‘tipping
point’’ beyond which decline is highly likely.

Although far less likely, it is also possible to envisage
pathways and causal webs that test the social, economic,
and health fabrics of societies that currently appear almost
invulnerable to adverse ecosystem change. For example, an
interlocking cascade of adverse events and erroneous deci-
sions led in the last century to the Great Depression and
World War II. Although perceived resource scarcity was a
factor in this cascade (for example, in both the German and
Japanese peoples’ desire for expansion), ecosystem buffers—
especially on a per capita basis—were far higher then than
they are now.

4.10.2 Critical Evaluation of Approaches

Conventionally, scenario theorists accentuate and extrapo-
late existing trends into the future, imagining and modeling
how different futures will unfold. One problem with the
scenario approach is that assumptions about the future are
typically ‘‘bundled together,’’ as in ‘‘TechnoGarden,’’
whereby across-the-board technical innovation is expected
to meet global challenges. But an imaginary future marked
by rapid technological progress may adversely affect human
health if it is not also accompanied by other forms of prog-
ress. That is to say, affordable vaccines, surgery, and pharma-
ceuticals may not be fully able to compensate for poor
health if high technology is also accompanied by a dehu-
manization of society.

Second, human health is a mix of technology, environ-
ment, and social systems. Predicting how these interlink is
almost impossible, and we lack both theory and empirical
relationships as guidance. We have studies that predict how
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climate variability might directly affect human health
through air pollution and diseases (McMichael et al. 2003),
but the fact that climate change will also alter distribution
of wealth and disrupt societies is not factored into these
health predictions.

Reductionist approaches to science have sought to sim-
plify and analyze reality by considering isolated elements,
and at ever finer resolution. This approach has been very
successful in many fields and has contributed substantially
to the enormous scientific, technological, and material
progress that marks our time. And although material prog-
ress is not sufficient for either human health or human well-
being, it is clearly an important contributor to both. Yet
reductionist methods have limits that are increasingly rec-
ognized. A major drawback is that they mask the signifi-
cance of threshold effects and, even more important, they
can actually hide the concept of thresholds.

In a linear, reductionist conceptualization of reality, an
increment of change is not of itself very important. If the
experimenter (including the unwitting social and ecological
experimenter) concludes that an increment of change causes
an undesirable increment of response, then linear thinking
suggests that the remedy is simply to subtract that incre-
ment. In many cases this is possible. In ecosystems, society,
and human health, however, innumerable though still
poorly defined thresholds exist beyond which reversal is ei-
ther impossible or prohibitively expensive. This phenome-
non of costly or impossible reversibility, also known as
hysteresis, is increasingly recognized in ecology (Scheffer et
al. 2001a), but has as yet been little studied in relation to
health and society (Butler et al. in press).

4.10.3 Research Needs

The critical areas of research entail linking together the
many threads that affect human health. We still lack some
of the most basic information on how the epidemiology
of disease is altered by the environment. Inevitably, human
systems respond to health threats, and any sort of prediction
regarding possible adaptive responses is totally lacking in
global health projections. We know historically that the col-
lapse of social systems can drastically affect human health.
Systems failure, were it to occur, is possible as the century
unfolds. Yet we have very little ability to predict or antici-
pate these system failures, which in turn put so much stress
on health care systems.

There may be many opportunities for translating the
successes of specific epidemiological models into true global
assessments. The situation now is very much like that of
ecology 30 years ago, when the focus was on single-species
models or models of pairs of interacting species. The rise of
ecosystem science and attention to biodiversity prompted
a whole new generation of models, but still with critical
ecological underpinnings. Global health assessments would
benefit from attempts at using epidemiological models to
scale up and aggregate over many diseases toward summary
predictions.

4.11 Integrated Assessment Models
Many environmental problems are caused by a complex
web of causes and effects that have environmental, social,
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and economic dimensions. The fact that these webs cannot
be well described by disciplinary approaches has led to an
increasing interest in integrated assessment models. Weyant
et al. (1996), Van der Sluijs (1997), Rotmans and Dowlata-
badi (1998), and Toth and Hizsnyik (1998) provide interest-
ing reviews of integrated assessment definitions and
methods. In general, they describe IAMs as modeling
frameworks to organize and structure various pieces of (dis-
ciplinary) scientific knowledge in order to analyze the
cause-effect relationships of a specific problem. The analyses
should have a wide coverage and include cross-linkages and
interactions with other problems.

The term IAMs is applied in particular to models that
include some description of the socioeconomic system (in-
cluding economic activities and human behavior, popula-
tion dynamics, and resource use) and its interaction with the
environmental system (regional air pollution, the climate
system, land cover/land use, and so on). They can be quali-
tative (conceptual models) or quantitative (formal computer
models). IAMs are used to synthesize available scientific in-
formation from different disciplines, and their specific ap-
proaches and assumptions, in an organized way. An essential
feature of IAMs is their focus on application for policy sup-
port and on assessment rather than scientific research per se.
In such policy-oriented applications, IAMs have different
functions. They serve as an early warning system and an
exploration of possible futures, they are used for policy
evaluation, and they provide tools that directly support
public decision-making and negotiations.

IAMs can be categorized in various ways. A first classi-
fication is the dominant modeling paradigm. IAMs can be
calculated as either simulation or optimization models.
Most simulation IAMs are based on differential equation
descriptions. Sometimes partial optimization is used. The
IAMs derived from an economic problem setting tend to
use optimization techniques to evaluate the minimum cost
or other objective function of certain trajectories. These
types of IAMs are like dynamic cost-benefit analyses.
Within both modeling paradigms, deterministic as well as
stochastic approaches are used, although the former domi-
nate. Within optimization IAMs, a further distinction can
be made according to the degree to which the objective is
to satisfy exogenous constraints or targets.

A second classification concerns horizontal and vertical
integration. Vertical integration refers to the degree to
which a model covers the full cause-effect chain of the rele-
vant issue—from driving forces to pressures, to changes in
state, to impacts, and finally to possible responses. Vertical
integration has emerged from the pressure-state-impact-
response framework in environmental policy. Horizontal
integration refers to the integration between different as-
pects of the object of study. This can be in a rather narrow
sense, such as integrating the interactions between water
and land cover/land use, or much wider, as in the integra-
tion of demographic/health issues and the state of the envi-
ronment. A related classification is in terms of the topic they
focus on. This is often a reflection of the intended policy
application. Many IAMs have been used to explore the dy-
namics of acidifying pollutants and greenhouse gases and
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their impacts. To make IAMs policy-relevant, cost modules
and allocation algorithms can be added.

As with other models, IAM outcomes depend strongly
on the assumptions made. As IAMs often cover a broad
range of different topics and focus on integration of disci-
plinary knowledge (scientific information on the linkages
among different disciplines is often less ‘‘strong’’ and in-
volves more expert assessment), these assumption play a
more important role than in other areas of modeling. In
IAMs dealing with climate change, for instance, key uncer-
tainties include developments of population and economy,
sociopolitical choices with respect to human development
(such as environmental policies), technology development,
and discount rates. Several tools have been developed to
deal with uncertainties. An important tool includes the use
of storyline-based scenarios, defining consistent sets of as-
sumptions. Others include more traditional uncertainty
analysis and the assignment of qualifications to uncertain
model outcomes (see, for example, www.nusap.net).

Almost by definition, the field of IA modeling is rather
broad and vaguely defined. One reason for this is that it is
relatively new, and universal rules and principles have not
yet crystallized. This makes the overview in this section
rather eclectic and limited, focusing on specific examples.
We do not intend to give an extensive overview of all avail-
able models in the field. For many specific applications,
such as integrated assessment of climate change, compre-
hensive overviews already exist (Weyant et al. 1996; Rot-
mans and Dowlatabadi 1998). We confine ourselves to
models with a relatively large level of integration that have
not yet been covered in other sections of this chapter.

4.11.1 Existing Approaches

IAMs first became popular in the fields of air pollution con-
trol and climate change. The work in these areas in the late
1980s and during the 1990s generated several models that
are useful for carrying out assessments in global environ-
mental change or sustainable development because they
have typically both a long time horizon and a global per-
spective. For example, UNEP’s Global Environment Outlook
(UNEP 2002) and IPCC’s Special Report on Emissions Scenar-
ios (Nakićenović and Swart 2000) have all built on these
models.

The first well-known IAM was built in the early 1970s
in response to the concerns about world trends of a group
of industrialists and civil servants, the Club of Rome
(Meadows et al. 1972). The computer simulation model
World3 described couplings between the major demo-
graphic, resource, and economic components of the world
system at the global level. It used the system dynamics
method developed at the Massachusetts Institute of Tech-
nology from electrical engineering science. Its main pur-
pose was to raise awareness about the nature of exponential
growth in a finite world and the systemic nature of the ob-
served and anticipated trends due to the various linkages
between what were at the time largely seen as separate
processes. It showed the risks in continuing business-as-
usual development paths—so much so that only its dooms-
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day message came across. This model, and subsequent efforts
at more disaggregated models (e.g., Mesarovic and Pestel
1974) inspired the development of a whole set of derived
models. It also started a vigorous debate about the nature of
market processes, which according to most economists
would solve most problems long before a catastrophe would
unfold.

A second generation of IAMs had a more narrow focus
on a particular environmental problem and the ways in
which policy could deal with it. This was partly in response
to the aggregate nature of the first generation models that
made it hard to perform meaningful validation and policy
support. An outstanding and well-known example in this
respect is RAINS—the Regional Acidification Information
and Simulation model of acidification in Europe developed
in the 1980s (Alcamo et al. 1990). It played and still plays a
major role in the international air pollution negotiations in
Europe.

The first steps of IAMs dealing with the causes and con-
sequences of climate change were taken in the late 1970s.
Examples include models by Nordhaus (1979) and Häfele
et al. (1981), although the environmental part in these ex-
amples was extremely simple, including only atmospheric
CO2 concentration. Mintzer (1987), Lashof and Tirpack
(1989), and Rotmans et al. (1990) extended these models by
including more physical and chemical aspects of the climate
system. Since then, a large number of such models have
been developed and currently more than 50 climate
change-oriented IAMs coexist (Van der Sluijs 2002). More
recently, IAMs have been developed with an expanded or
different emphasis, such as water (e.g., Döll et al. 1999) and
human health (Martens 1997). In the community of econo-
mists, the emphasis has been on the merging of a neoclassi-
cal economic growth model with a simple climate system
model and on using it in the search for cost-effective abate-
ment strategies. Here, too, a series of additions has followed,
such as a more elaborate energy system, more in-depth
treatment of technological dynamics, and integration with
impact modules.

As these third-generation IAMs are expanding their
scope and level of integration, they are slowly developing
from environmental or climate change models into global
change or sustainable development models. (See Table 4.1.)

4.11.2 Critical Evaluation of Approaches

Three evaluation criteria were developed for discussing
IAMs in the context of quantifying the MA scenarios:
• Is there any integration between ecosystems and other

parts of the (world) system, such as land, water, atmo-
sphere, population, and economy, and if so, how is it
done?

• At what spatial and time scale(s) are the ecosystem and
the interactions with other parts modeled, ranging from
short-term local dynamics to large-scale and global long-
term dynamics?

• To what extent is the model used, or has it been used,
for policy applications, and if so, how is the interface
with decision-makers or analysts constructed and ap-
plied?
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For our purpose, we clustered three groups of IAM
models. The first group contains models that have been
built with the explicit objective of providing an integrated
insight into a broad range of environmental, economic, and
social aspects of sustainable development. The second group
contains models that have been mostly built around the link
between economic development, the energy sector, and
the climate system. The third group of models is a subclass
of the previous one. These models started out as energy-
environment models but have evolved to a point where the
newly developed ones are now better characterized as a
third category: global change models. (We have not in-
cluded the IAM models on regional air pollution control
here because of their narrow focus. It should be noted,
however, that the RAINS modeling team is currently ex-
tending its framework to cover not only acidification, eu-
trophication, and ground-level ozone but also greenhouse
gas emissions.)

4.11.2.1 Sustainable Development Models

This group of IAMs has the highest level of integration in
terms of social, economic, and environmental issues. In
order to avoid levels of complexity that are too large, they
use a rather high level of aggregation. They use expert-
model derived meta-level descriptions of underlying proc-
esses—often correlations or ‘‘stylized facts’’—and a low
level of spatial or regional disaggregation. This group in-
cludes the system-dynamics World3 model and the more
recent related models such as International Futures (Hughes
1999), TARGETS (Rotmans and De Vries 1997), Thresh-
old 21 (Barney 2000), and GUMBO (Bouwmans et al.
2002). It also includes the Polestar system, which systemati-
cally links scenario assumptions and scenario outputs for a
wide range of issues (Raskin et al. 1999).

Consistent with their high level of aggregation, most of
these models try to answer rather broadly formulated ques-
tions, identifying possible trade-offs between economic de-
velopments and ecological functioning without providing
detailed and concrete strategies or policy advice on how to
deal with the trade-offs. From the perspective of developing
scenarios for ecosystem services, the TARGETS model, the
Polestar model, and the GUMBO model have provided in-
teresting insights. In the context of the MA, these models
had major advantages of allowing for a high level of integra-
tion and of including several feedbacks. Their description
of detailed (ecological) processes is often simple, however.

The TARGETS model (Rotmans and de Vries 1997;
De Vries 2001) has been developed at the Dutch National
Institute of Public Health and the Environment and applied
to work out three consistent perspectives on sustainable de-
velopment. It includes five submodels, one of which simu-
lates key biogeochemical cycles. The land cover/land use
and the food, water, and energy supply-and-demand dy-
namics are simulated at an aggregate level. Scenarios were
built around the framework of the Cultural Theory
(Thompson et al. 1990), with an evaluation of parameter
assumptions and model outcomes in terms of ‘‘utopian’’ and
‘‘dystopian’’ courses of events. The model allows a clear
linkage with ecosystem services at the high aggregation
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Table 4.1. Examples of Integrated Assessment Models (Adapted from Bakkes et al. 2000)

Analytical Horizontal Vertical Key Existing Ease of Use by
Model Technique Integrationa Integrationb Key References Scenarios Non-Developersc

World 3 system dynamics present limited Meadows et al. 1972; 13 explorative limited
Meadows et al. 1992 scenarios

Int. Futures system dynamics advanced limited Hughes 1999 base scenario very high

TARGETS system dynamics present present Rotmans and de Vries reference case high
1997 with varieties

Threshold 21 system dynamics advanced present several explorative very high
scenarios

Polestar accounting present limited Raskin et al. 1999; SEI SGS-scenarios very high
Boston Center 1999

MESSAGE dynamic linear limited limited Messner and SRES, WEC limited
programming Strubegger 1995; Riahi

and Roehrl 2000

MiniCAM partial equilibrium limited limited Edmonds et al. 1996 SRES high

AIM general equilibrium limited limited Morita et al. 1994 SRES, GEO limited

IMAGE system dynamics/ limited advanced Rotmans 1999; Alcamo SRES, GEO limited
simulation 1994; IMAGE-team

2001

a Very limited indicates a lack of integration between domains as well as within a domain. Limited refers to a lack in one of the two. Present indicates several
domains are covered in an integrated manner. Advanced is used for models that include environmental, economic, and sociocultural aspects.
b Limited refers to models where several parts of the cause–effect chains modeled are missing or not explicit. Present refers to the models where the casual
chain is modeled, but there is a lack of feedback from the output of the model to the input. The term advanced is reserved for models where this final loop
is also closed.
c Very limited refers to models that are not accessible to non-developers. Limited refers to models where the models can be used by outsiders after
considerable training. The term high classifies models that exhibit an interface and a level transparency that makes it very easy for non-developers to apply
the model and to adjust it to their own needs.

level used. In contrast to most other global models, the
TARGETS model included a full link back from environ-
mental change into demographic developments (including
health) and a partial evaluation of feedbacks upon the econ-
omy. The main disadvantages of the TARGETS model are
the lack of regional disaggregation and the fact that, like
most IAMs in this group, it was not related to a specific
decision-making process.

Polestar is an integrated accounting framework devel-
oped by the Stockholm Environment Institute’s Boston
Center (SEI Boston Center 1999). Its best known applica-
tion has been in conjunction with the Global Scenarios
Group (Gallopin et al. 1997). The backbone of the model
is an extensive data set containing a wide range of social,
economic, and environmental variables. Polestar has rela-
tively little relationships between each of the variables in
the system. In that sense, it is not so much of a model as an
accounting framework to explore various assumptions. It is
more suitable for exploring the range of possible futures and
the possible impact of certain policy interventions than for
deriving integrated and balanced answers for issues related
to political decision-making. Polestar has been very success-
fully applied in supporting various scenario development
processes with strong user involvement, including scenarios
that describe some elements of ecological functioning.

Finally, the GUMBO (Global Unified Metamodel of the
Biosphere) model was developed explicitly to deal with a
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description of ecological services and their possible future
development under various assumptions (Bouwmans et al.
2002). It is a ‘‘metamodel’’ in that it represents a synthesis
and a simplification of several existing dynamic global mod-
els in both the natural and social sciences at an intermediate
level of complexity. GUMBO includes dynamic feedbacks
among human technology, economic production, and wel-
fare and ecosystem goods and services within the dynamic
Earth system. It includes modules to simulate carbon, water,
and nutrient fluxes through the environmental and ecologi-
cal systems. GUMBO links these elements across eleven bi-
omes that together cover the entire surface of Earth (open
ocean, coastal ocean, forests, grasslands, wetlands, lakes/rivers,
deserts, tundra, ice/rock, cropland, and urban). The model
also nicely links to several socioeconomic elements of sus-
tainable development, such as the different types of capital
(human, built, social, and natural) that form an essential ele-
ment of the World Bank’s approach to sustainable develop-
ment and measures of sustainable social welfare.

4.11.2.2 Models Concentrating on Economy, Energy, and
Climate Relationships

IAMs have been very successful in the field of climate
change. A large number of IAMs have been developed, and
their results are regularly presented to and discussed with
decision-makers. In this way, they have clearly influenced
policy-making. Examples of interaction between outcomes
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of IAMs and decision-makers include use and development
of the IMAGE model in dialogue with policy-makers in the
Netherlands (Alcamo et al. 1996) or the contribution of
IAMs to several chapters of IPCC’s Third Assessment Re-
port, in particular with respect to mitigation strategies (Metz
et al. 2001). Reasons for this include that the issue of cli-
mate change refers to a rather complex web of causes, envi-
ronmental processes, and impacts (which can only be
understood well in an integrated way), that many crucial
relationships are well known, and, more recently, that an
institutionalized policy process exists. As a result, currently
more than 50 IAMs exist that cluster around the relation-
ship of economic development, energy use, and climate
change. Some of these also describe related issues such as
other atmospheric pollutants and depletion of resources. In
some publications, these models are referred to as 3E mod-
els: Economy, Energy, and Environment.

A clear difference within this group can be made be-
tween basic macroeconomic models, with little technologi-
cal and climate detail, and models that include a detailed
description of the energy sector. The first category includes,
among others, rather aggregated meta-models that aim to
link both economic causes of climate change and the result-
ing impacts in order to perform cost-benefit analysis, such
as the DICE model (Nordhaus 1994) and the FUND model
(e.g., Tol 1997, 2003). Both of these have been applied in a
large number of studies. A strong point of these models is
that they fully describe the cycle—from economic develop-
ment to climate change, possible damage from climate
change, and its feedback on the economy. However, the
detail in describing ecological functions in these models is
rather low and abstract. In particular, DICE describes cli-
mate change in terms of a limited set of equations for global
temperature increase with a couple of damage functions.
The FUND model, in time, has become more comprehen-
sive in its description of climate change impacts; now, for
instance, it also deals with spread of diseases.

Another group of models includes a more detailed de-
scription of the energy and the climate system but, in turn,
sometimes lacks a feedback on economic development.
This includes most of the models used in the recent IPCC
Special Report on Emission Scenarios study (ASF, MESSAGE-
MACRO, MARIA, MiniCAM, AIM, and IMAGE). (De-
scriptions and references of these models are provided by
Nakićenović and Swart, 2000; see also www.grida.no/
climate/ipcc/emission/index.htm.) Other influential IAM
models that fall into this category are the ICAM model
(Dowlatabadi 1995) and MIT’s Integrated Assessment
Model (Prinn et al. 1998). The ICAM model emphasizes
the role of uncertainty. The MIT model consists of a frame-
work of underlying state-of-the-art disciplinary models and
probably represents currently one of the most well devel-
oped models in the field.

4.11.2.3 Global Change Models

The models in this group are similar to those just described,
in that the emphasis is placed on the relationships between
energy and the environment. Reflecting a trend of the past
10 years and taking advantage of new computer tools and
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satellite data, the developers of these models have widened
their scope to include other aspects as well, in particular
land cover/land use change and the relationships between
land use change and climate change. For this reason, we
have chosen to characterize them as global change models.
This section focuses on the IMAGE and AIM models.

The IMAGE model is one of the well-known integrated
assessment models in this category (IMAGE-team 2001). It
includes a description of the energy/industry system, of land
use change, and of the climate system, partly based on 19
global regions and partly on a 0.5x0.5 grid. In more recent
years, it has both aimed at applications within the climate
change community (for example, in the IPCC-SRES) and
at much broader applications, such as UNEP’s Global Envi-
ronment Outlook (UNEP 2002). Ecological services that are
described within the model include the role of ecosystems
within carbon and nutrient cycling, provision of food and
energy, and some more abstract indicators of ecological
functioning. The number of linkages in IMAGE between
the environmental system and socioeconomic system, how-
ever, are limited. Within its more narrow focus of environ-
mental problems, nevertheless, horizontal integration is
exemplary. Vertical integration is more limited, as there is a
lack of feedback from the environmental impacts calculated
by the model on the macroeconomic trajectories that the
model assumes.

AIM is a set of models developed by the National Insti-
tute of Environmental Studies in Japan, including a general
equilibrium model but also some fuller integrated assess-
ment models (Kainuma et al. 2002). In terms of its coverage
and applications it is quite similar to the IMAGE model,
although the emphasis is more on East and South Asia.

4.11.3 Conclusions

Over the years several IAMs have provided relevant infor-
mation on the future of ecological services. This is in partic-
ular the case for regulating and providing ecological services
such as food and water provision and those related to bio-
geochemical cycles. Only a few models have been specifi-
cally developed to provide information on ‘‘sustainable
development’’ issues, however. (That term is used here to
indicate the central focus of the MA—ecological functions
and their relevance for human well-being.) Existing models
only cover trends for a few selected services. Evaluating
IAMs against the three criteria described earlier leads to sev-
eral conclusions.

4.11.3.1 Integration and Feedbacks

Although the integration in most models is high from the
perspective of the limited (environmental) problems they
were developed for, their integration from a perspective of
the MA’s objective is still rather low. In particular, the num-
ber of feedbacks that are included from ecological changes
on socioeconomic drivers are scarce. (Some exceptions are
the impacts of food production and climate policy on socio-
economic drivers.)

We believe that a better description of the linkages and
feedbacks from an overall sustainable development perspec-
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tive (instead of a single issue perspective) could improve
the relevance of a selected set of IAMs for broad global
assessments. An international attempt to further specify
these linkages and establish priorities for them against an
overall ‘‘sustainability science’’ context could be helpful.

At the same time, it is clearly not realistic to expect
models to be both comprehensive and detailed. Therefore,
nested approaches could provide a significant improvement
over existing work. Here, comprehensive but more aggre-
gated models provide drivers for more dedicated (and thus
more detailed) models. Such models could focus on partic-
ular issues or regions.

4.11.3.2 Level of Geographical Aggregation

The processes in ecosystems and hence the provision of
ecosystem services are most adequately considered as nested
dynamical processes occurring at various scales (Gunderson
et al. 1995). A proper understanding of their response under
human-induced direct and indirect (such as climate change)
perturbations demands models that cover various scales in
both space and time.

Given the purpose of the MA, models needed to ac-
knowledge heterogeneity and include a sufficiently detailed
regional/local specificity. With the new tools of geographic
information systems and an ever-growing amount of satel-
lite and field data, there is a clear tendency to invest in ever-
higher spatial resolution in models. This has a price, too, as
it usually implies less than global or even regional coverage.
At the same time, given ongoing globalization, many eco-
nomic processes potentially have ever-wider consequences
for ecosystem perturbations. Thus, at the economic level
as well, understanding the nature and dynamics of regional
differences and interregional links, in particular trade, will
be an important research issue for integrated modeling in
the coming years. Again, a nested approach to integrated
assessment modeling could be a helpful way forward, in
which global models provide context for detailed, regional
(ecological) models.

4.11.3.3 Areas That Are Poorly Covered

Ideally, IAMs should cover a wide range of different aspects
of sustainable development if they are to be used for policy-
relevant assessment with as broad a scope as the MA.
Clearly, some areas of ecosystem change are poorly covered.
In particular, the linkages between ecosystem change and
human development, in a broad economic and sociopoliti-
cal sense, are weak or absent in most IAMs. The institu-
tional components among them are notoriously weak. This
reflects the large and growing complexity of the economic
and social processes in an ever more integrated world.

There is as yet limited experience with and agreement
on how to connect the various layers of a vertically inte-
grated model. The emerging science of complexity, espe-
cially when it entails detailed simulation models of
socioecological systems, may indicate a way forward (Jans-
sen 2003; de Vries and Goudsblom 2002). Another strategy
is to include qualitative narratives and then try to support
certain parts of the narratives with the rigor and consistency
of quantitative models. Some parts of the environment are
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almost systematically lacking in IAMs, such as marine eco-
systems and coastal zones. This is also the case for a large
number of ecosystem services, in particular regulating and
cultural services. Our representation of the parts that are
included suffers from an incomplete understanding of the
underlying processes.

4.11.3.4 Application of IAMs

A major area of use of IAMs is in developing and analyzing
scenarios. Models should be only one tool in this process,
their main role being to generate and organize quantitative
projections. Descriptive narratives are powerful tools to
convey the broader significance of scenarios, as indicated,
for instance, in IPCC’s SRES scenario work. Among other
things, narratives bring in qualitative elements that quantita-
tive models cannot handle and convey that different scenar-
ios constitute very different worlds and, therefore, strategies
that will work in one future world may very well be out of
place in another.

Finally, we need to note that uncertainties are a key ele-
ment in IAMs, given their high complexity and focus on
decision-making. These uncertainties include, for example,
variability of parameters, inaccuracy of model specification,
and lack of knowledge with regard to model boundaries.
Although the existence of uncertainties has been recognized
early in the process of developing IAMs, in many of them
uncertainty analysis is included only partially or not at all.
Several new projects have been set up to work on uncer-
tainties in a more specific way (see, e.g., www.nusap.net).

4.12 Key Gaps in Our Modeling Abilities
Many of the shortcomings of models pertain to data limita-
tions or limitations of the models themselves. For example,
our ability to incorporate spatially explicit data is often lack-
ing. Two fundamental conceptual gaps stand out as espe-
cially important.

The first gap concerns the absence of critical feedbacks
in many cases. Examples can be found in virtually every
arena of forecasts. As food supply changes, so will patterns
of land use, which will then feedback on ecosystem services
and climate alteration and future food supplies. Land use
changes modify the climate, but the climate then alters the
vegetation possible on any parcel of land, which in turn
constrains the types of land cover possible. These types of
feedbacks are lacking throughout. This means the forecasts
are best over shorter time scales, before the feedbacks are
given time to resonate back through systems. It may be that
50 years, which is the timeframe of the MA projections, is
sufficiently short that the absence of critical feedbacks is not
as much of a liability as it might seem at first glance. If
these feedbacks are important, our models may be seriously
wrong in their predictions.

The second major gap is the absence of theories and
models that anticipate thresholds, which once passed yield
fundamental system changes or even system collapse. We
know it is possible to hunt or fish a species to extinc-
tion—to total collapse, in other words. A short time frame
for forecasts does not confer any immunity to thresholds,
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since we may be very close to certain thresholds at this point
in time. For this reason, the greatest priority for advancing
MA models is more explicit attention to anticipation of
thresholds.

Finally, there is the issue of model transparency and the
use of models by decision-makers. Much of what makes
models fail as useful assessment tools is that modelers often
get the technical process of modeling right but do not ac-
count for the fact that assessment tools need to be part of
existing social and political processes. There needs to be
much more work aimed at: how to ask modeling questions
so that they are relevant to policy and other processes; how
to find new ways to communicate complexity to nonspe-
cialists because of the abundance of nonlinearities, feed-
backs, and time lags in most global ecosystems; how to elicit
knowledge with and from stakeholders at different levels of
organization (local, regional, national, international), how
to understand the way models fit or do not fit into social
and political processes; and how to communicate model
uncertainty to non-specialists.
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Main Messages

The Millennium Ecosystem Assessment scenarios address plausible fu-
ture changes in ecosystems, in the supply of and demand for ecosystem
services, and in the consequent changes in human well-being.

A survey of user needs and a set of interviews with decision-makers and
other leaders identified a set of key concerns to be addressed by the MA
scenarios. These concerns included globalization, leadership, poverty
and inequality, technology, local flexibility, and surprises. Uncertainties
about these factors have large implications for future ecosystem ser-
vices. The uncertainties are related to ecosystem management dilemmas—
situations in which significant risks are associated with each possible decision.
Two dilemmas identified by respondents were: What degree of ecological com-
plexity is needed to provide reliable ecological services? And to what degree
can people use technology to substitute for the role of relatively undisturbed
ecosystems in the provision of services? Exploring the consequences of differ-
ent outcomes for the key concerns and different decisions made about the
dilemmas form the underlying basis for the differences in the four scenarios.

The MA scenarios were designed to explore a wide range of contexts
under which sustainable development will be pursued, as well as a wide
range of approaches to sustainable development. With respect to con-
text, we explore two basic futures—one that becomes increasingly glob-
alized and one that becomes increasingly regionalized. In terms of
approaches, we focus on futures that emphasize economic growth and
promotion of public goods and futures that emphasize proactive manage-
ment of ecosystems and their services. Framed in terms of contexts and
approaches, the scenarios are:

• Global Orchestration (globalized, with emphasis on economic growth and
public goods),

• Order from Strength (regionalized, with emphasis on national security and
economic growth),

• Adapting Mosaic (regionalized, with emphasis on local adaptation and
flexible governance), and

• TechnoGarden (globalized, with emphasis on green technology).

The focus on alternative approaches to sustaining ecosystem services distin-
guishes the MA scenarios from previous global scenario exercises. For each
of the four scenarios, we analyzed a set of plausible socioeconomic changes
consistent with the contrasting approaches to ecosystem management.

The purpose of the scenarios is to explore the consequences of the four
futures for ecosystem services and human well-being. The four futures
that we examine were developed based on interviews with leaders in nongov-
ernmental organizations, governments, and business from five continents, on
the literature, and on policy documents addressing linkages between ecosys-
tem change and human well-being. No scenario will match the future as it
actually occurs. No scenario represents business as usual, though all are
based on current conditions and trends. None of the scenarios represents a
‘‘best’’ path or a ‘‘worst’’ path. There could be combinations of policies and
practices that produce significantly better, or worse, outcomes than any of the
scenarios. The future will represent a mix of approaches and consequences
described in the scenarios, as well as events and innovations that were not
imagined at the time of writing. The scenarios explore a wide variety of choices
and their consequences.
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The Global Orchestration scenario explores the possibilities of a world in
which global economic and social policies are the primary approach to
sustainability. The recognition that many of the most pressing global prob-
lems seem to have roots in poverty and inequality evokes fair policies to im-
prove the well-being of those in poorer countries by removing trade barriers
and subsidies. Environmental problems are dealt with in an ad-hoc manner
since people generally assume that improved economic well-being will create
both the demand for and the means to achieve a well-functioning environment.
Nations also make progress on global environmental problems, such as green-
house gas emissions and depletion of pelagic marine fisheries. However, some
local and regional environmental problems are exacerbated. The results for
ecosystem services are mixed. While human well-being is improved in many
of the poorest countries (and in some rich countries), a number of ecosystem
services deteriorate by 2050.

The Order from Strength scenario examines the outcomes of a world in
which protection through boundaries becomes paramount. The policies
enacted in this scenario lead to a world in which the rich protect their borders,
attempting to confine poverty, conflict, environmental degradation, and deterio-
ration of ecosystem services to areas outside those borders. Poverty, conflict,
and environmental problems often cross the borders, however, impinging on
the well-being of those within. Protected natural areas are not sufficient for
nature preservation or the maintenance of ecosystem services.

The Adapting Mosaic scenario explores the benefits and risks of local
and regional management as the primary approach to sustainability. In
this scenario, lack of faith in global institutions, combined with increased under-
standing of the importance of resilience and local flexibility lead to approaches
that favor experimentation and local control of ecosystem management. The
results are mixed, as some regions do a good job managing ecosystems and
others do not. High levels of communication and interest in learning leads
regions to compare experiences and learn from one another. Gradually the
number of successful experiments begins to grow. While global problems are
ignored initially, later in the scenario they are approached with flexible strate-
gies based on successful experiences with locally adaptive management. How-
ever, some systems suffer long-lasting degradation.

The TechnoGarden scenario explores the potential role of technology in
providing or improving the provision of ecosystem services. The use of
technology and the focus on ecosystem services is driven by a system of
property rights and valuation of ecosystem services. In this scenario, people
push ecosystems to their limits of producing the optimum amount of ecosystem
services for humans through the use of technology. Often, the technologies
they use are more flexible than today’s environmental engineering and they
allow multiple needs to be met from the same ecosystem. Provision of ecosys-
tem services in this scenario is high worldwide, but flexibility is low due to high
dependence on a narrow set of optimal approaches. In some cases, unex-
pected problems created by technology and the erosion of ecological resilience
lead to vulnerable ecosystem services, which are subject to interruption or
breakdown. In addition, success in increasing the production of ecosystem
services often undercuts the ability of ecosystems to support themselves, lead-
ing to surprising interruptions of service provision and collapse of some eco-
system services. These interruptions and collapses sometimes have serious
consequences for human well-being.

Different modes of governance and management of ecosystem services
have complementary advantages and disadvantages:

• Economic growth and expansion of public goods (such as education and
accessible technologies) enables society to respond effectively when envi-
ronmental problems emerge. However, if the focus on public goods over-
whelms attention to the environment and proactive environmental policies
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are not pursued, there is increased risk of regional interruptions in provi-
sion of ecosystem services.

• A focus on strong national security creates some opportunities for ecosys-
tem preserves, but if this is not coupled with active ecosystem manage-
ment outside the reserves, then pressure on the environment increases
and there is greater risk of large disturbances of ecosystem services and
vulnerability to interruptions in provision of ecosystem service.

• When regional ecosystem management is proactive and oriented around
adapting to change, ecosystem services become more resilient and soci-
ety becomes less vulnerable to disturbances of these services. However,
a regional focus diminishes attention to the global commons and exacer-
bates global environmental problems such as climate change and declin-
ing oceanic fisheries.

• Technological innovations and ecosystem engineering, coupled with eco-
nomic incentive measures to facilitate their uptake, lead to highly efficient
provision of ecosystem services. However, novel technologies can create
novel environmental problems, and in some cases the resulting disruptions
of ecosystem services affect large numbers of people.

The scenarios differ in the frequency and magnitude of surprising
changes in ecosystem services. In Order from Strength, extreme distur-
bances of ecosystem services have a moderately wide range with a relatively
high mode. Most of the human population is in relatively impoverished regions
with deteriorating ecosystem services, and this situation is reflected in break-
downs that affect a relatively large number of people. Global Orchestration has
a comparable range but a lower mode. Some severe breakdowns of ecosys-
tem services still occur, but these tend to affect fewer people than in Order
from Strength. In Adapting Mosaic, the distribution of extreme events is bi-
modal. The bimodality results from local vulnerability in some regions, underly-
ing events that affect smaller numbers of people, and from diminished attention
to the global commons, which underlies some events that affect large numbers
of people. TechnoGarden leads to the widest distribution of large-scale break-
down event magnitudes. The mode is moderate, but the range is wide and
some breakdowns affect large numbers of people.

The future of ecosystem services will likely have elements of each of the
four scenarios. Changes in global trends could cause any of the scenarios to
branch into one of the other ones.

5.1. Introduction
An infinite number of imaginable futures might be explored
with the Millennium Ecosystem Assessment scenarios.
However, scenarios are most powerful when presented as a
small set with clear and striking differences (Van der Heij-
den 1996). Thus, the Scenarios Working Group had to de-
cide how to compress an infinity of dimensions into a few
comprehensible ones. In this chapter, we explain why we
chose the four storylines that we develop, describe the key
differences among them, and provide a brief sketch of each
scenario. We summarize the potential benefits and inadver-
tent negative consequences of each scenario and describe
how each scenario could potentially branch into one of the
others. This chapter sets the stage for more detailed presen-
tation of the scenarios in Chapter 8. While the scenarios are
both qualitative and quantitative, in this chapter we focus
on the qualitative. The quantitative material can be found
primarily in Chapter 9.
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5.2. Why Think about the Future of Ecosystem
Services?
In order to make sound choices, people need to understand
what the consequences of their actions, or inaction, will
be. We have means of estimating how ecosystems and their
services may change in coming decades given specific
changes in driving forces such as population, economic
growth, trade policies, resource management policies, and
so forth, but the potential outcomes are both complex and
variable. How can a decision-maker weigh different policy
options in the face of such complexity and uncertainty?

The MA scenarios are designed to highlight key com-
parisons among approaches to development and to inform
decision-makers about the consequences for ecosystem ser-
vices of contrasting development paths. The central idea
behind scenarios is to examine multiple possible futures and
to let differences between them illuminate cause and effect
and probable outcomes of certain approaches or decisions.
While predictions and forecasts, more common approaches
in ecology, focus on the single best or optimal approach,
scenarios explicitly consider uncertainties and unknowns.

5.3. What Issues Should the Scenarios Address?
The goal of the MA scenarios is to inform diverse decision-
makers about the potential futures of ecosystems and eco-
system services and how decisions can affect them. For this
purpose, the scenarios needed to address the concerns of
decision-makers and represent key aspects of the ecosystem
dynamics behind those concerns. To identify focal issues
for the MA scenarios, we used interviews with individual
decision-makers and leading environmental thinkers, a sur-
vey of the needs of the MA’s designated user community,
and expert understanding of global ecosystem services and
their connections to human well-being. Here, we present
findings of each of these efforts and explain how they are
represented in our four scenarios.

5.3.1 User Needs

Scientific assessments are most helpful to decision-makers
when the intended users are active stakeholders in the as-
sessment process and, in particular, when the users directly
help shape the questions that the assessment will answer. An
extensive effort was made to identify the needs of various
MA audiences for information from the assessment and to
engage those audiences in the governance and design of the
MA process. This effort included directly asking various
users what questions they wanted the MA to address. Users
who responded included representatives from the Conven-
tion on Biological Diversity, the Convention to Combat
Desertification, Ramsar, and other national government
representatives; individuals from the private sector; and
members of international nongovernmental organizations,
civil society, and indigenous groups. This effort led to a
greater understanding of what the active stakeholders hoped
to gain from the MA scenarios.

Core questions for scenarios were derived from the user
needs identified through these questions:
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• What are the plausible future changes in ecosystems
and in the supply of and demand for ecosystem services
and the consequent changes in the constituents of well-
being?

• What are the costs, benefits, and risks of plausible
future changes in ecosystems and how will these costs,
benefits, and risks affect different sectors of society and
different regions of the world?

• What are the inadvertent negative consequences as-
sociated with various futures?

• What response options can lessen the vulnerability of
people/communities?

• Under what circumstances are thresholds, regime
shifts, or irreversible changes likely to occur?
There were also questions about specific drivers and re-

sponses:
• What policies and actions concerning ecosystems can

best contribute to reducing poverty?
• What will be the positive and negative consequences of

a further increase in flows of nitrogen and phospho-
rus in the next several decades?

• What will be the consequence of biodiversity loss for
ecosystem services and human well-being?

• What will be the impact of changes in desertification
on provision of ecosystem services and how will this
vary across regions? How will demand for ecosystem
services increase or decrease the rate of desertification?

• What are the impacts of changes in wetlands on provi-
sion of ecosystem services? How will demand for ecosys-
tem services increase or decrease the rate of loss of
wetlands?
The scenarios address these core questions. They ex-

plore the potential futures of ecosystems and the services
they provide, including the possible benefits and inadver-
tent consequences that could emerge in each future. Each
scenario also considers vulnerability, resilience, and possibil-
ities for thresholds and regime shifts in socioecological sys-
tems given the specific details of how the scenario unfolds.

5.3.2 Interviews

Insights from leaders helped focus the MA scenarios directly
on the most pressing interests of decision-makers and other
scenario users. In addition to the user needs survey de-
scribed above, we interviewed 59 leaders in NGOs, gov-
ernments, and business from five continents. (See Figure
5.1.) The leaders were chosen based on recommendations
from the MA Board (who were themselves selected from
MA users to guide the MA process). The selection process
was not random, but it aimed for diversification. We inten-
tionally chose leaders from many sectors and nations in
order to gain access to a wide range of concerns and re-
sponses. While it would have been interesting to get a
broader view by interviewing many additional people, in-
cluding people who are not leaders, this was not possible
due to time constraints.

Based on previous scenario work (Van der Heijden
1996), we designed open-ended, general questions that
would elicit a wide range of conversations about issues that
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interviewees thought were critical determinants of the cur-
rent and future states of the world. (See Box 5.1.) Inter-
viewees received the questions by e-mail in advance of the
interview. Most interviews were conducted by telephone
and typically lasted about one hour. In some cases, respon-
dents followed up the interview with further comments by
e-mail. A few interviews were conducted entirely by
e-mail. Further information about the interview process can
be found in Chapter 6.

Most of the interviewees were concerned that ecosys-
tems are changing for the worse, reducing the quality and
quantity of many important ecosystem services. That is, the
respondents were concerned about the sustainability of eco-
system services. The interviewees disagreed, however,
about the main causes of ecosystem degradation. Poverty,
inequality, overconsumption, and mismanagement were a
few of the factors that interviewees listed as factors in eco-
system degradation. The MA scenarios should therefore
elucidate the links between interviewee concerns about
ecosystem services and the types of problems that may be
caused by each of the key sources they mentioned.

There were also important differences in views about
how to address the challenges of sustainable provision of
ecosystem services. Generally, these unfold from a basic dis-
agreement about whether the world is generally vulnerable
and fragile or generally resilient and recoverable. While one
respondent said, ‘‘What gives me the most hope for the
future is the tremendous resilience that nature has demon-
strated in responding to opportunities,’’ another said, ‘‘The
environment . . . is resilient at the moment, but we cannot
treat it with impunity forever.’’ Stances on the resilience or
vulnerability of ecosystems were associated with beliefs
about the effort that should be placed on environmental
problems. Some felt it is imperative to make the environ-
ment the key focus of society immediately, while others felt
that society should focus first on improving human well-
being, with a hope that this would lead to environmental
improvements. Useful scenarios will attempt to embrace
such divergent views and provide a framework in which
these viewpoints can be debated.

Interviewees also talked about the variables that will de-
termine how the future unfolds. Many respondents cited
the same variables, but there were diverse views about how
those affect the future—even to the point of disagreeing
over whether the outcomes would be positive or negative.
The factors identified by many respondents were globaliza-
tion or global connectedness, human values, inequality,
leadership, urbanization, technology, and energy sources.

While some respondents said that increased global con-
nectivity would increase communication, trade, and the
range of opportunities available to people, other decision-
makers expressed concerns about homogenization of Earth’s
biological and social systems due to globalization. While
some respondents were excited about using technology to
solve problems and enhance the provision of ecosystem ser-
vices, others feared that technology might cause more prob-
lems than it would solve. Nearly all the decision-makers
we interviewed mentioned concern about energy sources.
There was consensus that the ways in which society obtains
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Figure 5.1. Interviewees by Sector and by Region

BOX 5.1

Interview Questions

What words would you use to describe the current state of the Earth’s
natural and human systems?

What words would you use to describe the ideal state of the Earth’s
natural and human systems in 2050?

What obstacles do you envision to achieving this ideal world?

If you could talk to someone who visited the world in 2050, what would
you need to know to understand what the world really looks like in
2050?

Who or what will be most influential in determining the pathway of
change into the future?

What is the biggest change you expect between 2003 and 2050?

What surprises might you envision between now and 2050?

What gives you the most hope for the future?

and uses energy will affect the future. Of course, there was
disagreement about the best sources of energy. Finally,
human values, leadership, and inequality were all consid-
ered to be important drivers of the way the future would
unfold. However, whether strong leaders and closed bor-
ders were better than free trade and cooperation was de-
bated. Inequality was seen as an important driver of many
of today’s problems, but interviewees did not agree on
whether inequality could or even should truly be reduced
or on the best way to reduce inequality, nationally, or glob-
ally.

In general, interviewees agreed that the current situation
could be improved, but there was little agreement on how
to do it. There were diverse beliefs about how to put the
world on a sustainable path. One interviewee said, ‘‘We
sorely need inspirational leaders. We don’t know how to
breed or train them. They appear to be almost accidental.
But we sorely need them now.’’ Another argued that mech-
anisms for rewarding people for ‘‘good environmental liv-
ing’’ were the most critical need. There was great

PAGE 124

disagreement about the role of governments. One respon-
dent said that ‘‘governments and heads of state have proven
themselves irrelevant,’’ while the next said that ‘‘govern-
ments must work together.’’ (See Box 5.2.)

The scenarios should address the factors that the inter-
viewees found to be important. The scenarios should also
attempt to embrace the diversity of viewpoints held by the
interviewees. By organizing diverse viewpoints in scenarios,
we hope to facilitate debate and discussion. Clarification of
terms is one way in which scenarios could facilitate discus-
sion. In the interviews, it was often difficult to determine
whether apparent disagreements were actual disagreements
about the facts or simply misunderstandings derived from
different interpretations of the same words. For example,
interviewees disagreed about whether globalization was a
positive or a negative factor. This disagreement could reflect
different beliefs about the future, or it could reflect different
definitions of globalization (for instance, globalization as
trade dominated by policies that favor wealthy nations ver-
sus globalization with policies that open international mar-
kets for all nations versus globalization as something larger
than just trade).

Interviewees agree that sustainable development is
needed, but disagree about how best to achieve it. There
are diverse views about which actions to take and about the
sequences in which actions should be taken. The message
for scenario building is clear. Useful scenarios will help
decision-makers understand the possible and likely effects
of key actions or paths that we might choose to take: fair
global economic policies, use of technology to provide or
improve provision of ecosystem services, the role of top-
down control and leadership, the effects of multiscale
decision-making and local flexibility, and the role of ecosys-
tem dynamics in determining the end result of decisions.
Useful scenarios will also embrace the diversity of views
about the importance of these factors.

5.3.3 Ecological Management Dilemmas

Ecological dynamics underlie the concerns of decision-
makers and MA users. These ecological dynamics influence
the results of management actions, but important aspects of
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BOX 5.2

Selected Quotes from the Interviews

Sustainable development is needed, and managing ecosystem Considering technology is important:
services and human well-being is a key aspect of that:

‘‘We might also see some astonishing technological breakthroughs involv-
‘‘There is tangible evidence that natural systems are stressed to the limits ing biotechnology, not just in genetically modified organisms but also in
of tolerance.’’ fields such as organic computers that may be self-reproducing.’’

‘‘Natural systems are fragile, threatened, degraded, and overburdened by
On the importance of local and regional flexibility:human demand. At the same time, human systems are unequal in access

to resources.’’ ‘‘The ideal state of the world is when there is respect for the ecosystem
and living within its limitations avoiding experimentation with changing it,

Globalization is an important player, but there is disagreement about where everyone has enough to cover the basic needs of water, food, and
whether it is a major problem or a significant solution: shelter and conserve the natural resources, where everyone tries to live

with the seasonal changes without the need to modify the surroundings‘‘Governments and heads of state have proven themselves irrelevant
(e.g., temperature and humidity) artificially within the limits of our bodywhen it comes to solving real problems. They are more successful when
adaptability (which we should use to its maximum capacity).’’acting in their homes but not when coming together to face global issues.’’

‘‘Business leaders understand that surprise is the rule and flexibility is key‘‘Governments must work together – we can’t save half a planet.’’
to surviving the surprises.’’

Considering poverty is important:
On the importance of surprises:

‘‘There is unequal distribution of resources, population, and trade, leading
to a vicious circle of environmental degradation in the most vulnerable ‘‘The next 50 years will tell us whether that self-proclaimed marvel of
parts of the world, which will ultimately negatively impact the whole globe’s evolution, the human mind, can surprise us even as we are surprised by
security.’’ chaotic events.’’

the dynamics are unknown and uncontrollable. Thus, far-
reaching ecosystem management decisions are often made
in situations where the ecological responses are unknown.
(See Box 5.3.) In these cases, all options appear to have
potentially severe negative outcomes, and the outcomes are
highly ambiguous (Ludwig 2001). These situations are
termed ecological management dilemmas (Bennett et al. in
press). Managers generally transform or manage an ecosys-
tem with the aim of obtaining a set of desired ecosystem
services. A number of perverse consequences are possible,
however, such as reductions in future ecosystem services,
increases in vulnerability of ecosystems to disturbance, or
unforeseen trade-offs in other ecosystem services. (See
Chapter 3.) The prospect of perverse consequences creates
dilemmas for ecological management.

Ecological management dilemmas challenge decision-
makers to seek policies that are robust to uncertainty, sur-
prise, and failure of actions to evoke expected responses.
That is, the policy should achieve acceptable outcomes
even under unexpected conditions. Flexibility and learning
mechanisms become an essential part of the management
process to cope with the fact that management actions need
to continually adapt to evolving ecological dynamics (Wal-
ters 1986; Gunderson et al. 1995; Carpenter 2003). Ecolog-
ical dilemmas are not susceptible to the routine approaches
of ecosystem management because they involve complex
ecological dynamics and uncertainties (Holling and Meffe
1996; Ludwig 2001). Instead, they require approaches that
are more flexible, more attentive to change, and more in-
novative (Gunderson and Holling 2002). The construction
of institutions that address ongoing change in ecosystems,
emerging ecological dilemmas, and sustainable management
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of ecosystem services is currently an active area of uncer-
tainty, debate, and research (National Research Council
1999, 2002; Berkes et al. 2003). The scenarios should reflect
the current diversity of viewpoints about how ecological
management dilemmas should best be addressed.

Two ecological dilemmas were frequently raised by the
interviewees and MA user community: What degree of
ecological complexity is needed to provide reliable ecologi-
cal services? (See Box 5.4.) And to what degree can people
use technology to substitute for the role of relatively undis-
turbed ecosystems in provision of services? These un-
knowns are critical because the answers provide a clue
about the best approaches to managing for ecosystem ser-
vices in any particular situation. The answers will affect the
resolution of many of the questions asked by the MA user
community and the concerns of the interviewees. Since we
currently do not know how much ecological complexity is
enough, the costs and benefits of future complexity are hard
to evaluate. We also do not fully understand when technol-
ogy can be used to substitute for an ecosystem’s role in pro-
vision of ecosystem services and when technology might
lead to deleterious side effects. We sought scenarios that ad-
dress these ecological dilemmas in a useful way with respect
to the concerns that decision-makers presented in the inter-
views.

5.3.4 Drivers and Current Conditions

The scenarios should also be rooted in the present. Trans-
formations described in the scenarios should emerge from
the important drivers and current condition of socioecolog-
ical systems. These are presented in Chapter 7. Working
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BOX 5.3

Catastrophic Change in Ecosystems

Most of the time, changes in ecosystems and their services are gradual
and incremental. Most of these gradual changes are detectable, and
many are predictable. However, some changes in ecosystems and
their services are large in magnitude as well as difficult, expensive or
impossible to reverse (high certainty) (Scheffer et al. 2001). These
changes are important, massive, and hard to predict, so they may
come as surprises. Some systems that are known to exhibit large,
hard-to-reverse changes (adverse changes indicated in parentheses
here) include pelagic fisheries (economic collapse), freshwater lakes
and reservoirs (toxic blooms, fish kills), pastoral lands (conversion to
woodland), and dryland agriculture (salinization, desertification) (Car-
penter 2003; Folke et al. 2005; Walker and Meyers 2004).

Slow losses of resilience set the stage for large changes that occur
after the ecosystem crosses a threshold or is subjected to a random
event such as a climate fluctuation (established but incomplete) (Folke
et al. 2005; Groffman et al. 2005). For example, slow buildup of phos-
phorus in soils gradually increases the vulnerability of lakes and reser-
voirs to runoff events that trigger oxygen depletion, toxic algae blooms,
and fish kills (Carpenter 2003). Gradual overfishing and nutrient runoff
make coral reefs susceptible to severe deterioration triggered by
storms, invasive species, or disease (Bellwood et al. 2004; Hughes et
al. 2003). Slow decrease in grass cover crosses a threshold so that
grasslands can no longer carry a fire, allowing woody vegetation to
dominate and severely decreasing forage for livestock (Walker 1993).
In the Sahel, decades-long droughts are caused by strong feedbacks
between vegetation and the atmosphere and may be triggered by slow
changes in land degradation (Foley et al. 2003).

Because multiple, interacting stresses on ecosystems are increas-
ing, it is likely that harmful large ecosystem shifts will become more
common in the future (established but incomplete). On the other hand,
proactive ecosystem management and wise use of ecological technol-
ogy can reduce the impact of harmful shifts in ecosystems and assist
people in adapting to unexpected change (established but incomplete).

from these initial conditions and drivers, the Scenarios
Working Group developed plausible pathways to four very
different futures by 2050. The year 2050 was chosen to be
far enough in the future to reveal the effects of important
ecological feedbacks and to consider long-term futures and
yet near enough that the causal chain between current deci-
sions and eventual outcomes could be reasonably traced.

5.4. Introduction to and Overview of the
Scenarios
The interviewee concerns and user needs, and the ecologi-
cal uncertainties that underlie them, are the factors that the
scenarios should address. We identified four clusters of be-
liefs that embrace most of the fears, hopes, and expectations
for the future that were encountered in the interviews and
the statements of user needs.

Many leaders felt that the future would bring increased
emphasis on national security, leading to greater protection
of borders with associated consequences for economic de-
velopment and changes in direct drivers of ecosystem ser-
vices. Other respondents felt that the future could, or
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should, bring greater emphasis on fair, globally accepted
economic and environmental policies, as well as greater at-
tention by governments to public goods. Some interview-
ees pointed to the prospect of technology for managing
ecosystem services with greater efficiency. Still others found
hope in local adaptive capacity for flexible, innovative man-
agement of socioecological systems. The future may well
involve a mix of these perspectives.

Our approach to the four clusters of beliefs was in-
formed by previous explorations of sustainability concepts.
Among these are ideas about investment in manufactured,
human, and natural capital (Dasgupta and Mäler 2000,
2001); objectives of business development, community em-
powerment, and environmental conservation (Munasinghe
and Shearer 1995); trade-offs among individualist, hierarch-
ist, and egalitarian social perspectives (Janssen and DeVries
1998); and integrated theories for ecosystems, social sys-
tems, and management systems (Gunderson and Holling
2002).

Economic development is sometimes viewed as the key
to sustainable development. The Environmental Kuznets
Curve suggests that as economic growth occurs, environ-
mental quality is first degraded and later improved (Stern
1998). The conclusion that many have drawn from this the-
ory and the evidence supporting it is that economic growth
should lead to improvements in the environment. Other
evidence also indicates that poverty alleviation may lead to
improvements in ecosystems. For example, the poorest
people are often directly dependent on ecosystems for ser-
vices such as food, fuel, and water. In times of scarcity or
high population, these groups may overharvest from local
ecosystems. By diversifying economic opportunity, both
human well-being and direct impacts on ecosystems may be
reduced. On the other hand, greater consumption is often
associated with greater impact on the environment (Wack-
ernagel and Rees 1995). The disparity in income among
nations leads to enormous disparity in political and eco-
nomic power as well as a much greater impact on global
life-support systems by rich countries than poor (Ehrlich
and Ehrlich 2004). The connections between economic
policies and the status of ecosystem services are multiple
and complex. All the scenarios explore these connections to
some degree.

In the Global Orchestration scenario, we explore the
possibilities of a world in which global economic policies
are the primary approach to sustainability. The recognition
that many of the most pressing problems of the time seem
to have roots in poverty and inequality leads many leaders
toward a strategy of globally orchestrating fair policies to
improve well-being of those in poorer countries by remov-
ing trade barriers and subsidies. Nations also make progress
on global environmental problems, such as greenhouse gas
emissions and depletion of pelagic marine fisheries. The re-
sults for ecosystem services are mixed. While human well-
being is improved in many of the poorest countries, it is still
not clear in 2050 whether the net impact on ecosystems
will be positive or negative.

Some respondents believe that national security will be-
come an overarching concern in the future. Should this
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BOX 5.4

Biodiversity, Disturbance, and Resilience of Ecosystem Services

Ecosystem resilience is maintained by genetic and species diversity as well functional diversity provide ‘‘insurance’’ against future environmental change.
as by spatial patterns of landscapes, environmental fluctuations, and temporal In contrast to monetary insurance against unexpected accidents, however,
cycles with which species evolved. Management for resilience recognizes the the insurance provided by diversity is not guaranteed, and the environmental
importance of heterogeneity and change, including the natural processes of change for which diversity may provide insurance is not unexpected. Preserv-
species turnover, extinction, and evolution. Ecosystem resilience is the ing biodiversity is not a substitute for reducing other kinds of anthropogenic
amount of disturbance that an ecosystem can withstand and still maintain stresses on ecosystems.
essentially the same structure, processes, and flow of ecosystem services It is an oversimplification to equate species richness with resilience of
(Holling 1973). As described here, the renewal and reorganization of ecosys- ecosystem services. Instead, the effect of diversity on resilience depends on
tems after disturbance depends on the functional groups of species within organization of species among functional groups, spatial pattern, and scaling
ecosystems and the diversity of responses to environmental fluctuations of ecosystem processes in time and space (Elmqvist et al. 2003; Folke et al.
within those functional groups. 2004). A species invasion that adds to species richness can decrease the

Disturbance is routine in ecosystem dynamics (White and Pickett 1985). resilience of ecosystem services if it reduces response diversity.
All species evolved in the presence of certain types, magnitudes, frequencies, When chronic, progressively worsening stress to an ecosystem removes
and spatial patterns of disturbance and are thus adapted to these distur- species in order of their susceptibility to the stress, the surviving species are
bances (Paine et al. 1998). Disturbances within the typical range usually more tolerant of this specific stress (Ives and Cardinale 2004). These species,
result in little long-term change in ecosystem characteristics, processes, or however, may provide little insurance against other types of environmental
services, even though species turnover may be extensive (Turner et al. changes. If the ecosystem is subjected to a different kind of stress or distur-
1997). Moreover, the typical disturbance regime is often necessary for main- bance, these few species may be eliminated, thereby causing a greater loss
taining ecosystem resilience. Without disturbance, critical groups of species of ecosystem services. Thus the maintenance of ecosystem services requires
or processes disappear over time (White and Pickett 1985). the maintenance of diversity during multiple, successive environmental

Events outside the range of typical disturbances can transform ecosys- changes.
tems, creating new and surprising ecosystem structures and processes. Dis- Diversity of spatial pattern creates a kind of response diversity (Elmqvist et
turbances that cause surprising transformations often involve compounded al. 2003). Dispersal of species among patches in heterogeneous landscapes
perturbations, with multiple events within the normal recovery interval of the confers resilience to disturbances that affect only part of the landscape or
ecosystem or unusual combinations of drivers (Paine et al. 1998). Ecosystem seascape (Peterson et al. 1998; Nyström and Folke 2001; Loreau et al. 2003;
transformations can also result from anthropogenic disturbances, which are Cardinale et al. 2004). If a process is eliminated from part of the landscape
often chronic (instead of pulsed) and may be unlike anything experienced or seascape but is present in other patches within dispersal range of the
before in the evolutionary history of the species (Bengtsson et al. 2003). affected patch, then the missing process can be reestablished. Furthermore,

The biotic structure of an ecosystem also affects the outcome of distur- the pattern of local elimination and recolonization through dispersal may es-
bance. Population attributes such as dispersal ability or generation time affect tablish numerous ecosystem configurations, thereby creating local ecosystem
the response of particular species to disturbance. Aspects of community diversity throughout a landscape or seascape.
structure, including biodiversity, play a critical role in the responses of ecosys- Response diversity acts across scales through interspecific differences in
tems to disturbance (Chapin et al. 2000; Kinzig et al. 2002; Loreau et al. the use of space (such as dispersal ability, patch size, and home range
2002). size) and time (such as generation time, dormancy period, and seasonality).

Functional groups are sets of species that perform similar ecosystem Ecological disturbances usually occur in a specific range of time-space
processes. Ecologists have identified functional groups by clustering mi- scales, allowing persistence of species, structures, or processes that occur
crobes, plants, or animals according to biological similarities (Holling 1992; at the scales that were not affected (Elmqvist et al. 2003). Therefore, replica-
Frost et al. 1995; Walker et al. 1999; Havlicek and Carpenter 2001). At least tion of ecological processes across a wide range of scales confers resilience
two different effects of functional groups on ecosystem processes have been (Peterson et al. 1998). Species that act across a wide range of space scales
recognized (Yachi and Loreau 1999; Ives et al. 1999, 2000). First, if several (such as highly mobile species) or time scales (such as long-lived species or
functional groups are complementary in their use of resources, the diversity large-bodied generalist predators) are an important element of ecosystem
among functional groups tends to increase the total flow of ecosystem ser- response diversity (Peterson et al. 1998). Regional losses of such species
vices (Yachi and Loreau 1999; Hulot et al. 2000; Reich et al. 2004; Petchey increase the risk of catastrophic ecosystem changes that cause large reduc-
et al. 2004). For example, functional groups of plants that root at different tions in ecosystem services (Elmqvist et al. 2003).
depths, that grow or flower at different times of the year, and that differ in Traditional societies may have known about response diversity for a long
seed dispersal and dormancy act together to increase ecosystem productivity. time. Berkes et al. (2003) describe several societies that appear to manage

Second, diversity within functional groups maintains the rate of ecosystem for response diversity and may thereby build resilience of ecosystem services.
processes despite environmental fluctuations if the individual species respond In summary, proactive ecosystem management builds ecosystem resil-
differently to such fluctuations (Yachi and Loreau 1999; Ives et al. 1999, ience through maintenance of genetic and species diversity, as well as spatial
2000; Walker et al. 1999; Norberg 2004; Bai et al. 2004). This phenomenon patterns of landscapes and temporal cycles of environmental fluctuations and
is called response diversity. When the environment changes, a formerly rare disturbance with which species evolved. In contrast, ecosystem management
species with different characteristics can become dominant (Frost et al. practices that reduce response diversity, remove whole functional groups or
1995). Response diversity is the key to the insurance effect of biodiversity on trophic levels, expose ecosystems to chronic novel stress or novel distur-
ecosystem services (Elmqvist et al. 2003). In the face of uncertain and often bances, or create compounded perturbations (unusual combinations of distur-
novel anthropogenic changes in the environment, preserving the diversity of bances at intervals shorter than the normal recovery cycle of the ecosystem)
species and functional groups increase the chance that species are retained increase the risk of large-scale breakdowns in ecosystems and losses of
that later play a crucial role in the ecosystem. In this sense, species and ecosystem services (Folke et al. 2004).
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occur, nations or blocs may concentrate on inward-looking
economic development, so that the globalization of the
economy may proceed more slowly than in Global Orches-
tration. While some regions would remain well endowed
with ecosystem services, other regions that now have fewer
ecosystem services may remain impoverished.

The Order from Strength scenario examines the out-
comes of a world in which protection through boundaries
becomes paramount. The policies enacted in this scenario
lead to a world in which the rich protect their borders,
attempting to confine poverty, conflict, environmental deg-
radation, and deterioration of ecosystem services to areas
outside the borders. Poverty, conflict, and environmental
problems often cross the borders, however, impinging on
the well-being of those within. Protected natural areas are
not sufficient for nature preservation or the maintenance of
ecosystem services. In addition to losses of ecosystem ser-
vices in poor regions, global ecosystem services are de-
graded due to lack of attention to the global commons.

The survey and interview results indicated that many of
those interviewed think that complexity and local flexibility
are a critical component of the path to sustainability. Social
and ecological scientists have addressed the conditions in
which disaggregated management systems outperform cen-
tralized ones (Grossman 1989; Scott 1998; Gunderson et al.
1995; National Research Council 2002). Because ecosys-
tems are subject to large and potentially irreversible changes
(Chapter 3), certain types of centralized ecosystem manage-
ment schemes are subject to catastrophic failure (Holling
and Meffe 1996). According to a large number of case stud-
ies, enabling conditions for successful ecosystem manage-
ment include small size, well-defined boundaries, shared
norms, social capital, appropriate leadership, fairness in allo-
cation of ecosystem services, and locally devised, easily en-
forceable access and management rules (National Research
Council 2002). It is important to note that central govern-
ments do not undermine local authority for ecosystem
management (Ostrom 1990; Wade 1988; National Re-
search Council 2002).

While there is clear evidence of success in local ecosys-
tem management, the multiscalar nature of ecosystems
poses challenges for this approach. For example, local man-
agement of thousands of subwatersheds may not lead to sus-
tainable management of a continental river system if there
are significant externalities that are not properly included
in local accounting. Some of our respondents feared that a
disaggregated world would exacerbate global problems or
benefit ecological services only in regions that were rela-
tively wealthy, well educated, and well endowed with natu-
ral capital. These trade-offs in the scales of ecosystem
management are addressed in the scenarios.

The Adapting Mosaic scenario explores the benefits and
risks of disaggregation. In this scenario, lack of faith in
global financial and environmental institutions, combined
with increasing understanding of the importance of resil-
ience and local flexibility, leads to diminishing power and
influence of these institutions compared with local and re-
gional ones. Eventually, this leads to diverse local practices
for ecosystem management. The results are mixed, as some
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regions do a good job managing ecosystems and others do
not. High levels of communication enable regions to com-
pare experiences and learn from one another. Gradually, the
number of successful experiments begins to grow. While
global problems are ignored initially, later in the scenario
they are approached with flexible strategies based on suc-
cessful experiences with locally adaptive management.

Still others are optimistic about the use of technology
to sustain ecosystem services. Technology has led to great
improvements in agricultural production efficiency, in
medicine, and in the provision of other ecosystem services.
Advances in technology have the potential to build human
well-being through more efficient use of ecosystem services
as well as through better understanding of ecosystem condi-
tions and trends. Greater efficiency could reduce the overall
impact on ecosystems and thereby increase opportunity for
sustainability of ecosystem services.

On the other hand, technological solutions sometimes
lead to unexpected problems (Tenner 1997). Acceleration
of technology may be a factor in the increased incidence of
environmental problems, demanding more and more inge-
nious responses (Homer-Dixon 2000). For example, in-
creased use of pesticides in agriculture may lead to pests that
are resistant, requiring a newer and better technology to
remove them. In addition, efficiency gains are often focused
on a single service, rather than a bundle of services; in fact,
increased efficiency in provision of one service may cause
declines in provision of other services. Highly efficient en-
vironmental management systems often rely on predictions,
but ecosystem changes are often unpredictable and errors in
prediction lead to costly mistakes (Oreskes 2003; Pielke
2003). Other problems derive from the complexity of the
decision systems in which environmental predictions are
used (Dörner 1996; Sarewitz et al. 2000). For these reasons,
some experts are cautious about the use of technology to
manage ecosystem services more efficiently. Increasing reli-
ance on technology could increase the frequency and sever-
ity of unexpected problems, erode the resilience of
ecosystems, and over time cause ecosystem services to be-
come more vulnerable.

The TechnoGarden scenario explores the potential role
of technology in providing or improving the provision of
ecosystem services. In this scenario, people push ecosystems
to their limits of producing the optimum amount of ecosys-
tem services through the use of technology. Often, the
technologies they use are more flexible than today’s envi-
ronmental engineering and they allow multiple needs to be
met from the same ecosystem. In the beginning of the sce-
nario, these technologies are primarily developed in wealth-
ier countries and slowly dispersed to poorer places, but
later—promoted by a global focus on education—they are
developed everywhere. Provision of ecosystem services in
this scenario is high worldwide, but flexibility is low due to
high dependence on a consistent provision of services. In
some cases, unexpected problems and secondary effects cre-
ated by technology and erosion of ecological resilience lead
to vulnerable ecosystem services that are subject to inter-
ruption or breakdown.
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In summary, the four MA scenarios represent diverse
views of the future of ecosystem services. While advocates
for particular viewpoints may state them as assertions, the
Scenarios Working Group regards them as questions to be
addressed. Each of the four scenarios addresses different sets
of beliefs about how the global system might change in di-
rections that could sustain ecosystem services. (See Figure
5.2.) Global Orchestration describes a world in which pol-
icy initiatives attempt to establish fair global markets and
organize transnational responses to certain global environ-
mental problems. Order from Strength addresses the beliefs
of those who hold that the future will, or should, bring
security, including protection of natural resources and eco-
system services. In the world of Adapting Mosaic, the focus
of economics and politics shifts to local or regional scales.
TechnoGarden presents a future in which great emphasis
is placed on the development of technology for efficient
management of ecosystem services.

Some key characteristics of the global system during
each scenario are presented and compared in Table 5.1. As
we shall see, the contrasting conditions of these scenarios
lead to different bundles of benefits and risks for ecosystem
services and human well-being. In the remainder of the
chapter, we present short sketches of each scenario, com-
pare their benefits and risks, and describe situations in
which the conditions of one scenario could branch toward
the conditions of a different scenario.

5.5 Sketches of the Scenarios
This section presents short synopses of the four scenarios.
Each scenario is told by an observer looking back at 2000
from 2050. These brief descriptions are intended to provide

Figure 5.2. Contrasting Approaches among MA Scenarios. The scenario differences are based on the approaches pursued toward
governance and economic development (regionalized versus globalized) and ecosystem service management (reactive versus proactive).
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an overview of the dynamics in each scenario. Longer,
more detailed narratives are presented in Chapter 8. Some
quantitative model results are presented in Chapter 8, and
full model results are presented in Chapter 9.

5.5.1 Global Orchestration

Summary: The past 50 years have shown that some ecosystem
services can be maintained or improved by appropriate macro-
scale policies. Notable successes occurred in reducing or control-
ling many global pollutants and in slowing, or in some cases
reversing, loss of marine fish stocks. In some situations, it
turned out that ecosystem services improved as economies devel-
oped. On the other hand, it appears that global action focused
primarily on the economic aspects of environmental problems is
not enough. In some regions and nations, ecosystem services
have deteriorated despite economic advancement. Also, it was
sometimes difficult to adjust large-scale environmental policies
for local and regional issues. Despite some significant environ-
mental disasters, this lesson has not yet been learned. As we
look to 2100 and beyond, multiscale management of ecosystem
services is a top challenge for environmental policy.

At the beginning of the twenty-
first century, poverty and inequal-
ity, together with environmental
degradation and climate change,
were pressing problems on the
agendas of global and national deci-
sion-makers. Concerns about social
tensions arising from inequalities in
and uneven access to global markets

were growing, as these tensions were often seen as the un-

................. 11411$ $CH5 10-27-05 08:42:39 PS



Ta
bl

e
5.

1.
Co

m
pa

ris
on

of
Va

ria
bl

es
ac

ro
ss

Sc
en

ar
io

s

Va
ria

bl
es

O
rd

er
fro

m
St

re
ng

th
G

lo
ba

lO
rc

he
st

ra
tio

n
Te

ch
no

G
ar

de
n

Ad
ap

tin
g

M
os

ai
c

Pr
io

rit
ie

s
fo

ri
nv

es
tm

en
ti

n
(a

nd
co

n-
su

m
pt

io
n

of
)n

at
ur

al
(N

),
hu

m
an

(H
),

m
an

uf
ac

tu
re

d
(M

),
an

d
so

ci
al

(S
)c

ap
i-

ta
ls

hi
gh

in
ve

st
m

en
ti

n
H

,M
,a

nd
S

am
on

g
el

ite
s

w
ith

in
an

d
be

tw
ee

n
so

ci
et

ie
s;

lo
w

in
ve

st
m

en
ti

n
H

an
d

S
of

no
n-

el
ite

s
by

el
ite

s

hi
gh

in
ve

st
m

en
ts

in
M

,H
,a

nd
S,

bu
tn

ot
w

ith
re

sp
ec

tt
o

ec
os

ys
te

m
go

od
s

an
d

se
rv

ic
es

;i
nv

es
tm

en
ti

n
N

or
in

en
vi

ro
n-

m
en

ta
lr

es
ea

rc
h

or
ed

uc
at

io
n

on
ly

to
th

e
ex

te
nt

it
m

at
te

rs
fo

rd
ev

el
op

m
en

t

ba
la

nc
ed

in
ve

st
m

en
ti

n
al

lf
or

m
s

of
ca

p-
ita

l
st

ro
ng

in
ve

st
m

en
ti

n
S,

th
ro

ug
h

en
co

ur
-

ag
em

en
to

fl
oc

al
in

st
itu

tio
ns

,a
nd

H
,

th
ro

ug
h

in
ve

st
m

en
ti

n
en

vi
ro

nm
en

ta
lr

e-
se

ar
ch

an
d

ed
uc

at
io

n;
th

es
e

le
ad

to
in

-
ve

st
m

en
ts

in
N

,t
hr

ou
gh

bo
th

pr
ot

ec
tio

n
an

d
re

pa
ir

Pe
rs

pe
ct

iv
e

on
ec

os
ys

te
m

se
rv

ic
es

an
d

so
ci

oe
co

lo
gi

ca
ls

ys
te

m
s

ec
os

ys
te

m
se

rv
ic

es
w

ill
be

m
ai

nt
ai

ne
d

by
lo

ca
lo

rn
at

io
na

la
ct

io
ns

to
co

ns
er

ve
re

pr
es

en
ta

tiv
e

ec
os

ys
te

m
s

ec
os

ys
te

m
se

rv
ic

es
ca

n
be

su
st

ai
ne

d
by

gl
ob

al
so

ci
al

ec
on

om
ic

po
lic

ie
s;

ec
o-

lo
gi

ca
ls

ys
te

m
s

ar
e

ei
th

er
re

si
lie

nt
(a

nd
w

ill
re

m
ai

n
so

)o
rr

es
ilie

nc
e

w
ill

be
en

-
ha

nc
ed

as
a

co
ns

eq
ue

nc
e

of
so

ci
al

po
li-

ci
es

ec
os

ys
te

m
se

rv
ic

es
ca

n
be

su
st

ai
ne

d
by

te
ch

no
lo

gi
es

,i
nc

lu
di

ng
m

et
ho

ds
of

ec
ol

og
ic

al
en

gi
ne

er
in

g
an

d
ec

ol
og

ic
al

ec
on

om
ic

s

ec
os

ys
te

m
se

rv
ic

es
ar

e
an

ev
ol

vi
ng

as
-

pe
ct

of
so

ci
oe

co
lo

gi
ca

li
nt

er
ac

tio
ns

;a
bi

l-
ity

to
co

nt
ro

la
nd

pr
ed

ic
te

co
sy

st
em

se
rv

ic
es

is
lim

ite
d,

so
co

nt
in

ua
ll

ea
rn

in
g

an
d

ad
ap

ta
tio

n
ar

e
ne

ce
ss

ar
y

to
su

st
ai

n
ec

os
ys

te
m

se
rv

ic
es

C
ha

ng
es

in
co

nn
ec

tiv
ity

of
so

ci
oe

co
lo

gi
-

ca
ls

ys
te

m
s

va
ria

bi
lit

y
in

so
ci

oe
co

lo
gi

ca
ll

in
ks

am
on

g
na

tio
ns

lo
os

en
in

g
of

so
ci

oe
co

lo
gi

ca
ll

in
ks

tig
ht

en
in

g
of

so
ci

oe
co

lo
gi

ca
ll

in
ks

dr
iv

en
by

so
ci

al
an

d
ec

on
om

ic
ob

je
ct

iv
es

ex
pl

or
in

g
an

d
ad

ju
st

in
g

so
ci

oe
co

lo
gi

ca
l

lin
ks

R
oo

to
fu

ne
xp

ec
te

d
br

ea
kd

ow
ns

in
ec

o-
sy

st
em

se
rv

ic
es

la
ck

of
co

ns
id

er
at

io
n

of
th

e
im

pa
ct

of
sl

ow
ly

ch
an

gi
ng

va
ria

bl
es

;f
ee

db
ac

ks
em

er
ge

as
su

rp
ris

in
g

du
e

to
la

ck
of

m
on

ito
rin

g

la
ck

of
co

ns
id

er
at

io
n

of
th

e
im

pa
ct

of
sl

ow
ly

ch
an

gi
ng

va
ria

bl
es

;f
ee

db
ac

ks
em

er
ge

as
su

rp
ris

es
du

e
to

la
ck

of
m

on
-

ito
rin

g

ov
er

-e
ng

in
ee

rin
g;

so
m

e
ec

ol
og

ic
al

sy
s-

te
m

s
ar

e
m

or
e

co
m

pl
ex

th
an

ex
pe

ct
ed

;
la

ck
of

un
de

rs
ta

nd
in

g
of

ho
w

te
ch

no
lo

gi
-

ca
li

nn
ov

at
io

n
in

te
ra

ct
s

w
ith

ec
ol

og
ic

al
co

m
pl

ex
ity

,i
nc

lu
di

ng
lo

ng
-te

rm
dy

na
m

-
ic

s
an

d
sp

at
ia

lc
on

ne
ct

ed
ne

ss
of

ec
o-

sy
st

em
pr

oc
es

se
s

ris
ks

of
ex

pe
rim

en
ta

tio
n

9o
ri

na
ct

io
n0

le
ad

to
so

m
e

lo
ca

liz
ed

br
ea

kd
ow

ns
,

w
hi

le
gl

ob
al

ec
os

ys
te

m
se

rv
ic

es
di

m
in

-
is

h
du

e
to

lim
ite

d
ca

pa
ci

ty
to

ad
dr

es
s

gl
ob

al
ec

os
ys

te
m

is
su

es

PAGE 130................. 11411$ $CH5 10-27-05 08:42:40 PS



R
es

po
ns

e
to

un
ex

pe
ct

ed
br

ea
kd

ow
ns

of
ec

os
ys

te
m

se
rv

ic
es

el
ite

s
as

su
m

e
th

at
lo

ca
la

nd
na

tio
na

l
m

an
ag

em
en

to
fe

co
sy

st
em

se
rv

ic
es

is
su

st
ai

na
bl

e

it
is

as
su

m
ed

th
at

gl
ob

al
po

lic
ie

s,
m

ar
-

ke
ts

,s
ub

st
itu

tio
n,

an
d

ad
ap

ta
tio

n
ar

e
su

ffi
ci

en
tt

o
m

ai
nt

ai
n

ec
os

ys
te

m
se

r-
vi

ce
s;

lit
tle

st
ra

te
gi

c
pl

an
ni

ng
as

th
er

e
is

lit
tle

in
ve

st
m

en
ti

n
re

se
ar

ch
or

m
on

i-
to

rin
g

pr
oa

ct
iv

e
in

th
e

se
ns

e
th

at
ec

os
ys

te
m

s
ar

e
en

gi
ne

er
ed

to
pr

ov
id

e
sp

ec
ifi

c
ec

o-
sy

st
em

go
od

s
an

d
se

rv
ic

es
an

d
av

oi
d

cr
os

s-
sc

al
e

ec
ol

og
ic

al
fe

ed
ba

ck
s;

as
-

su
m

pt
io

n
th

at
te

ch
no

lo
gi

es
w

ill
pr

ep
ar

e
m

an
ag

er
s

to
de

al
w

ith
un

ex
pe

ct
ed

fe
ed

-
ba

ck
s

ad
ap

tiv
e,

in
no

va
tiv

e,
an

d
pr

oa
ct

iv
e

fo
r

lo
ca

l,
na

tio
na

l,
or

re
gi

on
al

ec
os

ys
te

m
se

rv
ic

es
,b

ut
gl

ob
al

co
or

di
na

tio
n

of
ec

o-
sy

st
em

m
an

ag
em

en
ti

s
la

ck
in

g

In
ve

st
m

en
ti

n
le

ar
ni

ng
ab

ou
tt

he
en

vi
-

ro
nm

en
t

lo
w

es
to

ft
he

fo
ur

sc
en

ar
io

s
lo

w
,m

ot
iv

at
ed

by
br

ea
kd

ow
ns

in
ec

o-
sy

st
em

se
rv

ic
es

hi
gh

in
ve

st
m

en
ti

n
ec

os
ys

te
m

re
se

ar
ch

m
ot

iv
at

ed
by

te
ch

no
lo

gi
ca

ld
ev

el
op

m
en

t
va

ria
bl

e;
hi

gh
in

so
m

e
lo

ca
le

s;
le

ar
ni

ng
by

co
m

pa
rin

g
re

gi
on

al
ex

pe
rie

nc
es

,b
ut

lit
tle

in
ve

st
m

en
ti

n
un

de
rs

ta
nd

in
g

of
gl

ob
al

ec
os

ys
te

m
se

rv
ic

es

Ap
pr

oa
ch

to
gl

ob
al

co
m

m
on

s
ac

tio
n

on
gl

ob
al

is
su

es
th

at
af

fe
ct

el
ite

s
st

ro
ng

gl
ob

al
ac

tio
n

on
gl

ob
al

is
su

es
if

an
d

w
he

n
th

ey
af

fe
ct

so
ci

al
an

d
ec

o-
no

m
ic

go
al

s

co
or

di
na

te
d

an
d

pr
oa

ct
iv

e
ac

tio
n

on
gl

ob
al

is
su

es
,e

m
ph

as
iz

in
g

te
ch

no
lo

gi
-

ca
ls

ol
ut

io
ns

lit
tle

at
te

nt
io

n
to

gl
ob

al
is

su
es

th
at

af
fe

ct
ec

os
ys

te
m

se
rv

ic
es

Pr
og

ra
m

s
fo

rm
ul

tis
ca

le
re

so
ur

ce
s

m
an

-
ag

em
en

t
so

m
et

im
es

ex
is

ti
n

w
ea

lth
ie

rr
eg

io
ns

;i
n

ot
he

rr
eg

io
ns

,i
ns

tit
ut

io
ns

fo
rm

ul
tis

ca
le

re
so

ur
ce

m
an

ag
em

en
ta

re
sl

ow
to

de
-

ve
lo

p

fo
cu

s
on

gl
ob

al
em

is
si

on
s

w
ith

lit
tle

em
-

ph
as

is
on

m
ul

tis
ca

le
co

or
di

na
tio

n;
gl

ob
al

pr
ac

tic
es

so
m

et
im

es
ov

er
lo

ok
re

-
gi

on
al

va
ria

tio
n

in
re

so
ur

ce
is

su
es

sc
al

e
of

in
te

rv
en

tio
n

te
nd

s
to

be
dr

iv
en

by
te

ch
no

lo
gi

ca
lc

ap
ab

ilit
y

an
d

op
po

rtu
-

ni
ty

va
ria

bl
e

am
on

g
re

gi
on

s;
gr

ow
in

g
at

te
n-

tio
n

to
m

ul
tis

ca
le

m
an

ag
em

en
to

fe
co

-
sy

st
em

se
rv

ic
es

em
er

ge
s

by
�

20
50

In
st

itu
tio

ns
,i

nc
en

tiv
es

,p
ro

pe
rty

rig
ht

s
fo

re
co

sy
st

em
s

m
an

ag
em

en
t

re
gu

la
to

ry
co

nt
ro

lb
y

el
ite

s,
w

ho
ha

ve
gr

ea
te

ra
cc

es
s

to
ec

os
ys

te
m

se
rv

ic
es

w
ea

k
in

st
itu

tio
ns

fo
re

co
sy

st
em

se
r-

vi
ce

s,
ex

ce
pt

fo
rg

lo
ba

lc
om

m
on

s
is

-
su

es
;e

co
sy

st
em

se
rv

ic
es

no
ts

ee
n

as
fu

nd
am

en
ta

lt
o

w
ea

lth
cr

ea
tio

n;
pr

op
er

ty
rig

ht
s

of
te

n
di

sc
ou

nt
ed

fro
m

be
ne

fit
s

of
ec

os
ys

te
m

se
rv

ic
es

pr
op

er
ty

rig
ht

s
an

d
m

ar
ke

tm
ec

ha
ni

sm
s

ar
e

em
ph

as
iz

ed
to

al
ig

n
pr

iv
at

e
in

ce
n-

tiv
es

w
ith

su
st

ai
na

bi
lit

y
of

ec
os

ys
te

m
se

rv
ic

es

hi
gh

va
ria

bi
lit

y
of

in
st

itu
tio

ns
am

on
g

re
-

gi
on

s;
ex

pl
or

at
io

n
of

pr
ac

tic
es

to
bu

ild
re

si
lie

nc
e

of
ec

os
ys

te
m

se
rv

ic
es

Em
ph

as
is

on
de

ve
lo

pm
en

to
fe

nv
iro

n-
m

en
ta

lt
ec

hn
ol

og
y

lo
w

;i
n

w
ea

lth
y

re
gi

on
s,

so
m

e
pr

og
re

ss
on

en
vi

ro
nm

en
ta

lt
ec

hn
ol

og
y

in
re

-
sp

on
se

to
re

co
gn

iti
on

of
no

ve
le

nv
iro

n-
m

en
ta

lp
ro

bl
em

s

m
od

er
at

e,
in

re
sp

on
se

to
em

er
ge

nc
e

of
no

ve
le

nv
iro

nm
en

ta
lp

ro
bl

em
s

ra
pi

d
de

ve
lo

pm
en

to
fa

dv
an

ce
d

en
vi

ro
n-

m
en

ta
lt

ec
hn

ol
og

ie
s

th
at

su
pp

or
te

co
-

lo
gi

ca
ld

es
ig

n;
te

ch
no

lo
gi

es
ar

e
us

ed
to

de
cr

ea
se

th
e

de
pe

nd
en

cy
of

ec
on

om
ic

gr
ow

th
an

d
co

ns
um

pt
io

n

m
od

er
at

e;
va

ria
bl

e
am

on
g

re
gi

on
s

PAGE 131................. 11411$ $CH5 10-27-05 08:42:40 PS



132 Ecosystems and Human Well-being: Scenarios

derlying causes of uncontrolled migration, conflicts, and
even terrorism. Leaders were also concerned about inequal-
ities among people, including differential access to technol-
ogy and education and other drivers of inequality. There
were great debates about the best approach to solving these
problems.

Eventually, globally orchestrated policy reforms took
hold as the dominant strategy. Policy reforms were used to
reshape the world’s economic and governance systems. The
emphasis of these reforms was on creating markets that al-
lowed equal participation and provided equal access to
goods and services. The reforms also targeted the creation
of more transparent governance systems worldwide as the
necessary foundation of economic growth. As the world
became increasingly connected financially, it was necessary
to create global policies to deal with problems arising from
the connections. Thus, one result of globalized economic
systems was a strengthening of global and regional standard-
setting bodies such as the World Trade Organization. The
focus on policy reforms and faith in global institutions also
led to strengthening of the United Nations and some other
multinational alliances.

At about this same time, governments found themselves
making decisions about how to handle terrorism and con-
flicts among nations. Should rich countries focus on borders
and protection or should they assist with development in
poorer countries to spread goodwill? Generally, rich nations
leaned toward helping poor nations meet their basic needs,
as this was thought to be the better long-term solution.
Trade practices that had hindered economic development
in poor countries were discontinued. These reforms were
followed by increased wealth in many poor countries,
which led to secondary improvements in governance and
democracy. In most regions of the world, governments in-
vested more heavily in public goods, such as education and
public transportation.

Trade expanded globally, driven by removal of subsidies
and increasing demand for goods and services around the
planet. Economies in China, India, and Southeast Asia
began to grow rapidly again. A focus on education and, in
some cases, political reform helped civil society grow in
poorer countries. In countries that profited from increased
market access and production opportunities, a wealthier
middle class began to develop. Civil society and the grow-
ing middle class, in turn, brought about further reforms.

By the 2020s, a growing middle class was demanding
cleaner cities, less pollution, and a more beautiful environ-
ment. This was particularly true for problems that occurred
in and around urban settings and those that directly affected
human health. Nevertheless, problems of intensified ag-
ricultural systems and the slow loss of wildlands received
only limited attention. Environmental problems that were
difficult to reverse, such as biodiversity loss, were more or
less ignored by the general population because so many
other things were going well.

Driven by policies aimed at increasing gross domestic
product and human well-being, agricultural area expanded
in poor countries, leading to increased human impacts on
terrestrial ecosystems. Agricultural specialization increased,
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driven by the selection of high-yield and commercially val-
uable crops and livestock. Local ecological knowledge was
often replaced by uniform industrial methods. Conse-
quently, by the 2020s, wild varieties of agricultural species
existed primarily in gene banks, and the number of domes-
tic varieties in use was greatly reduced. Diverse landraces
persisted mostly in marginal areas. By 2025, many small
farms had consolidated into large agricultural operations. All
farms, small and large, had become more highly mecha-
nized and industrial. By sometime in the 2030s, the rate of
increase in agricultural area had begun to slow down due to
replacement of traditional agriculture with more-efficient
industrial systems.

As the rate of agricultural expansion declined, particu-
larly in rich countries, and as people moved from the coun-
tryside into cities, many terrestrial ecosystems began to
recover from intensive human use. This recovery was aided
by increased productivity of farms, which allowed some re-
duction in agricultural land area. Recovery of ecosystem
function in these areas was aided by replanting and some
restoration. Ecosystem restoration was driven by people’s
interest in increasing the supply of fuelwood and other bio-
mass products, in addition to the expansion of intensively
managed spaces for recreation. In contrast to the agricultural
land recovery, coastal marine ecosystems and wetlands de-
clined significantly because the increased urban growth was
mostly concentrated in a 100-kilometer band along the
coastline.

Increases in wealth and in the availability of technology
resulted in the continuing improvement of health around
the planet. Regional inequalities in health were prevalent
until the mid 2020s. Obesity-related diseases remained a
threat, particularly in rapidly developing areas, as new food
choices became available and societies shifted their eating
habits to less healthy diets. Emerging infectious diseases
were also a risk. The potential for the origination and spread
of novel pathogens was high in areas where ecosystem func-
tion was disregarded. It turned out that disruption of eco-
system regulation processes increased the likelihood of
exposure to pathogens originating from wild animals and
plants, and the movement of exotic species around the
world through widespread trade further facilitated the
spread of pathogens. While these surprises occurred in rich
and poor countries, the capacity to respond was higher in
rich countries, and hence the impact was much higher in
poorer countries. Positive surprises, such as the success of
genetically modified organisms in reducing the agricultural
expansion, also occurred.

Despite economic policies designed ultimately to lead
to a better environment, the simplification of ecosystems
eventually led to a decrease of environmental security as
ecological surprises became more common. One surprise of
the past 50 years was the high impact that widespread trade
had on hastening the spread of invasive species. It seems
that reduced diversity limited the options of ecosystems to
respond to ever increasing ecological surprises, although it
is hard to tell if the problem was this or simply increased
population pressure. People in poor countries are generally
doing better than they were in 2000, but, looking to 2100,
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we wonder whether the early policies to increase economic
growth will provide the necessary resilience to cope with
future surprises.

5.5.2 Order from Strength

Summary: Since 2000, the availability of ecosystem services
has fallen below minimal needs for human well-being in some
regions of the world while being maintained or even improved
in other regions. Widespread loss of faith in global institutions
and fear of terrorism led rich countries to favor policies that
ensured security and erected boundaries against outsiders. Even
in better-off areas, though, there have been some breakdowns of
ecosystem services. It turned out that climate change was often
more rapid than response capacity, leading to local degradation
of ecosystem services in some places, even in rich nations. Over-
all, the current global condition of ecosystem services is highly
variable and declining on average. Even the places in the best
condition are at risk, although citizens of wealthy nations enjoy
a tolerable level of ecosystem services and human well-being. As
we look to 2100 and beyond, Earth’s ecosystem services seem
fragmented and imperiled. Problems exist at all scales, from
global fisheries collapses to regions of the world where ecosystem
services are sorely in need of restoration and other regions where
ecosystem services are currently fine but threatened. We have
learned that it is impossible to build walls that are high enough
to keep out all the world’s ills, but also that it is sometimes a
reasonable policy to focus minimal resources on carefully protect-
ing a few areas rather than only partially protecting everywhere.

At the beginning of the twenty-
first century, terrorism, war, and
loss of trust in global institutions led
many people to believe that there
was a need for powerful nations to
maintain peace and achieve equity.
Governments of the industrial
world reluctantly accepted that
militarily and economically strong

democratic nations could maintain global order, protect
lifestyles in the industrial world, and provide some benefits
for any developing countries that elected to become allies.
Countries were often unwilling to participate in interna-
tional and global institutions as they concentrated on build-
ing strength as nations. As a result, global institutions began
to stagnate as people lost confidence in them and their
power eroded.

The EU and the United States turned inward, striving
to preserve national security. Trade policies veered toward
increasing protectionism. Religious fundamentalism and
nationalism were mutually reinforcing in some nations. In
some cases, parts of civil society saw this inward focus as
dangerous and tried to oppose it, but they were mostly si-
lenced by already strong national governments. Just as the
focus of nations was turned to protecting borders, environ-
mental policies concentrated on securing resources for
human consumption. Building strong nations was a priority,
as many felt that environmental challenges could not be ad-
equately addressed without first strengthening nations and
economies. Conservation focused on parks and preserves.
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By sometime around 2018, this had increased the separa-
tion between the rich, powerful countries and the poverty-
stricken ones, with very few countries left in between. So-
cieties were also stratified within nations: rich and powerful
people and poor people existed within both rich and poor
nations. Within nations, rich and powerful people increas-
ingly turned to gated communities as a way to protect
themselves from outsiders.

In the rich world, the drive for security and protection
led to privatization of access to many natural resources, as
businesses stepped in to help governments assure consistent
access to resources. In turn, governments protected the eco-
nomic interests of these businesses. This led to increasingly
tighter connections between governments and business at
all scales. There was also very little trade with poor coun-
tries.

The world outside the rich people’s walls experienced a
lot of conflict during this period. The disputes were largely
over access to natural resources like water, oil, and fuel-
wood. Many in poorer countries felt that the way out was
to immigrate to a rich country or become part of the elite
in their own country, which historians believe entrenched
the compartmentalization. With most poor people spend-
ing all their time and energy trying to become one of the
elites, there were few left to argue for other priorities. Some
elites did demand better treatment of the poor and were
sometimes able to effect change. Significant economic
problems persisted in the poor world due to corruption,
disease, and pollution. As poor countries spent most of their
time attending to crises of disease and other problems,
widespread improvements in economic well-being became
rare. Although fertility had been starting to drop in poor
countries at the beginning of the twenty-first century, the
collapse of nascent social safety nets resulted in increases in
fertility; population growth rates reversed course and began
to increase.

Powerful countries often coped with problems by shift-
ing the burdens to other, less powerful countries, increasing
the gap between the rich and poor. In particular, resource-
intensive industries were moved to poorer countries or to
poorer parts of wealthy countries. This taxed poor people’s
environment further, leading to widespread migration from
collapsed places to new parts of poorer countries. This mi-
gration created stresses that sometimes led to environmental
degradation in the new places. For example, refugees who
left one place for another increased the pressure on the new
area’s environment until it collapsed. Disease, particularly
contagious diseases, became rampant in poor areas.

Rich nations also attempted to make their lands more
livable by moving food production to poor countries. The
price of food rose as conflict in poor areas affected their
ability to produce food. In some cases, this led rich nations
to attempt to stabilize poorer ones through a combination
of military and economic intervention. In other cases, rich
nations simply produced more of their own food.

The inward focus of wealthier nations did lead to some
benefits, including high levels of protection, easy access to
goods and services inside the wealthy areas, and pockets of
very well preserved wilderness in rich countries and in
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places that wealthy people wanted to visit on holiday. The
spread of invasive species was also a lot lower than research-
ers had predicted in 2000, a surprise attributed to the de-
crease in trade among countries. The rate of successful
invasions was higher than in 2000, since degraded ecosys-
tems were more susceptible to successful invasion when ex-
otic species were present.

During times when powerful countries became more as-
sured of their security, they did turn somewhat to global
issues, particularly those that would obviously affect them-
selves. Sometimes funding was made available to help poor
countries with particularly pressing problems. The focus for
this funding was often on conflicts or refugee problems
(which were seen as having secondary impacts on rich
countries). Generally, when funding was available for
poorer areas, the focus was on physical safety rather than
social welfare issues. Some global environmental issues that
affected rich countries were addressed in the same way,
through cautious agreements among rich nations, and this
led to some improvements on global environmental issues.
However, progress has been slow on those issues that are
not of direct concern to the powerful.

As the attention of governments was on economic and
military strength, there was less focus on the environment.
Global issues (such as climate change) and international is-
sues (such as large river management) were almost always
impossible to address as at least one key nation was unwill-
ing to cooperate. Ironically, global climate change increased
less than had been expected at the turn of the century, due
to a larger than expected proportion of the world’s popula-
tion being forced to live a simpler and less materialistic exis-
tence.

Now, in 2050, some poorer regions have finally gained
a reasonable amount of stability, and are finding themselves
able to form coalitions and trade agreements to better their
situation. Generally, these coalitions have worked well to
lift some poor areas out of totally abject poverty. This was
especially true for nations that had crossed the digital divide.
Some Asian, South American, and African nations had es-
tablished digital networks, which gave their people an ad-
vantage in terms of access to global markets and
information. These countries in particular were able to gain
more stability. As soon as things start getting better, many
people want to immigrate to these areas. Thus, countries
often are forced to create strong laws against immigration
in order to keep their society safe and orderly. The future
of these regions is uncertain.

Today, it is apparent that there was not a linear trend
toward higher and higher walls, even though it sometimes
felt that way. Instead, we saw episodes of rapid change and
periods of relative stability. There were some fluctuations of
increasing and decreasing compartmentalization as the
powerful countries periodically invested in keeping condi-
tions tolerable for the poor in order to reduce illegal immi-
gration and other problems. There were also activist groups
and intellectual dissidents in wealthy nations that tried to
support the poor and poor nations. Looking forward to
2100, these activist groups are one of the main sources of
hope in an otherwise bleak situation. People and ecosystems

PAGE 134

are generally doing worse than in 2000, but some hope can
be found in the activists working to support the poor and
improve management.

5.5.3 Adapting Mosaic

Summary: The past 50 years have brought a mix of successes
and failures in managing ecosystem services. Approaches to
management have been heterogeneous. Some regions strength-
ened the centralized environmental agencies that emerged late
in the twentieth century, while others embarked on novel insti-
tutional arrangements. Some approaches turned out to be disas-
trous, but others proved able to maintain or improve ecosystem
services. Many nations have emulated the successes of other
nations, and the number of successes has begun to climb by
2050. As a result, the world in 2050 is a diverse mosaic with
respect to ecosystem services and human well-being. A consider-
able variety of approaches still exists, and regrettably some re-
gions still cannot provide adequate ecosystem services for their
people. Other regions are doing well, and remarkable successes
have occurred on every continent. With respect to global-scale
environmental problems, progress has been slow. As we look
to 2100 and beyond, policy and ecological science face a twin
challenge: to rebuild ecosystem services in the regions where they
have collapsed and to transfer the lessons of regional success to
problems of the global commons.

Opportunities for, and interest
in, learning about socioecological
systems were a defining feature of
the early twenty-first century. Peo-
ple had great optimism that they
could learn to manage socioecolog-
ical systems better, but they also re-
tained humility about limits to
human control and foresight and

the prospects for surprise. Learning to improve socioeco-
logical systems came at a great cost. There were failures as
well as successes, and learning diverted some of society’s
resources. Economic growth was probably lower than it
could have been had decision-makers put all our invest-
ments toward manufactured capital, but economic growth
has begun to improve recently as the benefits of better
socioecological systems are now slowly being realized.

At the turn of the century, some people in the rich world
held beliefs that promoted regionalization of trade, nation-
alism, and local or regional management of natural re-
sources. Global trade barriers for goods and products were
increased, but trade barriers decreased within regional blocs
such as ASEAN, NAFTA, and the EU. In contrast, global
barriers for information flow nearly disappeared due to im-
proving communication technologies and the rapidly de-
creasing cost of information access. Political focus followed
the economic emphasis on regional or national trade.

The regionalization of markets and politics was associ-
ated with a decline in the relative power of global interna-
tional institutions. The decline was partly linked to loss of
confidence in the effectiveness of global governance and
dissatisfaction with distortions of global markets. But the
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strengthening of interactions within nations and within re-
gional blocs was also an important factor in the relative de-
emphasis of global institutions. Dissatisfaction with the
results of global environmental summits and other global
approaches led many people to perceive global institutions
to be ineffective at environmental management. Climate
change negotiations had broken down by 2010. Interna-
tional agreements failed to prevent the depletion of most
marine fisheries, and regulation of transboundary pollutants
proved ineffective.

Within some nations, power devolved to local authori-
ties. There was variation among nations and regions in
styles of management, including natural resource manage-
ment. Some managed with rigid centralized bureaucracies.
Others focused on market incentives or other economic
measures. Still others attempted some form of adaptive
management for the nation or region as a whole. Some
local areas explored actively adaptive management, investi-
gating alternatives through experimentation. Some were
passively adaptive, investing in a certain amount of moni-
toring but dealing with change in a reactive way. Still other
locales largely ignored the environment, dealing with crises
only as they arose.

There was great diversity in the outcome of these varied
approaches to managing socioecological systems. Some nota-
ble disasters were poorly handled. Sometimes, methods that
succeeded in one region failed when imported to another
region because of unforeseen differences in social practices,
politics, or ecosystems. Reactions to resource breakdowns
were also diverse. Perversely, failed practices were sometimes
sustained by subsidies from other regions or other sectors of
the economy. In other cases, breakdowns were followed by
innovations that eventually made things better.

Groups began to experiment with innovative local and
regional management practices that put special emphasis on
investments into human and social capital, such as education
and training. Information about success stories was shared
among locations. Information sharing was facilitated by
cheap communication tools such as the Internet. The ex-
periments varied in their success. As more and more experi-
ence and knowledge were collected, the conditions for
success were better understood and experiments became
more successful on average. Food production became more
localized, feeding into national or regional markets that val-
ued clean, green production processes. Environmental
technologies were developed based on local needs and con-
ditions, leading to a gradual improvement in management
of socioecological systems and natural resources.

By the 2020s, global tourism had begun to encourage
development and application of local learning as a celebra-
tion of diversity in reaction against global homogenization
and the sameness of products. Traveling was seen as a means
to experience heterogeneity, but, in the end, had negative
feedbacks due to increased transportation and human im-
pact on poorer regions.

Throughout this period of varied learning, there was rela-
tively little focus on global commons problems such as cli-
mate change, marine fisheries, and transboundary pollution.
Crucial ecological feedbacks were acting over spatial extents
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that were too large to be noticed by local institutions. As a
result, large-scale environmental crises eventually became
more frequent. Technological disasters occurred in some nat-
ural resource systems. Climate shifts led to more storm surges
in coastal areas. Top predators vanished from most marine
ecosystems, leaving jellyfish as the apex predator for vast areas
of the world. Coastal pollution increased drastically, which
led to further degradation of coastal fisheries and severe
health risks to humans from eating shellfish, shrimp, and
other filter feeders. There were also outbreaks of new dis-
eases, such as rapidly evolving bacteria resistant to antibiotics.
Luckily, climate change was not as bad as it could have been
because people were trying to curtail local pollutants like ni-
trogen oxides and sulfur dioxide, which also act as agents of
climate change. But sometimes the global phenomena af-
fected local socioecological systems in severe ways.

At about the same time, businesses became more inter-
ested in finding new markets in other parts of the world and
consumers began to demand a greater diversity of choices.
The renaissance of global business led to greater internation-
alization of governance and negotiation of new international
trade agreements. Some global barriers to trade started to
erode, and the economy gradually became more globalized.

The negative large-scale environmental events were
largely seen as being caused by inadequate management of
the global environmental commons. The growing interna-
tional framework of trade and political institutions provided
a foundation on which global environmental management
institutions could be rebuilt. The rebuilding was slow and
tenuous, due to slowly changing institutions that often
needed disaster as a goad to action. Nevertheless, renewal
began. The emerging institutions for international environ-
mental management drew on decades of local and regional
experience, including a rich history of successes and failures.
The emerging institutions were more focused on ecosystem
units than in the early decades of the century. Watersheds,
air basins, and coastal regions, rather than states or nations,
became the basis for management. New large-scale man-
agement was also more cautious, focused on learning while
managing, based on the successes that learning had brought
to many locales earlier. When two or more regions came
together to manage a jointly shared problem, they often
participated in deliberate small-scale trials to determine the
best management practices.

In the year 2050, Earth’s socioecological systems seem
poised at a branch point. Local ecosystem management is
varied and improving in many regions. While problems
exist, the situation is better than in 2000. On the other
hand, global environmental problems have become more
pressing. It seems possible that new approaches will emerge
for addressing them, built in part on the varied experiments
of preceding decades. This hope beckons at the dawn of the
second half of the twenty-first century.

5.5.4 TechnoGarden

Summary: Significant investments in environmental technol-
ogy seem to be paying off. At the beginning of the century,
doomsayers felt that Earth’s ecosystem services were breaking
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down. As we look back over the past 50 years, however, we
see many successes in managing ecosystem services through con-
tinually improving technology. Investment in technology was
accompanied by significant economic development and educa-
tion, improving people’s lives and helping them understand the
ecosystems that make their lives possible. On the other hand,
not every problem has succumbed to technological innovation.
In some cases, we seem to be barely ahead of the next threat to
global life support. Even worse, new environmental problems
often seem to emerge from the most recent technological solution,
and the costs of managing the environment are continually ris-
ing. Many wonder if we are in fact on a downward spiral,
where new problems arise before the last one is really solved. As
we look to 2100 and beyond, we need to cope with a situation
in which problems are multiplying faster than solutions. The
science and policy challenge for the next 50 years is to learn how
to organize socioecological systems so that ecosystem services are
maintained without taxing society’s ability to invent and pay
for solutions to novel, emergent problems.

Early in the twenty-first cen-
tury, increased recognition of the
importance of ecosystem services
led to increasingly formalized pat-
terns of human/ecological interac-
tions. The trend to formalization
led to definition of a wide variety
of ecological property rights, which
were assigned to a variety of com-

munal groups, states, individuals, and corporations. These
rights often prompted ecosystem engineering to maintain
provision of the desired ecosystem services. Investment in
ecological understanding and natural capital meant that en-
vironmental problems were often identified before they be-
came severe.

Such property rights systems eased industrial countries
away from protective subsidies and improved income op-
portunities for developing countries. They also led to in-
creasing government control through ‘‘green’’ taxes and
subsidies of research and development. Policies emphasizing
research and development led to significant scientific ef-
forts, particularly in the use of technological control to
maintain consistent resource flows. There was also a strong
belief that ‘‘natural capitalism’’—a focus on looking for
profits in working with nature—could be profitable for
both individuals and society. Big business became interested
in research and development of new technologies to pro-
duce or enhance production of ecosystem services. The im-
possibility of maintaining exclusive access to information
drove ever more rapid innovation during the early period.
It was a time of rapid gain and spread of knowledge around
the globe. Global communication, combined with open
trade policies, allowed the developing world to apply some
of the new technologies and start developing their own.

As population continued to grow and demand for re-
sources intensified, people increasingly pushed ecosystems
to their limits of production. This ecological engineering
was done privately at local, small, or regional scales by a
variety of private, public, and community and individual
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actors and was done within different types of property rights
schemes at different locations. Some areas established prop-
erty rights schemes based on command and control, com-
mon property, or market-based schemes, while others
remained open access. This engineering was far more so-
phisticated, subtle, and adaptive than many traditional at-
tempts at ecological engineering. The new ecological
engineers were schooled in the engineering approach of
‘‘fast, cheap, and out of control’’ and used advances in com-
puter, communication, and materials sciences to permit
human infrastructure to be increasingly flexible, dynamic,
and adaptive, like wild ecosystems. Innovations such as
pop-up infrastructure allowed people to intervene in eco-
logical dynamics rapidly and flexibly.

In response to negative consequences of intensive agri-
culture in the industrial world—including land degradation,
eutrophication of lakes and estuaries, and disease out-
breaks—demand for ecological agriculture began to in-
crease. In the 1990s, governments in several European
countries had already begun to change or remove agricul-
tural subsidies following a series of agricultural crises in Eu-
rope (mad cow disease, foot-and-mouth disease, swine
fever, contamination of food with halogenated organic
compounds).

Ecological agriculture unfolded in two intertwined
planes. Due to the increasing focus on ecosystem services,
people began to realize that agricultural systems were em-
bedded within landscapes and that agriculture could not just
produce food or fiber at the expense of all other potential
services. This led to policies that encouraged farmers to cre-
ate a landscape that produced a variety of ecosystem services
rather than focusing on food as a single service. The goal
of multifunctionality moved government agricultural policy
away from a focus on the volume of agriculture production
to a focus on agricultural profitability. Despite initial con-
cerns that multifunctional agriculture would destroy farm-
ing as a way of life and reduce yields, its profitability and
lowered risk encouraged many farmers in Europe and
North American to convert their operations. This trend
began in the 1990s, and its expansion first in Europe and
then North America meant that by 2010 nearly half of Eu-
ropean and 10% of North American farms were focusing on
a multifunctional existence. By 2025, these numbers had
jumped to nearly 90% in Europe and 60% in North
America. The diversification of agricultural production and
lower yields increased the profitability of farming—
particularly smaller-scale farming—and reduced the power
of large-scale agribusiness.

Ecological agriculture and the end of widespread subsi-
dies opened the rich world to agricultural inputs from poor
countries, and this spurred radical changes in agriculture in
Eastern Europe and later in Africa and Latin America. In-
creased ability of developing countries to export agricultural
production encouraged investment in intensification. The
demand of industrial countries for at least nominally safe
and ecologically friendly production helped stimulate inten-
sification efforts to increase production in environmentally
friendly ways. Some of these developments came from the
use of genetically modified crops. Despite initial opposition
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in the EU, the absence of all but a few minor ecological
problems led to their widespread use. As crop production
for the developing world remained somewhat less sensitive
to ecological issues, some local ecological degradation re-
sulted from the agricultural intensification. Water pollution,
eutrophication, deforestation, and erosion became signifi-
cant problems in some locations.

These changes did not happen evenly across the entire
world. For example, development of green agriculture
spread most rapidly in North European countries. East Eu-
ropean countries were well positioned to export agricultural
products to the EU and were the first to intensify. In Africa
the situation was quite heterogeneous; some countries in
southern Africa intensified their agricultural production
rapidly, while other African countries were unable to re-
spond to these opportunities due to local problems in gov-
ernance, lack of infrastructure, or water shortages and
droughts.

The engineering approach took hold in urban and sub-
urban areas, too. The best urban management focused on
creating low or positive impact on ecosystems using green
architecture and on diverse transportation strategies and
urban parks as functional ecosystems. In rich countries, new
housing developments begin to include rain gardens and
wetland areas to clarify runoff and provide wildlife habitat.
The specific activities that people engaged in varied by lo-
cation, based on the ecosystem services they desired and
the difficulty of providing those services. In general, rich
countries focused on providing water regulation services
and cultural services, while developing countries focused
more on the production and regulation of water and the
production of provisioning services. Regional differences
within rich and poor worlds continued to exist due to cul-
ture, governance, environmental factors, and the way that
property rights were organized.

The highly managed urban garden approach sometimes
led to destruction of local, rural, and indigenous cultures.
Since the dominant values tended to be functional, culture
for culture’s sake was not highly valued. The degree of this
loss was variable across regions, but some cultural loss was
inevitable everywhere. This lowered the adaptive capacity
of local ecosystem management by diminishing society’s ca-
pability to detect subtle changes in local ecological proc-
esses, particularly in terms of detecting gradual changes in
slow processes. On the other hand, sensitive and cheap eco-
logical monitoring did allow for the rapid accumulation of
short-term ecological knowledge.

Highly engineered systems turned out to be very vulner-
able to disruptions, however. Even successful management
was at risk from loss of process diversity, loss of local knowl-
edge, and people’s dependence on stable, consistent supplies
of ecosystem services. Ecosystems tended to be simplified
because the more obscure and apparently unimportant
processes were not supported or maintained. At the same
time, increasing social reliance on the provision of ecosys-
tem services led to declines in alternative mechanisms of
supplying them. These factors combined to greatly increase
the risk of a major breakdown in provision of ecosystem
services. The problems were especially severe at the bound-
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aries between ecosystems and across scales, where local ef-
fects of management interacted with large-scale fluctuations
in ecosystem conditions and function.

Looking back from the year 2050, it seems that we did
a pretty good job managing and understanding a rapidly
changing world. There are some persistent or growing so-
cial and ecological problems, like the loss of local knowl-
edge about ecosystem services and eutrophication of fresh
waters and coastal oceans. But in general people around the
world have better access to resources and we seem to be
thinking more about multifunctionality and systems ap-
proaches rather than single goals. Looking forward to 2100,
there is great hope for continuing improvement in ecosys-
tem management. We will need to cope with a situation in
which problems (caused by new technologies) are some-
times multiplying faster than solutions. The science and
policy challenge for the next 50 years is to learn how to
organize socioecological systems so that ecosystem services
are maintained without taxing society’s ability to invent and
pay for solutions to novel, emergent problems.

5.6 Potential Benefits and Inadvertent Negative
Consequences of the Scenarios
Each scenario illustrates the potential benefits and potential
risks inherent in the path of each particular storyline. (See
Table 5.2.) It is important to note that each scenario
emerges from the complex interactions of billions of people
and millions of institutions, not from the action of a central-
ized global controller. The world cannot be directed in one
of these four ways, but it could self-organize in one of the
ways envisioned by the scenarios or in some hybrid of the
four scenarios. At the level of individuals and nations, deci-
sions by people will affect this self-organization of the Earth
system.

It is reasonable to consider the relative benefits and neg-
ative consequences of the scenarios. These are important
for those who are considering their own decisions in the
context of the scenarios. Also, there are decisions that could
tip the world incrementally toward one scenario or another,
and decision-makers may wish to take this into account.
Finally, we found that individuals hold contrasting views
about the desirability of different paths toward sustainability,
and by considering benefits and risks we contribute to the
dialogue among contrasting points of view.

Global Orchestration shows some obvious positives.
Economic prosperity, global economic growth, and in-
creased equity may lead to higher human well-being
around the world. If this wealth leads to increased demand
for a better environment or to higher capacity to create a
better environment, ecosystems may be restored or better
protected. As with all paths to the future, there is the poten-
tial for inadvertent negative consequences. Increased wealth
may not lead to increased demand for a better environment,
but only to increased demand for ecosystem services, which
could degrade ecosystems through overuse. The focus on
global issues in this scenario and the top-down delivery of
globally orchestrated policies comes at the expense of local
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Table 5.2. Benefits and Inadvertent Consequences of Four Scenarios

Scenario Potential Benefits Inadvertent Consequences

Order from Strength increased security for those who can afford it lower economic growth because of fragmentation, inequality,
conflict, and lost human potentialpolitical and trade barriers slow the spread of invasive species

and some diseases risk of security breaches (from middle well-off countries)

some regions remain well-endowed with ecosystem services environmental degradation of the global commons, and losses
of ecosystem services in poor regions

vulnerability due to fragmentation of ecosystem services

Global Orchestration economic prosperity and increased equality due to more efficient progress on global environmental problems may be insufficient
global markets to sustain local and regional ecosystem services

wealth increases demand for a better environment and the breakdowns of ecosystem services create inequality
capacity to create a better environment (disproportionate impacts on the poor

reactive management may be more costly than preventive or
proactive management

TechnoGarden highly efficient management and utilization of ecosystems increasing reliance on particular technologies may decrease the
diversity of systems for providing ecosystem services, therebytechnological enhancement of ecosystem services
increasing vulnerability to surprising breakdowns

forward-looking market mechanisms efficiently allocate
some technological innovations create the need for newecosystem services
technological innovations

wilderness disappears as ‘‘gardening’’ of nature increases, and
people have fewer experiences of nature

less economic growth because of diversion of resources to
environmental technology

Adapting Mosaic integration of management institutions with ecological processes little progress on global ecosystem problems
to improve the resilience of ecosystem services less economic growth than maximum possible because of
growth of adaptive capacity to sustain ecosystem services in a regionalization of economies and inefficiencies of
changing world experimentation

and regional flexibility. Progress on global environmental
problems may not be enough to sustain local ecosystem ser-
vices, and without flexibility, these local issues may not be
appropriately addressed. Finally, people and institutions in
this scenario are generally reactive to environmental prob-
lems rather than proactive. Such reactive management may
be more costly than preventive management and may expe-
rience costly failures in some cases.

Order from Strength has some adverse outcomes for
ecosystem services and human well-being. But there are
also some possible positive outcomes for ecosystem services.
Lower international trade may mean that fewer invasive
species are transported. It may also mean that fewer diseases
are spread or that diseases are not spread as quickly or as far
as they might be in a more globally connected world. The
scenario implies that some wealthy people might have high
levels of security and that some ecosystems in wealthy areas
might be well protected. The potential inadvertent adverse
outcomes are more obvious. Fragmentation, inequality, and
conflict may lead to lower economic growth and lost
human potential. Security may not be high because pres-
sures from the dispossessed will be extremely high. A glob-
ally fragmented world also risks degradation of the global
commons and problems caused by fragmentation of ecosys-
tems. Severe losses of ecosystems and their services could
occur in some areas.

Adapting Mosaic focuses on flexibility locally and re-
gionally. Local empowerment allows management to be
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proactive with respect to addressing ecosystem management
and to integrate management institutions with ecological
processes to improve the resilience of ecosystem services.
Because the benefits of ecosystem services are allocated
fairly, management institutions tend to focus on the current
and future provision of ecosystem services. Also, the focus
of most people in the scenario is on adaptive capacity,
which may help management institutions approach change
more flexibly and better sustain provision of services in a
rapidly changing world. However, as with all scenarios, this
one has potential for unintentional negatives. The high de-
gree of focus on local and regional management leads to less
progress on global problems than in a more globalized
world. Also, there is less than the maximum possible eco-
nomic growth because of the regionalization of economics
and the inefficiencies of experimentation.

TechnoGarden uses technology to maintain and im-
prove the provision of ecosystem services. The benefits are
a highly efficient utilization of ecosystems for service provi-
sion of targeted services and actual enhancement of the ser-
vices provided. This scenario also includes forward-looking
market mechanisms, such as futures markets for ecosystem
services and appropriate systems of property rights to allo-
cate and manage ecosystem services efficiently. When con-
ditions are stable and predictable, the provision of services
is high and extremely reliable. However, increasing reliance
on technologies decreases the diversity of systems that pro-
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vide any one service and increases the number of connec-
tions, thus increasing the vulnerability to unexpected
environmental or social changes. Some of these technologi-
cal innovations will create problems that lead to the need
for new technological innovations to solve the problems
created by the previous innovation. Finally, the ‘‘garden-
ing’’ approach to natural resource management and provi-
sion of ecosystem services may cause wilderness to disappear
and people to have fewer experiences of nature and wild-
ness. People who are less familiar with ecosystems may be
less likely to understand the processes that build resilient
and sustainable ecosystem services.

5.7 Breakdowns of Ecosystem Services in the
Four Scenarios
Interruptions, breakdowns, and surprising changes in eco-
system services have occurred throughout human history
and occur in all plausible scenarios of ecosystem futures.
Rapid, potentially irreversible changes are an important fea-
ture of ecosystems that can confound human capacity for
prediction and control. (See Chapter 3.) Surprises related to
ecosystem dynamics were identified by MA interviewees as
an area of concern. The different scenarios are associated
with varying patterns of disturbance to ecosystem services.

Probability distributions of extreme events are one way
of describing the differences among scenarios with respect
to surprises. Suppose that all disturbances of ecosystem ser-
vices were documented during each year for Earth as a
whole and ranked in magnitude by the number of people
affected by the disturbance. Given such data from many
years, a distribution could be constructed showing the like-
lihood of extreme ecosystem events as a function of their
magnitude. Distributions of extreme ecosystem events con-
sistent with each scenario are presented in Figure 5.3. These
distributions illustrate our qualitative inferences about ex-
treme events in the scenarios. They are not based on data,
because no appropriate data or global models exist. These
distributions are integrated to produce the cumulative
probability diagrams shown in Figure 5.4.

The scenarios are expected to be different in the fre-
quency and magnitude of surprising changes in ecosystem
services. In Figure 5.3A, the magnitude of an ecosystem
disturbance is measured by the number of people it affects
(x-axis). Because of the great range in event severity, we use
a logarithmic (base-10) scale for the x-axis. The likelihood
of a disturbance of a given size is given by the correspond-
ing y-axis value.

In Order from Strength, in which people have a reactive
and geographically limited approach to sustaining ecosys-
tem services, there is a high chance of extreme disturbances.
That is, extreme disturbances of ecosystem services have a
moderately wide range with a rather high modal value (see
Figure 5.3A). In Figure 5.4, the Order from Strength line
is far to the right of all other lines, indicating that there is a
high probability of a large disturbance event. Most of the
human population inhabits relatively impoverished regions
with deteriorating ecosystem services, and this situation is
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Figure 5.3. Distributions of Extreme Events during MA Scenar-
ios. The x-axis is the magnitude of the disturbance of ecosystem
services, measured by the number of people affected. The y-axis is
the likelihood of an extreme ecosystem event of a given magnitude.
The total area under each curve is the same, because for each sce-
nario the probabilities of all event magnitudes must sum to 1. Order
from Strength has a very high probability of extreme events affecting
just over one million people. Global Orchestration has a moderate
probability of extreme events affecting a small number of people due
to regional breakdowns in ecosystem services. It has a somewhat
lower, but still significant, probability of larger, multi-region break-
downs. TechnoGarden has a moderate to high probability of relatively
small events and a low but significant probability of breakdowns that
affect extremely large numbers of people.

Figure 5.4. Cumulative Probability Distributions of Extreme
Events. These distributions are derived from the distributions in Fig-
ure 5.3. The x-axis is the number of people affected by a given event,
and the y-axis is the probability of an event in which more people are
affected.
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reflected in breakdowns that affect a relatively large number
of people.

Global Orchestration, in which the primary approach is
fair trade and global policies to ameliorate poverty, has
slightly less chance of extreme disturbances because wealth
is greater, the world is more connected, and there is greater
capacity to react to events when they occur. Also, break-
downs tend to affect fewer people than in Order from
Strength. In Figure 5.3B, this is represented in the compara-
ble range but a lower modal value for Global Orchestration.
Similarly, in Figure 5.4, the Global Orchestration line is
somewhat to the left of the Order from Strength line, indi-
cating that the probability of large events will be somewhat
smaller.

In Adapting Mosaic, local vulnerability leads to some ex-
treme events that affect only a small number of people. At
the same time, diminished attention to the global commons
underlies a small number of extreme events that affect large
numbers of people. These large breakdowns are less com-
mon than in Order from Strength or Global Orchestration.
This is represented as a bimodal distribution of extreme
events (see Figure 5.3C). Local adaptation reduces the
number of ecosystem service breakdowns that affect large
numbers of people. Some regions become vulnerable, and
in many years the most extreme breakdowns affect modest
numbers of people in these vulnerable regions. At the same
time, management of global commons problems, such as
the atmosphere and marine pelagic fisheries, tends to be
neglected in Adapting Mosaic. Consequently, in some years
breakdowns of ecosystem services affect relatively large re-
gions and relatively large numbers of people, thereby creat-
ing the second mode in the curve of Figure 5.3C. This
bimodal distribution can be seen in the changing slope of
the Adapting Mosaic line in Figure 5.4. Also note that the
line is to the left of the graph, indicating that most distur-
bance events affect only a small number of people.

TechnoGarden has the widest distribution of ecosystem
event magnitudes (Figure 5.3D). The typical extreme event
affects fewer people than Global Orchestration or Order
from Strength, but there are many more of these events
than in any other scenario. This is also shown in Figure 5.4:
the right-side tail of the TechnoGarden line is higher than
the lines for all other scenarios. The modal value of extreme
breakdowns is lower than the mode for Global Orchestra-
tion and lies between the modes for Adapting Mosaic.
However, the distribution is widely dispersed; in many
years, the most extreme breakdowns of ecosystem services
are as large as the upper mode of Adapting Mosaic or the
mode in Order from Strength.

The probability of an extreme event that affects more
than a given number of people is the area of the curve to the
right of that number of people. The vertical dotted line in
Figure 5.3 indicates extreme events that affect 1 million peo-
ple. Thus the area of each curve to the right of the line is the
probability of extreme ecosystem events that affect at least a
million people. These areas are collected in Figure 5.5. Ex-
treme events that affect at least 1 million people are most
common in Order from Strength. They are less common in
Global Orchestration. Extreme events are least common in
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Figure 5.5. Probabilities of Extreme Ecosystem Events Affecting
at Least 1 Million People. Derived from Figure 5.3.

Adapting Mosaic and TechnoGarden, but for different rea-
sons. In Adapting Mosaic, the emphasis of local, not global,
commons problems means that there are some large-scale
breakdowns of ecosystem services. In TechnoGarden, the
emphasis of high efficiency and rigid control makes ecosys-
tem management vulnerable to unexpected events.

The impact of an extreme disturbance of ecosystem ser-
vices will depend on society’s capacity to respond, compen-
sate, and adapt to the disturbance. These capacities are
expected to differ among the scenarios. In Global Orchestra-
tion, there is good capacity to respond to disturbances after
the fact, but little attention to addressing underlying causes of
ecosystem disturbances. In Order from Strength, rich nations
may have considerable capacity to respond to internal distur-
bances, but the capacity to respond to disturbances in poor
nations may be much less. In Adapting Mosaic, local and re-
gional institutions create considerable capacity to address dis-
turbances at those spatial scales, but the Earth system is more
vulnerable to global disturbances that affect a relatively large
number of people. In TechnoGarden, technology provides a
capacity to address some kinds of disturbances, but it also cre-
ates new vulnerabilities to the possibility of novel distur-
bances. The complex interactions of disturbance regimes and
capacities to respond or adapt give rise to many of the com-
plex dynamics that are thought to occur in the scenarios.

5.8 Transitions among the Scenarios
The scenarios are not predictions. The future of ecosystem
services will likely have elements from each of the four sce-
narios. Indeed, the roots of all four scenarios are evident in
the present. Some of our interviewees see tendencies
toward Order from Strength in current events. Others see
the potential to change the world now through global poli-
cies, adaptive local management, and technological innova-
tions. Each scenario proceeds like a river in its own unique
channel, but in actuality global dynamics will be more like
a braided river, with different channels connecting at some
times and diverging at other times. Table 5.3 presents some
events that could cause one scenario to branch into another
one.

Global Orchestration could branch into Order from
Strength if global economic agreements break down, if
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Table 5.3. Potential for Each Scenario to Branch into Another Scenario

Scenario Order from Strength Global Orchestration Adapting Mosaic TechnoGarden

Order from emergence of strong global strong regional economic blocs same as for Global
Strength institutions; these institutions develop; in some regions, there Orchestration, but more

are recognized as legitimate by is growing recognition of the emphasis on environmental
most nations, while the derive importance of ecosystem technology as the key to
capacity from the economic, services and the will to invest in building ecosystem services for
political, and military power of learning to sustain ecosystem human well-being
wealthy nations; wealthy services; this recognition
nations recognize that their spreads, slowly and patchily
societies cannot be sustained in
isolation, and that global reform
is necessary

Global globalization of the economy globalization of the economy recognition that human well-
Orchestration stalls; global agreements break gives way to stronger regional being depends on ecosystem

down, including those related to blocs; recognition that local services and that technology
the environment; conflict and ecosystem services are critical can be used to manage
nationalism spread; wealthy for human well-being; ecosystem services more
nations look inward devolution of property rights efficiently; rapid growth of

and responsibility for ecosystem investment in the environmental
services to local authorities technology sector

Adapting spreading conflict overtakes the increased connectivity of the same as for Global
Mosaic collective problem-solving global economy and expansion Orchestration, but more

necessary for adaptive of global institutions are driven emphasis on environmental
management of ecosystem by growing recognition of the technology as the key to
services economic opportunities from building ecosystem services for

expanded international trade human well-being
and by appreciation of common
interest in solving global
problems of inequity, hunger,
disease, and breakdown of
global environmental commons

TechnoGarden globalization of the economy environmental technology globalization of the economy
stalls; global agreements break sector does not compete well gives way to stronger regional
down, including those related to economically, so it does not blocs; recognition that low
the environment; conflict and expand to the level envisioned controllability and low
nationalism spread; wealthy in TechnoGarden predictability of ecosystem
nations look inward services favor experimental

management with multiple
approaches and diversified
ecosystems; devolution of
property rights and
responsibility for ecosystem
services to local authorities;
loss of economies of scale for
technological solutions, and
loss of confidence in large-scale
technological fixes

conflict, fundamentalism, and nationalism spread, and if rich
nations look inward. Transitions of this type have been con-
sidered in previous global scenario exercises. (See Chapter
2.) On the other hand, if globalization gave way to region-
alization of economic activity combined with devolution of
authority for ecosystem services to institutions at appro-
priate scales, the resulting system would resemble Adapting
Mosaic more than Order from Strength. If in Global Or-
chestration a strong technological sector emerged, and if
society were generally enthusiastic about technological ap-
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proaches to environmental needs, the system could branch
toward TechnoGarden.

It is more difficult to imagine transitions away from
Order from Strength, because low economic growth, social
breakdown, and environmental degradation would reduce
the store of capital necessary for global transformation. If
wealthy societies recognized that isolation were no longer
sustainable, perhaps they would have the capacity to build
global institutions that could move the system toward
Global Orchestration. Alternatively, stronger regional eco-
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nomic blocs could develop, at least in some parts of the
world. If this economic growth were coupled with invest-
ment in human, social, and natural capital and with the de-
velopment of appropriate institutions for ecosystem
management, the system could move toward Adapting Mo-
saic. This transformation, however, would probably en-
compass less of the world than envisioned in the global
scenario for Adapting Mosaic. In wealthy parts of the world,
investments in environmental technology might lead to a
sort of TechnoGarden. However, the dispersion of techno-
logical innovations globally would probably not occur un-
less global institutions were expanded. Thus in this family
of scenarios, Order from Strength acts like a basin of attrac-
tion—it is easier to understand how the global system might
move into Order from Strength than it is to understand
how the system might move out of it.

The Adapting Mosaic scenario could branch toward
Global Orchestration if there were sufficient impetus from
transnational economic activity or if global commons prob-
lems were perceived as more pressing and urgent. Indeed, a
movement toward a more multiscaled sort of Global Or-
chestration is envisioned near the end of the Adapting Mo-
saic scenario. On the other hand, Adapting Mosaic could
shift toward Order from Strength if slow economic growth
exacerbated conflict, fundamentalism, or nationalism. If the
diverse approaches to ecosystem management led to suc-
cessful technological innovations, technology could be-
come an important part of Adapting Mosaic. This would
move the system toward TechnoGarden, although the focus
would be on local ecosystem management instead of the
global focus envisioned in the TechnoGarden scenario.

The TechnoGarden scenario could branch toward
Global Orchestration if the environmental technology sec-
tor of the economy does not compete well and fails to ex-
pand to the level envisioned in the TechnoGarden scenario.
The events that could cause TechnoGarden to branch
toward Order from Strength are similar to those for Global
Orchestration. If globalization stalls, if conflict, fundamen-
talism, and nationalism expand, and if wealthy nations look
inward, the system could move toward Order from
Strength. TechnoGarden could move toward Adapting
Mosaic if regional trading blocs became stronger. Also, if
technological failures led people to think that ecosystems
were not predictable and controllable, ecosystem manage-
ment could move toward diversified adaptive approaches.
This would involve devolution of property rights and au-
thority to appropriately scaled institutions. If such changes
occurred, the world of TechnoGarden could branch toward
that of Adapting Mosaic.
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Main Messages

The Millennium Ecosystem Assessment scenarios break new ground in
global environmental scenarios by explicitly incorporating both ecosys-
tem dynamics and feedbacks. The goal of the MA is to provide decision-
makers and stakeholders with scientific information on the links between eco-
system change and human well-being. Scenarios are used in this context to
explore alternative futures on the basis of coherent and internally consistent
sets of assumptions. The scenarios are novel in that they incorporate feed-
backs between social and ecological systems and consider the connections
between global and local socioecological processes.

The approach to scenario development used in the MA combines qualita-
tive storyline development and quantitative modeling. In this way, the
scenarios capture the aspects of ecosystem services that are possible to
quantify, but also those that are difficult or even impossible to express
in quantitative terms. The MA developed scenarios of ecosystem services
and human well-being to 2050, with selected results up to 2100. Scenarios
were developed in an iterative process of storyline development and modeling.
The storylines covered many complex aspects of society and ecosystems that
are difficult to quantify, while the models helped ensure the consistency of the
storylines and provided important numerical information where quantification
was possible.

In the MA, scenarios were partly quantified by using linked global models
to ensure integration across future changes in ecosystem services. Avail-
able global models do not allow for a comprehensive assessment of the link-
ages among ecosystem change, ecosystem services, human well-being, and
social responses to ecosystem change. To assess ecosystem change for a
larger set of services, several global models were linked and run based on a
consistent set of scenario drivers to ensure integration across future changes
in ecosystem services.

While advances have been made by the MA in scenario development to
explore possible futures of the linkages between ecosystem change and
society, still further progress is possible. Using quantitative and qualitative
tools, the MA scenarios cover a large number of ecological services and driv-
ers of ecosystem change. In the course of developing these scenarios, we also
identified areas where analytical tools are relatively weak. For quantification of
ecosystem service scenarios, we particularly need models that further disag-
gregate services to local scales, address cultural and supporting ecosystem
services, and consider feedbacks between ecosystem change and human de-
velopment.

6.1 Introduction
The goal of the Millennium Ecosystem Assessment is to
provide decision-makers and stakeholders with scientific in-
formation on the links between ecosystem change and
human well-being. The MA focuses on ecosystem services
(such as food, water, and biodiversity) and on the conse-
quences of changes in ecosystems for human well-being and
for other life on Earth. Ecosystem change, on the other
hand, is significantly affected by human decisions, often
over long time horizons (Carpenter 2002). For example,
changes in soils or biodiversity of long-lived organisms can
have legacy effects that last for decades or longer. Thus it
is crucially important to consider the future when making
decisions about the current management of ecosystem ser-
vices.
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The MA developed scenarios to provide decision-makers
and stakeholders with scientific information on the links
between ecosystem change and human well-being. This
chapter describes the methodology used to develop the sce-
narios. It first provides background information on scenar-
ios in general, followed by an overview of the methodology
used in the MA scenario development. The development
of the qualitative storylines and the global modeling exer-
cise are then described in detail. Finally, we briefly describe
how uncertainty and scale issues were handled in the sce-
narios. Eight Appendixes provide detailed descriptions of
the models we relied on.

6.2 Background to the MA Scenarios
Applied (natural and social) sciences have used many meth-
ods for devising an understanding of the future, including
predictions, projections, and scenario development. (For an
overview of methods, see, e.g., Glenn and Gordon 2005.)
Each approach has its own methodology, levels of uncer-
tainty, and tools for estimating probabilities. It should be
noted that these terms are often not strictly separated in the
literature. The conventional difference, however, is that a
prediction is an attempt to produce a most likely description
or estimate of the actual evolution of a variable or system in
the future. (The term ‘‘forecasting’’ is also often used; it is
used interchangeably with prediction in this chapter.) Pro-
jections differ from predictions in that they involve assump-
tions concerning, for example, future socioeconomic and
technological developments that may not be realized. They
are therefore subject to substantial uncertainty. Scenarios are
neither predictions nor projections and may be based on a
narrative storyline. Scenarios may be derived from projec-
tions but often include additional information from other
sources.

Over the years, experience with global assessment proj-
ects in the ecological and environmental realm has shown
that prediction over large time periods is difficult if not im-
possible, given the complexity of the systems examined and
the large uncertainties associated with them—particularly
for time horizons beyond 10–20 years. In the case of eco-
systems, heterogeneity, non-linear dynamics, and cross-scale
interactions of ecosystems contribute to system complexity
(Holling 1978; Levin 2000). Furthermore, ecological pre-
dictions are contingent on drivers that may be even more
difficult to predict, such as human behavior. As a result,
people rarely have enough information to produce reliable
predictions of ecosystem behavior or environmental change
(Sarewitz et al. 2000; Funtowicz and Ravetz 1993). Despite
these problems with predicting the future, people need to
take decisions with implications for the future. Scenario de-
velopment offers one approach to dealing with uncertainty.

The MA uses the IPCC definition of scenarios as ‘‘plau-
sible descriptions of how the future may develop, based on
a coherent and internally consistent set of assumptions about
key relationships and driving forces’’ (such as rate of tech-
nology changes and prices) (IPCC 2000b). As such, scenar-
ios are used as a systematic method for thinking creatively
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about complex, uncertain futures for both qualitative and
quantitative aspects. Figure 6.1 presents an overview of the
additional value created by scenario analysis compared with
more deterministic approaches such as predictions.

Scenarios can serve different purposes (see, e.g., Alcamo
2001; van der Heijden 1997). They can be used in an ex-
plorative manner or for scientific assessment in order to un-
derstand the functioning of an investigated system. For the
MA, researchers are interested in exploring hypothesized
interactions and linkages between key variables related to
ecosystems and human well-being. Scenario outcomes can
then form part of planning and decision-making processes
and help bridge the gap between the scientific and the policy-
making communities. The MA scenarios can also be used
in an informative or educational way. Depending on the
process used, scenarios can also challenge the assumptions
that people have about the future and can illustrate the dif-
ferent views on their outcomes held by participants of the
scenario-building exercise.

In general, scenarios contain a description of step-wise
changes or a storyline, driving forces, base year, and time
steps and horizon (Alcamo 2001). They are often classified
by the method used to develop them, their goals and objec-
tives, or their output. One classification of scenarios distin-
guishes between ‘‘exploratory’’ and ‘‘anticipatory’’ scenarios.
Exploratory scenarios are descriptive and explore trends into
the future. Anticipatory scenarios start with a vision of the
future that could be optimistic, pessimistic, or neutral and
work backwards in time to discern how that particular future
might be reached. This type of scenario is sometimes also
referred to as a ‘‘normative’’ scenario. The MA scenarios
were developed using mostly exploratory approaches.

Finally, scenarios can consist of qualitative information,
quantitative information, or both. Chapter 2 contains some
examples of each of these types of scenarios. Qualitative
scenarios, using a narrative text to convey the main scenario
messages, can be very helpful when presenting information

Figure 6.1. Status of Information, from Low to High, versus
Degree of Controllability. PDF�probability distribution function.
The figure shows the domain of traditional decision tools such as
utility optimization and the domain where scenarios may be helpful.
(Adapted from Peterson et al. 2003)
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to a nonscientific audience. Quantitative scenarios usually
rely on modeling tools incorporating quantified informa-
tion to calculate future developments and changes and are
presented in the form of graphs and tables.

Both scenario types can be combined to develop inter-
nally consistent storylines assessed through quantification
and models, which are then disseminated in a narrative
form. (A ‘‘storyline’’ is a scenario in written form, and usu-
ally takes the form of a story with a very definite message
or ‘‘line’’ running through it.) This approach was used to
develop the MA scenarios. The qualitative scenarios (story-
lines) provide an understandable way to communicate com-
plex information, have considerable depth, describe
comprehensive feedback effects, and incorporate a wide
range of views about the future. The quantitative scenarios
are used to check the consistency of the qualitative scenar-
ios, to provide relevant numerical information, and to ‘‘en-
rich’’ the qualitative scenarios by showing trends and
dynamics not anticipated by the storylines. By ‘‘consis-
tency’’ we mean that the storylines do not contain elements
that are contradictory according to current knowledge. On
the other hand, the goal of developing consistent scenarios
should not lead us to omit elements that may look contra-
dictory but in reality are only surprising new connections
or results. Often, uncovering these unanticipated connec-
tions that challenge current beliefs and assumptions is one
of the most powerful results of the scenarios analysis. For
example, is a scenario about climate impacts only consistent
when it assumes that climate change will lead to global
warming? Indeed, there are ‘‘surprising’’ yet plausible and
consistent scenarios that postulate that climate change will
lead to cooling of parts of the lower atmosphere.

Together, the qualitative and quantitative scenarios pro-
vide a powerful combination that compensates for some of
the deficits of either one on its own. The combination of
qualitative with quantitative scenarios has been used in
many recent global environmental assessments, such as
IPCC’s Special Report on Emissions Scenarios (IPCC
2000b), UNEP’s Global Environment Outlook (UNEP
2002), the scenarios of the Global Scenario Group (Raskin
et al. 1998), and the World Water Vision scenarios (Cos-
grove and Rijsberman 2000; Alcamo et al. 2000).

The distinction between qualitative and quantitative
scenarios is sometimes blurred, however. Qualitative sce-
narios can be derived by formalized, almost quantitative
methods, while quantitative scenarios can be developed by
soliciting numerical estimates from experts or by using
semi-quantitative techniques such as fuzzy set theory. Sto-
rylines can also be interspersed with numerical data and
thereby be viewed as both qualitative and quantitative.

As noted in earlier chapters, the main objective of the
MA scenarios is to explore links between future changes in
world ecosystems and their services and human well-being.
The scenario analysis focuses on the period up to 2050,
with selected prospects for 2100.

6.3 Overview of Procedure for Developing the MA
Scenarios
This section describes the process used to develop the MA
scenarios. The procedure consists of 14 steps organized into

................. 11411$ $CH6 10-27-05 08:42:05 PS



149Methodology for Developing the MA Scenarios

three phases (see Box 6.1); the details of the storyline devel-
opment and the modeling exercise are explained in later
sections. In the first phase, the scenario exercise was orga-
nized and the main questions and focus of the alternative
scenarios were identified. In the second phase, the storylines
were written and the scenarios were quantified using an
iterative procedure. During the third phase, the results of
the scenario analysis were synthesized, and scenarios and
their outcomes were reviewed by the stakeholders of the
MA, revised, and disseminated. These elements are also in-
dicated in Figure 6.2. While Figure 6.2 suggests that activi-
ties were completed once processed, in reality earlier
activities were often revised during an iterative process.

Two essential activities within the overall scenario de-
velopment framework were the formulation of alternative
scenario storylines and their quantification. These two ele-
ments were designed to be mutually reinforcing. The de-
velopment of scenario storylines facilitates internal
consistency of different assumptions and takes into account
a broad range of elements and feedback effects that are ei-
ther difficult to quantify or for which no modeling capability
exists, or both. Based on initial storylines, the quantification
process helps to provide insights into those processes where
sufficient knowledge exists to allow modeling, and to take
into account the interactions among the various drivers and
services. During scenario development, several interactions
were organized between the storyline development and the
modeling exercise in order to increase the consistency of
the two approaches.

6.3.1 Organizational Steps

The first phase in the MA scenario development consisted
of establishing a scenario guidance team, composed of the

BOX 6.1

MA Procedure for Developing Scenarios

Phase I: Organizational steps

1. Establish a scenario guidance team.
2. Establish a scenario panel.
3. Conduct interviews with scenario end users.
4. Determine the objectives and focus of the scenarios.
5. Devise the focal questions of the scenarios.

Phase II: Scenario storyline development and quantification

6. Construct a zero-order draft of scenario storylines.
7. Organize modeling analyses and begin quantification.
8. Revise zero-order storylines and construct first-order storylines.
9. Quantify scenario elements.

10. Revise storylines based on results of quantifications.
11. Revise model inputs for drivers and re-run the models.

Phase III: Synthesis, review, and dissemination

12. Distribute draft scenarios for general review.
13. Develop final version of the scenarios by incorporating user feed-

back.
14. Publish and disseminate the scenarios.
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Figure 6.2. Overall Methodology of MA Scenario Development

chairpersons and secretariat of the Scenarios Working
Group, to lead and coordinate the scenario-building proc-
ess. In addition, a larger panel, composed mainly of scien-
tific experts, was assembled to build the scenarios.

The scenario guidance team conducted a series of inter-
views with potential users of the scenarios to obtain their
input for developing the goals and focus of the scenarios.
This was especially important for the MA because the num-
ber of potential users is very large and diverse. These inter-
views also ensured input from stakeholders and users early
on in the study. Understanding the needs and desires of
users and their outlook on future development helped the
team to devise the main focal questions of the scenarios.

Based on the results of the user interviews and discus-
sions with the scenario panel, the objectives, focus, leading
themes, and hypotheses of the scenarios were derived by
the scenario guidance team and panel (and later confirmed
by the MA Assessment Panel). For the MA, the main objec-
tive of scenario development was to explore alternative de-
velopment paths for world ecosystems and their services
over the next 50 years and the consequences of these paths
for human well-being. Based on these results, the scenario
team clarified the focal questions to be addressed by the
scenarios (for the rationale behind the choice of questions,
see Chapter 5). The main question was:

What are the consequences of plausible changes in development
paths for ecosystems and their services over the next 50 years
and what will be the consequences of those changes for human
well-being?

The key focal question was then defined through a series of
more specific questions—that is, what are the consequences
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for ecosystem services and human well-being of strategies
that emphasize:
• economic and human development (e.g., poverty eradi-

cation, market liberalization) as the primary means of
management?

• local and regional safety and protection, giving far less
emphasis to cross-border and global issues?

• development and use of technologies, allowing greater
eco-efficiency and adaptive control?

• adaptive management and local learning about the con-
sequences of management interventions for ecosystem
services?
Ecosystem services are defined as ‘‘the conditions and

processes supported by biodiversity through which ecosys-
tems sustain and fulfill human life, including the provision
of goods’’ (MA 2003; see also Chapter 1). Ecosystem proc-
esses are seldom traded in markets, typically have no market
price, and therefore usually do not enter in economic
decision-making or cost-benefit analyses even though they
are essential for human well-being. The MA considered the
following interlinked categories of ecosystem services: pro-
visioning services (food, fresh water, and other biological
products), supporting and regulating services (including soil
formation, nutrient cycling, waste treatment, and climate
regulation), and cultural services.

6.3.2 Scenario Storyline Development and
Quantification

Following a review and evaluation of current and past sce-
nario efforts, scenario building blocks for driving forces,
ecological management dilemmas, branch points, and so on
were mapped out. Storyline outlines were then developed
around these building blocks. Additional details on the sto-
ryline development are provided later in this chapter.

While the initial storylines were being developed, a
team of modelers representing several global models was
organized to quantify the scenarios. Five global models cov-
ering global change processes or ecosystem provisioning
services and two global models describing changes in bio-
diversity were chosen. Criteria that were used to select
these models included global coverage, publications of
model structure and/or model application in peer-reviewed
literature, relevance in describing the future of ecosystem
services, and ability to be adapted to the storylines of the
MA. (The Ecopath with Ecosim models used to describe
marine ecosystems and their service to global fisheries forms
an exception to the rule of global coverage, as no global
model for this issue was available.) Although all the models
had been developed previously, linkages among models and
projections out to 2050 and 2100 did require adjustments
for several of them. Test calculations were carried out using
preliminary driving force assumptions. These test calcula-
tions were helpful in identifying the potential contribution
of different models to the analysis and in clarifying the pro-
cedures of linking the different models.

After a series of iterations, the zero-order storylines were
revised and cross-checked for internal consistency. One
measure used to accomplish this was the development of
timelines and milestones for the various scenarios.
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In the next step, the modeling team, in consultation
with the storyline team, developed quantitative driving
forces that were considered to be consistent with the story-
lines. Obviously, there is room for interpretation regarding
the consistency of driving forces and the storylines, and
multiple sets of driving forces are possible. The driving
forces and quantified drivers for the modeling exercise cho-
sen for the MA scenarios are discussed in detail in Chapters
7, 8, and 9. Based on the model outcomes of the quantita-
tive scenarios, the scenario team further elaborated or
adapted the storylines. A number of feedback workshops
with the MA Board and stakeholder groups were held to
improve the focus and details of the storylines.

Based on the results of the first round of quantified sce-
narios, small adjustments in the specification of drivers and
linkages among models were made, new model calculations
were carried out with the modeling framework, and the
storylines were revised (in other words, there was one itera-
tion between storyline development and quantification).
Ideally, a series of iterations between storyline improve-
ment, quantification, and stakeholder feedback sessions
would have helped to better harmonize the quantitative and
qualitative scenarios, but time constraints limited the num-
ber of iterations for the MA. The quantified scenario results
are described in detail in Chapter 9, while the scenario sto-
rylines can be found in Chapter 8.

6.3.3 Synthesis, Review, and Dissemination

The scenario outcomes were assessed in the context of the
focal questions and user needs of the various MA user
groups. These results are described in Chapters 11, 12, 13,
and 14, based on an analysis of both qualitative and quanti-
tative scenario outcomes. Feedback from the assessment
component of the scenario team led to further refinement
of the storylines and the provision of additional model de-
tails.

The scenarios, consisting of the qualitative storylines and
quantitative model calculations, were disseminated for re-
view by interested user groups. This was accomplished
through presentations, workshops, the MA review process,
and Internet communications. Reviewer comments were
then incorporated into the scenarios. Both review and dis-
semination are considered important elements for the suc-
cess of the scenario exercise.

6.3.4 Linkages between Different Spatial and
Temporal Scales

In order to deal with the multiscale aspects of the relation-
ships between ecosystem services and human well-being,
the MA called for a large number of sub-global assessments
in addition to the global assessment. Several of the sub-
global assessments also developed scenarios. As these were
often targeted at specific user groups or addressed very spe-
cific questions, it was not always possible to directly link the
sub-global assessments to the global assessment. (See also
Box 6.2.) Nevertheless, to harmonize the global and sub-
global scenario exercises as much as possible, the following
steps were taken:
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BOX 6.2

A Comparison of Global and Sub-global Scenario
Development

One of the goals of both the global and sub-global scenarios was to
provide foresight about potential futures for ecosystems, including the
provision of ecosystem services and human well-being.

Despite similar goals, sub-global scenario development was some-
what different from global scenario development. The key differences
were the extensive use of quantitative models in the global scenarios,
greater involvement of decision-makers in the sub-global scenarios,
and use of sub-global scenarios directly as a tool for decision-making
(versus a broader learning-focused global scenario set).

Because the group of decision-makers at the global scale is more
diffuse, involvement of decision-makers in the global scenario develop-
ment was less intense than it was for the sub-global scenarios. Repre-
sentatives from the business community, the public sector, and the
international conventions were periodically informed of progress in the
development of the global scenarios and asked for feedback. The sub-
global assessments, because they often focused on issues for which
key decision-makers could be identified, had closer contact with their
primary intended users. The ultimate result of having decision-makers
more involved in scenario development was that the scenarios them-
selves were built more as a direct tool for engaging people in decision-
finding processes. Thus, in most sub-global assessments, scenario de-
velopment focused on futures over which local decision-makers have
at least some direct control.

The global scenarios provide four global storylines from where a
look down enriches these stories with regional and local details. The
sub-global scenarios provide a large number of local stories from
where a look up enriches the stories with regional and global ‘‘details.’’
A more complete description of the sub-global scenarios can be found
in Chapter 9 of the MA Multiscale Assessments volume.

• Representatives of some sub-global assessments partici-
pated in the global scenario team and contributed to the
scenario development.

• Members of the global scenario guidance team partici-
pated at various occasions in meetings of the sub-global
scenario assessments, explaining both the preliminary
global scenario results and the procedure followed in de-
veloping the global scenarios.

• Some of the sub-global assessments used the storylines
of the global assessment as background for their work or
otherwise linked their scenarios to the global assessment.

• After the storylines and the model runs of the global
scenarios were finalized, results and findings of the sub-
global assessment were used to illustrate how the scenarios
could play out at the local scale. (See Boxes in Chapter 8.)
As well as addressing changes in ecosystems and their

services at several spatial scales, the MA also considered dif-
ferent temporal scales. For a more detailed discussion on the
general issue of scales in the MA, see the MA conceptual
framework report (MA 2003). (See also Chapter 7 of this
volume and Chapter 4 in the MA Multiscale Assessments
volume).

The question of temporal scale was important for the
construction of the MA scenarios. Although the global sce-
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narios were primarily developed to the year 2050, scenario
results of the quantitative scenario elaboration were also re-
ported for 2020, 2050, and 2100. The 2020 report provided
a link between the scenarios and medium-term policy ob-
jectives, such as the 2015 Millennium Development Goals.
It also linked the global and sub-global scenarios, many of
which extend only to approximately 2025. Meanwhile, the
results for 2100 impart insight into longer-term trends in
ecosystem services. Results for 2100 were only reported for
parameters that are determined by strong inertia within the
natural system, such as climate change and sea level rise.

While several of the models used within the modeling
exercise perform their calculations for 10–40 global regions
or countries, a much lower resolution was chosen for re-
porting. Quantitative results (Chapter 9) are mainly pre-
sented for six reporting regions: sub-Saharan Africa, Middle
East and North Africa, the Organisation of Economic Co-
operation and Development, the former Soviet Union,
Latin America, and Asia. (See Figure 6.3 in Appendix A.)
These are sometimes aggregated into ‘‘rich’’ or ‘‘wealthy’’
countries and ‘‘poorer’’ countries.

The reasons for using this lower resolution include the
amount of information that could be presented within this
volume and checked for internal consistency. In addition,
some models use a global grid of half-degree latitude and
longitude to calculate changes in environmental and eco-
logical parameters. The latter are presented in case they are
relevant. Grid-level results should be interpreted as broad-
brush visualizations of the geographic patterns underlying
the scenarios, not as specific predictions for small regions or
even grid cells.

6.4 Building the Qualitative Scenarios:
Developing Storylines
Significant emphasis was placed on storyline development.
Storylines can be provocative because they challenge the
tendency of people to extrapolate from the present into the
future. They can be used to highlight key uncertainties and
surprises about the future. They can consider nonlinearities
and complicated causal links more easily than global models
can. Moreover, they can incorporate important ecological
processes, which so far have not been satisfactorily consid-
ered in existing global models. (See Chapter 3.) Since the
MA’s goal for scenarios development was to specifically
consider the future of ecosystems and their services, story-
line development was used to incorporate processes that the
models could not fully address. Moreover, the qualitative
stories provided the input variables for the global models.

The qualitative storylines were developed through a se-
ries of discussions among the scenario development panel
alternating with feedback from MA user groups and outside
experts. The storyline development followed six steps:
• identification of what the MA user groups wanted to

learn from the scenarios,
• development of a set of scenario building blocks,
• determination of a set of basic storylines that reflected

the MA goal and responded to user needs,
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• development of rich details for the storylines,
• harmonization of the storylines with modeling results,

and
• feedback from experts and user groups and its incorpora-

tion into the final storylines.
Although these steps are presented in order, the process

in reality cycled through some of the steps many times until
it was felt that consensus was reached on the storylines.

Key questions about the future and main uncertainties of
MA user groups were identified through a series of feedback
techniques. Approximately 70 leaders and decision-makers
from around the world and in many different decision-
making positions were interviewed about their hopes and
fears for the future. A formal User Needs survey developed
by the MA at the beginning of the assessment was used as
additional input. This survey was sent to representatives of
the MA user community and contained questions on ex-
pected outcomes of the MA process. Synthesis of these sur-
veys led to the formulation of the key questions listed
earlier.

In the second step, the scenario team developed a num-
ber of scenario building blocks, including the factors differ-
entiating the scenarios. In addition, the scenario team
identified possible driving forces of socioecological systems
into the future, as well as the main uncertainties of these
driving forces and the prospects for being able to steer them.
Other scenario building blocks included discussions on eco-
logical dilemmas that decision-makers are likely to face in
the near future, possible branching points of scenarios, the
occurrence of cross-scale ecological feedback loops, and as-
sumptions that decision-makers hold about the functioning
of ecological systems (such as whether ecological systems
are fragile or resilient).

A first set of scenario storylines was developed using a
number of different development paths to distinguish
among them. This was done through a combination of
writing, presentations, and discussions within the scenario
team and feedback from other working groups within the
MA. Once these storylines were developed, they were pre-
sented to a wider group of experts, including the MA
Board, members of the World Business Council for Sustain-
able Development, scenario experts from other scenario ex-
ercises, and several decision-maker communities. Feedback
from this exercise led to further refinement of the storylines.

As the results of the quantified scenarios became avail-
able, they were compared with the qualitative storylines.
This led to further discussions about the logical pathways to
the final sequence of events in the scenarios. These discus-
sions were encouraged by the structure of the scenario
team, which included both storyline-writers and members
of the modeling teams. As a result of these discussions, sto-
rylines and model driving forces were adjusted. These dis-
cussions also led to new interpretations of the storylines into
model parameters.

6.5 Building the Quantitative Scenarios: The
Global Modeling Exercise
6.5.1 Organization of the Global Modeling Exercise

As noted in previous sections, the storyline development
was complemented by building quantitative scenarios using
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a linked set of global models. The purpose of the modeling
exercise was both to test the consistency of the storylines as
developed in the first round and to elaborate and illustrate
the scenarios in numerical form. This ‘‘quantification of the
scenarios’’ had five main steps:
• Assembling several global models to assess possible fu-

ture changes in the world’s ecosystems and their ser-
vices. These models are briefly described in Box 6.3 and
in the Appendixes. In addition, several models were
used to describe certain aspects of changes in biodiversity.

• Specifying a consistent set of model inputs based on the
scenario storylines.

• Running the models with the specified model inputs.
• Soft-linking the models by using the output from one

model as input to another (we use the term soft-link as
the models were not run simultaneously).

• Compiling and analyzing model outputs about changes
in future ecosystem services and implications for human
well-being. The models were used to analyze the future
state of indicators for ‘‘provisioning,’’ ‘‘regulating,’’ and
‘‘supporting’’ ecosystem services. These indicators are
listed in Table 6.1. The analysis of modeling results is
presented in Chapter 9.

6.5.2 Specifying a Consistent Set of Model Inputs

The first version of the storylines of the MA scenarios (and
in particular, tables containing their main characteristics)
formed the basis of the main model assumptions for the
quantitative exercise. Over several workshops, the story-
lines were translated into a consistent set of model assump-
tions that closely corresponded to the ‘‘indirect drivers’’ of
ecosystem services. These included:
• population development, including total population and

age distribution in different regions;
• economic development as represented by assumed growth

in per capita GDP per region and changes in economic
structure;

• technology development, covering many model inputs such
as the rate of improvement in the efficiency of domestic
water use or the rate of increase in crop yields;

• human behavior, covering model parameters such as the
willingness of people to invest time or money in energy
conservation or water conservation; and

• institutional factors, such as the existence and strength of
institutions to promote education, international trade,
and international technology transfer. The latter are rep-
resented directly (trade barriers, for instance, and import
tariffs) or indirectly (income elasticity for education) in
the models, based on the storylines.
For each of these factors, trends were developed for

model inputs that corresponded to the qualitative state-
ments of the storylines. For example, statements in the sto-
rylines about ‘‘high’’ or ‘‘low’’ mortality were interpreted
such that the trend in mortality would be in the upper or
lower 20% of the probabilistic demographic projections.
(See also Chapter 9.) Another example is that the scenario
with the highest level of agricultural intensification was as-
sumed to have the fastest rate of improvement of crop yield
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BOX 6.3

Models Used in MA Global Modeling Exercise

The models in the global modeling exercise include:

• The IMPACT model of the International Food Policy Research Insti-
tute in the United States, which computes food supply, demand,
trade, and international food prices for countries and regions (Rose-
grant et al. 2002).

• The WaterGAP model of the University of Kassel in Germany, which
computes global water use and availability on a watershed scale
(Alcamo et al. 2003a, 2003b).

• The AIM global change integrated model of the National Institute for
Environment Studies in Japan, which computes land cover and other
indicators of global change worldwide, with an emphasis on Asia
(Kainuma et al. 2002).

• The IMAGE 2.2 global change model of the National Institute of
Public Health and the Environment in the Netherlands, which com-
putes climate and global land cover on a grid scale and several
other indicators of global change (IMAGE-team 2001).

• The Ecopath with Ecosim model of the University of British Columbia
in Canada, which computes dynamic changes in selected marine
ecosystems as a function of fishing efforts (Pauly et al. 2000).

and largest expansion of irrigation development. An over-
view of model inputs is provided in Chapter 9.

6.5.3 Soft-linking the Models

To achieve greater consistency between the calculations of
the different models, they were ‘‘soft-linked’’ in the sense
that output files from one model were used as inputs to
other models. (See Figure 6.4.) The time interval of data
that were exchanged between the models was usually one
year. The following model linkages were included:
• Computations of regional food supply, demand, and

trade from the IMPACT model were aggregated to the
17 IMAGE world regions and the 12 IMAGE animal
and crop types. These data were then used as input to
the IMAGE land cover model that computed on a global
grid the changes in agricultural land that are consistent
with the agricultural production computed in IMPACT.
In addition, IMAGE was used to calculate the amount
of grassland needed for the livestock production com-
puted in IMPACT. Two iterations were done between
IMPACT and IMAGE to increase the consistency of the
information on agricultural production, availability of
land, and climate change. (First, preliminary runs were
used as a basis for discussion between the two groups on
the consistency of trends under each of the four scenar-
ios for agricultural production, yields changes, and im-
pacts on total land use in each region; for the final runs,
an additional iteration was done, providing information
from IMAGE to IMPACT on yield changes resulting
from climate change and use of marginal lands.) The
linkage between IMPACT and IMAGE was done for
2000, 2020, 2050, and 2100.
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Table 6.1. Global Modeling Output

Model Used to
Ecosystem Calculate
Service Indicator Indicator

Direct drivers of ecosystem change
Climate change temperature change, precipitation IMAGE

change

Changes in land areas per land cover and land IMAGE
use and land use type
cover

Technology water use efficiency, energy IMPACT, IMAGE,
adaptation and efficiency, area and numbers WaterGAP
use growth, crop yield growth, and

changes in livestock carcass
weight

Exogenous fertilizer use, irrigation, wage IMPACT, IMAGE
inputs rates

Air pollution sulfur and NOx emissions AIM, IMAGE
emissions

Provisioning services
Food total meat, fish, and crop IMPACT

production; consumption; trade,
food prices

Food potential food production, crop IMAGE, AIM
area, pasture area, and area for
biofuels

Fish stock Ecopath/Ecosim

Fuelwood biofuel supply IMAGE, AIM

Fresh water annual renewable water WaterGAP, AIM
resources, water withdrawals and
consumption, return flows

Regulating services
Climate net carbon flux IMAGE
regulation

Erosion erosion risk IMAGE

Supporting services
Primary primary production IMAGE, AIM
production

Food security calorie availability, food prices, IMPACT
share of malnourished pre-school
children in developing countries

Water security water stress WaterGAP, AIM

Input to biodiversity calculations
Terrestrial land use area, climate change, IMAGE
biodiversity nitrogen and sulfur deposition

Aquatic river discharge WaterGAP
biodiversity

climate change IMAGE

• Changes in irrigated areas computed in IMPACT were
allocated to a global grid in the WaterGAP model and
then used to compute regional irrigation water require-
ments. These irrigation water requirements were then
added to water withdrawals from the domestic and in-
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Figure 6.4. Linkages between Models

dustrial sectors (changes for these sectors were calculated
by WaterGAP) and compared with local water availabil-
ity. From this comparison, WaterGAP estimated water
stress on a global grid.

• Changes in temperature and precipitation were calcu-
lated in IMAGE based on trends in greenhouse gas emis-
sions from energy and land use. These climate change
calculations were used in WaterGAP to compute
changes in water availability and in IMPACT to estimate
changes in crop yield.

• The IMAGE model was used to compute changes in
electricity use and livestock production, the latter ob-
tained from IMPACT, which were used by WaterGAP
to estimate future water requirements in the electricity
and livestock sectors.

• The model for Freshwater Biodiversity used inputs of
river discharge from WaterGAP and climate from
IMAGE.

• The calculations of changes in terrestrial biodiversity re-
lied on calculations of land cover changes, nitrogen de-
position, and climate from IMAGE. Calculations were
done on the basis of annual IMAGE output data.

• The AIM modeling team used the same drivers in terms
of population, economic growth, and technology devel-
opment, but no linkages were made between the AIM
model and outputs of other models.
Linkages between models are seldom straightforward,

and usually require the upscaling (aggregation) or downsca-
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ling of various data. The IMPACT model, for instance, uses
a more detailed regional disaggregation level than the
IMAGE model. In almost all cases, however, regional scal-
ing was possible by combining regions (upscaling) or by
assuming proportional changes (downscaling). The models
were not recalibrated on the basis of the new input parame-
ters provided by the other models, but in most cases the
models had been calibrated using comparable international
databases. The new linkages therefore did not lead to major
inconsistencies in assumptions between the models.

6.5.4 Modeling Changes in Biodiversity

Currently, there are no global models that describe changes
in biodiversity on the basis of global scenarios. For the MA
analysis, several smaller models or algorithms were developed
on the basis of linkages between global change parameters
and species diversity to describe elements of biodiversity
change. Outcomes from these tools were then used for a
more elaborate discussion of the possible impacts of the dif-
ferent scenarios for global biodiversity. The methods used
are discussed in detail in Chapter 10.

6.5.4.1 Terrestrial Biodiversity

The possible future changes in terrestrial biodiversity under
the four MA scenarios were explored on the basis of the
assessment of changes in native habitat cover over time, cli-
mate change, and changes in nitrogen deposition. A review
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of global threats to biodiversity identified land use change,
climate change, the introduction of alien species, nitrogen
deposition, and carbon fertilization as major driving forces
for extinction (Sala et al. 2000). Simple and well-established
existing relationships between these threats and species di-
versity were used to explore the possible impacts under the
MA scenarios. For land use change, for instance, the spe-
cies-area relationship was used to describe potential loss of
plant diversity.

A second important cause of potential change in future
global biodiversity is climate change. The potential impacts
of climate change were explored using several tools that
provide insight into changes in biomes and plant diversity
as a result of climate change. More qualitative assessments
were made for the impacts of nitrogen and invasive species.
Finally, changes in local biodiversity were directly estimated
on the basis of the land cover change scenarios.

6.5.4.2 Aquatic and Marine Biodiversity

Oberdorff et al. (1995) developed a global model to de-
scribe the diversity of fresh waters as a function of river
discharge, net primary production per area of the water-
shed, watershed area, and fish species richness of the conti-
nent. As river discharge can be used as a measure of the size
of the freshwater habitat, Oberdorff ’s model is, in fact, an
approximation or expression of the species-area curve for
freshwater biodiversity. In our exercise, we updated the fish
species numbers and discharge data in Oberdorff ’s model
and used it to describe changes in fish biodiversity as a func-
tion of changes in drivers that affect river discharge.

For marine biodiversity, several studies are available on
the impacts of fisheries on the marine diversity for different
trophic levels. However, to date no global model has been
developed. Instead, we applied several regional models to
different seas around the world using the MA storylines to
specify their main assumptions. The results of these local-
ized case studies served to indicate possible changes in
global biodiversity. In addition, a qualitative discussion
based on expert knowledge of the impacts of other pres-
sures, including climate change, on marine biodiversity
added to the interpretation of model results.

6.5.5 Comments on the Modeling Approach

The approach of using global models to quantify the scenar-
ios has certain disadvantages that should be made explicit.
The outcomes of global modeling exercises are highly un-
certain, and their assumptions, drivers, and equation systems
are often difficult to explain to a nontechnical audience.
Furthermore, the models brought together in the MA
global modeling exercise were developed independently
and were therefore not fully compatible. For example, they
have different spatial and temporal resolutions.

The advantages of using global models as part of the sce-
nario building process outweigh the disadvantages, how-
ever. Although the model results are uncertain, the models
themselves have been published in the scientific literature
and have undergone peer review. They have also been
found useful for linking science with policy issues in earlier
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international policy-relevant applications. The models used
in the MA exercise provide insights into the trends of many
different types of ecosystem services, including global food
production, the status of global freshwater resources, and
global land cover. In combination, they provide a unique
opportunity to generate globally comprehensive, rich, and
detailed information for enriching the MA storylines.

While more than 20 indicators were computed in the
linked modeling system, coverage of global ecosystem ser-
vices and feedback effects remained limited. As noted, we
tried to make up for this deficit by developing qualitative
storylines, which in text form can describe additional indi-
cators and aspects of ecosystem services. At the same time,
the modeling exercise addressed some of the deficits of the
storylines. For example, model calculations can be used to
interlink outcomes for various ecosystem services and to ex-
plore the consistency of the storyline assumptions. As part
of an overall approach, the storyline-writing and modeling
exercise complement each other.

6.6 Discussion of Uncertainty and Scenarios

6.6.1 Using the Scenario Approach to Explore
Uncertainty

As explained in the introduction, the main reason to use
a scenario approach to explore the future development of
ecosystem services is that the systems under study are too
complex and the uncertainties too large to use alternative
approaches, such as prediction. (See also Chapter 3.) There-
fore scenario analysis is used as a tool to address the uncer-
tainty of the future. The MA scenario analysis provides
concrete information about plausible future development
paths of ecosystem services and their relation to human
well-being. The range of scenarios exemplifies the range
of possible futures and in so doing helps stakeholders and
decision-makers to design robust strategies to preserve eco-
system services for human well-being.

The high level of uncertainty about the future of ecosys-
tem services also implies that is not possible to distinguish
between the probability of one scenario versus another. In
scenario analysis we sometimes have an intuitive sense that
one scenario is more probable than another, but for the MA
and most scenario exercises it is not fruitful to dwell on
their relative probabilities. With regards to the MA scenar-
ios, other scenarios are also possible, and it is highly unlikely
that any of the four scenarios developed for the MA would
materialize as described. In other words, the four scenarios
are only a small subset of limitless plausible futures. They
were selected because they sampled broadly over the space
of possible futures, they illustrated points about ecosystem
services and human well-being that the MA was charged to
address, and they enabled us to answer the focal questions
posed by the MA Scenarios Working Group.

6.6.2 Communicating Uncertainties of the
Scenarios

Despite the uncertainty of the future, the scenarios contain
statements that we intuitively judge as more likely than oth-
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ers. To communicate this certainty/uncertainty we use the
expressions shown in Figure 6.5. This scheme was developed
for handling uncertainty in assessments of the Intergovern-
mental Panel on Climate Change (Moss and Schneider
2000).

Associated with each statement of confidence is a quan-
titative confidence level or range of probability. According
to this scale, a confidence level of 1.0 implies that we are
absolutely certain that a statement is true, whereas a level of
0.0 implies that we are absolutely certain that the statement
is false. It should be noted, however, that in this volume
confidence levels are typically not estimated numerically.
Instead, they are based on the subjective judgments of the
scientists. Also, it is unusual to make statements that do not
have at least medium certainty (unless they are high-risk
events).

Another way to communicate uncertainty is shown in
Figure 6.6, which describes a set of expressions for describ-
ing the state of knowledge about models and parameters
used for constructing the MA scenarios. These expressions
can be used to supplement the five-point scale of Figure 6.5
in order to explain why a model outcome is associated with
high, medium, or low confidence. These expressions are
used, for example, in the Appendix of this chapter to de-
scribe the uncertainties of different aspects of the models
used in the global modeling exercise. They are also used
extensively in Chapter 9 to explain estimates of future
changes in ecosystem services.

6.6.3 Sensitivity Analysis

In some cases, formal sensitivity analysis was used as part of
the global modeling exercise to estimate the uncertainty of
calculations. For example, the MA population scenarios
were selected from a stochastic calculation of population
projections. (See Chapter 7.) Another example is the assess-
ment of the uncertainty of climate change on water avail-
ability. (See Chapter 9.) A third example is the use of

Figure 6.5. Scale for Assessing State of Knowledge and
Statement Confidence (Moss and Schneider 2000)
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Figure 6.6. Scheme for Describing ‘‘State of Knowledge’’ or
Uncertainty of Statements from Models or Theories (Moss and
Schneider 2003)

Monte-Carlo analysis as part of the calculation of changes
in terrestrial biodiversity. (See Chapter 10.)

6.7 Summary
The goal of the MA is to provide decision-makers and
stakeholders with scientific information about linkages be-
tween ecosystem change and human well-being. Several
MA scenarios were developed to explore alternative futures
on the basis of coherent and internally consistent sets of
assumptions. Scenario development was chosen instead of
other approaches, such as predictions, as scenarios are better
suited to deal with the large inherent uncertainties of the
complex relationships between ecological and human sys-
tems and within each of these systems.

An important aspect of the MA scenarios is that they
need to take into account ecosystem dynamics and ecosys-
tem feedbacks. As earlier global scenarios have been gener-
ated for other purposes, incorporation of realistic ecosystem
dynamics is a novel aspect of the MA scenarios.

The MA developed scenarios of ecosystems services and
human well-being from 2000–50 with selected outlooks to
2100. The MA scenarios were developed by first defining
qualitative storylines, followed by quantification of selected
storyline drivers and parameters in an iterative process. The
development of scenario storylines allowed the process to
focus on internal consistency of different assumptions and
also to take into account a broad range of elements and
feedback effects that often cannot be quantified. Based on
initial storylines, the quantification process helped to pro-
vide insights into processes where sufficient knowledge ex-
ists to allow for modeling and to take into account the
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interactions among the various drivers and ecosystem ser-
vices.

APPENDIXES: Descriptions of Models

Appendix 6.1 The IMAGE 2.2 Model
The IMAGE modeling framework—the Integrated Model
to Assess the Global Environment—was originally devel-
oped to study the causes and impacts of climate change
within an integrated context. At the moment, however,
IMAGE 2.2 is used to study a whole range of environmental
and global change problems, in particular in the realm of
land use change, atmospheric pollution, and climate
change. The model and its sub-models have been described
in detail in several publications (see, in particular, Alcamo
et al. 1998; IMAGE-team 2001).

Model Structure and Data

In general terms, the IMAGE 2.2 framework describes
global environmental change in terms of its cause-response
chain. Appendix Figure 6.1 provides an overview of the
different parts of the model.

The cause-response chains start with the main driving
forces—population and macroeconomic changes—that
determine energy and food consumption and production.
Cooperation with a macroeconomic modeling team (CPB
1999) working on a general equilibrium model ensures in
several cases an economic underpinning of assumptions
made. Next, a detailed description of the energy and food
consumption and production are developed using the
TIMER Global Energy Model and the AEM Food De-
mand and Trade model (for the MA, the latter was replaced
by a link to the IMPACT model). Both models account
for various substitution processes, technology development,
and trade.

The changes in production and demand for food and
biofuels (the latter are calculated in the energy model) have
implications for land use, which is modeled in IMAGE on
a 0.5 by 0.5 degree grid. Changes in both energy consump-
tion and land use patterns give rise to emissions that are
used to calculate changes in atmospheric concentration of
greenhouse gases and some atmospheric pollutants such as
nitrogen and sulfur oxides. Changes in concentration of
greenhouse gases, ozone precursors, and species involved in
aerosol formation comprise the basis for calculating climatic
change. Next, changes in climate are calculated as global
mean changes that are downscaled to the 0.5 by 0.5 degree
grids using patterns generated by general circulation
models.

The Land-Cover Model of IMAGE simulates the
change in land use and land cover in each region driven by
demands for food (including crops, feed, and grass for ani-
mal agriculture), timber, and biofuels, in addition to
changes in climate. The model distinguishes 14 natural and
forest land cover types and 5 humanmade types. A crop
module based on the FAO agro-ecological zones approach
computes the spatially explicit yields of the different crop
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groups and grass and the areas used for their production, as
determined by climate and soil quality (Alcamo et al. 1998).
In case expansion of agricultural land is required, a rule-
based ‘‘suitability map’’ determines which grid cells are se-
lected. Conditions that enhance the suitability of a grid cell
for agricultural expansion are its potential crop yield (which
changes over time as a result of climate change and technol-
ogy development), its proximity to other agricultural areas,
and its proximity to water bodies.

The Land-Cover Model also includes a modified version
of the BIOME model (Prentice et al. 1992) to compute
changes in potential vegetation (the equilibrium vegetation
that should eventually develop under a given climate). The
shifts in vegetation zones, however, do not occur instanta-
neously. In IMAGE 2.2, such dynamic adaptation is mod-
eled explicitly according to the algorithms developed by
Van Minnen et al. (2000). An important aspect of IMAGE
is that it accounts for significant feedbacks within the sys-
tem, such as temperature, precipitation, and atmospheric
CO2 feedbacks on the selection of crop types and the mi-
gration of ecosystems. This allows for calculating changes in
crop and grass yields and, as a consequence, the location of
different types of agriculture, changes in net primary pro-
ductivity, and migration of natural ecosystems.

Application

The IMAGE model has been applied in several assessment
studies worldwide, including work for IPCC and analyses
for UNEP’s Global Environment Outlook (UNEP 2002).
For instance, the IMAGE team was one of the six models
that took part in the development of the scenarios of
IPCC’s Special Report on Emission Scenarios (IPCC
2000a; de Vries et al. 2000; Kram et al. 2000). The model
has also been used for a large number of studies that aim to
identify strategies that could mitigate climate change,
mostly focusing on the role of technology or relevant tim-
ing of action (e.g., van Vuuren and de Vries 2001). IMAGE
also contributed to European projects, including the regu-
larly published State of the Environment report on Europe of
the EU/European Environment Agency and work for the
Directorate-General for the Environment of the European
Commission. Recently, the geographic scale of IMAGE was
further disaggregated to the country level in Europe, using
the model in a large project for land use change scenarios in
Europe. In addition, on a project basis the capabilities of the
model to describe the nitrogen cycle are improved. In re-
cent years, the links to biodiversity modeling have also been
improving.

Uncertainty

As a global Integrated Assessment Model, the focus of
IMAGE is on large-scale, mostly first-order drivers of global
environmental change. This obviously introduces some im-
portant limitations to its results, and in particular how to
interpret their accuracy and uncertainty. An important
method to handle some of the uncertainties is by using a
scenario approach. A large number of relationships and
model drivers that are currently not known or that depend
on human decisions are varied in these scenarios to explore
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Appendix Figure 6.1. Structure of IMAGE 2.2 Model. Phoenix, WorldScan, and TIMER are submodels of the IMAGE 2.2 model.

the uncertainties involved in them (see IMAGE-team
2001). For the energy model, in 2001 a separate project was
performed to evaluate the uncertainties in the energy model
using both quantitative and qualitative techniques. Through
this analysis we identified that the model’s most important
uncertainties had to do with assumptions for technological
improvement in the energy system and how human activi-
ties are translated into a demand for energy (including
human lifestyles, economic sector change, and energy effi-
ciency).

The carbon cycle model has also been used in a sensitiv-
ity analysis to assess uncertainties in carbon cycle modeling
in general (Leemans et al. 2002). Finally, a main uncertainty
in IMAGE’s climate model has to do with the ‘‘climate sen-
sitivity’’ (that is, the response of global temperature com-
puted by the model to changes in atmospheric greenhouse
gas concentrations) and the regional patterns of changed
temperature and precipitation. IMAGE 2.2 has actually
been set up in such a way that these variables can be easily
varied on the basis of more scientifically detailed models,
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and a separate CD-ROM has been published indicating the
uncertainties in these relationships in detail. To summarize,
in terms of the scheme discussed in this chapter on the cer-
tainty of different theories, most of IMAGE would need to
go into the category of established but incomplete knowl-
edge.

Appendix Tables 6.1 and 6.2 give an overview of the
main sources of uncertainty in the IMAGE model.

Appendix 6.2 The IMPACT Model
IMPACT—the International Model for Policy Analysis of
Agricultural Commodities and Trade—was developed in
the early 1990s as a response to concerns about a lack of
vision and consensus regarding the actions required to feed
the world in the future, reduce poverty, and protect the
natural resource base.

Model Structure and Data

IMPACT is a representation of a competitive world agricul-
tural market for 32 crop and livestock commodities, includ-
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Appendix Table 6.1. Overview of Major Uncertainties in the
IMAGE Model

Model Component

Environmental
Energy and Related Land Use and System and

Uncertainty Emissions Land Cover Climate Change

Model integration in larger rule-based scheme for allo-
structure economy, feedbacks algorithm for cating carbon

allocating land pools in the car-dynamic formulation
use bon cycle modelin energy model

(learning by doing,
multinomial logit)

Parameter resource assump- biome model climate sensitivity
tions parameter climate change

settinglearning parameters patterns
CO2 fertilization multipliers in car-

bon model (im-
pact of climate
and carbon cycle)

Driving population assumptions
force economic assumptions

assumptions on
technology change

lifestyle, material
intensity, diets

environmental policies

agricultural production
levels (from IMPACT)

Initial emissions in base initial land use / climate in base
condition year (1995) land cover year (average

maps global values andhistoric energy use
maps)historic land

use data (FAO)

Model downscaling
operation method

ing all cereals, soybeans, roots and tubers, meats, milk, eggs,
oils, oilcakes and meals, sugar and sweeteners, fruits and
vegetables, and fish. It is specified as a set of 43 country or
regional sub-models, within each of which supply, demand,
and prices for agricultural commodities are determined.
The country and regional agricultural sub-models are linked
through trade, a specification that highlights the interde-
pendence of countries and commodities in global agricul-
tural markets.

The model uses a system of supply and demand elasticit-
ies incorporated into a series of linear and nonlinear equa-
tions to approximate the underlying production and
demand functions. World agricultural commodity prices are
determined annually at levels that clear international mar-
kets. Demand is a function of prices, income, and popula-
tion growth. Growth in crop production in each country is
determined by crop prices and the rate of productivity
growth. (See Appendix Figure 6.2.) The model is written
in the General Algebraic Modeling System programming
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Appendix Table 6.2. Level of Confidence in Different Types of
Scenario Calculations from IMAGE

High Established but Well-established
incomplete energy modeling and
climate impacts on scenarios
agriculture and biomes

carbon cycle

Level of Low Speculative Competing
Agreement explanationsgrid-level changes in

driving forces global climate change—
including estimates ofimpacts of land degra-
uncertaintydation
local climate change

land use change

Low High

Amount of Evidence
(theory, observation, model outputs)

language and makes use of the Gauss-Seidel algorithm. This
procedure minimizes the sum of net trade at the interna-
tional level and seeks a world market price for a commodity
that satisfies market-clearing conditions.

IMPACT generates annual projections for crop area,
yield, and production; demand for food, feed, and other
uses; and prices and trade. It also generates projections for
livestock numbers, yield, production, demand, prices, and
trade. The current base year is 1997 (three-year average of
1996–98) and the model incorporates data from FAOSTAT
(FAO 2000); commodity, income, and population data and
projections from the World Bank (World Bank 1998,
2000a, 2000b) and the UN (UN 1998); a system of supply
and demand elasticities from literature reviews and expert
estimates; and rates for malnutrition from ACC/SCN
(1996)/WHO (1997) and calorie-child malnutrition rela-
tionships developed by Smith and Haddad (2000). For MA
purposes, the projections period was updated from 1997–
2025 to 2100. Additional updates on drivers and parameters
are described in Chapter 9.

Application

IMPACT has been applied to a wide variety of contexts
for medium- and long-term policy analysis of global food
markets. Applications include commodity-specific analyses
(for example, for roots and tubers (Scott et al. 2000), for
livestock (Delgado et al. 1999), and for fisheries (Delgado
et al. 2003)) and regional analyses (for example, on the con-
sequences of the Asian financial crisis (Rosegrant and Rin-
gler 2000)). In 2002 a separate IMPACT-WATER model
was developed that incorporates the implications of water
availability and nonagricultural water demands on food se-
curity and global food markets (Rosegrant et al. 2002).

Uncertainty

As IMPACT does not contain equations with known statis-
tical properties, formal uncertainty tests cannot be carried
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Appendix Figure 6.2. Structure of IMPACT Model

out. However, the robustness of results has been tested and
the sensitivity of results with respect to the various drivers
in the model have been carried out through numerous sce-
nario analyses, as described in Rosegrant et al. (2001) and
the other IMPACT publications cited in this assessment.
The drivers associated with uncertainty that have important
implications for model outcomes include population and
income growth, as well as drivers affecting area and yield
and livestock numbers and slaughtered weight growth.

Appendix Tables 6.3 and 6.4 summarize the points re-
lated to uncertainty in the model, based on the level of
agreement and amount of evidence.

Appendix 6.3 The WaterGAP Model
The principal instrument used for the global analysis of
water withdrawals, availability, and stress is the WaterGAP
model—Water Global Assessment and Prognosis—developed
at the Center for Environmental Systems Research of the
University of Kassel in cooperation with the National Insti-
tute of Public Health and the Environment of the Nether-
lands. WaterGAP is currently the only model with global
coverage that computes both water use and availability on
the river basin scale.

Model Structure and Data

The aim of WaterGAP is to provide a basis both for an
assessment of current water resources and water use and for
an integrated perspective of the impacts of global change on
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the water sector. WaterGAP has two main components, a
global hydrology model and a global water use model. (See
Appendix Figure 6.3.)

The global hydrology model simulates the characteristic
macroscale behavior of the terrestrial water cycle to estimate
water availability; in this context, we define ‘‘water avail-
ability’’ as the total river discharge, which is the combined
surface runoff and groundwater recharge. The model calcu-
lates discharge based on the computation of daily water bal-
ances of the soil and canopy. A water balance is also
performed for open waters, and river flow is routed via a
global flow routing scheme. In a standard global run, the
discharge of approximately 10,500 rivers is computed. The
global hydrology model provides a testable method for tak-
ing into account the effects of climate and land cover on
runoff.

The global water use model consists of three main sub-
models that compute water use for households, industry,
and irrigation in 150 countries. Beside the water withdrawal
(total volume of water that is abstracted from surface or
groundwater sources), the consumptive water use (water
that is actually used and not returned to the water cycle as
return flow) is quantified. Both water availability and water
use computations cover the entire land surface of the globe
except Antarctica (spatial resolution 0.5�—that is, 66,896
grid cells). A global drainage direction map with a 0.5� spa-
tial resolution allows for drainage basins to be chosen flexi-
bly; this permits the analysis of the water resources situation
in all large drainage basins worldwide. For a more detailed
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Appendix Table 6.3. Overview of Major Uncertainties in the
IMPACT Model

Model
Component Uncertainty

Model based on partial equilibrium theory (equilibrium between de-
structure mand and supply of all commodities and production factors)

underlying sources of growth in area/numbers and produc-
tivity

structure of supply and demand functions and underlying
elasticities, complementary and substitution of factor inputs.

Parameters Input parameters
base year (three-year centered moving averages for) area,
yield, production, numbers for 32 agricultural commodities
and 43 countries and regions

elasticities underlying the country and regional demand and
supply functions

commodity prices

driving forces

Output parameters
annual levels of food supply, demand, trade, international
food prices, calorie availability, and share and number of
malnourished children

Driving force Economic and demographic drivers
income growth (GDP)

population growth

Technological, management, and infrastructural drivers
productivity growth (including management research, con-
ventional plant breeding)

area and irrigated area growth

livestock feed ratios

Policy drivers
including commodity price policy as defined by taxes and
subsidies on commodities, drivers affecting child malnutri-
tion, and food demand preferences

Initial baseline—three-year average centered on 1997 of all input
condition parameters and assumptions for driving forces

Model —
operation

description of the model, see Alcamo et al. (2000, 2003a,
2003b), Alcamo (2001), and Döll et al. (2003).

Application

Results from the model have been used in many national
and international studies, including the World Water As-
sessment, the International Dialogue on Climate and Water,
UNEP’s Global Environmental Outlook, and the World
Water Vision scenarios disseminated by the World Water
Commission.

Uncertainty

Appendix Tables 6.5 and 6.6 summarize some of the most
important sources of uncertainty in WaterGAP calculations.
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Appendix Table 6.4. Level of Confidence in Different Types of
Scenario Calculations from IMPACT

High Established but Well-established
incomplete changes in consumption
projections of area patterns and food

demandprojections of irrigated
area, yield

projections of livestock
numbers, production

number of
malnourished children

calorie availability

Level of

Low Speculative Competing

Agreement/

explanations

Assessment

projections of commod-
ity prices

commodity trade

Low High

Amount of Evidence
(theory, observations, model outputs)

Alcamo et al. (2003b) found that the magnitude of uncer-
tainty of model calculations was very spatially dependent.

Appendix 6.4 The Asia-Pacific Integrated Model
AIM—the Asia-Pacific Integrated Model—is a large-scale
computer simulation model developed by the National In-
stitute for Environmental Studies in collaboration with
Kyoto University and several research institutes in the Asia-
Pacific region. AIM assesses policy options for stabilizing
global climate, especially in the Asia-Pacific region, with
objectives of reducing greenhouse gas emissions and avoid-
ing the impacts of climate change. Modelers and policy-
makers have recognized that climate change problems have
to be solved in conjunction with other policy objectives,
such as economic development and environmental conser-
vation. The AIM model has thus been extended to take
into account a range of environmental problems, such as
ecosystem degradation and waste disposal, in a comprehen-
sive way.

Model Structure and Data

AIM/Water estimates country-wise water use (withdrawal
and consumption in agricultural, industrial, and domestic
sector), country-wise renewable water resource, spatial dis-
tribution of water use and renewable water resources with
resolution of 2.5� � 2.5�, and basin-wise water stress index.
Appendix Figure 6.4 presents an overview over the main
components of the AIM/Water sub-model. Future scenar-
ios of population, GDP, technological improvements, and
historical trends of population with access to water supply
are the basic inputs used in the estimation of water use. The
country-wise water use is then disaggregated to grid cells in
proportion to the spatial densities of population and crop-
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Appendix Figure 6.3. Structure of WaterGAP Model. Top: overview of main components. Bottom: WaterGAP hydrological model. (Döll et
al. 2003)
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Appendix Table 6.5. Overview of Major Uncertainties in
WaterGAP Model

Model
Component Uncertainty

Model evapotranspiration
structure river transport time

snowmelt mechanism

Parameters watershed calibration parameter

parameter for allocating total discharge to surface and sub-
surface flow

Driving force local precipitation inputs, frequency of rain days

Initial current direction of flows in flat and wetland areas
condition grid resolution of current water withdrawals

Model downscaling method for country-scale domestic and indus-
operation trial withdrawals; interpolation of climate data

Appendix Table 6.6. Level of Confidence in Different Types of
Scenario Calculations from WaterGAP

High Established but Well-established
incomplete annual withdrawals in
water stress industrialized countries

annual withdrawals in annual water availability
developing countries where there are long-

term hydrologic gaugesannual water
(about 50% of the areaavailability in areas
of Earth)without long-term

hydrologic gaugesLevel of

Low Speculative CompetingAgreement

explanationsreturn flows
water quality

freshwater biodiversity
(WaterGAP contributes
to these calculations)

Low High

Amount of Evidence
(theory, observations, model outputs)

land. The change in renewable water resource is estimated
by considering future climate change as input data. In order
to obtain a water stress index, water withdrawal and renew-
able water resources are compared in each river basin. See
also Harasawa et al. (2002) for a more detailed description.

AIM/Agriculture estimates potential crop productivity
of rice, wheat, and maize with the spatial resolution of 0.5�
� 0.5�. Climatic factors are then taken as inputs to simulate
net accumulation of biomass through photosynthesis and
respiration. They include monthly temperature, cloudiness,
precipitation, vapor pressure, and wind speed. The physical
and chemical properties of soil such as soil texture and soil
slope are also considered in estimating suitability for agricul-
ture (Takahashi et al. 1997).
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AIM/Ecosystem is a global computable general equilib-
rium model. The model structure is shown in Appendix
Figure 6.5. It is an economic model with 15 regions and
15 sectors. The model has been developed for the period
1997–2100 with recursive dynamics. Prices and activities
are calculated in order to balance demand and supply for all
commodities and production factors. AIM/Ecosystem
model is linked to AIM/Agriculture model in terms of land
productivity changes resulting from climate change. The
main drivers of these dynamics are population, production
investment, and technology improvement. In this model,
various environmental issues such as deforestation and air
pollution are included. These interact with the economy
through provision of resources and maintenance and degra-
dation of the environment. This model thus consistently
estimates economic activities such as GDP and primary en-
ergy supply, the related environmental load such as air pol-
lution, and environmental protection activities such as
investments in desulfurization technologies (Masui et al.
forthcoming).

Application

The AIM model has been used in the development of one
of the marker scenarios for IPCC/SRES. The extended
version was used for UNEP’s GEO3 report. Long-term
scenarios of environmental factors quantified using AIM/
Water, AIM/Agriculture, and AIM/Ecosystem have been
used for the MA.

Uncertainty

The AIM models are based on a deterministic framework.
The time scale of each model is more than 100 years. This
long-term framework stresses theoretical consistency. It is
preferable to models that use past trends because those are
not suitable for studying long-term dynamics. Our ap-
proach to uncertainty is not to evaluate each parameter or
function individually but to assess the robust options or pol-
icies derived from the various simulation results.

Appendix Tables 6.7 and 6.8 summarize the uncertaint-
ies in each model.

An option or sets of options related to the elements in
this table are introduced to the models and simulated under
the different scenarios. When the options always produce
similar results even in different scenarios, they are regarded
as robust.

Appendix 6.5 Ecopath with Ecosim
EwE—Ecopath with Ecosim—is an ecological modeling
software suite for personal computers; some components of
EwE have been under development for nearly two decades.
The approach is thoroughly documented in the scientific
literature, with over 100 ecosystems models developed to
date (see www.ecopath.org). EwE uses two main compo-
nents: Ecopath, a static, mass-balanced snapshot of the sys-
tem, and Ecosim, a time dynamic simulation module for
policy exploration that is based on an Ecopath model.
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Appendix Figure 6.4. Structure of AIM/Water Model

Appendix Figure 6.5. Structure of AIM/Ecosystem Model

Model Structure and Data

The foundation of the marine fisheries calculations is an
Ecopath model (Christensen and Pauly 1992; Pauly et al.
2000). The model creates a static, mass-balanced snapshot
of the resources in an ecosystem and their trophic interac-
tions, represented by trophically linked biomass ‘‘pools.’’
The biomass pools consist of a single species or of species
groups representing ecological guilds. Pools may be further
split into ontogenetic (juvenile/adult) groups that can then
be linked together in Ecosim.

Ecopath data requirements of biomass estimates, total
mortality estimates, consumption estimates, diet composi-
tions, and fishery catches are relatively simple and are gen-
erally available from stock assessment, ecological studies, or
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the literature. The parameterization of Ecopath is based on
satisfying two key equations: the production of fish and the
conservation of matter. In general, Ecopath requires input
of three of the following four parameters: biomass, pro-
duction/biomass ratio (or total mortality), consumption/
biomass ratio, and ecotrophic efficiency for each of the
functional groups in a model. Christensen and Walters
(2004) detail the methods used and the capabilities and pit-
falls of this approach.

Ecosim has a dynamic simulation capability at the eco-
system level, with key initial parameters from the base Eco-
path model. (See Appendix Figures 6.6 and 6.7.) The key
computational aspects are:
• use of mass-balance results (from Ecopath) for parameter

estimation;
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Appendix Table 6.7. Overview of Major Uncertainties in AIM Model

Uncertainty

AIM/Water

Model Component Water Withdrawal Model Renewable Water Resource Model

Model structure assumption that the spatial pattern of population and land use choice of method for estimating potential evapotranspiration
will not change in future

Parameter assumption regarding water use efficiency improvement in assumption of the model parameter for relating actual and
each sector potential evapotranspiration

assumption of the model parameter for estimating urbaniza-
tion ratio

Driving force population climate projected by GCM

increasing trend in population with access to water

degree of economic activity

Initial condition error in the estimated sectoral water withdrawal in the base error in the estimated renewable water resource in the base
year year

error in the observed climate data

Model operation procedure to develop climate scenario from GCM result

AIM/Agriculture

Model structure choice of method for estimating photosynthesis ratio

Parameter assumption of the model parameter which describes crop growth characteristics

Driving force future climate projected by GCM

Initial condition error in the observed climate data

error in the soil data

Model operation procedure to develop climate scenario from GCM result

AIM/Ecosystem

Model structure based on the general equilibrium theory (equilibrium between demand and supply of all commodities and production factors)

investment function in each period

structures of production function and demand function: especially elasticity of substitution among the inputs

Parameter change of preference

relationship between cost and performance in pollution reduction

Driving force technology assumption and population projection

Initial condition disaggregation of economic data into more detailed subsectors (inputs to each power generation such as thermal power, nuclear,
and hydro power)

environmental investment and stock of environmental equipment besides the stock of production equipment

Model operation nonlinearity in demand and production functions

• variable speed splitting, which enables efficient model-
ing of the dynamics of both ‘‘fast’’ (phytoplankton) and
‘‘slow’’ groups (whales);

• the effects of micro-scale behaviors on macro-scale rates:
top-down versus bottom-up control explicitly incorpo-
rated; and

• inclusion of biomass and size structure dynamics for key
ecosystem groups, using a mix of differential and differ-
ence equations.
Ecosim uses a system of differential equations that ex-

press biomass flux rates among pools as a function of time
varying biomass and harvest rates (Walters et al. 1997,
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2000). Predator-prey interactions are moderated by prey
behavior to limit exposure to predation, such that biomass
flux patterns incorporate bottom-up as well as top-down
control (Walters 2000). Repeated simulations in Ecosim
allow for the fitting of predicted biomasses to time series
data. Ecosim can thus incorporate time series data on: rela-
tive abundance indices (such as survey data or catch per
unit effort data), absolute abundance estimates, catches, fleet
effort, fishing rates, and total mortality estimates.

Ecosim can be used in optimization and gaming modes.
In the latter, it can explore policy options by ‘‘sketching’’
fishing rates over time, with the results (catches, economic
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Appendix Table 6.8. Level of Confidence in Different Types of
Scenario Calculations from AIM

High Established but Well-established
incomplete economic activity
pollution reduction (based on general

equilibrium theory)water demand
production functionwater stress

Level of Low Speculative Competing
Agreement explanations—

impact on agricultural
products (from eco-
nomic model)

renewable water re-
source

Low High

Amount of Evidence
(theory, observation, model outputs)

Appendix Figure 6.6. Structure of Ecopath with Ecosim (EwE)
Model

performance indicators, biomass changes) examined for
each sketch. Formal optimization methods can be used to
search for fishing policies that would maximize a particular
policy goal or ‘‘objective function’’ for management. The
objective function represents a weighted sum of the four
objectives: economic, social, legal, and ecological. Assign-
ing alternative weights to these components is a way to look
at conflict or trade-off with one another in terms of policy
choice. The goal function for policy optimization is defined
by the user in Ecosim, based on an evaluation of four
weighted policy objectives:
• maximize fisheries rent,
• maximize social benefits,
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• maximize mandated rebuilding of species, and
• maximize ecosystem structure or ‘‘health.’’

The fishing policy search routine described estimates
time series of relative fleet sizes that would maximize a
multi-criterion objective function. In Ecosim, the relative
fleet sizes are used to calculate relative fishing mortality rates
by each fleet type, assuming the mix of fishing rates over
biomass groups remains constant for each fleet type (that is,
reducing a fleet type by some percentage results in the same
percentage decrease in the fishing rates that it causes on all
the groups that it catches). However, density-dependent
catchability effects can be entered, and if so reductions in
biomass for a group may result in the fishing rate remaining
high despite reductions in total effort by any or all fleets that
harvest it. Despite this caveat, the basic philosophy in the
fishing policy search is that future management will be
based on control of relative fishing efforts by fleet type
rather than on multispecies quota systems.

Application

Ecopath with Ecosim has been applied to a number of ma-
rine ecosystems throughout the world and at varying spatial
scales—from small estuary and coral reef systems to large
regional studies such as the North Atlantic. For the MA,
three well-documented and peer-reviewed EwE models
were used: Gulf of Thailand, Central North Pacific, and
North Benguela. (See Appendix Box 6.1.) For each one,
the narrative storylines of the MA scenarios were interpre-
ted in terms of specific model parameters (mostly the objec-
tive function specifying focus on profits, conservation of
jobs, or ecosystem management). The landings, value of the
landings (see Chapter 9), and the diversity of the landings
(see Chapter 10) were used to investigate the differences
between the various scenarios for each ecosystem.

Uncertainty

EwE models include routines to explicitly deal with uncer-
tainty in input parameters and with the way this uncertainty
may affect results from the simulation modeling. Parameter-
ization for this is as a rule straightforward. The biggest prob-
lem in the analysis is usually centered on the state of the
knowledge of how exploitation has affected the ecosystem
resources over time. It is, for instance, difficult to evaluate
if a certain catch history is caused by light exploitation of a
large stock or heavy exploitation of a small stock. In order
to evaluate this, it is necessary to have information about
the population histories in a given ecosystem, and such in-
formation is often not accessible, especially for tropical
areas.

Appendix Tables 6.9 and 6.10 sum up the uncertainties
of the EwE models.

Appendix 6.6 Terrestrial Biodiversity Model
The concept of biodiversity has several dimensions. First of
all, it is used for different conceptual levels—genetic diver-
sity, species diversity, and ecosystem diversity. In addition,
it refers to both richness and levels of abundance. And fi-
nally, the term can be applied both at the local and the
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Appendix Figure 6.7. Structure of Ecopath Model

global level. These aspects relate in a different way to eco-
logical services, as discussed in Chapter 10. In the context
of the MA, the main focus was on the analysis of species
diversity. Chapter 4 provides an overview of the different
available methods to assess changes in biodiversity and their
strengths and weaknesses.

Model Structure and Data

The assessment applied in Chapter 10 covers four different
causes of biodiversity loss: loss of habitat, climate change,
nitrogen deposition, and introduction of alien species. For
the quantitative analysis, the basis of the analysis is formed
by the species-area relationship, defined as S � c Az, where
S is the number of species in an area, A is the habitat area,
and c and z are constants. This SAR is applied to about 60
biomes defined by the combination of the biomes defined
in IMAGE 2.2 and the realms defined in the biodiversity
ecoregion map of Olson et al. (2001). Within the analysis,
data on vascular plants were used as an example of possible
changes in biodiversity. Data on the c value of the SAR
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(which represents the intrinsic diversity of each system for
a unity size) for vascular plants were obtained by comparing
the global land cover map of the IMAGE 2.2 model to a
map on diversity of vascular plants (Barthlott 1999). For the
z-value of the SAR, a large range of different values was
used, as explained in detail in Chapter 10.

The analysis focuses on both global and local changes in
biodiversity. For the three different drivers of loss used in
the quantitative analysis, the following analysis was per-
formed:
• biodiversity loss from land use change—the SAR was

applied directly on the basis of the changes in the
IMAGE land use maps;

• biodiversity loss from climate change—three different
methods to describe impacts from climate change were
applied (a process-oriented model, a method related to
species ranges, and the biome description applied in
IMAGE 2.2); and

• biodiversity loss from nitrogen deposition—the method
describing risks of nitrogen deposition based on critical
loads as described by Bouwman et al. (2002) was used.
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APPENDIX BOX 6.1

The Three Ecopath with Ecosim Models Used

Gulf of Thailand

The Gulf of Thailand is located in the South China Sea. It is a shallow,
tropical coastal shelf system that has been heavily exploited since the
1960s. Prior to the early 1960s, fishing in the area was primarily small
scale, with minimal impact on the ecosystem. A trawl fishery was intro-
duced in 1963, however, and since then the area has been subjected
to intense, steadily increasing fishing pressure (Pauly and Chuenpag-
dee 2003). The system has changed from a highly diverse ecosystem
with a number of large, long-lived species (such as sharks and rays)
to one that is now dominated by small, short-lived species that support
a high-value invertebrate fishery. Shrimp and squid caught primarily by
trawl gear are economically the dominant fisheries in the Gulf of Thai-
land. The bycatch of the trawl fishery is used for animal feed. The Gulf
of Thailand model is well established and detailed in an FAO technical
report (FAO/FISHCODE 2001).

Central North Pacific

The area of Central North Pacific that is modeled is focused on epipel-
agic waters from 0N to 40N latitude and between 150W and 130E
longitude (Cox et al. 2002). Tuna fishing is the major economic activity
in the area after tourism in the Hawaiian Islands. The tuna fishery is
divided into deepwater longline fisheries that target large-sized bigeye,
yellowfin, and albacore tuna and surface fleets that target all ages/
sizes of skipjack tuna, small sizes of bigeye, yellowfin, and albacore
using a range of gear including purse seine, large-mesh gillnet (drift-
net), small-mesh gillnet, handline, pole-and-line, and troll (Cox et al.
2000). Recent assessments of the tuna fisheries indicate that top pred-
ators such as blue marlin (Makaira spp.) and swordfish (Xiphias glad-
ius) declined since the 1950s while small tunas, their prey, have
increased. The Central North Pacific model is described in detail in
Cox et al. (2000).

North Benguela

The North Benguela Current is an upwelling system off the west coast
of Southern Africa. This system is highly productive, resulting in a rich
living marine resource system that supports small, medium, and large
pelagic fisheries (Heymans et al 2004). The system undergoes dra-
matic changes due to climatic and physical changes and therefore the
marine life production can be quite variable. Sardine or anchovy used
to be the dominant small pelagics; both species, however, have been
at very low abundance for years, as indicated by surveys in the late
1990s (Boyer and Hampton 2001). The North Benguela ecosystem
model is now used by the Namibian Fisheries Research Institute and
is described in detail in Heymans et al. (2004).

Uncertainty and Limitations

In the overall methodology, several major assumptions had
to be made:
• We assume that the SAR can be applied independently

for each ecoregion-biome combination, thus assuming
that the overlap in numbers of species is minimum rela-
tive to the number of species that are endemic to each
ecoregion-biome combination.

• We assume that diversity loss will occur as a result of
the transformation of natural vegetation into a human-
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Appendix Table 6.9. Overview of Major Uncertainties in Ecopath
with Ecosim (EwE) Model

Model Component Uncertainty

Model structure Ecopath:
mass balance based on the estimation of the bio-
mass and food consumption of the state variables
(species or groups of species) of an aquatic ecosys-
tem, with the master equation:
Production � catches � predation mortality � bio-
mass accumulation � net migration � other mortal-
ity; with Production � Biomass * P/B ratio.

Ecosim:

Ebiomass dynamics expressed through a series of
coupled differential equations derived from the Eco-
path master equation:

dBi / dt � gi �
j

Qji � �
j

Qij Ii � (Mi � Fi � ei)Bi

Parameter biomass by species (group) (usually from fisheries
surveys)

catch rate (t 	 km�2 year �1) by species group

the P/B ratio is equivalent to total mortality

net migration rate and biomass accumulation rate
(often set to zero)

assimilation rate

diet composition (obtained from predators’ stomach
contents)

Driving force fishing mortality of fishing effort

forcing functions expressing environmental variables

Initial condition the system (Ecopath model) is initially set to equilib-
rium (but can include net migration rate and biomass
accumulation rate not equal to zero)

Model operation Ecopath:

used to obtain ‘‘snapshot’’ representation of the food
web and biomass in an ecosystem

Ecosim:

optimization or gaming modes, policies explored by
‘‘sketching’’ fishing rates over time and with the re-
sults (catches, economic performance indicators, bio-
mass changes) examined for each simulation (with
or without previous fitting of biomass or the time se-
ries)

dominated land cover unit, so we assume that human-
dominated vegetation has a diversity of zero endemic
species for the purposes of the SAR calculations.

• In our calculations, we have not assumed any extinction
rate with time, but simply assume that at some point the
number of species will reach the level as indicated by the
SAR. This means that our results should not be interpre-
ted in terms of a direct loss of number of species, but in
terms of species that are ‘‘committed’’ to extinction.
The method to estimate impacts from climate change is

a simplification of the response at the level of individual
species that will occur in reality.

................. 11411$ $CH6 10-27-05 08:42:43 PS



169Methodology for Developing the MA Scenarios

Appendix Table 6.10. Level of Confidence in Different Types of
Scenario Calculations from Ecopath with Ecosim

High Established but Well-established
incomplete Ecopath: food
Ecopath: diet consumption rate, P/B
composition and ratios
biomass Ecosim: dynamics of
Ecosim: dynamics of abundant groups
depleted groupsLevel of

Low Speculative CompetingAgreement

explanationsEcopath: treatment of
lower trophic levels, Ecopath: n.a.
especially microbial Ecosim: trophic media-
groups tion (control of interac-
Ecosim: trophic versus tion of two species by
environment forcing third species)

Low High

Amount of Evidence
(theory, observation, model outputs)

The method is dependent on several uncertainties in
data, including the value of z and the number of ecoregions
that is defined. In Chapter 10, an extensive uncertainty
analysis is performed with regard to these aspects. Appendix
Table 6.11 gives a brief overview of the uncertainties of the
model.

Appendix Table 6.11. Overview of Major Uncertainties in the
Terrestrial Biodiversity Model

Model Component Uncertainty

Model structure use of species-area curve

assumption of irreversibility of species loss

fraction of species remaining after conversion of
natural area into agricultural land

BIOME model to describe impacts of climate change

use of critical loads to describe loss of biodiversity
for nitrogen deposition

Parameter value of z (determining biodiversity loss for reduction
of habitat), scale of analysis (provincial, island,
continental)

biodiversity loss multiplier for areas affected by
climate change

biodiversity loss multiplier as a function of nitrogen
deposition (excess of critical load)

Driving force land use change (from IMAGE)

climate change and biome response (from IMAGE)

nitrogen deposition (from IMAGE)

Initial condition number of species per habitat type

land use maps and biome map for start year

Model operation number of separate biomes and the amount of
overlap in species numbers between biomes
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Appendix 6.7 Freshwater Biodiversity Model
Freshwater ecosystems have been underrepresented in past
global studies of biodiversity. No global quantitative models
to forecast the response of freshwater biodiversity to envi-
ronmental drivers exist. Thus we adapted a previously pub-
lished descriptive model (Oberdorff et al. 1995) on the
relationship between the number of fish species to river size
(as measured by volume of water discharged at the river
mouth). While fishes are only one component of freshwater
biodiversity, they are frequently of great ecological impor-
tance and of great value to humans in fisheries. They were
the only group of freshwater biota for which near-global
data exist. Likewise, because analogous statistical relation-
ships are not quantified for other freshwater habitats (such
as lakes and wetlands), we were limited in our quantitative
effort to rivers.

Model Structure and Data

Using the statistical approach of Oberdorff et al. (1995), we
constructed a regression model relating the number of fish
species (taken from Oberdorff et al. 1995 and FishBase) to
river discharge for 237 rivers worldwide. Baseline river dis-
charge data from the WaterGAP model correlated strongly
with data used by Oberdorff et al. (1995). Thus, for our
scenarios we used river discharge output from WaterGAP
for both baseline and future conditions. In brief, WaterGAP
provided future river discharge that was then used as the
dependent variable in a simple regression model to predict
the future number of fish species.

Applications

While variations on this statistical model have been used
successfully to predict current patterns of riverine fishes
among rivers (Oberdorff et al. 1995; Guegan et al. 1998;
Hawkins et al. 2003), there has been no previous applica-
tion of the approach to future scenarios.

Uncertainty and Limitations

For reasons of model structure and data limitation, output
applies only to rivers and fishes; lakes and wetlands and
other aquatic taxa are not addressed with this quantitative
model. Because the data for fish species in each river do not
distinguish endemic species from species that also occur in
other rivers, the scenario estimates are for river-specific
losses of species, not global extinctions. Because other con-
siderations (for example, the pace of evolution, the rate at
which species might migrate, and the prevalence of human
introductions of species) dictate that the model should not
be used to make quantitative forecasts of increases in fish
species number, quantitative scenarios are only possible
where river discharge declines in scenarios.

Because the independent variable in the regression
model (river discharge) is an output from WaterGAP, values
of future discharge are subject to all the uncertainties de-
scribed for WaterGAP. Appendix Table 6.12 summarizes
the main sources of uncertainty.
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Appendix Table 6.12. Overview of Major Uncertainties in the
Freshwater Biodiversity Model

Model Component Uncertainty

Model structure assumption of log-linearity between number of fish
species and river discharge

Parameter uncertain coefficients of statistical model

Driving force uncertainty of river discharge (see WaterGAP
description)

Initial condition uncertain current relationship between number of fish
species and river discharge

Model operation inclusion of only river discharge as independent
variable

The model also assumes that all other features of the
riverine habitat that are important biologically remain con-
stant. This assumption is most certainly violated, but the
magnitude of the consequences of any violation is impossi-
ble to ascertain. Violations would include changes in other
aspects of river flow besides mean annual discharge (the
timing and duration of low and high flows are also impor-
tant to fishes), and the variety of other drivers (eutrophica-
tion, acidification, temperature, xenochemicals, habitat
structure, other species in the food web, and so on) that
would interact strongly with discharge. Finally, lag times of
unknown duration would characterize the pace at which
fish species numbers would equilibrate to lower discharge.

While the magnitude of error in scenarios is impossible
to quantify, there are strong reasons to expect that the direc-
tions of errors are likely to produce underestimates of spe-
cies loss (once species number equilibrates with reduced
discharge levels). Reductions in species number are likely
to be greater then predicted by the species-discharge model
because interactions between discharge and other habitat
features will change conditions away from those to which
local species are adapted. Thus the species-discharge model
will provide a conservative index of river-specific extirpa-
tion of fish species, as a function of the drivers that affect
discharge (climate and water withdrawals).

Appendix 6.8 Multiscale Scenario Development
in the Sub-global Assessments
As part of the MA’s sub-global assessments, a number of
scenario exercises were carried out in order to develop sce-
narios at regional scales. The number of sub-global assess-
ments was limited by the available human and financial
resources. Assessments were carried out in over 15 loca-
tions. (See Appendix Figure 6.8.) They have yielded scien-
tific insights and policy-relevant information and prove the
potential of the multiscale design of the MA.

Multiscale Design

Three of the sub-global assessments are themselves multis-
calar. The SAfMA, PtMA, and CARSEA sub-global assess-
ments contained nested assessments. Appendix Figure 6.8
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depicts the designs of these three nested assessments. Each
has opted for a slightly different design. In SAfMA, scenar-
ios were developed for the Southern African Development
Community region, for two large basins (particularly the
Gariep basin) within SADC, and for a number of local small
watersheds within these basins. The design was strictly hier-
archical, although scenarios were developed independently.
In Portugal, the design is not completely hierarchical and an
attempt will be made to scale the national scenarios down to
a very small community and to a single farm directly. Na-
tional scenarios for PtMA are themselves downscaled from
the global scenarios. In the Caribbean Sea assessment, sce-
narios were developed independently in two separate nes-
ted assessments. A link will be attempted after the scenarios
have been fully developed.

Advantages of Multiscale Scenarios

The advantages of generating multiscale scenarios are:
• Global and local scenarios are linked. A single approach for

developing both global and local scenarios simultane-
ously produces a higher level of consistency and integra-
tion than if they were independently developed.

• Different purposes to develop scenarios can be ‘‘merged.’’ Local
adaptive management strategies can be compared with
regional and global explorations of future changes in
ecosystems and human well-being.

• The audience for scenario results can be increased. Scenarios
can be effective tools for integrating and communicating
complex information about ecosystem services and
other subjects. Producing both global and local scenarios
at the same time can in principle broaden the audience
of MA results to include local indigenous people
(through theater plays), local decision-makers (through
models), and the national or international public
(through newspapers) or policy-makers (through com-
bined stories and models).

When to Focus on Single-Scale Scenarios?

Large amounts of resources—time and money—are re-
quired for multiscale scenario development, especially if it
involves a high degree of stakeholder participation or an
iterative process between stakeholders, scenarios writers,
and modelers. When adequate resources are not available,
it might be sufficient to develop scenarios at a single scale.
Despite the advantages of multiscale scenarios, there are a
number of situations in which the full development of
multiscale scenarios might not prove to have a large added
value. For example:
• The importance of a local issue can be decoupled from issues at

the global scale. In the sub-global assessment in the Kristi-
anstad wetlands in Sweden, recent flooding events put
the question of coastal protection high on the local
agenda. The main issue was whether dikes should be
raised or natural area put aside as a flooding area.

• The national government is dominant in the management of
national resources. Because China is very large and has
many nationalities, the national government is dominant
in the organization of national resources. Hence the sub-
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Appendix Figure 6.8. Multiscale Design of the Sub-global Assessments in Southern Africa and Portugal

global assessment in western China accounted mostly for
national rather than global actors in its analyses.
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Main Messages

A driver is any natural or human-induced factor that directly or indirectly
causes a change in an ecosystem. A direct driver unequivocally influences
ecosystem processes. An indirect driver operates more diffusely, by altering
one or more direct drivers. Millennium Ecosystem Assessment categories of
indirect drivers of change are demographic, economic, sociopolitical, scientific
and technological, and cultural and religious. Important direct drivers include
changes in climate, plant nutrient use, land conversion, and diseases and
invasive species.

World population, a key indirect driver, will likely peak before the end of
the twenty-first century at less than 10 billion people. The global population
growth rate peaked at 2.1% per year in the late 1960s and fell to 1.35% per
year by 2000, when global population reached 6 billion. Population growth over
the next several decades is expected to be concentrated in the poorest urban
communities in sub-Saharan Africa, South Asia, and the Middle East. Popula-
tions in all parts of the world are expected to experience substantial aging
during the next century. While industrial countries will have the oldest popula-
tions, the rate of aging could be extremely fast in some developing countries.

Between 1950 and 2000, world GDP grew by 3.85% per year on average,
resulting in an average per capita income growth rate of 2.09%. In the MA
scenarios, per capita income grows two to four times between 2000 and 2050,
depending on scenario. Total economic output grows three to six times during
that period. With rising per capita income, the structure of consumption
changes, with wide-ranging potential for effects on ecosystem condition and
services. At low incomes, demand for food quantity initially increases and then
stabilizes. Food expenditures become more diverse, and consumption of in-
dustrial goods and services rises. These consumption changes drive area
expansion for agriculture and energy and materials use. In the MA scenarios,
land used for agriculture and biofuels expands from 4.9 million square kilome-
ters in 2000 to 5.3–5.9 million square kilometers in 2050. Water withdrawals
expand by 20–80% during the same period.

In the 200 years for which reliable data exist, the overall growth of consumption
has outpaced increases in materials and energy efficiency, leading to absolute
increases of materials and energy use.

Nations with lower trade barriers, more open economies, and transparent
government processes tend to have higher per capita income growth
rates. International trade is an important source of economic gains, as it en-
ables comparative advantage to be exploited and accelerates the diffusion of
more efficient technologies and practices. Where inadequate property rights
exist, trade can accelerate exploitation of ecosystem services.

Economic policy distortions such as taxes and subsidies can have seri-
ous environmental consequences, both in the country where they are
implemented and abroad. Subsidies to conventional energy are estimated to
have been $250–300 billion a year in the mid-1990s. Changes in greenhouse
gas emissions in the MA scenarios range from negative (a decline of 25%) to
positive (160%), depending on overall economic growth and subsidy reduc-
tions. The 2001–03 average subsidies paid to the agricultural sectors of OECD
countries were over $324 billion annually. OECD protectionism and subsidies
cost developing countries over $20 billion annually in lost agricultural income.

Since the mid-twentieth century, public sector investments in crop research
and infrastructure development have resulted in substantial yield increases
worldwide in some major food crops. These yield increases have reduced the
demand for crop area expansion arising from population and income growth.
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Among the main direct drivers, Earth’s climate system has changed since
the pre-industrial era, in part due to human activities, and is projected to
continue to change throughout the twenty-first century. During the last
100 years, the global mean surface temperature has increased by about 0.6�

Celsius, precipitation patterns have changed spatially and temporally, and
global average sea level rose 0.1–0.2 meters. The global mean surface tem-
perature is projected to increase 1.4–5.8� Celsius between 1990 and 2100,
accompanied by more heat waves. Precipitation patterns are projected to
change, with most arid and semiarid areas becoming drier and with an in-
crease in heavy precipitation events, leading to an increased incidence in
floods and drought. Global mean sea level is projected to increase by 0.05–
0.32 meters in the 1990–2050 period under the MA scenarios (0.09–0.88
meters between 1990 and 2100).

Plant nutrient application is essential to food production, but current
methods of use contribute to environmental and socioeconomic prob-
lems caused by greenhouse gas emissions, eutrophication, and off-farm
hypoxia. Nitrogen application has increased eightfold since 1960, but 50% of
the nitrogen fertilizer applied is often lost to the environment. Improvements in
nitrogen use efficiency require more investment in technologies that achieve
greater congruence between crop nitrogen demand and nitrogen supply from
all sources and that do not reduce farmer income. Phosphorus application has
increased threefold since 1960, with steady increase until 1990, followed by
leveling off at a level approximately equal to 1980s applications. These
changes are mirrored by phosphorus accumulation in soils, which can serve
as an indicator of eutrophication potential for freshwater lakes and P-sensitive
estuaries.

Land cover change is a major driver of ecosystem condition and ser-
vices. Deforestation and forest degradation affect 8.5% of the world’s remain-
ing forests, nearly half of which are in South America. Deforestation and forest
degradation have been more extensive in the tropics over the past few dec-
ades than in the rest of the world, although data on boreal forests are espe-
cially limited, and the extent of change in this region is less well known.
Approximately 10% of the drylands and hyper-arid zones of the world are
considered degraded, with the majority of these areas in Asia. Cropped areas
currently cover approximately 30% of Earth’s surface. In the MA scenarios,
cropped areas (including pastures) increase 9–21% between 1995 and 2050.

Human-driven movement of organisms, deliberate and accidental, is
causing a massive alteration of species ranges and contributing to
changes in ecosystem function. In some ecosystems, invasions by alien
organisms and diseases result in the extinction of native species or a huge
loss in ecosystem services. However, introductions of alien species can also
be beneficial in terms of human population; most food is produced from intro-
duced plants and animals.

7.1 Introduction
This chapter examines indirect and direct drivers of change
in ecosystem services (the two right boxes in the MA con-
ceptual framework; see Chapter 1 for the diagram and de-
scription of the conceptual framework). The goal is to
provide an overview at the global level of important drivers
of ecosystem condition and the ability to deliver services
that improve human well-being.

It is important to recognize that this chapter does not
cover the remaining two boxes of the framework—the
mechanisms by which the drivers interact with specific eco-
systems to alter their condition and ability to deliver services
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and the effects on human well-being. That discussion is left
to the individual condition and services chapters in the Cur-
rent State and Trends volume and to later chapters in this
volume. For selected driver categories, we do provide a
brief overview of some general ecosystem consequences
and some review of the range of values in the scenarios.
The MA conceptual framework is not the only way to or-
ganize an assessment of ecosystems. Other popular frame-
works that examine human-environment interactions
include the ecological footprint (Wackernagel and Rees
1996), IPAT and its derivatives (Ehrlich and Holden 1971;
York et al. 2003b), and consumption analysis (Arrow et al.
2004).

The MA definition of a driver is any natural or human-
induced factor that directly or indirectly causes a change in
an ecosystem. A direct driver unequivocally influences eco-
system processes. An indirect driver operates more diffusely,
by altering one or more direct drivers. The categories of
global driving forces used in the MA are: demographic, eco-
nomic, sociopolitical, cultural and religious, science and technology,
and physical and biological. Drivers in all categories other than
physical and biological are considered indirect. Important
direct (physical and biological) drivers include changes in
climate, plant nutrient use, land conversion, and diseases
and invasive species.

This chapter does not include natural drivers such as
solar radiation, natural climate variability and extreme
weather events, or volcanic eruptions and earthquakes. Al-
though some of these can have significant effects on ecosys-
tem services (such as the explosion of the Krakatoa volcano
in 1883, which resulted in lower temperatures globally for
several years, with negative impacts on agriculture world-
wide), space limitations preclude their inclusion. The focus
here is on anthropogenic drivers.

7.2 Indirect Drivers
We begin this chapter with a discussion of indirect driver
categories—demographic, economic, sociopolitical, cul-
tural and religious, and science and technology.

7.2.1 Demographic Drivers

The number of people currently residing on Earth is widely
acknowledged to be an important variable in influencing
ecosystem condition. There is also a growing recognition
that how population is distributed across age groups, urban
and rural regions, living arrangements, and geographic re-
gions affects consumption patterns and therefore ecosystem
impacts. These influences are also moderated by resources
available to individuals, how they choose to allocate them
(economic, sociopolitical, and cultural drivers), and the
changing technical relationships needed to convert raw ma-
terials provided by ecosystems into services of value to hu-
mans (science and technology drivers). In this section, we
address population dynamics, focusing on current conditions,
projections of the future, and the primary determinants of
population change: fertility, mortality, and migration.
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7.2.1.1 Current Conditions

Global population increased by 2 billion during the last
quarter of the twentieth century, reaching 6 billion in 2000.
During that time, birth rates in many parts of the world fell
far more quickly than anticipated, and life expectancies—
with some notable exceptions—improved steadily. Now
population growth rates are declining nearly everywhere.
The global growth rate peaked at 2.1% per year in the late
1960s and has since fallen to 1.35% (see Table 7.1), and the
annual absolute increment of global population peaked at
about 87 million per year in the late 1980s and is now about
78 million (United Nations 2003a). This does not mean that
little additional population growth is to be expected; global
population is likely to increase by another 2 billion over the
next few decades. (See Figure 7.1.) Nonetheless, the end of
world population growth, while not imminent, is now on
the horizon (Lutz et al. 2001).

Within the boundaries of the MA ecosystems, the culti-
vated system contains the greatest number of people (4.1
billion in 2000). The coastal system has the highest popula-
tion density, at 170 people per square kilometer (see MA
Current State and Trends, Table 5.1). Population growth over
the period 1990–2000 has varied across ecosystems. The
highest growth rate (18.5% net over the decade) occurred
in drylands. The greatest increase in population density was
found in the coastal zone, where population growth totaled
23.3 people per square kilometer over the decade. The cul-
tivated systems witnessed the greatest total increase in popu-
lation during the period—506 million additional people.
(See MA Current State and Trends, Chapter 5.)

The recent decades of great demographic change have
produced unprecedented demographic diversity across re-
gions and countries (Cohen 2003). Substantial population
increases are still expected in sub-Saharan Africa, South
Asia, and the Middle East. In Europe and East Asia, growth
has slowed or even stopped, and rapid aging has become a
serious concern.

Traditional demographic groupings of countries are
breaking down. In the United States, a high-income coun-
try, a doubling of population in the future is anticipated.
Many developing countries, including China, Thailand,
and North and South Korea, now have low fertility rates
that until recently were found only in high-income coun-
tries. In 24 countries, mainly in Europe, fertility has fallen
to very low levels—below an average of 1.5 births per
woman—prompting serious concerns not only about aging
but also about population decline.

Mortality and urbanization rates vary widely across
countries as well. Life expectancies are substantially higher
in high-income countries (about 75 years) than in develop-
ing ones (63 years), although the gap has closed from over
17 years of difference in the early 1970s to about 12 years
today. Particular countries or regions have done much bet-
ter, or worse, than the average: life expectancy in East Asia
grew impressively over the past few decades, while im-
provements stalled in Russia and have been reversed in
some parts of Africa (due primarily to the impact of HIV/
AIDS).
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Table 7.1 Global Population Trends since 1950 (United Nations 2003d)

Total population size

1950 1975 2000
(million)

Higher-income countries 813 1,047 1,194

Lower-income countries 1,706 3,021 4,877

Africa 221 408 796

Asia 1,398 2,398 3,680

Europe 547 676 728

Latin America and Caribbean 167 322 520

North America 172 243 316

Oceania 13 22 31

World 2,519 4,068 6,071

Population growth rate per year

1950–55 1970–75 1995–2000
(percent)

Higher-income countries 1.20 0.78 0.34

Lower-income countries 2.08 2.36 1.61

Africa 2.19 2.66 2.35

Asia 1.95 2.24 1.41

Europe 0.99 0.59 0.02

Latin America and Caribbean 2.65 2.45 1.56

North America 1.71 0.97 1.07

Oceania 2.15 2.07 1.41

World 1.80 1.94 1.35

Life expectancy, both sexes combined

1950–55 1970–75 1995–2000
(years)

Higher-income countries 66.1 71.4 74.8

Lower-income countries 41.0 54.7 62.5

Africa 37.8 46.2 50.0

Asia 41.4 56.3 65.7

Europe 65.6 71.0 73.2

Latin America and Caribbean 51.4 60.9 69.4

North America 68.8 71.6 76.4

Oceania 60.3 65.8 73.2

World 46.5 58.0 64.6

Total fertility rate

1950–55 1970–75 1995–2000
(fertility rate)

Higher-income countries 2.84 2.13 1.58

Lower-income countries 6.16 5.42 3.11

Africa 6.74 6.71 5.22

Asia 5.89 5.06 2.72

Europe 2.66 2.16 1.42

Latin America and Caribbean 5.89 5.03 2.72

North America 3.47 2.01 2.01

Oceania 3.90 3.25 2.45

World 5.02 4.48 2.83
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Figure 7.1. Global Population Projections, 2005–2100 (Lutz et al.
2001; United Nations 2003c; United States Census Bureau 2003;
World Bank 2003)

Regions are also distinguished by different urbanization
levels. High-income countries typically have populations
that are 70–80% urban. Some developing-country regions,
such as parts of Asia, are still largely rural, while Latin
America, at 75% urban, is indistinguishable from high-
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income countries in this regard. Within the MA system
boundaries, the coastal zone has the highest urbanization
rate, at 64% (see MA Current State and Trends, Chapter 27;
see also the discussion of urbanization in the land conver-
sion section later in this chapter).

The diversity of current conditions means that the out-
look for future demographic change is highly variable as
well. Current age structures are a key determinant of popu-
lation growth over the next few decades, due to the ‘‘mo-
mentum’’ inherent in young populations. Thus, currently
high-fertility regions with young age structures (sub-
Saharan Africa, Middle East, and South Asia) have some
population growth built in. In contrast, the very low fertil-
ity and relatively old age structures of some European coun-
tries have generated ‘‘negative momentum,’’ a built-in
tendency for the population to decline even if fertility rises
in the future (Lutz et al. 2003).

Differences in urbanization, education, economic and
social conditions (especially for women), and other deter-
minants of fertility change are also major factors in the out-
look for future demographic changes, and vary widely. As a
result, growth over the next several decades is expected to
be concentrated in particular sub-populations, especially the
poorest, urban communities in developing countries. In ad-
dition, while substantial population aging is expected in all
regions during the century, there will be strong differences
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in timing and degree. The lowest fertility high-income
countries are already aging and will lead the transition to
relatively old age structures, but in some developing coun-
tries such as China, which saw sharp declines in fertility
over the past few decades, aging is expected to proceed
more quickly.

7.2.1.2 Determinants of Fertility, Mortality, and Migration

Since the 1940s, demographers have projected future
changes in population size and composition by age and sex
using the cohort component method, which involves first
projecting trends in the components of population change:
fertility, mortality, and migration. Trends in these variables
are themselves influenced by a wide range of social, eco-
nomic, and cultural factors. This section briefly sketches the
principal determinants for each component.

7.2.1.2.1 Fertility

The conceptual basis for projecting future fertility changes
in a country differs, depending on its current level of fertil-
ity. Unless otherwise indicated, what is meant by ‘‘fertility’’
is the period total fertility rate. The TFR is defined as 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.

In those countries with high fertility—defined here as
fertility above the ‘‘replacement level’’ of slightly more than
two births per woman—demographic transition theory
provides the primary basis for forecasting fertility trends.
The concept of demographic transition is a generalization
of events observed over the past two centuries in those
countries with the highest incomes today. While different
societies experienced the transition in different ways, in
general these societies have gradually shifted from small,
slowly growing populations with high mortality and high
fertility to large, slowly growing populations with low mor-
tality and low fertility (Knodel and Walle 1979; van de Kaa
1996; Lee 2003). During the transition itself, population
growth accelerates because the decline in death rates pre-
cedes the decline in birth rates, creating a sudden ‘‘surplus’’
of births over deaths.

Evidence from all parts of the world overwhelmingly
confirms the relevance of the concept of demographic tran-
sition. The transition is well advanced in all developing
countries, except in sub-Saharan Africa, and even there the
beginnings of a fertility decline have become apparent
(Cohen 1998a; Garenne and Joseph 2002). Fertility is al-
ready at or below replacement level in several developing
countries, including China.

The idea that reduced demand for children drives fertil-
ity decline was given theoretical rigor in the 1960s with the
development of a theory based on changes in determinants
of parents’ demand for children (Becker 1960; Becker and
Lewis 1973; Becker and Barro 1988). The model assumes
that fertility falls because, as economic development pro-
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ceeds, parents’ preferences shift toward higher ‘‘quality’’
children requiring greater investments in education and
health, while increases in women’s labor force participation
and wages increase the opportunity costs of raising children.
At the same time, development leads to a decline in some
of the economic benefits parents may derive from children,
such as household labor, income, and old age security.
Thus, as the net cost of children rises, demand falls.

While an important advance in understanding fertility
behavior, this framework by itself is insufficient to explain
the diversity of observed fertility change. It has been ex-
tended and made more flexible by taking into account so-
ciological aspects such as the effects of development on
attitudes toward fertility regulation (Easterlin 1969, 1975),
the importance of education and social change in changing
women’s childbearing desires and their ability to achieve
them, changes in cultural contexts such as a decline in reli-
gious beliefs and increased materialism (Lesthaeghe 1983;
Ryder 1983), and shifts away from extended family struc-
tures toward the child-centered nuclear family (Caldwell
1982). Many researchers have also emphasized the impor-
tance of the spread of new ideas in general, and in particular
those regarding the feasibility and acceptability of birth con-
trol (Cleland and Wilson 1987; Bongaarts and Watkins
1996).

Population-related policies have clearly played a role in
the decline of fertility in developing countries over the past
several decades and are likely to be one determinant of fu-
ture fertility. For example, it is widely acknowledged that
China’s population policy played a central role in its very
rapid decline in fertility in the 1970s and in maintaining
China’s currently low fertility. Future changes to its one-
child policy could affect fertility trends over the coming
decades, although this link should not be considered auto-
matic (Wong 2001).

Family planning programs in many parts of the world
have been aimed at meeting ‘‘unmet need’’ for contracep-
tion by helping couples overcome obstacles (social and cul-
tural, as well as economic) to contraceptive use (Bongaarts
1994). Measuring the influence on fertility of family plan-
ning programs is difficult, but one estimate concluded that
43% of the fertility decline in developing countries between
the early 1960s and late 1980s could be attributed to pro-
gram interventions (Bongaarts 1997). Although family
planning programs have been the main intervention to
lower fertility, they have often been implemented concomi-
tantly with general economic development programs, edu-
cational programs, and health programs, each of which may
have an indirect effect on changing fertility. Future change
in fertility may also be affected by public policies that ad-
dress such social and economic factors as women’s status,
educational and employment opportunities, and public
health, as called for by the Cairo Program of Action, an
outcome of the 1994 International Conference on Popula-
tion and Development in Cairo. Although these policies are
not primarily motivated by their potential effect on demo-
graphic trends, achieving them would likely lead to lower
fertility (and lower mortality).
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While each perspective on the determinants of fertility
and mortality change offers important insights, no single,
simple theory explains the multifaceted history of demo-
graphic transition around the world. Each explanation suf-
fers from its own shortcomings, and for each, exceptions
can be found (Oppenheim-Mason 1997; Robinson 1997).
It is probably best to think of fertility and mortality transi-
tions as being driven by a combination of factors rather than
a single cause, but determining the precise mix of factors at
work in a particular population at a given time remains an
elusive goal (Hirschman 1994; National Research Council
2000).

Demographic transition theory provides little guidance
on future fertility trends in countries that have already com-
pleted the transition to low fertility. Traditionally, many
population forecasters assumed that fertility in all countries
would eventually stabilize at replacement level, leading to
stabilization of population growth. This approach has been
strongly criticized as assigning a magnetic force to ‘‘replace-
ment-level’’ fertility, without any empirical evidence that
total fertility rates will naturally drift to that level (Demeny
1997). Total fertility has been below replacement level in
20 European countries for at least two decades, and it is
currently below 1.5 children per woman in 21 European
countries (United Nations 2003a). Fertility has also fallen
below replacement level in several developing countries. By
2000, 59 countries were below replacement level fertility,
accounting for 45% of the world population (United Na-
tions 2003a).

Many arguments support the idea that fertility will de-
cline below replacement level in more populations in the
future. These arguments can be grouped together under the
term ‘‘individuation,’’ which encompasses the weakening
of family ties, characterized by declining marriage rates and
high divorce rates, the increasing independence and career
orientation of women, and value shifts toward materialism
and consumerism (Bumpass 1990). Individuation, together
with increasing demands and personal expectations for the
amount of attention, time, and money devoted to children,
is likely to result in fewer couples who have more than
one or two children and an increasing number of childless
women.

While current trends and some plausible explanations
may suggest that low fertility will continue, there is no
compelling theory that can predict reproductive behavior
in low-fertility societies. Although fertility typically contin-
ues to fall after reaching replacement level, there is no clear
pattern to subsequent fertility trends. In some countries, fer-
tility falls quickly to very low levels, while in others it has
followed a more gradual slide. In the United States, Swe-
den, and some other countries, fertility declined well below
replacement level and then rose nearly to replacement level
again (and in Sweden, then returned again to low levels).

Some of these changes have been due to changes in the
timing of births, even if the actual number of births women
have over their lifetimes has changed little. Since the mean
age of childbearing has been increasing in many high-
income countries over the past several decades, part of the
decline in TFR has been due to this timing effect and not
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to a change in the completed fertility of women (Bongaarts
and Feeney 1998). Proposed explanations for the trend
toward later childbearing include economic uncertainty for
young adults, lack of affordable housing, increases in higher
education enrollment rates, and difficulties women face in
combining child raising with careers, including cultural fac-
tors and inflexible labor markets (Kohler et al. 2002).

Some demographers argue that the TFR is likely to in-
crease in the future once the mean age of childbearing stops
rising, as happened in the 1980s in the United States when
fertility rose to its current, near-replacement level. An addi-
tional argument against continued very low fertility is that
in surveys conducted in much of Europe, women consis-
tently say they want about two children (Bongaarts 1999).
There are many reasons why women may fail to reach this
target (career plans, divorce, or infertility, for example), but
this finding suggests that fertility is unlikely to remain ex-
tremely low, especially if societies make it easier for women
to combine careers and childbearing. Nonetheless, it is un-
clear whether the younger women who are currently post-
poning births will recuperate this delayed fertility at older
ages (Lesthaeghe and Willems 1999; Frejka and Calot
2001).

7.2.1.2.2 Mortality

Mortality decline as a component of the demographic tran-
sition has typically begun with reductions in infectious dis-
ease driven by improvements in public health and hygiene
along with better nutrition as incomes rose and the impacts
of famines reduced (Lee 2003). Reduced infant mortality,
in particular, is a relatively straightforward consequence of
public health and sanitation expenditures. Later, reductions
in mortality are driven by reductions in chronic and degen-
erative diseases such as heart disease and cancer.

Mortality projections are based on projecting future life
expectancy at birth—that is, the average number of years a
child born today can expect to live if current age-specific
mortality levels continued in the future. (Life expectancy—
like the total fertility rate—measures the situation at a given
period of time; it does not reflect the actual experience of
an individual. Nonetheless, life expectancy provides a useful
summary of the mortality rates for each age and sex group
in a population at a particular time.)

Uncertainties about future changes in life expectancy are
quite different in high- and low-mortality countries. In the
latter, primarily in industrial regions, mortality is concen-
trated at old ages. The long-term outlook for life expec-
tancy improvements depends mainly on whether or not a
biological upper limit to life expectancy exists and, if it
does, how soon it might be reached. Death rates have been
declining steadily at old ages, but there is a range of opin-
ions on how long this trend can continue.

One point of view is that life expectancy in higher-
income countries is unlikely to increase much beyond 85
years from its current level of about 75 years. Some have
argued that this age represents an intrinsic (genetically de-
termined) limit to the human life span (DeFries et al. 2002).
Reductions in mortality that do occur are likely to increase
an individual’s chances of surviving to the maximum life
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span but not extend the maximum itself. Others argue that
while the intrinsic limit may be modifiable, in practical
terms it is unlikely to be exceeded without unforeseeable
medical breakthroughs (Olshansky et al. 1990; Olshansky et
al. 2001). This view is based on calculations showing that
increasing life expectancy to 85 years would require dra-
matic reductions in mortality rates, particularly among the
elderly. Olshansky et al. point out that complete elimination
of deaths from diseases such as heart disease, cancer, and
diabetes—which account for a large proportion of deaths
among the elderly—would not extend average life expec-
tancy beyond 90. Only breakthroughs in controlling the
fundamental rate of aging could do that.

Other researchers hold that reduced mortality among
the oldest ages could produce substantial improvements in
life expectancy. Data from several higher-income countries
shows that death rates at old ages have been falling over
the past several decades, and this improvement has been
accelerating, not decelerating, as would be expected if a
limit were being approached (Vaupel 1997; Oeppen and
Vaupel 2002).

In most developing countries, possible limits to the life
span are not as relevant to projections because life expectan-
cies are lower and mortality is not as concentrated at the
oldest ages. Future life expectancy will be determined by
the efficiency of local health services, the spread of tradi-
tional diseases such as malaria and tuberculosis and of new
diseases such as HIV/AIDS, as well as living standards and
educational levels. Projecting mortality in developing
countries is difficult because of the relative scarcity and poor
quality of data on current and past trends. In addition, the
future course of the HIV/AIDS epidemic could substan-
tially affect mortality in many countries, especially in sub-
Saharan Africa where HIV prevalence rates are especially
high. HIV/AIDS has slowed, and in some cases reversed,
the impressive gains in life expectancy in developing coun-
tries over the past several decades. In Botswana, for exam-
ple, life expectancy has dropped from about 65 years in the
early 1990s to 56 years in the late 1990s and is expected to
decline to below 40 years by 2005 (United Nations 2003e).

The possibility of environmental feedbacks is sometimes
suggested as important when considering future mortality
rates. The most frequently discussed possibilities for future
effects center around the idea of carrying capacity (the max-
imum number of people that Earth can support) and the
potential health impacts of climate change. Currently, how-
ever, population projections do not take explicit account of
possible large-scale environmental feedbacks on mortality
that have not yet occurred, although they do implicitly
consider smaller effects, since they have affected average
trends in the past, and since past trends serve as an important
component of projections (National Research Council
2000).

There are at least three reasons that carrying capacity is
not considered in long-term population projections. First,
there is no agreement on what the limiting factors to popu-
lation growth might be. Carrying capacity is contingent on
economic structure, consumption patterns, preferences (in-
cluding those regarding the environment), and their evolu-
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tion over time (Arrow et al. 1995), defying attempts to
attach a single number to the concept. Any proposed limit
relevant to projections over the next century or two would
depend primarily on which factor or factors were assumed
to be limiting, as well as on how thinly any one factor had
to be spread to begin to exert its limiting influence. Pro-
posed limits have been based on a wide range of factors,
including supplies of energy, food, water, and mineral re-
sources, as well as disease and biological diversity. No con-
sensus on the human carrying capacity has emerged; on the
contrary, the range of estimates has widened over time
(Cohen 1995). Second, even if the relevant factors could be
agreed on, it would be difficult to project the future evolu-
tion of those factors for use in population projections (Key-
fitz 1982). Future agricultural systems, energy supplies, and
water availability are difficult to foresee in their own right,
and there is no consensus in these areas to which demog-
raphers might turn. Third, even if these factors could be
reliably predicted, their effects are mediated through eco-
nomic, political, and cultural systems in ways that are not
possible to quantify with confidence (Cohen 1998b).

Environmental effects on mortality short of a large-scale
catastrophe have received increasing attention, especially
those that might be driven by future climate change, partic-
ularly in combination with other trends such as changing
spatial distributions of population, land use change, and ag-
ricultural intensification. The ultimate mortality impact of
these environmental health risks is uncertain (Daily and
Ehrlich 1996). (See Chapter 9 of IPCC (2002) for a discus-
sion of climate change and human health, and Chapter 11
in this volume.) Yet even the most pessimistic forecasts for
additional deaths, when spread over large populations, do
not significantly change the general outlook for mortality
globally.

7.2.1.2.3 International migration

Future international migration is more difficult to project
than fertility or mortality. Migration flows often reflect
short-term changes in economic, social, or political factors,
which are impossible to predict. And since no single, com-
pelling theory of migration exists, projections are generally
based on past trends and current policies, which may not be
relevant in the future. Even past migration flows provide
minimal guidance because there is often little information
about them.

Projections of international migration generally begin
with consideration of current and historical trends (Zlotnik
1998; United Nations 2003b). For example, most projec-
tions foresee continued net migration into traditional re-
ceiving countries such as the United States, Canada, and
Australia. These trends may then be modified based on po-
tential changes in underlying forces affecting migration.
The forces are complex, and no single factor can explain
the history of observed migration trends. For example, pop-
ulation growth rates in sending regions are not a good indi-
cator of emigration flows. In general, correlations between
rates of natural increase in developing countries and levels
of emigration to higher-income countries have been weak
or nonexistent.
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A number of theories from different disciplines have at-
tempted to explain migration flows (Massey et al. 1998).
International migration is often viewed mainly as a mecha-
nism for redistributing labor to where it is most productive
(Todaro 1976), driven by differences in wages among areas.
Individuals decide whether to migrate by weighing the esti-
mated benefits of higher wages in a new location against
the costs of moving. The choice of destination will depend
on where migrants perceive their skills to be most valuable.

This basic model emphasizing the labor market has been
extended to address recognized shortcomings. The newer
approach, sometimes called new economics models, as-
sumes that migration decisions are not strictly individual but
are affected by the preferences and constraints of families.
Decisions are made not only to maximize income, for ex-
ample, but also to meet family or household demands for
insurance. By diversifying family labor, households can
minimize risks to their well-being (Stark 1991).

Migration theory also requires consideration of political
factors, especially to explain why international flows are
much lower than would be predicted based solely on eco-
nomic costs and benefits. Since a fundamental function of
the state is to preserve the integrity of a society by control-
ling entry of foreigners, explanations must balance the in-
terests of the individual with those of society as expressed
through migration policies.

The various factors influencing migration decisions are
often categorized according to whether they attract mi-
grants to a region of destination (‘‘pull’’ factors), drive mi-
grants out of regions of origin (‘‘push’’ factors), or facilitate
the process of migration (‘‘network’’ factors) (Martin and
Widgren 1996). In addition to the factors evoked by these
theories, others might include the need to flee life-threaten-
ing situations, the existence of kin or other social networks
in destination countries, the existence of an underground
market in migration, and income inequality and changes in
cultural perceptions of migration in sending countries that
are induced by migration itself (United Nations 1998).

An additional factor particularly relevant to the MA is
the potential for growing numbers of ‘‘environmental refu-
gees’’—people driven to migrate by environmental factors
(El-Hinnawi 1985). There is considerable debate on the rel-
evance of environmental change to migration (Suhrke
1994; Hugo 1996). At one end is the view that environ-
mental conditions are just one of many ‘‘push’’ factors in-
fluencing migration decisions (MacKellar et al. 1998).
Environmental change, in this view, primarily acts indi-
rectly by reducing income (by, for example, reducing ag-
ricultural productivity), making income less stable or
negatively affecting health or environmental amenities. It
also acts in concert with other factors, and therefore its rela-
tive role is difficult to isolate. At the other end lies the view
that deteriorating environmental conditions are a key cause
of a significant number of migrants in developing countries
(Jacobson 1989; Myers 2002). While other factors such as
poverty and population growth may interact with environ-
mental change, environmental degradation is assumed to
play a principal role.
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The degree to which environmental migration is rele-
vant to long-term population projections depends in part
on the anticipated magnitude of the population move-
ments. One estimate puts the number of environmental ref-
ugees in the mid-1990s at 25 million (over half of them in
sub-Saharan Africa) (Myers and Kent 1995; Myers 2002).
In comparison, there were about 26 million refugees as tra-
ditionally defined and an estimated 125 million interna-
tional migrants—that is, people living in a country other
than the one in which they were born (Martin and Wid-
gren 1996; United Nations 1998). According to the United
Nations High Commissioner on Refugees, there were
about 13 million refugees in 1995, and an additional 13
million ‘‘persons of concern to the UNHCR,’’ a group that
includes people forced from their homes or communities
but still residing in their own countries. Since Myers in-
cludes displaced persons who have not crossed international
borders in his definition of ‘‘environmental refugees,’’ the
total figure—26 million—is the most relevant for compari-
son. Myers (2002) predicts that the number of environmen-
tal refugees is likely to double by 2010, and could swell to
200 million by 2025 due to the impacts of climate change
and other sources of environmental pressure.

The potential relevance of these figures to population
projections also depends on the level of aggregation. Most
environmental migration occurs within national boundaries
and therefore would not affect any of the long-term popu-
lation projections. Additionally, some long-term projections
are made at the level of world regions, so that much of the
international migration would be masked as well. Finally, if
environmental migration occurs in the future, its relevance
compared with other factors driving migration, such as eco-
nomic imbalances, must be weighed before concluding it is
important to long-range population projections.

7.2.1.3 Demographic Change and Ecosystem Consequences

The ways in which population change influences ecosys-
tems are complex. The basic pathway is from growing con-
sumption driven by population to production processes that
rely in part on ecosystem services to meet that consump-
tion. The ultimate effects on ecosystems of an additional
person are influenced by the entire range of indirect drivers.
Research on direct population-environment interactions
has focused increasingly on demographic characteristics that
go beyond population size, and on a wide range of mediat-
ing factors.

For example, the energy studies literature has identified
household characteristics such as size, age, and composition
as key determinants of residential energy demand (Schipper
1996a). Household size appears to have an important effect
on per capita consumption, most likely due to the existence
of substantial economies of scale in energy use at the house-
hold level (Ironmonger et al. 1995; Vringer and Blok 1995;
O’Neill and Chen 2002). Smaller household size is often
accompanied by a larger number of households, and there is
some evidence that the number of households, rather than
population size per se, drives environmentally significant
consumption (Cramer 1997, 1998). Research on ecological
impacts of changes in household size and numbers has a
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shorter history but has also suggested a link between the
two (Liu et al. 2003). Much of this literature is based on
case studies, which suggest the importance of local context
in determining population and land use interactions (Na-
tional Academy of Sciences 2001). It has also been suggested
that larger populations create difficulties for democratic in-
stitutions and thus environmental governance (Dahl and
Tufte 1973; Frey and Al-Mansour 1995; Dietz 1996/1997).

These relationships may be important determinants of
aggregate consumption in the future, since the proportion
of the population living in various household types may
shift substantially. The aging process itself leads to a shift
toward smaller households, as children become a smaller
fraction of the population. In addition, changes in prefer-
ences for nuclear over extended households may lead to
even greater shifts in developing countries.

7.2.1.4 Overview of Demographic Drivers in the MA Scenarios

Four population projections were developed for the MA
Scenarios Working Group to use in the quantification of
storylines. All four projections are based on the IIASA 2001
probabilistic projections for the world (Lutz et al. 2001),
but they are designed to be consistent with the four MA
storylines, as judged by the Working Group with additional
input from IIASA demographers (O’Neill 2005).

Table 7.2 lists the qualitative assumptions about fertility,
mortality, and migration for each storyline. These assump-
tions are expressed in terms of high, medium, and low
(H/M/L) categories, defined not in absolute but in relative
terms—that is, a high fertility assumption for a given region
means that fertility is assumed to be high relative to the
median of the probability distribution for future fertility in
the IIASA projections. Since the storylines describe events
unfolding through 2050, the demographic assumptions
specified here apply through 2050 as well. For the period
2050–2100, the demographic assumptions were assumed to
remain the same, in order to gauge the consequences of
trends through 2050 for the longer term. This is not in-
tended to reflect any judgment regarding the plausibility of
trends beyond 2050.

Figure 7.2 shows results for global population size. The
range of population values in the scenarios is 8.1–9.6 billion
in 2050 and 6.8–10.5 billion in 2100. These ranges cover
50–60% of the full uncertainty distribution for population

Table 7.2 Fertility, Mortality, and Migration Assumptions, by Scenarioa

Variable Global Orchestration TechnoGarden Order from Strength Adapting Mosaic
Fertility HF: low

LF: low
VLF: medium

HF: medium
LF: medium
VLF: medium

HF: high
LF: high
VLF: low

Order from Strength until 2010, 
deviate to medium by 2050

Mortality D: low
I: low

D: medium
I: medium

D: high
I: high

Order from Strength until 2010, 
deviate to medium by 2050

Migration high medium low low

Key: I � more-developed country regions, D � less-developed country regions, HF � high-fertility regions (TFR � 2.1 in year 2000), LF � low-fertility
regions (1.7 � TFR � 2.1), VLF � very-low-fertility regions (TFR � 1.7).

Notes: aIn the ITASA projections, migration is assumed to be zero beyond 2070, so all scenarios have zero migration in the long run.
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Figure 7.2. MA World Population Scenarios, 2000–2100. OS:
Order from Strength, TG: TechnoGarden, AM: Adapting Mosaic, GO:
Global Orchestration. An overview of each scenario can be found in
the Summary.

size in the IIASA projections. The primary reason that these
scenarios do not fall closer to the extremes of the full uncer-
tainty distribution is that they correlate fertility and mortal-
ity: the Order from Strength scenario generally assumes
high fertility and high mortality, and the Global Orchestra-
tion scenario generally assumes low fertility and low mortal-
ity. Both of these pairs of assumptions lead to more
moderate population size outcomes.

7.2.2 Economic Drivers: Consumption, Production, and
Globalization

Economic activity is a consequence of humans striving to
improve their well-being. It is the myriad of technological
processes that combine physical inputs, many derived from
ecosystems, with human effort to generate goods and ser-
vices that can improve human well-being. This activity is
influenced by the endowment of natural resources, includ-
ing ecosystem services (natural capital), the number and
skills of humans (human capital), the stock of built resources
(manufactured capital), and the nature of human institu-
tions, both formal and informal (social capital). An early
definition of social capital was ‘‘features of social organiza-
tion, such as trust, norms, and networks that can improve
the efficiency of society by facilitating coordinated actions’’
(Putnam et al. 1993, p 167). We expand the definition here
to include formal institutions, such as the various levels of
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governments and their policies and regulations, and cultural
and religious aspects of social organization.

Economic activity is also strongly influenced by available
technologies. Local resource endowments of all kinds, and
technologies, can be enhanced by access to other markets.
International flows of goods and services, capital, labor, and
ideas change the mix of economic activities that can be un-
dertaken at home and the variety of items available for con-
sumption.

7.2.2.1 Economic Growth, Changing Consumption Patterns,
and Structural Transformation

Human well-being is clearly affected by economic growth
and its distribution. Income received by individuals and
families determines their level and nature of consumption.
As per capita income grows, the nature of consumption
changes, shifting from basic needs to goods and services that
improve the quality of life. Businesses respond to these
changing demands by producing an evolving mix of prod-
ucts.

As income increases, the mix of economic activities
changes. This process, sometimes referred to as structural
transformation, is driven by human behavior summarized
in the form of two related economic ‘‘laws’’ with important
consequences for ecosystems—Engel’s law and Bennett’s
law. Engel’s law, named after the German statistician who
first observed the resulting statistical regularity, states that as
income grows, the share of additional income spent on food
declines. This relationship follows from basic human behav-
ior. After basic food needs are met, the demand for an addi-
tional quantity of food drops off rapidly. Bennett’s law states
that as incomes rise, the source of calories changes. (A
monograph by M. K. Bennett on Wheat in National Diets
in a 1941 issue of Wheat Studies (Bennett 1941) and related
comparative studies of the consumption of staple foods led
to the empirical generalization that there is an inverse rela-
tionship between the percentage of total calories derived
from cereals and other staple foods and per capita income.)
The importance of starchy staples (e.g. rice, wheat, pota-
toes) declines, and diets include more fat, meat and fish, and
fruits and vegetables. This behavior is the result of a general
human desire for more dietary diversity and the ability to
afford it as income rises.

These laws have several consequences for ecosystem
condition and demand for ecosystem services. As income
grows, the demand for nonagricultural goods and services
increases more than proportionally. Producers respond by
devoting relatively more resources to industry and service
activities than agriculture. The share of agricultural output
in total economic activity falls. The shift to a more diverse
diet, in particular to more animal- and fish-based protein
intake, slows the shift away from agriculture. Total con-
sumption of starchy staples rises over some range of incomes
as animal consumption that relies on feed grains gradually
replaces direct human consumption of those grains. Even-
tually the demand for more diverse diets is satisfied, and
further income growth is spent almost entirely on nonagri-
cultural goods and services.
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Industrial output share rises initially but then falls.
Throughout the process of economic development, the im-
portance of services in economic output rises continuously.
A consequence of this shift toward services is that by the
late 1990s, services provided more than 60% of global output,
and in many countries an even larger share of employment
(World Trade Organization 2004). In 2000, agriculture ac-
counted for 5% of world GDP, industry accounted for 31%,
and service industries, 64% (World Resources Institute et al.
2002).

Figure 7.3 documents the shift in economic structure in
the past two centuries of the world’s largest economies from
agricultural production to industry and, to a greater extent,
services. In developing regions a marked decline in the con-
tribution of agriculture to GDP has occurred in recent
years, but the contribution of services is larger than it was
historically in industrial countries at the same level of in-
come.

The shift away from agriculture and toward nonagricul-
tural goods and then services is sometimes viewed as a proc-
ess that ultimately reduces pressures on ecosystems, since
services are assumed to be the least demanding of ecosystem
products. But this outcome must be interpreted carefully. It
is important to distinguish between absolute and relative
changes. High-income countries almost always produce
more agricultural output than when they were poor, but
industrial and services output grows much faster, so the rela-
tive contribution of agriculture declines. Technological
change further replaces most of the labor force in agricul-
ture, potentially altering the demands for ecosystem ser-
vices. The way agricultural statistics are reported also tends
to overemphasize the extent of the decline in the economic
importance of agriculture. In developing countries, the ag-
ricultural sector is ‘‘vertically integrated’’—farmers produce
everything from seeds and agricultural infrastructure to food
services. In high-income countries, ‘‘agricultural’’ statistics
focuses only on production of primary products. ‘‘Food’’
production is reported in statistics on industry, transport,
and services (fast food, restaurants, and so on).

Urbanization also influences the structure of food con-
sumption, increasing the service content dramatically. Rural
consumers are more likely to consume food produced at
home. Urban consumers are more likely to demand easily
prepared, quick meals and to purchase them from restau-
rants. Supermarkets replace neighborhood stores and street
vendors.

A few examples from Asian countries with rapidly rising
incomes illustrate these phenomena, although similar
changes are occurring throughout the developing world
today and happened in the industrial world in the twentieth
century. Data from China show that the human intake of
cereals and the consumption of coarse grains decreased dur-
ing the past two decades in both urban and rural popula-
tions, and there was a dramatic increase in the consumption
of animal foods. A similar, but less dramatic change is also
observed in India, with figures that suggest a doubling in
the intake of fat calories over a 20-year period. Although
the Indian consumption of rice and wheat has been increas-
ing, the percentage of all cereals in household expenditure
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Figure 7.3. Changes in Economic Structure for Selected Countries, 1820–1992 (Nakićenović et al. 2000; Maddison 1995)

has been declining. Meat consumption in India has been
growing, although not as fast as in China (FAO 2004). The
major increases in food consumption in India are in milk,
eggs, fruit, and vegetables. Vegetable oil demand is also
growing (USDA 2001).

By 2002, the share of supermarkets in the processed and
packaged food retail market was 33% in Southeast Asia and
63% in East Asia. The share of supermarkets in fresh foods
was roughly 15–20% in Southeast Asia and 30% in East Asia
outside China. The 2001 supermarket share of Chinese
urban food markets was 48%, up from 30% in 1999. Super-
markets are also becoming an emerging force in South Asia,
particularly in urban India since the mid-1990s (Pingali and
Khwaja in press).

7.2.2.2 Economic Growth, Distribution, and Globalization

The rate of growth and its sectoral composition depend on
resource endowments, including ecosystem condition, on
the technologies available, and on the extent of market
reach. Hence the effects of global economic performance
on ecosystems are more than straightforward changes in na-
tional income. International trade, capital flows, technology
transfer, and technical change are crucial elements in global
growth.

Perhaps the most comprehensive compilation of data on
historical economic development is that of Maddison
(1995). Table 7.3 shows Maddison’s per capita GDP growth
rate estimates for selected regions and time periods. Since
1820, global GDP has increased by a factor of 40, or at a
rate of about 2.2% per year. In the past 110 years, global per
capita GDP grew by a factor of more than five, or at a rate
of 1.5% per year. Between 1950 and 2000, world GDP
grew by 3.85%, resulting in an average per capita income
growth rate of 2.09% for that period (Maddison 2003).
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In the late twentieth century, income was distributed
unevenly both within countries and around the world. (See
Figure 7.4.) The level of per capita income was highest in
North America, Western Europe, Australasia, and North-
east Asia (see Figure 7.5 in Appendix A), but growth rates
were highest in South Asia, China, and parts of South
America (see Figures 7.6a and 7.6b in Appendix A). If these
trends continue, global income disparities will be reduced,
although national disparities might increase. Africa is a con-
spicuous exception to the trend of growing incomes.

Economic growth is facilitated by trade. Growth in in-
ternational trade flows has exceeded growth in global pro-
duction for many years, and the differential may be
growing. (See Figure 7.7.) In 2001, international trade in
goods was equal to 40% of gross world product (World
Bank 2003). Growth in trade of manufactured goods has
been much more rapid than trade in agricultural or mining
products. (See Figure 7.8.)

High incomes in OECD countries and rapid growth in
income in some lower-income countries, combined with
unprecedented growth of global interconnectedness, is
leading to dramatic changes in lifestyles and consumption
patterns. For example, tourism is one of the most rapidly
growing industries, and growth in trade of processed food
products and fresh fruits and vegetables is much more rapid
than growth in trade of raw agricultural commodities.

Economic growth requires an expansion of physical and
institutional infrastructure. The development of this infra-
structure can play a major role in the impacts on ecosys-
tems. In a review of 152 studies of tropical deforestation,
Geist and Lambin (2002) found that 72 studies cited infra-
structure extension (including transportation, markets, set-
tlements, public services, and private-sector activities) as an
important direct driver. In a similar study evaluating 132
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Table 7.3 Per Capita GDP Growth Rates for Selected Regions and Time Periods (Nakićenović et al. 2000, based on Maddison 1995,
with 1990–2000 data from Maddison 2003)

1870–1913 1913–50 1950–80 1980–92 1990–2000
(percent per year)

Western Europe 1.3 0.9 3.5 1.7 1.7

Australia, Canada, New Zealand, United States 1.8 1.6 2.2 1.3 1.9

Eastern Europe 1.0 1.2 2.9 –2.4 0.6

Latin America 1.5 1.5 2.5 –0.6 1.4

Asia 0.6 0.1 3.5 3.6 3.2

Africa 0.5 1.0 1.8 –0.8 0.1

World (sample of 199 countries) 1.3 0.9 2.5 1.1 1.5

Figure 7.4. Income Level and Distribution, 1970 and 2000. Note:
the data used are adjusted to 1985 prices and are PPP adjusted,
drawing on various Summers and Heston/Penn-World Tables work.
(Sala-i-Martin 2003, as reproduced in Barro and Sala-i-Martin 2003)

studies on desertification, they found infrastructure exten-
sion cited 73 times (Geist and Lambin 2004).

7.2.2.3 Economic Distortions

Government policies can alter market outcomes, increasing
or reducing prices and changing production and consump-
tion levels. By some estimates, distortions in agricultural
markets are the largest. Total support to agriculture in
OECD countries averaged over $324 billion per year in
2001–03; about three quarters of this amount was used to
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Figure 7.7. World Trade and GDP Growth, 1930–95 (World Trade
Organization 2003)

Figure 7.8. World Merchandise Trade by Major Trade Groups,
1950–2001 (http://www.wto.org/English/res_e/statis_e/its2002_e/
its02_longterm_e.htm)
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support farm income directly, while the remainder went
into general infrastructure improvements, research, market-
ing, and so on (OECD 2004). Many of these subsidies were
in the form of higher prices to farmers, providing direct
incentive to increase agricultural production. In low-
income countries, on the other hand, governments some-
times tax agriculture directly or indirectly and do not
provide support systems of research, marketing, and trans-
portation infrastructure (Anderson and Hayami 1986).

According to the U.N. Environment Programme
(UNEP 1999), global energy subsidies currently total $200
billion a year (de Moor 2002). OECD countries spend some
$82 billion a year subsidizing energy production, mostly
through tax breaks, cheap provision of public infrastructure
and services, subsidized capital, and price support (OECD
1997). Globally, more than 80% of the subsidies are for fossil
fuels use, among the most polluting energy sources.

7.2.2.4 Determinants of Economic Growth and Development

Economic growth and development depend on growth in
the availability of resources, the mobility of those resources,
the efficiency of their use, and the institutional and policy
environment. Growth in per capita output depends on total
output growing more rapidly than population.1

Numerous preconditions must be met before any ‘‘take
off ’’ into accelerated rates of productivity and economic
growth can materialize. Research based on historical evi-
dence allows a number of generalizations as to the patterns
of advances in productivity and economic growth—the im-
portance of economic openness to trade and capital flows
and the contribution of technological change either
through innovation or adoption. Little research has been
undertaken on the role of ecosystems in economic growth.

Chenery et al. (1986) and Barro (1997) indicate strong
empirical evidence of a positive relationship between trade
openness and productivity, industrialization, and economic
growth. For example, between 1990 and 1998 the 12 fast-
est-growing developing countries saw their exports of
goods and services increase 14% and their output 8%
(World Bank 2002). Dosi et al. (1990) highlight the critical
roles of policies and institutions in realizing economic gains
from the international division of labor.

It is theoretically possible that trade liberalization could
have negative economic impacts on countries where prop-
erty rights are not well defined, but little empirical evidence
exists of this actually occurring. However, not all trade
flows are equal in their effects on growth. Dollar and Col-
lier (2001) found that the countries experiencing the most
rapid trade-driven economic growth were trading a large
share of high-technology products.

The late twentieth century trend toward more open
economies led to greater uniformity in macroeconomic
(monetary, fiscal, and exchange rate) policies across the
world and facilitated capital mobility. International capital
flows are critical to economic growth because they relieve
resource constraints and often facilitate technology transfers
that enhance productivity of existing resources. But not all
developing countries participated equally. For instance, the
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vast majority of private-sector capital flows is concentrated
in the 10 largest developing countries (World Bank 2002).

Adoption of technical improvements leads to the pro-
ductivity growth essential to improvements in per capita
income. Expenditures on research and development typi-
cally have high returns. Late-developing countries can, for
a time, rely on borrowing technologies to improve produc-
tivity. Growth rates tend to be lower for economies at the
technology and productivity frontier. For instance, nine-
teenth-century productivity and per capita GDP growth
rates in the rapidly industrializing United States far ex-
ceeded those of England, then at the technology and pro-
ductivity frontier. Likewise, in the post–World War II
period, growth rates in Japan and most of Western Europe
exceeded U.S. rates (by then at the technology and produc-
tivity frontier) (Maddison 1991, 1995). High human capital
(education), a favorable institutional environment, free
trade, and access to technology are key factors for rapid eco-
nomic catch-up.

Sustained high-productivity growth and in some cases
exploitation of natural resources (including ecosystem ser-
vices) resulted in the current high levels of per capita in-
come in OECD countries. Latecomers (such as Austria,
Japan, and Scandinavia) rapidly caught up to the productiv-
ity frontier of other OECD economies in the post–World
War II period. Per capita GDP growth rates of 3.5% per
year were, for instance, achieved in Western Europe be-
tween 1950 and 1980. The developing economies of Asia
achieved high per capita GDP growth rates beginning in
the 1960s. Per capita GDP growth rates of individual coun-
tries have been extremely high for short periods—8% a year
in Japan in 1950–73, 7% in Korea between 1965 and 1992,
and over 6% per year in China from the early 1980s to the
mid-2000s (Maddison 1995).

7.2.2.5 Economic Productivity and Energy and Materials
Intensity

Economy activity requires energy and physical inputs, some
of which are ecosystem services, to produce goods and ser-
vices. The rate of conversion of inputs to economically val-
uable outputs is an important determinant of the impact on
ecosystems. Materials and energy requirements (inputs) per
unit of economic activity (often measured by GDP) are re-
ferred to as materials and energy intensity, respectively.
Some evidence suggests that materials and energy intensity
follow an inverted U-curve (IU hypothesis) as income
grows—that is, the requirements per unit of economic ac-
tivity rise for some earlier increases in economic activity
and then decline. For some materials, the IU hypothesis
(Moll 1989; Tilton 1990) holds quite well. The underlying
explanatory factors are a mixture of structural change in the
economy along with technology and resource substitution
and innovation processes. Recent literature suggests that an
N-shaped curve better describes the relationship of material
intensity in high-income countries (De Bruyn and Op-
schoor 1994; De Bruyn et al. 1995; Suri and Chapman
1996; Ansuategi et al. 1997).2

Figure 7.9 in Appendix A shows material intensity ver-
sus per capita income data for 13 world regions for some
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metals (van Vuuren et al. 2000; see also the discussion in
De Vries et al. 1994). Figure 7.10 in Appendix A shows a
similar curve for total energy intensity (including traditional
noncommercial energy forms) for 11 world regions, again
as a function of per capita income (Nakićenović et al. 1998).

Commercial energy intensity of GDP generally follows
the IU hypothesis, although the initially rising part of com-
mercial energy intensity stems from replacing traditional
energy forms and technologies with modern commercial
energy forms. Traditional energy sources such as fuelwood;
agricultural wastes, including dung; work of animals; wind
mills; and water wheels have low energy intensity compared
with modern energy sources such as oil products and elec-
tricity. The traditional methods of biomass combustion are
not only inefficient but lead to a wide range of health haz-
ards, such as indoor air pollution (Smith and Mehta 2003).
Replacing traditional energy sources and carriers with mod-
ern sources increases the conversion efficiencies, especially
at the point of end use. Consequently, the resulting aggre-
gate total (commercial plus noncommercial) energy inten-
sity shows a persistent declining trend over time, especially
with rising incomes (Watson et al. 1996; Nakićenović et al.
1998). (See Figure 7.11 in Appendix A.)

There are two important points to retain from Figures
7.9–7.11 in Appendix A. First, energy and materials inten-
sity (that is, energy use per unit of economic output) tend
to decline with rising levels of GDP per capita. In other
words, energy and material productivity—the inverse of
energy intensity—improve in line with overall macro-
economic productivity.

Second, growth in productivity and intensity improve-
ment has historically been outpaced by economic output
growth. Hence, materials and energy use have risen in abso-
lute terms over time (Nriagu 1996; Watson et al. 1996;
Grübler 1998). An important issue for the future is whether
technological advancement can outpace economic growth
and lead to reductions in materials and energy use.

It is also important to emphasize that energy and mate-
rial intensity are affected by many factors other than macro-
economic productivity growth. OECD (1998) notes that
high rates of productivity increase have been associated in
the past with new competitive pressures, strong price or
regulatory incentives, catching up or recovery, and a good
‘‘climate for innovation.’’ Table 7.4 summarizes selected
macroeconomic, labor, energy, and material productivity
increases that have been achieved in a range of economies
and sectors at different times. (See also the discussion later
on science and technology drivers.) This historical evidence
suggests that continued productivity growth is a reasonable
assumption for the future.

For instance, low historical rates of energy intensity im-
provement reflect the low priority placed on energy effi-
ciency by most producers and users of technology. On
average, energy costs account for only about 5% of GDP.
Energy intensity reductions average about 1% per year, in
contrast to improvements in labor productivity above 2%
per year over the period 1870 to1992. Over shorter time
periods, and given appropriate incentives, energy intensity
improvement rates can be substantially higher, as in the
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OECD countries after 1973 or in China since 1977, where
energy intensity improvement rates of 5% have been ob-
served.

Rapid productivity growth can also occur during peri-
ods of successful economic catch-up; for instance, Japanese
labor productivity grew at 7.7% annually during 1950–73
(Maddison 1995). Similar high-productivity growth was
also achieved in industrial oil usage in the OECD or U.S.
car fuel economies after 1973. Of the examples given in
Table 7.4, productivity increases are the highest for com-
munication. Many observers consider that communication
may become as an important a driver of economic growth
in the future as traditional resource- and energy-intensive
industries have been in the past.

7.2.2.6 Economic Drivers and Ecosystem Consequences

The twin questions of the sustainability of economic
growth and its impact on the environment were given high
visibility by the 1987 report of the World Commission on
Environment and Development (World Commission on
Environment and Development 1987). Researchers have
started to look for empirical evidence to answer these ques-
tions and provide a theoretical basis for understanding the
interactions between economic development and environ-
mental quality (Grossman 1995; Dasgupta et al. 1997).

Some argue that continuous economic growth requires
an ever-increasing amount of resources and energy and pro-
duces rising pollution and waste levels. As Earth’s natural
resources and its capacity to absorb waste are finite, contin-
uous economic growth will eventually overwhelm the car-
rying capacity of the planet (Georgescu-Roegen 1971 cited
in Meadows et al. 1972; Panayotou 2000). Therefore, they
argue, economic systems must eventually be transformed to
steady-state economies, in which economic growth ceases
(Daly 1991).

Others argue that economic growth results eventually in
a strengthening of environmental protection measures and
hence an increase in environmental quality. Higher per cap-
ita income levels spur demand for a better environment,
which induces development of policies and regulations to
address environmental quality problems. As the IU hypoth-
esis suggests, initial empirical research found that at lower
levels of income, economic growth is connected with in-
creasing environmental damage. But after reaching a certain
level of per capita income, the impact on at least some ele-
ments of environmental quality reverses.

Pollution abatement efforts appear to increase with in-
come, a growing willingness to pay for a clean environ-
ment, and progress in the development of clean technology.
This process seems well established for traditional pollut-
ants, such as particulates and sulfur (e.g., World Bank 1992;
Kato 1996; Viguier 1999), and there have been some claims
that it might apply to greenhouse gas emissions. Schmalen-
see et al. (1998) found that CO2 emissions have flattened
and may have reversed for highly developed economies
such as the United States and Japan. This IU relationship is
sometimes referred to as the Environmental Kuznets Curve,
named for a similar-looking relationship between income
and inequality identified by Simon Kuznets (Kuznets 1955).
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Table 7.4 Examples of Productivity Growth for the Entire Economy and for Selected Sectors and Countries (Nakićenović et al. 2000)

Sector/Technology Region Productivity Indicator Period Annual Productivity Change
(percent)

Whole economy a 12 countries Europe GDP/capita 1870–1992 1.7

Whole economy a 12 countries Europe GDP/hour worked 1870–1992 2.2

Whole economy a U.S. GDP/hour worked 1870–1973 2.3

Whole economy a U.S. GDP/hour worked 1973–92 1.1

Whole economy a Japan GDP/hour worked 1950–73 7.7

Whole economy a South Korea GDP/hour worked 1950–92 4.6

Whole economy b World GDP/primary energy 1971–95 1.0

Whole economy b OECD GDP/primary energy 1971–95 1.3

Whole economy b U.S. GDP/primary energy 1800–1995 0.9

Whole economy b United Kingdom GDP/primary energy 1890–1995 0.9

Whole economy b China GDP/primary energy 1977–95 4.9

Whole economy c Japan GDP/material use 1975–94 2.0

Whole economy c U.S. GDP/material use 1975–94 2.5

Agriculture d,e Ireland tons wheat/hectare 1950–90 5.3

Agriculture e Japan tons rice/hectare 1950–96 2.2

Agriculture e India tons rice/hectare 1950–96 2.0

Industry a OECD (6 countries) value added/hour worked 1950-84 5.3

Industry a Japan value added/hour worked 1950–73 7.3

Industry b OECD industrial production/energy 1971–95 2.5

Industry b OECD industrial production/energy 1974–86 8.0

New cars f U.S. vehicle fuel economy 1972–82 7.0

New cars f U.S. vehicle fuel economy 1982–92 0.0

Commercial aviation g World ton-km/energy 1974–88 3.8

Commercial aviation g World ton-km/energy 1988–95 0.3

Commercial aviation g World ton-km/labor 1974–95 5.6

Telephone call costs d Transatlantic London–NY, costs for 3 minutes 1925–95 8.5

Telephone cables d Transatlantic telephone calls/unit cable mass 1914–94 25.0

Data sources: a Maddison 1995. b OECD and IEA statistics. c WRI 1997. d OECD 1998b; Waggoner 1996; Hayami and Ruttan 1985.
e FAO (various years 1963–96) Production Statistics. f Includes light trucks; Schipper 1996. g International Civil Aviation Organization statistics.

(See Grossman and Krueger 1992; Shafik and Bandyopad-
hay 1992; Panayotou 1993.)

The principal explanation for this relationship is changes
in economic structure, from more industrial to more ser-
vices, which occur with development and technical innova-
tion that provides more resource-efficient technologies
(Stern 2004). (While it often assumed that the shift toward
services will reduce environmental impact, this assertion has
been challenged (Salzman and Rejeski 2002; York et al.
2003b). In addition, a number of more indirect factors, such
as the growing awareness of environmental problems, edu-
cation, and improved environmental regulations, are now
also seen as affecting the shape of the curve (Stern 2004).

The EKC hypothesis has generated many studies (for a
thorough literature review, see Panayotou 2000 and Stern
2004). Stern (2004) provides one of the most recent reviews
of the criticism and states that ‘‘there is little evidence for a
common inverted U-shaped pathway which countries fol-
low as their income rises.’’ There are three main criticisms
of the EKC results: First, its econometric foundations have
been challenged (Harbaugh et al. 2000; Stern 2004). A sec-
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ond issue is the choice of indicators selected to represent
environmental quality (Grossman 1995). A third criticism
highlights omitted variables. Panayotou (2000) describes the
use of per capita income in the EKC analysis as an ‘‘omni-
bus variable representing a variety of underlying influ-
ences.’’ Urbanization, infrastructure, poverty, and income
distribution are other factors in the complex interplay be-
tween economic growth, population, and environment
(see, e.g., Rotmans and de Vries 1997; DeVries et al. 1999;
O’Neill et al. 2001).

In summary, the EKC is at best a reduced form descrip-
tion, not a precise formulation of cause and effect, which
captures a few of the complex interactions among eco-
nomic activity and ecosystem condition and service. Other
attempts at describing, identifying, and explaining aggregate
relationships between economic activity and the environ-
ment, such as the ecological footprint (York et al. 2003a),
are subject to similar criticisms.

In conclusion, there is controversy about whether the
current rate of global economic growth is sustainable. There
is little question that some, perhaps many, of the world’s
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ecosystems have experienced unsustainable pressure as re-
sources are extracted and ecosystem services are used to
produce this growth. However, given the complexity of the
interactions among economy and environment, simple for-
mulations of the relationships between ecosystem sustain-
ability and economic growth are not possible.

7.2.2.7 Tourism as an Example of Economic Drivers and the
Environment

Tourism provides a good example of the complexities of
the interactions among economic growth and ecosystems.
World tourism spending is expected to grow at over 6% per
year (World Tourism Organization as referenced in Hawk-
ins and Lamoureux 2001), making it one of the world’s
fastest growing industries and a major source of foreign ex-
change earning and employment for many developing
countries.3

Tourism is increasingly focusing on natural environ-
ments. Specialty tourism, including ecotourism, accounted
for about 20% of total international travel in the late 1990s
(World Tourism Organization (1998) as cited in Hawkins
and Lamoureux 2001). Ecotourism has the potential to
contribute in a positive manner to socioeconomic well-
being, but fast and uncontrolled growth can be the major
cause of ecosystem degradation and loss of local identity
and traditional cultures. Paradoxically, the very success of
tourism can lead to the degradation of the natural environ-
ment. By drawing on local natural resources, tourism can
reduce a location’s attractiveness to tourists. The discussions
in Weaver (2001) on tourism in rainforests, mountain eco-
systems, polar environments, islands and coasts, deserts, and
marine environments highlight these trade-offs.

Tourism is sometimes seen as an opportunity for eco-
nomic development, economic diversification, and the
growth of related activities, especially in developing coun-
tries. Among the benefits are direct revenues, generated by
fees and taxes incurred and by voluntary payments for the
use of biological resources. These revenues can be used for
the maintenance of natural areas and a contribution of tour-
ism to economic development, including linkage effects to
other related sectors and job creation. However, it is well
known that in developing countries a significant share of
the initial tourist expenditures leave the destination country
to pay for imported goods and services (Lindberg 2001).

Sustainable tourism can make positive improvements to
biological diversity conservation, especially when local
communities are directly involved with operators. If local
communities receive income directly from a tourist enter-
prise, they are more likely to provide greater protection and
conservation of local resources. Moreover, sustainable tour-
ism can serve as an educational opportunity, increasing
knowledge of and respect for natural ecosystems and bio-
logical resources. Other benefits include providing incen-
tives to maintain traditional arts and crafts and traditional
knowledge, plus innovations and practices that contribute
to the sustainable use of biological diversity.

The impacts of tourism on ecosystems in general and on
biodiversity in particular can be positive or negative, direct
or indirect, and temporary or lasting, and they vary in scale
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from global to local (van der Duim and Caalders 2002). The
different pathways these effects take are depicted in Figure
7.12.

Clearly, tourism acts on various direct drivers of the MA
conceptual framework. Gössling (2002a) reports:
• Changes in land cover and land use due to tourism-

related investments, including accommodation and golf
courses, amount to more than 500,000 square kilome-
ters, with the largest contribution coming from traffic
infrastructure. Yet these numbers must be interpreted
with caution, as roads, airports, and railways are used for
nontourism activities also.

• Energy use and related carbon emissions occur due to
transportation, but also due to accommodation and on-
site activities. The overall contribution to carbon emis-
sions is estimated to be on the order of 5%, of which
transportation contributes about 90%.

• Biotic exchange is difficult to assess on a global scale, but
various processes for exchange do exist. This includes
the intentional or unintentional introduction of new
species, both in the home and the hosting region. Ex-
tinction due to collection, hunting, or gathering of
threatened species is another direct effect.

• Of indirect effect, yet from the human ecology perspec-
tive of high relevance, is the change of the human-
nature relationships due to intercultural exchange during
travel. Though it is believed that traveling can contrib-
ute to the increase in environmental consciousness of
the guest, it is also possible that the people in the host
country change their perception and understanding of
the environment, for example by introducing the mod-
ern separation of ‘‘culture’’ and ‘‘nature’’ into indige-
nous societies (Gössling 2002b).
The potential adverse impacts of tourism can be roughly

divided into environmental and socioeconomic, the latter
often imposed on local and indigenous communities.

Direct use of natural resources, both renewable and
nonrenewable, in the provision of tourist facilities is one of
the most significant direct impacts of tourism in a given
area. Land conversion for accommodation and infrastruc-
ture provision, the choice of the site, and the use of building
materials are mechanisms by which ecosystems can be al-
tered (Buckley 2001). Negative impacts on species compo-
sition and on wildlife can be caused by even such benign
behavior as bird-watching (Sekercioglu 2002) and exacer-
bated by inappropriate behavior and unregulated tourism
activities (such as off-road driving, plant-picking, hunting,
shooting, fishing, and scuba diving). Tourist transportation
can increase the risk of introducing alien species (water-
borne pathogenic bacteria and protozoa, for instance)
(Buckley 1998 as cited in Buckley 2001). And the manner
and frequency of human presence can disturb the behavior
of animals, as in the collapse of the feeding and mating sys-
tems of the Galapagos land iguana caused by tourist distur-
bance (Edington and Edington 1986 as cited in Buckley
2001).

Tourism has for many years been focused on mountain
and coastal areas. In the mountains, sources of damage in-
clude erosion and pollution from the construction of hiking
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Figure 7.12. Pathways of the Ecological Impacts of Tourism on Biodiversity (van der Duim and Caalders 2002)

trails, bridges in high mountains, camp sites, chalets, and
hotels (Frost 2001). In marine and coastal environments,
impacts arise from inappropriate planning, irresponsible be-
havior by tourists and operators, and lack of education on
and awareness of the impacts of, for example, tourist resorts
along the coastal zones (Cater and Cater 2001; Halpenny
2001).

Tourism is a water-intensive activity with a large pro-
duction of waste. The extraction of groundwater by some
tourism activities can cause desiccation, resulting in loss of
biological diversity. Moreover, the disposal of untreated ef-
fluents into surrounding rivers and seas can cause eutrophi-
cation, and it can also introduce pathogens into water
bodies. Disposal of waste produced by the tourism industry
may cause major environmental problems.

Negative socioeconomic and cultural consequences of
tourism include impacts on local communities and cultural
values (Wearing 2001). Increased tourism activities can
cause an influx of people seeking employment or entrepre-
neurial opportunities who may not be able to find suitable
employment. If an economy relies heavily on tourism, a
recession elsewhere can result in a sudden loss of income
and jobs. When tourism development occurs, economic
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benefits are sometimes unequally distributed among mem-
bers of local communities. Lindberg (2001) points out that
in some circumstances, tourism can actually increase ine-
qualities, and thus relative poverty, in communities. How-
ever, there appears to be no evidence about whether this
is a systematic problem or relatively infrequent. Negative
cultural outcomes include intergenerational and gender
conflicts, changes in traditional practices, and loss of access
by indigenous and local communities to their land and re-
sources as well as sacred sites. Positive outcomes include a
renewed interest in maintaining local cultural practices.

Within the tourism industry and also within research on
tourism, the notion of ‘‘sustainable tourism’’ has emerged
to promote traveling with fewer negative impacts on sus-
tainability. According to the World Tourism Organization,
sustainable tourism development meets the needs of present
tourists and host regions while protecting and enhancing
opportunities for the future. It is envisaged as leading to
management of all resources in such a way that economic,
social, and aesthetic needs can be fulfilled while maintaining
cultural integrity, essential ecological processes, biological
diversity, and life support systems. Projects with headlines
like ‘‘ecotourism’’ or ‘‘alternative tourism’’ have emerged
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under the overall premise of sustainable tourism. Though
success stories do exist, there is evidence that the majority
of projects cannot be genuinely conceived of as being sus-
tainable (Collings 1999).

7.2.2.8 Overview of Economic Drivers in the MA Scenarios

The MA scenarios include a rich set of economic drivers,
and Chapter 9 provides a more-detailed discussion of these.
A useful summary statistic is the differences in per capita
income. In the MA scenarios, per capita income grows two
to four times between 2000 and 2050, depending on sce-
nario. Total economic output grows three to six times dur-
ing that period.

7.2.3 Sociopolitical Drivers

‘‘Sociopolitical’’ drivers encompass the forces influencing
decision-making in the large conceptual space between
economics and culture. The boundaries among economic,
sociopolitical, and cultural driver categories are fluid,
changing with time, level of analysis, and observer (Young
2002).

Sociopolitical driving forces have been seen as important
in past environmental change (see, e.g., Redman 1999; de
Vries and Goudsblom 2002). However, these drivers have
been more the subject of taken-for-granted assumptions
and speculation than sound theoretical and empirical re-
search, so the basis for strong conclusions about how these
drivers work is limited. This is an active area of research
across many disciplines, so the state of knowledge is im-
proving rapidly. In this regard it is important to remember
the adage that the lack of evidence of an effect is not evi-
dence for a lack of effect. Sociopolitical drivers may be
some of the most fundamental influences on how humans
influence the environment. They should always be given
careful consideration in understanding environmental
change, and they deserve high priority in future research
agendas.

Some topics under the general theme of sociopolitical
drivers have been well researched. For example, a strong
literature examines governance of the commons at scales
ranging from the local to the global.

Many writers have argued for the importance of democ-
racy and equitable distribution of power for protecting the
environment, and there are numerous accounts of how ar-
bitrary uses of power harm the environment (see, for exam-
ple, Ehrlich and Ehrlich 2004). When we turn to the
scientific literature investigating the effects of democratic
institutions and other political forms as drivers of environ-
mental impact, however, systematic research is still in its
early stages. There is some theoretical work of long standing
(e.g., Beck 1992; Buttel 2003; Mol and Sonnenfeld 2000;
Schnaiberg 1980; York and Rosa 2003). But once we move
from the well-developed literature on institutions for com-
mons governance, empirical and analytical research is still
in the early stages of development. Thus we can character-
ize the directions current research is taking but cannot draw
strong conclusions.
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For convenience in discussing this general literature, we
have divided sociopolitical drivers into four categories re-
lated to governance:
• the quantity of public participation in public decision-

making,
• the makeup of participants in public decision-making,
• the mechanisms of dispute resolution, and
• the role of the state relative to the private sector.

7.2.3.1 The Quantity of Public Participation in Public
Decision-making

The general role of the public in decision-making appears
to be expanding, as evidenced by the extent of democrati-
zation. Despite some backsliding, there has been a trend
away from centralized authoritarian governments and a rise
of elected democracies. As well, there is some evidence of
improving administrative competence across the develop-
ing world (Kaufmann et al. 2003). It is generally assumed
that democratization leads to government actions that are
friendlier to the environment, but the evidence in support
of this assertion is limited (Congleton 1996; York et al.
2003a).

The literature on public participation in environmental
assessment and decision-making is much more robust and
indicates that such involvement at the local and regional
level generally leads to more-sustainable approaches to
managing resources (Stern and Fineberg 1996; Dietz and
Stern 1998; Tuler and Webler 1999; Lubell 2000; Beierle
and Cayford 2002; Dietz et al. 2003).

Finally, there is a substantial and robust literature on a
key category of environmental problem—the governance
of commons (Ostrom et al. 2002). Some strong generaliza-
tions have emerged from this literature that contrast with
Hardin’s original stark conclusions (Hardin 1968). We are
more likely to govern commons sustainably when:
• ‘‘Resources and use of the resources by humans can be

monitored, and the information can be verified and un-
derstood at relatively low cost, . . .

• rates of change in resources, resource-user populations,
technology and economic and social conditions are
moderate,

• communities maintain frequent face-to-face communi-
cation and dense social networks—sometimes called so-
cial capital—that increase the potential for trust, allow
people to express and see emotional reactions to distrust
and lower the cost of monitoring behavior and inducing
rule compliance,

• outsiders can be excluded at relatively low cost from
using the resource . . . , and

• users support effect monitoring and rule enforcement’’
(Dietz et al. 2003, p. 1908).
The challenge is to find ways of structuring decision-

making processes that support the emergence of these con-
ditions or that adapt when they do not obtain.

7.2.3.2 The Makeup of Participants in Public Decision-making

The voices heard in public decision-making and how they
are expressed have changed, as evidenced in the changing
role of women, the rise of civil society, and the growth of
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engaged fundamentalism. Democratic institutions have also
encouraged decentralized decision-making, with the in-
tended beneficiaries having a greater say in the decisions
made. This trend has helped empower local communities,
especially rural women and resource-poor households. De-
centralization trends have also had an impact on decisions
made by regional and international institutions, with the
increasing involvement of NGOs and grassroots organiza-
tions, such as traditional peoples groups.

The power of NGOs arises in part from their ability to
mobilize voters in societies where the average citizen does
not participate actively in the political process. Hence, more
openness and transparency in public decision-making en-
hances the influence of NGOs (Princen and Finger 1994).

7.2.3.3 The Mechanisms of Dispute Resolution

The mechanisms by which nations solve their disputes,
peaceful and otherwise, are changing. Although the cold
war has ended, the persistence of regional and civil wars
and other international conflicts in some parts of the world
continues to be a matter of concern. There is an urgent
need to understand the driving forces behind such conflicts
and their impact on sustainable livelihoods and the natural
resource base. (See Box 7.1.)

Numerous mechanisms have been proposed to help in-
corporate the views of diverse stakeholders into environ-
mental decision-making (Renn et al. 1995). While it is not
yet clear how these function in practice, there is a growing
body of research on public participation in environmental
assessment and decision-making, and several synthetic ef-
forts to understand these processes are under way (U.S. Na-
tional Research Council; Kasemir et al. 2003).

7.2.3.4 The Role of the State Relative to the Private Sector

The declining importance of the state relative to the private
sector—as a supplier of goods and services, as a source of
employment, and as a source of innovation—seems likely
to continue. The future functions of the state in provision-
ing public goods, security, and regulation are still evolving,
particularly in the developing world. In all countries the
implications of privatization trends on the sustainable man-
agement of the local and global resource base are still not
clear. The old two-way relationships between governments
and private firms have been radically changed with the
emergence of large numbers of NGOs, which have become
important actors in the political and social scene. For exam-
ple, some environmental NGOs employ scientists who play
important roles in bridging scientific communities to assess
environmental problems, educating the public, and influ-
encing the political process.

An important driver of the new role of NGOs has been
improved communications technologies that make it easier
for large numbers of like-minded people to work together.
Clearly, there is a rapid transition under way in how we
organize and communicate. A major intellectual effort to
come to grips with this driver helps identify the issues but
by no means provides a clear picture (Castells 1996).
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7.2.3.5 Education, Knowledge, and Sociopolitical Drivers

Democracy allows more participants into the political proc-
ess, but what if some people know more than others, or if
people know different things? Formal schooling increases
economic productivity and the ability to comprehend and
participate in the political process, but it is also likely to
contribute to the loss of some indigenous and experiential
knowledge. Formal education is often lowest among the
poor who interact most directly with ecosystems.

Average levels of formal education are increasing around
the globe, but with great differences in rates, especially
within developing regions (United Nations 2003a). Some
developing countries, such as China, have invested heavily
in primary and secondary education over the past several
decades and can anticipate an increasingly well educated
population as educated children become educated adults. In
contrast, other regions, such as South Asia and sub-Saharan
Africa, have very low average education levels that will take
decades to increase substantially (Lutz and Goujon 2001).

Formal education beyond secondary school becomes in-
creasingly specialized. Knowledge narrowing, comple-
mented by the economic gains of specialization provided
by expanding markets, means the attention of any particular
individual is increasingly focused on a small subset of the
human enterprise. Thus knowledge and employment spe-
cialization, along with the shift to urban life, have separated
people from traditional understandings of nature as a whole
and divided modern understanding into multiple parts and
disbursed it among people (Giddens 1990). Another conse-
quence is that while the ‘‘volume’’ of knowledge is far
greater today than at any time in the past, it is widely dis-
persed. The deep knowledge held by one type of experts is
very difficult to link with that of other experts. And synthe-
ses of knowledge into general information that can be
widely conveyed to inform collective action are also diffi-
cult. The modern human dilemma can be characterized as
the challenge of rallying disparate human knowledge of
complex systems to inform action (Norgaard 2004).

Incorporating the knowledge of separate experts in
democratic and bureaucratic systems presents its own chal-
lenges. The primary response, generally referred to as ‘‘pro-
gressive governance,’’ has been to argue that the voice of
experts should be heard before legislatures vote or adminis-
trators decide. Progressive governance is not without its
own problems. The separate voices of different experts
rarely speak coherently to systemic social and ecological
problems, nor do they speak to the concerns of people, es-
pecially local people. Facts and values are not always separa-
ble, and experts end up speaking for particular interests even
when they think they are speaking for the public. Experts
also become captured by special interest groups, and gov-
ernment agencies can become an interest of their own. In-
teragency task forces, stricter peer review, and increasing
public participation through hearings and other mechanisms
offset some of these problems (Dupre 1986; Jasanoff 1990;
Irwin 1995; Fischer 2000).

7.2.3.6 Sociopolitical Drivers and Ecosystem Consequences

Widely accepted generalizations about the effects of socio-
political drivers on ecosystems do not exist. Some examples
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BOX 7.1

War as a Driver of Change in Ecosystem Services and Human Well-being

War acts as both a direct and an indirect driver of change in ecosystem soil erosion with consequent problems of reduced crop yield, reduced
services and human well-being, as nature becomes the intended victim or wildlife populations, and sedimentation of rivers and reservoirs (Berhe in
recipient of ‘‘collateral damage.’’ The number of wars waged reached a press).
maximum of 187 in the mid-1980s. That number was reduced by half by Indirect impacts of wars include changes in land use as cultivators
2000 (Marshall et al. 2003). Most of these wars were internal conflicts. change crops, abandon fields, or retreat to more secure areas that are
They were distributed highly unevenly across the world, predominantly in sometimes environmentally sensitive. Infrastructure damage or construc-
poor countries. (See MA Current State and Trends, Chapter 5, for a map tion of new roads alters the incentives of an ecosystem’s inhabitants
of the distribution of internal wars from 1975 to 2003.) (Westing 1988; W. Ghiorghis 1993; Berhe 2000). War-driven environmen-

During the twentieth century, 191 million people lost their lives in con- tal degradation can initiate social degradation and protracted cycles of
flict-related incidents; 60% of these were non-military casualties (Krug social and environmental decline by creating poverty, overexploitation of
2002). Since World War II, more than 24 million people have been killed marginal resources, underdevelopment, and in extreme cases famine and
and another 50 million injured in state-sponsored wars and armed conflicts social destruction (Lanz 1996; Berhe 2000, in press).
globally. Civilian casualties accounted for 90% of the dead. Between 1985 Since the fall of the Soviet Union, the danger of nuclear weapons has
and 1995 alone, UNICEF estimated that wars have claimed the lives of 2 become a serious threat. It is estimated that a large-scale nuclear war
million children, wounded or disabled 4–6 million, orphaned 1 million, and could result in more than 1 billion deaths and injury of an equal number
left 12 million children homeless (UNICEF 1996; Pendersen 2002). Glob- of people due to the combined effects of blast, fire, and radiation. Among
ally, armed conflicts around the world were responsible for the internal the most serious environmental consequences of a nuclear war of this
displacement of 11.7 million people during 1998 alone. In addition, armed magnitude are subfreezing temperatures; a reduction in solar radiation at
conflicts forced 23 million people to seek refuge outside their countries in Earth’s surface by half; triple the amount of UV-B radiation; increased
1997 alone, while an additional 2.5 million abandoned their livelihoods doses of ionizing radiation from gamma and neuron flux of the fireball
and crossed national boundaries as a result of war-related violence (Krug and radioactive debris fallout; chemical pollution of surface waters with
2002). pyrotoxins released from chemical storage areas; atmospheric pollution

Environmental effects of warfare include damage to animals, defolia- from the release of nitric oxide, ozone, and pyrogenic pollutants from the
tion, destruction of flora, degradation of soil, and loss of biodiversity detonation; and release of toxic chemicals from secondary fires and stor-
(Pendersen 2002). The impacts of war on nature depend on the magni- age areas (Ehrlich et al. 1983).
tude and duration of the conflict and its effects, the type of ecosystem Landmines are not usually considered weapons of mass destruction,
involved (its resistance and resilience), the type of weapons used, the but more people have been killed and injured by anti-personnel mines
process of weapons production, and the cumulative effects sustained from than by nuclear and chemical weapons combined. Land mines maim or
the military campaigns. The main activities that result in protracted and kill an estimated 400 people a week (International Campaign to Ban Land-
persistent effects on ecosystem health, services, and human well-being mines 2002). It is believed that there are about 80–110 million landmines
are the manufacturing and testing of nuclear weapons, aerial and naval spread in 82 countries, with another 230 million waiting to be deployed in
bombardment of landscapes, dispersal of landmines and de-mining, and 94 countries (Berhe 2000; International Campaign to Ban Landmines
the use and storage of military toxins and waste (Leaning 2000). 2002). The distribution is not uniform. In Cambodia and Bosnia, there is

Ecological disturbance from armed conflict is not solely a contempo- approximately one mine in the ground for each citizen; in Afghanistan,
rary issue. Scorched earth tactics (meant to inflict maximum damage to Iraq, Croatia, Eritrea, and Sudan, the ratio is one mine for every two
resources and facilities in an area in order to deny their use by the enemy) persons (Berhe 2000).
were used by the Greeks in the Peloponnesian wars (431–04 BC) (Thu- A landmine costs $3 to manufacture but $300–1,000 to clear (Nachón
cydides 1989). Romans applied salts to soils in Carthage after their victory 2000). Landmines introduce nonbiodegradable and toxic waste of de-
in the Punic wars (264–146 BC), and dykes were destroyed in the Nether- pleted uranium and 2,4,6-trinitrotoulene (TNT), hexahydro-1,3,5-trinitro-
lands to prevent a French invasion in 1792 (Bodansky 2003). 1,3,5-triazide (RDX, or Cyclonite), or tetryl as high-explosive filters. These

Modern warfare, however, has had particularly severe impacts. Chemi- compounds have been known to leach into soil and underground water
cal defoliants, bombs, and physical disruption by the United States army as the metal or timber casing of the mine disintegrates (Gray 1997).
destroyed 14% of the Vietnamese total forest cover between 1961 and The impacts on ecosystem services and human well-being include
1970, including 54% of the mangrove forests (Bodansky 2003). access denial (which can lead to ecosystem recovery), disruption of land

In the first Gulf War in 1991, Iraq released about 2 million barrels of stability, pollution, and loss of biodiversity in the short run. These effects
oil into the Persian Gulf and ignited 736 Kuwaiti oil wells, spreading clouds can be manifested as being biophysical, chemical, socioeconomic, or po-
of black soot throughout the Middle East and the surrounding regions. litical in nature. The biophysical or chemical effects include destruction of
The soot emission changed the local temperature, and the sulfur released soil structure: an increased rate of sediment transport by erosion and
with it contributed to acid rain. The effects suffered due to oil contamina- loads into streams; contamination with toxic pollutants; and a changing
tion included lesions and cancerous growths, sublethal effects of lower proportion, diversity, and productivity of flora and fauna coupled with habi-
tolerance to environmental stress, and loss of insulation and motility by tat destruction. The socioeconomic or political effects include loss of in-
mammals from oiling of feathers and fur (World Conservation Monitoring come, food shortage, poverty, vulnerability, change in population per unit
Center 1991). area, increased social polarization, declining health care, migration or dis-

During the Eritrean war for independence from Ethiopia (1961–91), placement, destruction of essential infrastructures, arrested development
30% forest cover of the country was reduced to less than 1%. The near- of regions, and sociopolitical instability (Berhe 2000).
complete elimination of vegetation of some areas resulted in high rates of
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can be found in the final section of this chapter, on interac-
tions among drivers and ecosystems.

7.2.3.7 Overview of Sociopolitical Drivers in the MA Scenarios

Sociopolitical drivers enter the MA scenarios in a number
of ways—human capital and research investments, extent of
international cooperation and attitudes toward environ-
mental policies, and lifestyle choices affecting energy de-
mand. (See Chapter 9 for further information on the
different assumptions made about these in the four MA sce-
narios.)

7.2.4 Cultural and Religious Drivers

The word ‘‘culture’’ has many definitions in both the social
sciences and in ordinary language. To understand culture as
a driver of ecosystem change, it may be most useful to focus
on the values, beliefs, and norms that a group of people
share and that have the most influence on decision-making
about the environment. (Of course, other aspects of culture,
such as risk perception and willingness to accept risk, or
preference for present versus future benefits, also influence
environmental decision-making, but they are less salient to
this discussion.) In this sense, culture conditions individuals’
perceptions of the world, influences what they consider im-
portant, and suggests courses of action that are appropriate
and inappropriate. And while culture is most often thought
of as a characteristic of national or ethnic groups, this defi-
nition also acknowledges the emergence of cultures within
professions and organizations, along with the possibility that
an individual may be able to draw on or reconcile more
than one culture.

There is a substantial literature examining the role of
culture in shaping human environmental behavior. Produc-
tive work on this has focused on approaches that link di-
rectly with the social psychology of environmental concern
and the influence of values, beliefs, and norms on individual
decisions. Broad comparisons of whole cultures have not
proved useful because they ignore vast variations in values,
beliefs, and norms within cultures. But a growing number
of studies are conducted in parallel in multiple societies and
allow for systematic examination of the role of culture
without overgeneralizing (Dunlap and Mertig 1995; Rosa
et al. 2000; Hanada 2003). This work builds on social psy-
chological analyses conducted within nations and cultures
and then systematically compares them across nations.

Consumption behavior, especially in affluent nations
and within affluent groups in developing nations, may be a
particularly important driver of environmental change, but
its cultural elements have not been extensively studied
(Stern et al. 1997). It is clear that there is broad concern
with the environment throughout the globe (Dunlap et al.
1993), but it is less clear how that concern translates into
either changes in consumer behavior or political action.
This is because consumption has many determinants be-
yond satisfying basic human needs. Values and beliefs re-
garding the environmental impacts of consumption may
play a role, but consumption is also driven by peer group
expectations and efforts to establish a personal identity, both
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of which are the targets of advertising. Further, some con-
sumption is relatively easy to change (such as turning off a
light), while other aspects require substantial investments
(such as buying a high-efficiency refrigerator) (Dietz and
Stern 2002).

A substantial body of literature provides lessons on how
policies and programs can most effectively produce cultural
change around environmental behavior (Dietz and Stern
2002). Obviously, the relationship between culture and be-
havior is context-specific. Indeed, one important lesson of
research on this topic is that overarching generalizations are
seldom correct.

The ability of culture to shape behavior depends on the
constraints faced by individuals, and the effects of changing
constraints on behavior depend on the culture of the indi-
viduals encountering the changes (Gardner and Stern 1995;
Guagnano et al. 1995). In many circumstances changing
values, beliefs, and norms will have no effect on behavior
because individuals face structural constraints to pro-
environmental behavior. (For example, public education
about the problems of using tropical hardwoods will have
little impact if people have no way of knowing the origins
of lumber they may purchase.) In other circumstances
changing constraints on behavior will have little effect be-
cause the mix of values, beliefs, and norms provides little
reason to behave in an environmentally protective way.
(For instance, making environmentally friendly food
choices available may not influence consumptions if people
are not aware of the environmental impacts of their con-
sumption patterns).

Just as it is important to differentiate structural con-
straints (how hard it is to behave in an environmentally pro-
tective way) from culture (values, norms, and beliefs), it is
also important to realize that there are multiple forms of
pro-environmental behavior, and different factors may drive
them. For example, Stern (Stern et al. 1999; Stern 2000)
notes that environmental consumer behavior, environmen-
tal political behavior, and a willingness to make sacrifices
to protect the environment, while positively correlated, are
somewhat distinct and are influenced by different elements
of culture.

There has been extensive and diverse research on the
influence of values on pro-environmental behavior. A tradi-
tion stretching from Kluckholm (1952) through Rokeach
(1968, 1973) to Schwartz (1987, 1990, 1992) has provided
theoretical and empirical arguments to support the idea that
values—things that people consider important in their
life—are important in shaping behavior and are relatively
stable over the life course (Schwartz 1996). Two strains of
research have applied this logic to environmental concerns.
Inglehart (1995) has suggested that a set of values he labels
‘‘post-materialist’’ predict environmental concern. His ar-
gument is that only once people have achieved a reasonable
degree of material security can they assign priority to issues
such as the environment. This argument has some strong
parallels to the Environmental Kuznets Curve and to the
ecological modernization theory in sociology (York et al.
2003b). However, as indicated, there is considerable con-
troversy regarding the empirical support for this argument
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at either the individual or the national level (e.g., Brechin
and Kempton 1994; Dunlap and Mertig 1995; Brechin and
Kempton 1997; Dunlap and Mertig 1997; Brechin 1999;
Stern et al. 1999; York et al. 2003b).

A number of researchers have suggested that altruism is
a key value underpinning environmental concern, and that
the scope of altruism may be limited to other humans or
may extend to other species and the biosphere itself (Dun-
lap et al. 1983; Merchant 1992; Stern et al. 1993; Karp
1996). Empirical work in this tradition has deployed
Schwartz’s cross-cultural measures of values, and finds fairly
consistent support for the idea that altruism predicts envi-
ronmental concern, as well as evidence that traditional val-
ues—which might be termed conservatism and appear to
be related to fundamentalism in many faiths (Schwartz and
Huismans 1995)—lead to less concern with the environ-
ment (e.g., Kempton et al. 1995; Karp 1996; Schultz and
Zelezny 1998; Schultz and Zelezny 1999; Stern et al. 1999).

The social psychological literature places considerable
emphasis on beliefs as predictors of behaviors. At one level,
this literature emphasizes very specific beliefs about a be-
havior—its consequences, the difficulty in conducting it,
and so on (Ajzen and Fishbein 1980; Ajzen 1991). While
this approach is helpful in designing interventions to change
environmentally significant behavior, such beliefs are gener-
ally not what is thought of as culture. However, it has been
argued that broad general beliefs about the environment
and human interactions with it provide a backdrop that in-
fluence the acceptability of or resistance to more specific
beliefs (Stern et al. 1995).

One of the most widely used measures of environmental
concern, the ‘‘new ecological paradigm,’’ can be interpre-
ted as a measure of such general beliefs (Dunlap et al. 2002).
The idea is that people vary in the degree to which they
think that human interventions can cause significant harm
to the environment. Variation in this general view makes
individuals more or less accepting of new information about
specific environmental problems. There is evidence that
this new paradigm as well as values influence risk perception
(Whitfield et al. 1999), including perception of ecological
risk (Slimak 2003).

Norms are also a key part of culture related to environ-
mental behavior. Norms signal to the individual what is ap-
propriate behavior. Substantial work has been done on what
activates norms regarding pro-environmental behavior (Van
Liere and Dunlap 1978; Stern et al. 1986). Norms have
been shown to be particularly important in local commons
management, where they often guide behaviors that pre-
vent overexploitation of a common pool resource (Ostrom
et al. 2002).

Flowing from White’s essay (White 1967), there has
been substantial interest in the possible influences of reli-
gion on environmental concern and pro-environmental be-
havior. Some work on values has shown that traditional
values are negatively related to environmental concern.
There is a substantial literature in the United States that
seems to indicate that adherents to fundamentalist Christian
beliefs have less environmental concern than those with
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more liberal or moderate beliefs (Eckberg and Blocker
1989, 1996; Kanagy and Willits 1993).

While the social psychological literature is quite rich, as
noted, the literature on cross-national comparisons is just
emerging. The implications of that literature for our under-
standing of how environmental policy might be developed
are unclear. And work on how environmentally relevant
values, beliefs, and norms change is still in its earliest stages
(but see Richerson et al. 2002).

7.2.4.1 Cultural and Religious Drivers and Ecosystem
Consequences

It is common to hear arguments that we can best protect
ecosystems, and by implication the services they provide,
by changing values, beliefs, and norms. Yet as this section
has described, values, beliefs, and norms—culture—are
complex in themselves and their links to environmentally
consequential behavior add further complexity. Changing
values or beliefs will have little effect if changes in behavior
to benefit the environment have high costs in time or
money. In other cases, simply making people aware of the
ecosystem consequences of their behavior can bring about
substantial change, such as the growing demand for ‘‘eco-
system-friendly’’ consumer goods (Thogersen 2002). While
cultural and religious factors may have a substantial influ-
ence on ecosystems, research has shown that broad general-
izations are unwarranted and that analyses must always be
context-specific.

7.2.4.2 Overview of Cultural and Religious Drivers in the MA
Scenarios

Few cultural and religious drivers are built explicitly into
the MA scenario quantitative modeling. However, changes
in culture are an important part of the qualitative elements
of some of the scenarios, particularly in Adapting Mosaic
and to a certain extent in TechnoGarden. Both scenarios
are built on the assumption that a general shift will occur in
the way ecosystems and their services are valued. In both
cases decision-makers at various scales develop a proactive
approach to ecosystem management, but they pursue differ-
ent management strategies to reach this goal. In Techno-
Garden, the supply of ecosystem services is maintained by
controlling ecosystem functions via technology. In Adapt-
ing Mosaic, the aim is to create a set of flexible, adaptive
management options through a learning approach. Cultur-
ally diverse forms of learning about and adapting to ecosys-
tem changes are fostered. Devising ways of incorporating
traditional ecological and local knowledge into manage-
ment processes and protecting the cultural and spiritual val-
ues assigned to nature in various cultures become part of
the developed strategies.

7.2.5 Science and Technology Drivers

The development and diffusion of scientific knowledge and
technologies that exploit knowledge have profound impli-
cations for ecological systems and human well-being. The
twentieth century saw tremendous advances in understand-
ing how the world works physically, chemically, biologi-
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cally, and socially and in the applications of that knowledge
to human endeavors. Earlier sections have documented ex-
amples of tremendous productivity gains in many industries.

From the introduction of the automobile in the early
years to commercialization of genetically modified crops
and widespread use of information technology more re-
cently, many new products drew both praise and damnation
regarding their effects on ecosystems. The twenty-first cen-
tury is likely to see continued breathtaking advances in ap-
plications of materials science, molecular biology, and
information technology—with real potential to improve
human well-being and uncertain consequences for ecosys-
tems.

Humans have been extremely successful in institutional-
izing the process of scientific and technical change. Organi-
zational structures that encourage researchers to make
breakthroughs and to use them to develop potentially valu-
able products—such as research universities, publicly
funded research centers, public-private collaborations for
research and development, private research programs, regu-
latory institutions, and international agreements that collec-
tively determine intellectual property rules (patents and
copyrights, for instance)—are either in place or being im-
plemented in the industrial world. However, they are not
in place in most developing countries. Furthermore, institu-
tions to use and reward development of indigenous knowl-
edge are not well developed.

Society’s ability to manage the process of product dis-
semination—identifying the potential for adverse conse-
quences and finding ways to minimize them—has not
always kept pace with our ability to develop new products
and services. This disparity became especially obvious as the
introduction of genetically modified crops met widespread
opposition in some parts of the world. The protests in part
resulted from the speed of advancement, as the rate of com-
mercial adoptions of the first products of this new technol-
ogy was unprecedented. At least 30 years passed between
the development and widespread use of hybrid maize in
industrial countries. For semi-dwarf rice and wheat in de-
veloping countries, a similar rate of use was reached only
15 years after development began. But use of genetically
modified soybeans reached similar levels of use after only 5
years in Argentina and the United States. The use of the
Internet accelerated worldwide communication and the or-
ganization of protests.

The state of scientific and technical knowledge at any
moment depends on the accumulation of knowledge over
time. Decision-makers can affect the rate of change in sci-
entific and technical knowledge through setting research
priorities and changing levels of funding. Domestic govern-
ment funding for science and technology is driven by
objectives such as scientific education, technology develop-
ment, export markets, commercialization and privatization,
and military power. The private sector responds to the per-
ceived future for their products, looking for those that will
be the most acceptable and profitable.

7.2.5.1 Innovation and Technological Change

The importance of ‘‘advances in knowledge’’ and technol-
ogy in explaining the historical record of productivity
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growth has already been mentioned. In the original study
on contributions of productivity growth to overall growth
by Solow (1957), productivity enhancements were esti-
mated to account for 87% of per capita growth (the remain-
der was attributed to increases in capital inputs). Since then,
further methodological and statistical refinements have re-
duced the unexplained ‘‘residual’’ of productivity growth
that is equated to advances in knowledge and technology,
but they remain the largest single source of long-run pro-
ductivity and economic growth. Science and technology
are estimated to have accounted for more than one third of
total GDP growth in the United States from 1929 to the
early 1980s (Denison 1985), and for 16–47% of GDP
growth in selected OECD countries for the period 1960 to
1995 (Table 10.1 in Barro and Sala-i-Martin 2004).4

The observed slowdown in productivity growth rates
from the early 1970s to the mid- 1990s is generally interpre-
ted as a weakening of the technological frontier in the
OECD countries (Maddison 1995; Barro 1997), although
quantitative statistics (and even everyday experience) do not
corroborate the perception of a slowdown in technological
innovation and change. An alternate interpretation is that
the OECD countries have moved out of a long period of
industrialization and into post-industrial development as
service economies. In such economies, productivity is hard
to measure, partly because services include a mixture of
government, nonmarket, and market activities, partly be-
cause economic accounts measure services primarily via in-
puts (such as the cost of labor) rather than outputs, and
partly because it is difficult to define service quality. Never-
theless, labor productivity in the service sector appears to
grow more slowly than in the agricultural and industrial
sectors (Millward 1990; Baumol 1993).

Finally, another interpretation is that productivity
growth lags behind technological change because institu-
tional and social adjustment processes take time to be im-
plemented (Freeman and Perez 1988; David 1990). Once
an appropriate ‘‘match’’ (Freeman and Perez 1988) between
institutional and technological change is achieved, produc-
tivity growth accelerates. Maddison (1995) observed that
the nineteenth century productivity surge in the United
States was preceded by a long period of investment in infra-
structure. Landes (1969) notes that both the German and
Japanese economic accelerations were preceded by long pe-
riods of investment in education. Maddison (1995) has fur-
ther suggested that recent developments in information
technology involve considerable investment, both in hard-
ware and in human learning. There is some preliminary evi-
dence that the payoff from this investment is beginning to
be important in the early twenty-first century.

7.2.5.2 Agricultural Science and Technology

We focus here on agricultural science and technology be-
cause of its obvious implications for land conversion and
widespread consequences for many ecosystems. The
ground-breaking research of Gregor Mendel in the 1860s
on the heritability of phenotypical characteristics in garden
peas laid the foundation for plant and livestock breeding
research and the improvement of food crops in the twenti-
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eth century (Huffman and Evenson 1993). Since the begin-
ning of that century, there have been three waves of
agricultural biological technology development and diffu-
sion.

The first wave took place mainly in North America and
Europe in the 1930s and focused on important temperate
climate crops. The discovery of hybridization—in which a
cross of two genetically very different parent plants can pro-
duce a plant of greater vigor and higher yield than the par-
ents—set the stage for major yield improvements in some
of the most important food crops, especially maize. The first
maize hybrids were commercially available for farmers in
the U.S. Corn Belt in the 1930s. Average U.S. maize yields
improved from 24.4 bushels per acre (1.53 tons per hectare)
in 1860 to 116.2 bushels per acre (7.31 tons per hectare) in
1989, a more than fourfold increase over about 130 years.
But even crops such as wheat, for which hybridization has
not been commercially viable, saw similar improvements.
Wheat yields grew from 11.0 bushels per acre (0.74 tons
per hectare) in 1860 to 32.8 bushels per acre (2.21 tons per
hectare) in 1989 (Huffman and Evenson 1993).

Some of the key developments were agricultural re-
search systems that included universities, agricultural field
stations, agricultural input companies, and extension ser-
vices covering the chain from basic crop improvement re-
search via field trials to disseminating information and new
seed material to farmers (Ruttan 2001).

Agronomic research on improved inputs for crop pro-
duction like fertilizer or pesticides and new agricultural
management practices emerged, which further enhanced
crop yields in farmers’ fields. Funding for organized agricul-
tural research was mainly provided by the public sector in
the first half of the century, while the importance of private-
sector research grew substantially in the second half as the
private sector gained legal rights to protect genetic modifi-
cations (Huffman and Evenson 1993). In labor-scarce coun-
tries, particularly the United States, the private sector played
a central role from the beginning in the development of
agricultural machinery.

The second wave of agricultural technology develop-
ment was particularly important in the developing world
because it extended plant breeding and nutrient manage-
ment techniques to important food crops in low-income
countries. Since the early 1960s, productivity growth has
been significant for rice in Asia, wheat in irrigated and fa-
vorable production environments worldwide, and maize in
Mesoamerica and selected parts of Africa and Asia. High
rates of investment in crop research, infrastructure, and
market development combined with appropriate policy
support fueled this land productivity (Pingali and Heisey
2001).

The Green Revolution strategy for food crop produc-
tivity growth was explicitly based on the premise that, given
appropriate institutional mechanisms, technology spillovers
across political and agro-climatic boundaries can be cap-
tured. Hence the Consultative Group on International Ag-
ricultural Research was established specifically to generate
spillovers, particularly for nations that are unable to capture
all the benefits of their research investments.
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The major breakthroughs in yield potential that epito-
mize the Green Revolution came from conventional plant
breeding approaches, characterized as crossing plants with
different genetic backgrounds and selecting from among the
progeny individual plants with desirable characteristics. Re-
peating the process over several generations leads to plant
varieties with improved characteristics such as higher yields,
improved disease resistance, and improved nutritional qual-
ity. The yields for the major cereals, especially with in-
creased use of inorganic fertilizers with high nitrogen
content, have continued to rise at a steady rate after the
initial dramatic shifts in the 1960s for rice and wheat. For
example, Table 7.5 shows that yields in irrigated spring
wheat rose at the rate of 1% per year over the past three
decades, an increase of around 100 kilograms per hectare
per year (Pingali and Rajaram 1999).

In addition to work on shifting the yield frontier of ce-
real crops, plant breeders continue to have successes in the
less glamorous areas of maintenance research. These include
development of plants with durable resistance to a wide
spectrum of insects and diseases, plants that are better able
to tolerate a variety of physical stresses, crops that require
significantly fewer days from planting to harvest, and cereal
grain with enhanced taste and nutritional qualities.

The third, ongoing wave of agricultural technology de-
velopment has been called the Gene Revolution and is
based on techniques of transferring genetic material from
one organism to another that would not occur via normal
reproductive methods. The early phase of this wave was
characterized by the development of a few commercial
products (glyphosate-resistant soybeans, and maize and cot-
ton that are resistant to lepidopteran pests), principally by
private research firms (Nelson 2001). These early products
of genetic engineering do not have higher potential yields
than traditional varieties, but they often have higher effec-
tive yields because they reduce the cost of pest control. Va-
rieties of food crops with other desirable characteristics such
as increased beta-carotene content (the so-called golden

Table 7.5 Rate of Growth of Wheat Yield by Mega-environment,
Elite Spring Wheat Yield Trial, 1964–95. Wheat breeders classify
the developing world’s spring wheat-growing areas into six distinct
mega-environments: irrigated (ME1); high rainfall (ME2); acid soil
(ME3); drought-prone (ME4); high temperature (ME5); and high lati-
tude (ME6). A mega-environment is a broad, frequently transconti-
nental but not necessarily contiguous area occurring in more than
one country, with similar biotic and abiotic stresses, cropping sys-
tem requirements, volume of production, and, possibly, consumer
preferences (Pingali and Rajaram 1999; Lantican et al. 2003).

Period
ME1–

Irrigated
ME2–High

Rainfall
ME4–

Drought-prone
ME5–High

Temperature
(percent per year/kilograms per year)

1964–78 1.22 1.72 1.54 1.41

71.6 81.5 32.4 34.9

1979–99 0.82 1.16 3.48 2.10

53.5 62.5 87.7 46.1
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rice), increased drought tolerance (wheat), and virus resis-
tance (papaya) are in various stages of development.

Substantial empirical evidence exists on the production,
productivity, income, and human welfare impacts of mod-
ern agricultural science and the international flow of mod-
ern varieties of food crops. Evenson and Gollin (2003)
provide detailed information for all the major food crops on
the extent of adoption and impact of improved variety use.
The adoption of modern varieties during the first 20 years
of the Green Revolution—aggregated across all crops—
reached 9% in 1970 and rose to 29% in 1980. In the subse-
quent 20 years, far more adoption has occurred than in the
first two decades. By 1990, adoption of improved varieties
had reached 46%, and it was 63% by 1998. Moreover, in
many areas and in many crops, first-generation modern va-
rieties have been replaced by second and third generations
of improved varieties (Evenson and Gollin 2003).

Much of the increase in agricultural output over the past
40 years has come from an increase in yields per hectare
rather than an expansion of area under cultivation. For in-
stance, FAO data indicate that for all developing countries,
wheat yields rose by 208% from 1960 to 2000, rice yields
rose 109%, maize yields rose 157%, potato yields rose 78%,
and cassava yields rose 36% (FAOSTAT). (See MA Current
State and Trends, Chapter 26, for information on crop area
expansion.) Trends in total factor productivity are consistent
with partial productivity measures, such as rate of yield
growth. Pingali and Heisey (2001) provide a comprehen-
sive compilation of total factor productivity evidence for
several countries and crops.

Widespread adoption of improved seed-fertilizer tech-
nology led to a significant growth in food supply, contribut-
ing to a fall in real food prices. The primary effect of
agricultural technology on the non-farm poor, as well as on
the rural poor who are net purchasers of food, is through
lower food prices.

The effect of agricultural research on improving the pur-
chasing power of the poor—both by raising their incomes
and by lowering the prices of staple food products—is prob-
ably the major source of nutritional gains associated with
agricultural research. Only the poor go hungry. Because a
relatively high proportion of any income gains made by the
poor is spent on food, the income effects of research-
induced supply shifts can have major nutritional implica-
tions, particularly if those shifts result from technologies
aimed at the poorest producers (Pinstrup-Andersen et al.
1976; Hayami and Herdt 1977; Scobie and Posada 1978;
Binswanger 1980; Alston et al. 1995).

Several studies have provided empirical support to the
proposition that growth in the agricultural sector has econ-
omy-wide effects. One of the earliest studies showing the
linkages between the agricultural and nonagricultural sec-
tors was done at the village level by Hayami et al. (1978).
Hayami provided an excellent micro-level illustration of the
impacts of rapid growth in rice production on land and
labor markets and the nonagricultural sector.

More recent assessments on the impacts of productivity
growth on land and labor markets have been done by Pins-
trup-Andersen and Hazell (1985) and by David and Otsuka
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(1994). Pinstrup-Andersen and Hazell (1985) argued that
landless labor did not adequately share in the benefits of the
Green Revolution because of depressed wage rates attribut-
able to migrants from other regions. David and Otsuka
(1994), on the other hand, found that migrants shared in
the benefits of the Green Revolution through increased
employment opportunities and wage income. The latter
study also documented that rising productivity caused land
prices to rise in the high-potential environments where the
Green Revolution took off. For sector-level validation of
the proposition that agriculture does indeed act as an engine
of overall economic growth, see Hazell and Haggblade
(1993), Delgado et al. (1998), and Fan et al. (1998).

The profitability of farming systems using improved va-
rieties has been maintained despite falling food prices (in
real terms), owing to a steady decline in the cost per ton of
production (Pingali and Traxler 2002). Savings in produc-
tion costs have come about from technical change in crop
management and increased input-use efficiencies. Once im-
proved varieties have been adopted, the next set of technol-
ogies that makes a significant difference in reducing
production costs includes machinery, land management
practices (often in association with herbicide use), fertilizer
use, integrated pest management, and (most recently) im-
proved water management practices.

Although many Green Revolution technologies were
developed and extended in package form (such as new plant
varieties plus recommended fertilizer, pesticide, and herbi-
cide rates, along with water control measures), many com-
ponents of these technologies were taken up in a piecemeal,
often stepwise manner (Byerlee and Hesse de Polanco
1986). The sequence of adoption is determined by factor
scarcities and the potential cost savings achieved. Herdt
(1987) provided a detailed assessment of the sequential
adoption of crop management technologies for rice in the
Philippines. Traxler and Byerlee (1992) provided similar ev-
idence on the sequential adoption of crop management
technologies for wheat in Sonora, northwestern Mexico.

Although high-potential environments gained the most
in terms of productivity growth from the Green Revolu-
tion varieties, the less favorable environments benefited as
well through technology spillovers and through labor mi-
gration to more productive environments. According to
David and Otsuka (1994), wage equalization across favor-
able and unfavorable environments was one of the primary
means of redistributing the gains of technological change.
(Wages of workers in unfavorable environments are pulled
up by demand for additional labor in the favorable environ-
ments.) Renkow (1993) found similar results for wheat
grown in high- and low-potential environments in Paki-
stan.

Byerlee and Moya (1993), in their global assessment of
the adoption of improved wheat varieties, found that over
time the adoption of modern varieties in unfavorable envi-
ronments caught up to levels of adoption in more favorable
environments, particularly when germplasm developed for
high-potential environments was further adapted to the
more marginal environments. In the case of wheat, the rate
of growth in yield potential in drought-prone environ-
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ments was around 2.5% per year during the 1980s and
1990s (Lantican et al. 2003). Initially the growth in yield
potential for the marginal environments came from techno-
logical spillovers as varieties bred for the high-potential en-
vironments were adapted to the marginal environments.
During the 1990s, however, further gains in yield potential
came from breeding efforts targeted specifically at the mar-
ginal environments.

Since the 1990s, the locus of agricultural research and
development has shifted dramatically from the public to the
private multinational sector. Three interrelated forces in this
latter wave of globalization are transforming the system for
supplying improved agricultural technologies to the world’s
farmers. The first is the evolving environment for protect-
ing intellectual property in plant innovations. The second is
the rapid pace of discovery and the growth in importance
of molecular biology and genetic engineering. Finally, ag-
ricultural input and output trade is becoming more open
in nearly all countries. These developments have created a
powerful new set of incentives for private research invest-
ment, altering the structure of the public/private agricul-
tural research endeavor, particularly with respect to crop
improvement (Falcon and Fowler 2002; Pingali and Traxler
2002).

7.2.5.3 Science and Technology Drivers and Ecosystem
Consequences

The consequences of technical change for ecosystems are
as diverse as those for economic drivers, because technical
change alters the interplay among inputs, resource use, and
outputs. Two examples—in agriculture and fisheries—
illustrate this complexity. The development of high-yield-
ing crop varieties meant that less land could be used to
produce the same amount of food with positive effects on
the condition of the unconverted ecosystems. The inven-
tion of the Haber-Bosch process to convert atmospheric
nitrogen cheaply into nitrogenous fertilizer meant that
plants with high yield response to this fertilizer were fa-
vored in the marketplace. More nitrogen was applied to
fields, altering dramatically the natural nitrogen cycle, with
negative consequences in coastal ecosystems. (See later dis-
cussion on nitrogen use and ecosystem consequences.) Use
of pesticides also had unintended consequences, such as the
reduction in availability of by-product protein from irri-
gated fields (fish and amphibians).

Improved marine fishing technologies have made it pos-
sible to extract considerable fish biomass from the marine
system. In fact, humankind has probably reached the maxi-
mum (and in some places exceeded) levels of fish biomass
removal before significant ecosystem changes are induced.
(Since fish biomass is a small fraction of the marine standing
biomass, current fish extraction probably removes only a
small portion of total marine biomass; recent initiatives such
as the Scientific Committee on Ocean Research workshop
on the impacts of fishing on marine ecosystems are trying
to address the question of impacts.) For example, in the
Gulf of Thailand higher trophic animals are no longer pres-
ent and the system is dominated by lower trophic species
with a high biomass turnover (Christianson 1998). Re-
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search in West Africa (Alder and Sumaila 2004) and the
North Atlantic (Christianson et al. 2003) indicates similar
changes.

A less diverse system is in principle more vulnerable (less
resistant) to perturbations such as disease and climate
change, but there is little documented evidence that the loss
of fish biomass is driving changes in the carbon and nitrogen
cycle as well as diseases. In parts of the Caribbean, removal
of the top predators ultimately resulted in the areas shifting
from coral-dominated reefs to algal-dominated ones. In this
case, the removal of top predators resulted in reefs domi-
nated by sea urchins, but a disease wiped them out so there
were few animals left to clean algae from the corals, result-
ing in a rapid shift from coral to algal-dominated reefs. (This
process is described in detail in Chapter 19 of the Current
State and Trends volume.)

7.2.5.4 Overview of Science and Technology Drivers in the MA
Scenarios

The MA scenarios include a number of different science and
technology drivers. A qualitative assessment about changes
in aggregate technology development is implemented in a
variety of assumptions about crop yield changes, energy and
water efficiency, and materials intensity. The assumptions
about the development of science and technology in each
of the scenarios can be found in Chapter 9.

7.3 Direct Drivers
This section reviews some of the most important direct
drivers of ecosystem condition: climate variability and
change, plant nutrient use, land conversion, invasive spe-
cies, and diseases.

7.3.1 Climate Variability and Change

Key climatic parameters that affect ecological systems in-
clude mean temperature and precipitation and their vari-
ability and extremes, and in the case of marine systems, sea
level. In this section we review the available record on cli-
mate and the drivers of climate variability and change.

This section is primarily based on the expert and gov-
ernment peer-reviewed reports from the Intergovernmental
Panel on Climate Change—especially on the Working Group
I Report of the Third Assessment Report (Houghton et al.
2001; IPCC 2002) and the Special Report on Emissions
Scenarios (Nakićenović et al. 2000)—and on the Conven-
tion on Biological Diversity Technical Series No. 10 (Secre-
tariat of the Convention on Biological Diversity 2003).
This section highlights the key conclusions of these assess-
ments, which, given their comprehensive nature and recent
publication, are still valid.

7.3.1.1 Observed Changes in Climate

The global-average surface air temperature has increased by
0.6 
 0.2� Celsius since about 1860. (See Figure 7.13 in
Appendix A.) The record shows a great deal of spatial and
temporal variability; for example, most of the warming oc-
curred during two periods (1910–45 and since 1976). It is
very likely that the 1990s was the warmest decade, and 1998
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the warmest year, of the instrumental record. Extending the
instrumental record with proxy data for the Northern
Hemisphere indicates that over the past 1,000 years, the
twentieth century’s increase in temperature is likely to have
been the largest of any century, and the 1990s was likely the
warmest decade (IPCC 2002, p. 42). On average, night-
time daily minimum temperatures over land have increased
at about twice the rate of daytime daily maximum tempera-
tures since about 1950 (approximately 0.2� versus 0.1� Cel-
sius per decade). This has lengthened the freeze-free season
in many mid- and high-latitude regions.

Precipitation increased by 0.5–1% per decade in the
twentieth century over most mid- and high-latitudes of the
Northern Hemisphere continents. Rainfall has decreased
over much of the sub-tropical land areas (�0.3% per dec-
ade), although it appeared to recover in the 1990s. It is
likely that there has been an increase in heavy and extreme
precipitation events, on average, in the mid- and high-lati-
tudes of the Northern Hemisphere.

There has been a widespread retreat of mountain glaciers
in nonpolar regions during the twentieth century, decreases
of about 10% in the extent of snow cover since the late
1960s, and a reduction of about two weeks in the annual
duration of lake- and river-ice cover in the mid- and high
latitudes of the Northern Hemisphere over the twentieth
century. Northern Hemisphere spring and summer sea-ice
extent has decreased by about 10–15% since the 1950s. It is
likely that there has been about a 40% decline in Arctic sea-
ice thickness during late summer to early autumn in recent
decades and a considerably slower decline in winter sea-ice
thickness.

Global-average sea level rose 10–20 centimeters during
the twentieth century. Warm episodes of the El Niño/
Southern Oscillation phenomenon have been more fre-
quent, persistent, and intense since the mid-1970s. This re-
cent behavior has been reflected in regional variations of
precipitation and temperature over much of the tropics and
sub-tropics.

7.3.1.2 Observed Changes in Atmospheric Composition:
Greenhouse Gases and Aerosol Precursors

Since 1750, the atmospheric concentration of carbon diox-
ide has increased by about 32% (from about 280 to 376 parts
per million in 2003. Approximately 60% of that increase (60
ppm) has taken place since 1959 (Keeling and Whorf, at
cdiac.esd.ornl.gov/trends/co2/sio-mlo.htm). (See Figure
7.14 in Appendix A.) Nearly 80% of the increase during the
past 20 years is due to fossil fuel burning, with the rest being
due to land use changes, especially deforestation and, to a
lesser extent, cement production. The rate of increase of
atmospheric CO2 concentration has been about 0.4% per
year over the past two decades. During the 1990s, the an-
nual increase varied by a factor of three, with a large part of
this variability being due to the effect of climate variability
on CO2 uptake and release by land and oceans.

Atmospheric methane concentrations have increased by
a factor of 2.5 since 1750 (from about 700 to 1,750 parts
per billion), and they continue to increase. The annual in-
crease in CH4 atmospheric concentrations became slower
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and more variable in the 1990s compared with the 1980s.
The atmospheric concentration of nitrous oxide has in-
creased by about 17% since 1750 (from about 270 to 315
parts per billion).

The atmospheric concentrations of many of the halocar-
bon gases that are both ozone-depleting and greenhouse
gases are either decreasing or increasing more slowly in re-
sponse to reduced emissions under the regulations of the
Montreal Protocol on the ozone layer and its amendments.
Their substitute compounds and some other synthetic com-
pounds (such as perfluorocarbons and sulfur hexafluoride)
are increasing rapidly in the atmosphere, but from recent
near-zero concentrations.

Tropospheric ozone has increased by about 35% since
1750 due to anthropogenic emissions of several ozone-
forming gases (non-methane hydrocarbons, NOx, and car-
bon monoxide). Ozone varies considerably by region, and
because of its short atmospheric lifetime it responds much
more quickly to changes in precursor emissions than the
long-lived greenhouse gases, such as CO2.

7.3.1.3 Projections of Changes in Atmospheric Composition:
Greenhouse Gases and Aerosol Precursors

Carbon emissions due to fossil-fuel burning are virtually
certain to be the dominant influence on the trends in atmo-
spheric CO2 concentration during the twenty-first century.
As the CO2 concentration increases and climate changes,
the oceans and land will take up a progressively decreasing
proportion of anthropogenic carbon emissions. By the end
of the twenty-first century, models project atmospheric
concentrations of CO2 of 540–970 parts per million. (See
Figure 7.15 in Appendix A.) This range of projected con-
centrations is primarily due to differences among the emis-
sions scenarios (the IPCC-SRES scenarios show a range of
5–28 gigatons of carbon per year in 2100, compared with
7.1 gigatons in 1990); different carbon model assumptions
would add at least 
10% uncertainty to these projections.
Sequestration of carbon by changing land use could influ-
ence atmospheric CO2 concentration. However, even if all
of the carbon so far released by land use changes could be
restored to the terrestrial biosphere (through reforestation,
for example), projected levels of CO2 concentration would
be reduced by only 40–70 parts per million.

Model projections of the emissions of the non-CO2

greenhouse gases vary considerably by 2100 across the
IPCC-SRES emissions scenarios. Annual anthropogenic
CH4 and N2O emissions are projected to be 270–890 tera-
gram CH4 and 5–17 teragram N in 2100, compared with
310 teragram CH4 and 6.7 teragram N in 1990. By the end
of the century, models project the atmospheric concentra-
tions of CH4 to be 1,550–3,750 parts per billion and of
N2O to be 340–460 parts per billion.

Model projections of the emissions of the precursors of
tropospheric ozone—that is, CO, NMHCs, and NOx—also
vary considerably by 2100 across the IPCC-SRES emissions
scenarios. Annual anthropogenic emissions are projected to
be 360–2,600 teragram CO, 90–420 teragram NMHCs,
and 19–110 teragram N in 2100, compared with about 880
teragram CO, 140 teragram NMHCs, and 31 teragram N
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in 1990. In some scenarios, tropospheric ozone would be-
come as important a radiative forcing agent as CH4 and
would threaten the attainment of air quality targets over
much of the Northern Hemisphere.

The IPCC-SRES scenarios primarily project decreases
in anthropogenic sulfur dioxide emissions, leading to pro-
jected decreases in the atmospheric concentrations of sulfate
aerosols. Model projections of the emissions of SO2 vary
considerably by 2100 across the IPCC-SRES emissions sce-
narios. Annual anthropogenic SO2 emissions are projected
to be 20–60 teragram S in 2100, compared with about 71
teragram S in 1990. In addition, natural aerosols (such as sea
salt, dust, and emissions leading to the production of sulfate
and carbon aerosols) may increase as a result of changes in
climate and atmospheric chemistry.

7.3.1.4 Existing Projections of Changes in Climate

The global climate of the twenty-first century will depend
on natural changes and the response of the climate system
to human activities. Climate models can simulate the re-
sponse of many climate variables, such as increases in global
surface temperature and sea level, in various scenarios of
greenhouse gas and other human-related emissions. (See
Table 7.6.) The globally averaged surface air temperature
increase from 1990 to 2100 for the range of IPCC-SRES
scenarios is projected to be 1.4–5.8� Celsius. This increase
would be without precedent during the last thousand years.

Table 7.6 Observed and Modeled Changes in Extremes of
Weather and Climate (IPCC 2002)

Change
Observed 
(1950–2000)

Projections 
from Models
(2050–2100)

Higher maximum 
temperatures and 
more hot days

nearly all land areas most models

Increase of heat index many land areas most models

More intense 
precipitation events

many northern hemi-
sphere mid- to high-
latitude land areas

most models

Higher minimum 
temperatures and 
fewer cold days

virtually all land areas most models

Fewer frost days virtually all land areas physically plausible
based on increased
minimum tempera-
tures

Reduced diurnal 
temperature range

most land areas most models

Summer continental 
drying 

few areas most models

Increase in tropical
cyclone peak wind 
intensities 

not observed, but
very few analyses

some models

Increase in tropical
cyclone mean and peak
precipitation intensities 

insufficient data some models
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A coherent picture of regional climate change using re-
gionalization techniques is not yet possible. However, based
on recent global model simulations, it is likely that nearly all
land areas will warm more rapidly than the global average,
particularly those at high latitudes in the cold season. Most
notable is the warming in the northern regions of North
America and in northern and central Asia, which is in excess
of 40% above the global-mean change. In contrast, the
warming is less than the global-mean change in South and
Southeast Asia in summer and southern South America in
winter.

Globally averaged precipitation is projected to increase.
Based on recent global model simulations, it is likely that
precipitation will increase over northern mid- and high lati-
tudes and over Antarctica in winter. At low latitudes, there
are both regional increases and decreases, which are likely
to depend on the emissions scenario, but in general most
arid and semiarid areas are projected to become drier.

Analyses of past data and improvements in climate mod-
els have enabled changes in extreme events observed to date
(such as heat waves, heavy precipitation events, and
droughts) to be compared to similar changes in model sim-
ulations for future climate.

For some other extreme phenomena, many of which
may have important impacts on ecosystems and society,
there is currently insufficient information to assess recent
trends, and the confidence in models and understanding is
inadequate to make firm projections on, for instance, the
intensity of mid-latitude storms. Further, very small-scale
phenomena, such as thunderstorms, tornadoes, hail, and
lightning, are not simulated in global models. Recent trends
for conditions to become more El Niño-like in the tropical
Pacific are projected to continue in many models, although
confidence in such projections is tempered by some short-
comings in how well El Niño is simulated in global climate
models.

Northern Hemisphere snow cover and sea-ice extent are
projected to decrease further. Glaciers and icecaps (exclud-
ing the ice sheets of Greenland and Antarctica) will con-
tinue their widespread retreat during the twenty-first
century.

For the range of IPCC-SRES scenarios, a sea level rise
of 9–88 centimeters is projected for 1990 to 2100, with a
central value of 0.47 meters, which is about two to four
times the rate over the twentieth century.

7.3.1.5 Climate Drivers and Ecosystem Consequences

Climate change and elevated atmospheric concentrations of
CO2 are projected to affect individuals, populations, spe-
cies, and ecosystem composition and function both directly
(through increases in temperature and changes in precipita-
tion, changes in extreme climatic events and in the case of
aquatic systems changes in water temperature, sea level, and
so on) and indirectly (through climate changing the inten-
sity and frequency of disturbances such as wildfires and
major storms). The magnitude of the impacts will, however,
depend on other anthropogenic pressures, particularly in-
creased land use intensity and the associated modification,
fragmentation, and loss of habitats (or habitat unification,

................. 11411$ $CH7 10-27-05 08:42:59 PS



202 Ecosystems and Human Well-being: Scenarios

especially in the case of freshwater bodies); the introduction
of invasive species; and direct effects on reproduction, dom-
inance, and survival through chemical and mechanical
treatments.

No realistic projection of the future state of Earth’s eco-
systems can be made without taking into account all of
these pressures—past, present, and future. Independent of
climate change, biodiversity is forecast to decrease in the
future due to the multiple pressures from human activi-
ties—climate change constitutes an additional pressure.
Quantification of the impacts of climate change alone,
given the multiple and interactive pressures acting on
Earth’s ecosystems, is difficult and likely to vary regionally.

The general impact of climate change is that the habitats
of many species will move poleward or to higher elevations
from their current locations, with the most rapid changes
being where the general tendency is accelerated by changes
in natural and anthropogenic disturbance patterns. For ex-
ample, the climatic zones suitable for temperate and boreal
plant species may be displaced by 200–1,200 kilometers
poleward over the next 100 years. Weedy species (those that
are highly mobile and can establish quickly) and invasive
species will have advantage over others. Drought and de-
sertification processes will result in movements of habitats
of many species toward areas of higher rainfall from their
current locations.

Species and ecosystems are projected to be affected by
extreme climatic events—for example, higher maximum
temperatures, more hot days, and heat waves are projected
to increase heat stress in plants and animals and reduce plant
productivity. Higher minimum temperatures, fewer cold
days, frost days, and cold waves could result in an extended
range and activity of some pest and disease vectors and in-
creased productivity in some plant species and ecosystems.
More-intense precipitation events are projected to result in
increased soil erosion, increased flood runoff. Increased
summer drying over most mid-latitude continental interiors
and associated risk of drought are projected to result in de-
creased plant productivity, increased risk of wild fires and
diseases, and pest outbreaks. Increased Asian summer mon-
soon precipitation variability and increased intensity of
mid-latitude storms could lead to increased frequency and
intensity of floods and damage to coastal areas.

7.3.1.6 Overview of Climate Drivers in the MA Scenarios

The MA scenarios use the IPCC-SRES scenarios as a basis
for their assumptions about the energy and climate develop-
ments. The range of climate drivers in the MA scenarios
can be found in Chapter 9.

7.3.2 Plant Nutrient Use

All plants require three macronutrients—nitrogen, phos-
phorus, and potassium—and numerous micronutrients for
growth. Crop production often requires supplementation
of natural sources. Nitrogen and phosphorus can move be-
yond the bounds of the field to which they are applied,
potentially affecting ecosystems offsite. In addition, phos-
phorus used in detergents and output from sewer systems
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has been an important contributor to aquatic plant growth
in water bodies near population centers in some parts of the
world. In this section, we focus on nitrogen and phosphorus
as drivers of ecosystem changes. Potassium is relatively im-
mobile and mostly benign offsite, so it is not discussed.
Other nutrients, particularly micronutrients, are of great
importance in many parts of the world as drivers for sustain-
able crop production and human health (Welch and Gra-
ham 1999). Finally, carbon is itself a fertilizer, and rising
carbon concentrations, especially the upper range across
IPCC-SRES emissions scenarios, would also affect growth
of plants.

7.3.2.1 Nitrogen Use and Trends

Atmospheric N is mostly inert N2 gas, which is fixed into
reactive, biologically available forms through both natural
and anthropogenic fixation processes. Human activities are
dramatically changing the rate of N2 fixation and global at-
mospheric deposition of reactive N (Galloway and Cowling
2002). Reactive N is defined as all biologically, photochem-
ically, or radiatively active forms of N, a diverse pool that
includes mineral N forms such as NO3

- and NH4
�, gases

that are chemically active in the troposphere (NOx and
NH3), and gases such as N2O that contribute to the green-
house effect (Galloway et al. 1995). In 1990, the total
amount of reactive N created by human activities was about
141 teragram N per year (see Table 7.7), which represents a
ninefold increase over 1890, compared with a 3.5-fold in-
crease in global population (Galloway and Cowling 2002).
Between 1960 and 2002, use of nitrogenous fertilizers in-
creased eightfold, from 10.83 million to 85.11 million tons
of nitrogen (IFA 2004).

In the past, creation of reactive N was dominated by
natural processes, which also increased forest biomass pro-
duction and storage of atmospheric CO2 in plant and soils
(Mosier et al. 2001) At present, biological N2 fixation oc-
curring in cultivated crops, synthetic N production through
the Haber-Bosch process, and fossil-fuel combustion have
become major sources of reactive N (Galloway and Cowl-
ing 2002). Vitousek et al. (1997) estimate that humans have
approximately doubled the rate of N input to the terrestrial
N cycle.

Table 7.7 Regional Creation of Reactive Nitrogen in the Mid-
1990s (Galloway and Cowling 2002)

World Regions Reactive Nitrogen Creation

Total
(teragram
per year)

Per Person
(kilogram 
per year)

Africa 5.3 7

Asia 68.9 17

Europe and former Soviet Union 26.5 44

Latin America 9.4 19

North America 28.4 100

Oceania 2.2 63

World 140.7 24
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Large regional differences in reactive N creation occur.
Whereas Asia accounts for nearly 50% of the net global cre-
ation of reactive N, per capita creation is by far largest in
North America, followed by Oceania and Europe. Inor-
ganic fertilizers contribute about 82 teragram N per year
reactive N, whereas managed biofixation adds about 20 ter-
agram N per year and recycling of organic wastes 28–36
teragram N per year (Smil 1999).

It is generally believed that organic nutrient sources offer
environmental and other benefits, but the potential benefits
from relying on organic sources must be weighed against
potential limitations (Cassman et al. 2003). Although de-
mand for organic food is predicted to grow, especially in
higher-income countries, only 1% of the world’s cropland
(about 16 million hectares) is currently under certified or-
ganic production (FAO 2002). Globally, organic N sources
are not available in amounts that would be large enough to
meet nutrient needs for food production. On a global basis,
manure and legumes can contribute about 25% of crop N
requirements (Roy et al. 2002). Except for soybeans, how-
ever, legume area is declining worldwide, and this trend
is unlikely to be reversed in the near future (Smil 1997).
Moreover, controlling the fate of N from organic sources is
as difficult as managing the fate of N from mineral fertilizer.
Organic or low-input agriculture alone cannot secure the
future food supply in the developing world, where main-
taining low food prices contributes to reducing poverty and
increasing economic wealth (Senauer and Sur 2001).

Crop production at a global scale will largely depend on
mineral N fertilizer to meet current and future food de-
mand (Cassman et al. 2003). Nitrogen use in developing
countries has increased exponentially during the course of
the Green Revolution (see Figure 7.16 in Appendix A) due
to rapid adoption of improved high-yielding varieties that
could respond to the increased N supply and greater crop-
ping intensity (Cassman and Pingali 1995). In industrial
countries, excluding Eastern Europe and the former Soviet
Union, N fertilizer use has remained relatively constant
during the past 25 years, although yields of many crops con-
tinue to rise slowly. In Eastern Europe and the countries of
the former Soviet Union, N consumption dropped in the
1990s as a result of political and economic turmoil.

The three major cereals—maize, rice, and wheat—
account for about 56% of global N fertilizer use (IFA 2002).
At a global scale, cereal yields and fertilizer N consumption
have increased in a near-linear fashion during the past 40
years and are highly correlated with one another. The ratio
of global cereal production to global fertilizer N consump-
tion shows a curvilinear decline in the past 40 years, raising
concerns that future increases in N fertilizer use are unlikely
to be as effective in raising yields as in the past (Tilman et
al. 2002). Because the relationship between crop yield and
N uptake is tightly conserved (Cassman et al. 2002), achiev-
ing further increases in food production will require greater
N uptake by crops and, consequently, either more external
N inputs or more efficient use of N. Recent estimates for
major cereals suggest that increases in N consumption by
about 20–60% during the next 25 years will be required to
keep pace with the expected demand (Cassman et al. 2003).
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Agricultural lands lose a substantial fraction of the fertil-
izer N applied, often 40–60%. Therefore, enhancing the
efficiency of N use from fertilizer (nitrogen use efficiency)
is a key measure for reducing the amount of reactive N
released into ecosystems (Galloway et al. 2002). The sim-
plest measure of NUE is the amount of grain (or other har-
vest product) produced per unit N input, which is an
aggregate efficiency index that incorporates the contribu-
tions from indigenous soil N, fertilizer uptake efficiency,
and the efficiency with which N acquired by the plant is
converted into grain yield.

Large differences in NUE exist among countries, re-
gions, farms, fields within a farm, and crop species, because
crop yield response functions to N vary widely among dif-
ferent environments (Cassman et al. 2002). Therefore, poli-
cies that promote an increase or decrease in N fertilizer use
at state, national, or regional levels would have a widely
varying impact on NUE, yields, farm profitability, and en-
vironmental quality.

Large-scale NUE can be increased with sufficient invest-
ments in research and policies that favor increases in NUE
at the field scale. Figure 7.17 shows that in U.S. maize sys-
tems, NUE increased from 42 kilograms of crop per kilo-
gram of N in 1980 to 57 kilograms of crop in 2000
(Cassman et al. 2002). Three factors contributed to this im-
provement: increased yields and more vigorous crop
growth associated with greater stress tolerance of hybrids
(Duvick and Cassman 1999); improved management of
production factors other than N (conservation tillage, seed
quality and higher plant densities); and improved N fertil-
izer management (Dobermann and Cassman 2002).

In Japan, NUE of rice remained virtually constant at
about 57 kilograms of crop per kilogram N from 1961 to
1985, but this has increased to more than 75 kilograms of

Figure 7.17. Trends in Maize Grain Yield, Use of Nitrogen
Fertilizer, and Nitrogen Use Efficiency in United States, 1965–
2000 (modified from Cassman et al. 2002)
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crop in recent years (Mishima 2001). Key factors contribut-
ing to this increase were a shift to rice varieties with better
grain quality, which also had lower yield potential and ni-
trogen concentrations, and the adoption of more knowl-
edge-intensive N management technologies (Suzuki 1998).

Increasing NUE in the developing world presents a
greater challenge. Nitrogen use efficiency is particularly low
in intensive irrigated rice systems of sub-tropical and tropi-
cal Asia, where it has remained virtually unchanged during
the past 20–30 years (Dobermann and Cassman 2002). Re-
search has demonstrated, however, that rice is capable of
taking up fertilizer N very efficiently provided the timing
of N applications is congruent with the dynamics of soil N
supply and crop N demand (Peng and Cassman 1998).
These principles have recently become embedded in a new
approach for site-specific nutrient management, resulting in
significant increases in yields and NUE at numerous farms
sites across Asia (Dobermann et al. 2002). Improving the
congruence between crop N demand and N supply also
was found to substantially increase N fertilizer efficiency of
irrigated wheat in Mexico (Matson et al. 1998; Riley et al.
2003).

7.3.2.2 Phosphorus Use and Trends

Phosphorus is widely used in fertilizers for agricultural
crops, as well as on lawns in high-income countries. It is
also used as a nutrient in supplements for dairy cattle in
some parts of the world. More than 99% of all phosphate
fertilizers are derived from mined phosphate rock. Just six
countries account for 80% of the world phosphate rock
production (United States Geological Survey 2003): the
United States (27% of world total), Morocco and Western
Sahara (18%), China (16%), Russia (8%), Tunisia (6%), and
Jordan (5%). At current annual mining rates of 133 million
tons per year, known phosphate rock reserves and resources
would last for about 125 and 375 years, respectively (United
States Geological Survey 2003).

Globally, fertilizer-P consumption, which rose steadily
from 1961 to the late 1980s, appears to have leveled off
around 33 million tons after a drop in the early 1990s, but
regional differences occur. (See Figure 7.18 in Appendix
A.) Phosphorus consumption has steadily declined since the
late 1970s in higher-income countries, whereas it continues
to rise in many lower-income countries, particularly in
Asia. Phosphorus consumption dropped sharply in the
1990s in Eastern Europe and the former Soviet Union,
which is likely to cause a drawdown of soil P resources in
these regions. China, Brazil, India, and the United States
are currently the major consumers of phosphate fertilizers.
Fertilizer P use has remained low in many poor countries
of Africa and other parts of the world.

Livestock excreta play an important role in the global P
cycle. Recent estimates suggest that the total amount of P
contained in livestock excreta was 21 million tons in 1996,
of which 8.8 million tons were recovered in manure (Shel-
drick et al. 2003a). However, manure P input has declined
from 50% of the fertilizer plus manure P input in 1961 to
38% in 1996 (Sheldrick et al. 2003a).
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Global agricultural P budgets (inputs are fertilizers and
manures and outputs are agricultural products and runoff )
indicate that average P accumulation in agricultural areas of
the world is approximately 8 million tons P per year. While
P is still accumulating, the rate of annual accumulation has
begun to plateau, possibly as early as the 1980s. (See Figure
7.19.) Slowing rates of annual accumulation is causing the
rate of increase in cumulative accumulation to decline, but
this decline (2–4 million tons P per year) is minimal com-
pared with total cumulative accumulation (over 300 million
tons P per year).

P accretion is occurring in many countries, but rates of
P accumulation over time vary. (See Figure 7.20.) On aver-
age, rates of P accumulation on agricultural land have

Figure 7.19. Phosphorus Accumulation in Agricultural Soils,
1960–95, as Determined by Global Budget. Squares indicate
annual accumulation based on five-year averages. Circles represent
cumulative P accumulation. Inputs are fertilizer and manure, based
on global estimates of fertilizer use from the FAO 1950–97 and esti-
mates of manure production based on animal densities. Outputs are
agricultural products such as meat, eggs, and grains based on agri-
cultural production data from FAO 1950–98, and the percentage P
of those products and P in runoff. (Bennett et al. 2001)

Lower-income countries Higher-income countries

Figure 7.20. Estimated Inputs, Outputs, and Change in Storage
of Phosphorus on Agricultural Lands in Lower- and Higher-
income Countries, 1961–96. Inputs include fertilizers and
manure; outputs are runoff and crops harvested. Note that the drop
in fertilizer use in the industrial countries in 1996 may be due to
greatly reduced fertilizer use in the Former Soviet Union and Eastern
Europe. (Bennett et al. 2001)
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started to decline in higher-income countries but are still
rising in lower-income ones. While agricultural lands in the
latter had a net loss of P in 1961, they now accumulate
more phosphorus per year than do higher-income coun-
tries’ agricultural areas, making up 5 million of the 8 million
tons per year total global P accumulation on agricultural
lands. This accumulation is a global average; actual accumu-
lation will vary at regional, national, and local scales.

Calculating nutrient budgets is associated with many un-
certainties that are seldom taken into account (Oenema et
al. 2003). Many estimates are partial budgets or include nu-
merous assumptions about components that are difficult to
quantify at the scales of interest. Moreover, great diversity
exists in P budgets among countries, within a country, or
even between fields in the same farm. Nutrient audits for
China suggest average annual P losses of 5 kilograms per
hectare of agricultural land (Sheldrick et al. 2003b). Simi-
larly, an annual loss of 3 kilograms of phosphorus per hect-
are was estimated for 38 countries of sub-Saharan Africa
(Stoorvogel et al. 1993).

In contrast, on-farm studies conducted at 207 sites in
China, India, Indonesia, Thailand, and the Philippines
showed an average annual surplus of 12 kilograms P per
hectare under double-cropping of irrigated rice (Dober-
mann and Cassman 2002). A study in Uganda demonstrated
that the P balance was near neutral for a whole district, but
it varied from positive in fields near homesteads to negative
in outfields (Bekunda and Manzi 2003). In Southern Mali,
P was at balance for the whole region, but large local varia-
tions occurred (Van der Pol and Traore 1993). Soil surface
P balances studied in nine organic farms in the United
Kingdom were positive in six cases, resulting from supple-
mentary P fertilizer (rock phosphate) and additional feed for
non-ruminant livestock, whereas a stockless system without
P fertilizer resulted in a large P deficit (Berry et al. 2003).
In slash-and-burn agriculture, the P balance is only positive
when fertilizer is applied (Hoelscher et al. 1996).

Global differences in soil quality also affect the relation-
ships between fertilizer P use, crop productivity, and risk of
P pollution. In many tropical regions, small farmers operate
on acid upland soils with high P-fixation potential. Recla-
mation of P-deficient land requires larger phosphate appli-
cations (Uexkuell and Mutert 1995) and good soil
conservation to prevent P losses by erosion.

7.3.2.3 Potassium Use and Trends

Annual global potash production amounts to about 26 mil-
lion tons, of which 93% is used in agriculture. Roughly
96% of all potash is produced in North America, Western
and Eastern Europe, and the Middle East. Nine companies
in Canada, Russia, Belarus, Germany, the United States,
and Israel account for 87% of the global potash production.
Large amounts of potash fertilizers are shipped around the
globe to satisfy the needs of crop production for this impor-
tant macronutrient.

Trends in global potash fertilizer use are similar to those
observed for N and P: stagnating or slightly declining use
in many higher-income countries, significant increases in
selected lower-income countries, and a sharp drop in East-
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ern Europe and the former Soviet Union in recent years.
(See Figure 7.21.)

Negative potassium (or K) budgets in many parts of the
developing world raise concern about the long-term sus-
tainability of crop production, particularly under intensive
cultivation. For example, although K use has increased on
agricultural land in China during the past 20 years, the na-
tion’s overall annual K budget remains highly negative at
about negative 60 kilograms per hectare (Sheldrick et al.
2003b). Similar estimates for India and Indonesia suggest
annual K losses of about 20–40 kilograms of K per hectare,
and these losses have been increasing steadily during the past
40 years. An average annual K loss of nearly 20 kilograms
per hectare was estimated for all of sub-Saharan Africa
(Stoorvogel et al. 1993). Average annual K losses of about
50 kilograms per hectare are common in double cropping
rice systems of Asia (Dobermann et al. 1998).

Overall, potassium deficiency in agriculture is not yet
widespread, but if present trends continue, it is only a mat-
ter of time until depletion of soil K resources will reach
levels that could cause significant limitations for crop pro-
duction. Because most of the K taken up by plants is con-
tained in vegetative plant parts, recycling of crop residue
and organic wastes is a key issue for sustaining K input-
output balances. Mineral fertilizer use must be balanced
with regard to K, which is an important measure to increase
yields and nitrogen use efficiency. To achieve this, annual
rates of K use in the developing world may have to rise
much faster than those of N use.

7.3.2.4 Plant Nutrient Drivers and Ecosystem Consequences

7.3.2.4.1 Nitrogen and ecosystem consequences

Synthetic production of fertilizer N has been a key driver
of the remarkable increase in food production that has oc-
curred during the past 50 years (Smil 2001), but crop pro-
duction also contributes much to global accumulation of
reactive N. Only about half of all anthropogenic N inputs
on croplands are taken up by harvested crops and their resi-

Figure 7.21. Trends in Global Consumption of Potash Fertilizer,
1961–2000 (IFA 2003)
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dues. Losses to the atmosphere amount to 26–60 million
tons N per year, while waters receive 32–45 million tons
N per year from leaching and erosion (Smil 1999). Many
uncertainties are associated with these estimates, but there
is increasing concern about the enrichment of the biosphere
with reactive N forms and significant changes in reactive N
distribution (Galloway and Cowling 2002). The key chal-
lenge is to meet the greater N requirements of higher-yield-
ing crops while concurrently increasing nitrogen use
efficiency and reducing the reactive N load attributable to
agriculture.

If left unchecked, significant costs to society may arise
through both direct and indirect effects on the environment
and human health (Wolfe and Patz 2002) caused by in-
creased emissions of NOx, NH3, N2O, NO3, and dissolved
organic N compounds or by deposition of NOy and NHx

compounds (Mosier et al. 2001; Townsend et al. 2003).
Consequences include decreased drinking water quality
(Spalding and Exner 1993), eutrophication of freshwater
ecosystems (McIsaac et al. 2001), hypoxia in coastal marine
ecosystems (Rabalais 2002), nitrous oxide emissions con-
tributing to global climate change (Smith et al. 1997;
Bouwman et al. 2002), and air pollution by NOx in urban
areas (Townsend et al. 2003). Occurrence of such problems
varies widely in different world regions. However, prelimi-
nary estimates for the United Kingdom (Pretty et al. 2000)
and Germany (Schweigert and van der Ploeg 2000) suggest
that the environmental costs of excessive N fertilizer use
may be a substantial proportion of the value of all farm
goods produced.

7.3.2.4.2 Phosphorus and ecosystem consequences

Approximately 20–30% of P in fertilizer is taken up by ag-
ricultural plants when they grow (Sharpley et al. 1993). The
remainder accumulates in the soil or runs off. Phosphorus
moves downhill in particulate or dissolved form, where it
has secondary impacts on other ecosystems.

Phosphorus is the limiting nutrient in most freshwater
lakes (Vollenweider 1968; Schindler 1977) and is a critical
nutrient in the productivity of marine ecosystems (Tyrell
1999). Excess P degrades lakes through a syndrome of in-
creased productivity called eutrophication (Vollenweider
1968; Schindler et al. 1971; Dillon and Rigler 1974). Phos-
phorus is the primary cause of most freshwater eutrophica-
tion and a component of estuarine eutrophication.
Eutrophic lakes frequently experience noxious algal
blooms, increased aquatic plant growth, and oxygen deple-
tion, leading to degradation of their ecological, economic,
and aesthetic value by restricting use for fisheries, drinking
water, industry, and recreation (National Research Council
1992; Sharpley et al. 1994).

When lakes become eutrophic, many ecosystem services
are reduced. Water from lakes that experience algal blooms
is more expensive to purify for drinking or other industrial
uses (Carpenter et al. 1998). Eutrophication can also restrict
use of lakes for fisheries because low oxygen levels reduce
fish populations (Smith 1998). While habitat for some
aquatic plants, such as noxious algae, are increased by eutro-
phication, habitat for other plants, such as aquatic macro-
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phytes, may decrease. Underlying all these changes are
reductions in some of the supporting services provided by
lakes, such as nutrient cycling. Possibly the most striking
loss is that of many of the cultural services provided by
lakes. Foul odors of rotting algae, slime-covered lakes, and
toxic chemicals produced by some blue-green algae during
blooms keep people from swimming, boating, and other-
wise enjoying the aesthetic value of lakes.

In marine systems, excess P input causes harmful algal
blooms (including blooms of toxic species); growth of
attached algae and macrophytes that can damage benthic
habitats, including coral reefs; problems with deoxygen-
ation and foul odors; fish mortality; and economic losses
associated with increased costs of water purification and im-
pairment of water supply for agriculture, industry, and mu-
nicipal consumption (Postel 1997; Carpenter et al. 1998;
Smith 1998). The U.S. Environmental Protection Agency
called eutrophication the most ubiquitous water quality
problem in the United States (U.S. Environmental Protec-
tion Agency 1996). Although it is currently a key problem
primarily in industrial countries with high rates of fertilizer
use, recent increases in phosphate fertilizer use in develop-
ing countries indicate that it may become of increasing im-
portance there as well.

It is extremely difficult to control P runoff because it
comes from widely dispersed sources and can vary with
weather. Studies indicate that agriculture is a major source
of P (Sharpley 1995) and that most of the runoff happens
during spring storms that carry soils and their P into bodies
of water (Pionke et al. 1997), but it has proved very difficult
to locate particular fields as important sources in ways other
than through proxy measurements, such as high concentra-
tions of P in the soil.

Accumulation of P uphill from bodies of water has been
termed a chemical time bomb (Stigliani et al. 1991) because
it is simply waiting to be transported to downstream water
bodies through erosion and other processes. As a global av-
erage, if we completely ceased all P fertilizer use it would
take approximately 40 years for soil P concentrations to re-
turn to 1958 levels (calculated based on Bennett et al.
2001). It is important to keep in mind that turnover rates
for P in soils are highly variable in space. Some areas with
high soil P may have very slow turnover. For example, a
study of the Lake Mendota watershed in Wisconsin USA,
suggests that if over fertilizing were to stop, it would still
take over 260 years for P in the soil to drop to 1974 levels
(Bennett et al. 1999). Other budgets for high P soils indicate
similarly long turnover times. However, many regions, es-
pecially in highly weathered tropical soils, have soils that are
very impoverished in P and would have a shorter draw-
down time.

7.3.2.4.3 Potassium and ecosystem consequences

Negative environmental impacts of potassium are negligi-
ble, so that its major role as an ecosystem driver is that of
increasing crop productivity. Potassium has no known neg-
ative consequences for ecosystems, and its excessive accu-
mulation in soils and waters is rare.
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7.3.2.5 Summary of Plant Nutrient Drivers

Human activities have dramatically altered plant nutrient
cycles. Human interventions have had a positive impact on
crucial ecosystem services such as food supply but have also
caused numerous negative consequences for other ecosys-
tem services. These impacts (negative and positive) vary by
location.

Changes in the global atmospheric deposition of reactive
N and in the concentrations of soil P have had a positive
impact on increasing food production at affordable prices
but have also had negative consequences for some ecosys-
tem services. Traditional cropping practiced before syn-
thetic N fertilizers became available could provide today’s
average diets for only about 40% of the existing population
(Smil 2001). As the human population continues to in-
crease, fertilizer N will continue to play a dominant role
in the global N cycle. Therefore, increases in nitrogen use
efficiency are necessary to control the cycling of the most
potent reactive N compounds. There is much potential for
fine-tuning N management in agricultural crops through
technologies that achieve greater congruence between crop
N demand and N supply from all sources—including fertil-
izer, organic inputs, and indigenous soil N (Cassman et al.
2002). Such improvements are likely to have a large impact
on the global N cycle, but they require collaboration
among agronomists, soil scientists, agricultural economists,
ecologists, and politicians (Galloway et al. 2002), as well as
significant long-term investments in research and educa-
tion.

Patterns of P supply, consumption, and waste produc-
tion have also become decoupled from natural P cycles
(Tiessen 1995). Changing the P cycle has had a positive
impact on production of food from agricultural areas, but a
negative impact on provision of services from aquatic eco-
systems downstream from those areas. Phosphorus surpluses
due to fertilizer use, livestock industry, and imports of feed
and food have become widespread in high-income coun-
tries. In contrast, both P surpluses and deficits are found in
developing countries, including large areas that are naturally
P-deficient. Finding ways to maintain or increase agricul-
tural production without sacrificing water quality will be a
major issue in the coming years.

7.3.2.6 Overview of Plant Nutrient Drivers in the MA Scenarios

Changes in nutrient use vary among the scenarios, depend-
ing on the key indirect drivers of food demand and techno-
logical change. Increased food demand generally leads to
increases in the amount of fertilizer used; however, this can
be tempered by technological change that results in in-
creased food production without additional fertilizers.

All scenarios will experience some increase in the use of
N and P fertilizers due to growing human population and
increased demand for food. Global Orchestration is pro-
jected to have the highest increase in fertilizer use. Increas-
ing economic openness in this scenario makes fertilizers
available in locations where they currently are not com-
monly used. Much of the increase in fertilizer use will be in
currently poor countries. Order from Strength will also
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have a large increase in fertilizer use. In this scenario, how-
ever, most of the increase comes from higher use in wealth-
ier countries.

Increased agricultural production in wealthier countries
requires increased efficiency of production from lands al-
ready in cultivation in addition to a greater amount of culti-
vated land. Without additional technological advances,
production is likely to be improved through heavier use of
fertilizers. Food production in the TechnoGarden scenario
also increases, but technical change is the primary driver, so
fertilizer use increase is the lowest in this scenario. Nutrient
use in the Adapting Mosaic scenario falls in the range of the
other scenarios. The environmentally proactive approach
should lead to decreased use of fertilizers, but low amounts
of trade will force people in some areas to use fertilizers
heavily simply to feed people locally.

7.3.3 Land Conversion

Humans change land use to alter the mix of ecosystem ser-
vices provided by that land. Sometimes the land conversion
effort is intentional, such as plowing grassland to grow
crops. In other cases, land conversion is a consequence of
other activities. For example, salinization is the unintended
consequence of irrigation that does not have adequate
drainage.

The Millennium Ecosystem Assessment sponsored an
international effort to document regions around the world
in which rapid and recent change (since the 1970s) in land
cover can be shown to have occurred (Lepers et al. in press).
In this section, we summarize its results, focusing on four
types of land conversion—deforestation, dryland degrada-
tion, agricultural expansion and abandonment, and urban
expansion.

7.3.3.1 Deforestation

Deforestation is the single most measured process of land
cover change at a global scale (FAO 2001a; Achard et al.
2002; DeFries et al. 2002). According to most definitions, a
forest is defined as land with tree canopy cover above some
minimum threshold or as land that is intended to be used as
forested land. (Different thresholds have been used to define
forested land; for instance FAO (2001a) uses a 10% tree can-
opy cover threshold, whereas the IGBP land-cover classifi-
cation uses a 60% threshold (Scepan 1999).) Deforestation
occurs when forest is converted to another land cover and
intended land use. Not all disturbances in a forest ecosystem
lead to deforestation. Forested land that has been harvested
and has not yet regrown to forest is often still categorized
as forest in many databases. Forest degradation—‘‘changes
within the forest that negatively affect the structure or func-
tion of the stand or site and thereby lower the capacity to
supply products and/or services’’—can but does not neces-
sarily lead to deforestation (FAO 2001a).

Afforestation is the conversion from some other land use
to forest; reforestation is afforestation on land that at some
point in the past was forested. Data on afforestation and
reforestation are much less readily available than on defores-
tation. Few spatially explicit data sets on afforestation, forest
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expansion, or reforestation were found in the literature at a
regional scale, even though these positive changes in forest
represent a major ecosystem change and should not be ig-
nored (see Munroe et al. 2002 for an example of a region of
Honduras where both deforestation and reforestation have
occurred, and additional references in Turner II et al. 2004).
According to FAO (2001a), global forest area underwent a
net change of �9.4% between 1990 and 2000. Losses of
16.1% were balanced by a 6.7% gain in forest area (mainly
forest plantations or regrowth). The latter figures suggest
that the extent of afforestation is considerable.

Remotely sensed data can often be used to distinguish
between forested and nonforested land. Three quarters of
the world’s forests are covered by at least one remote sens-
ing–based or expert-opinion data set on the occurrence of
deforestation or degradation. Approximately 8% of the for-
ests are covered by five data sets, with coverage in the Ama-
zon Basin being especially extensive. On the other hand,
one quarter of the world’s forests only have statistical infor-
mation on deforestation at national or sub-national scales.
This is the case, for instance, for Europe and Canada.

Using the forest classes of the GLC 2000 and IGBP DIS-
cover data sets, forests covered 39% of Earth’s surface in
2000. Around 30% of the world’s forests were located in
Asia. Africa, South America, and North America (Canada,
the United States, and Mexico) each accounted for less than
20% in 2000.

As noted in Chapter 21 of the MA Current State and
Trends volume, during the industrial era, global forest area
was reduced by 40%, with three quarters of this loss occur-
ring during the last two centuries. Forests have completely
disappeared in 25 countries, and another 29 have lost more
than 90%. Although forest cover and biomass in Europe
and North America is currently increasing following radical
declines in the past, deforestation of natural forests in the
tropics continues at an annual rate of over 10 million hect-
ares a year—an area larger than Greece, Nicaragua, or
Nepal, and more than four times the size of Belgium. More-
over, degradation and fragmentation of remaining forests
are further impairing ecosystem functioning. The area of
planted forests is, however, growing, decreasing the likeli-
hood of a global shortage of wood.

Existing data suggest that deforestation and forest degra-
dation have been more extensive in the tropics than in the
rest of the world, but this is possibly due to the fact that
most data sets cover the tropics and not the boreal zones.
Only 20% of the forests of nontropical areas are covered by
at least one remote sensing–based or expert-opinion data
set, while the entire tropical region is covered. Areas of
deforestation or degradation may thus go uncounted in the
boreal or temperate regions. Some locations in Canada and
Europe are also subject to intensive forest exploitation and
could also appear as degraded as Siberia.

7.3.3.2 Dryland Degradation

Drylands are defined in the World Atlas of Desertification
as zones having a ratio of average annual precipitation to
potential evapotranspiration lower than 0.65 (Middleton
and Thomas 1997). Dryland degradation, also called desert-
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ification, has affected parts of Africa, Asia, and Mediterra-
nean Europe for centuries, parts of America for one or two
centuries, and parts of Australia for 100 years or less (Dregne
2002).

There is little agreement on the definition and indicators
of desertification, so this category of land cover change is
not easy to map at a global scale. The most commonly ac-
cepted definition of desertification is ‘‘land degradation in
arid, semi-arid and dry sub-humid areas resulting from vari-
ous factors, including climatic variations and human activi-
ties’’ (UNCED 1992). In the UNCED definition from
Agenda 21, desertification only applies to the drylands of the
world. Hyper-arid zones are not part of the definition be-
cause they are presumed to be so dry that human degrada-
tion is severely limited unless irrigation is practiced. But
they are included in the statistics reported here as well as in
Chapter 22 of the Current State and Trends volume.

Despite the global importance of desertification, avail-
able data on the extent of land degradation in drylands are
extremely limited. To date, only two studies are available
with global coverage. Both have considerable weakness, but
for lack of anything better they are widely used as a basis
for many national, regional, and global environmental as-
sessments. The most well known study is the Global Assess-
ment of Soil Degradation, or GLASOD (Oldeman et al.
1991). This study found that 20% of the world’s drylands
(excluding hyper-arid areas) suffered from soil degradation.
Water and wind erosion was reported as the prime cause for
87% of the degraded land (Thomas and Middleton 1997;
Oldeman and van Lynden 1997).

The second global study is that of Dregne and Chou
(1992), which covered both soil and vegetation degrada-
tion. It was based on secondary sources, which they quali-
fied as follows: ‘‘The information base upon which the
estimates in this report were made is poor. Anecdotal ac-
counts, research reports, travelers’ descriptions, personal
opinions, and local experience provided most of the evi-
dence for the various estimates.’’ This study reported that
some 70% of the world’s drylands (excluding hyper-arid
areas) were suffering from desertification (soil and vegeta-
tion degradation).

The MA-commissioned study by Lepers et al. (in press)
compiled more detailed (sometimes overlapping) regional
data sets (including hyper-arid drylands) derived from litera-
ture review, erosion models, field assessments, and remote
sensing. The data sets used to assess degradation covered
62% of the drylands of the world. Major gaps in coverage
occurred around the Mediterranean Basin, in the Sahel, in
the east of Africa, in parts of South America (north of Ar-
gentina, Paraguay, Bolivia, Peru, and Ecuador), and in the
federal lands of the United States. This study found less
alarming levels of land degradation (soil plus vegetation) in
the drylands and hyper-arid regions of the world. With only
partial coverage, and in some areas relying on a single data
set, it estimated that 10% of global drylands were degraded.

7.3.3.3 Agricultural Conversion

Most of the studies and data sets related to changes in ag-
ricultural land focus on changes in arable land and perma-
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nent crops. As defined by FAO, arable land refers to land
under temporary crops, temporary meadows for mowing or
pasture, land under market and kitchen gardens, and land
temporarily fallow (less than five years). Permanent crop
represents land cultivated with crops that occupy the land
for long periods and need not be replanted after each har-
vest, such as cocoa, coffee, and rubber. This category in-
cludes land under flowering shrubs, fruit trees, nut trees,
and vines but excludes land under trees grown for wood or
timber (FAO 2001b). As defined by FAO, agricultural land
also includes permanent pasture. However, this category of
land use was not included here due to lack of data and the
difficulty of differentiating pastures from natural unmanaged
grasslands in many parts of the world. So the term ‘‘crop-
land class,’’ as used here, refers to arable land and permanent
crops.

The cropland class, defined as areas with at least 10% of
croplands within each pixel, covered 30% of Earth’s surface
in 1990. The exact proportion was between 12% and 14%,
depending on whether Antarctica and Greenland were in-
cluded (Ramankutty and Foley 1998). Around 40% of the
cropland class was located in Asia; Europe accounted for
16% and Africa, North America, and South America each
accounted for 13%.

Lepers et al. (in press) attempted to assess the change in
cropland area between 1980 and 1990 by combining data
from a variety of sources and time periods. This effort re-
sulted in unexpected outcomes, including extensive crop-
land increase in the central United States, southern Ireland,
and the island of Java. It found conversely that cropland area
decreased in China and that there no identifiable hotspots
of cropland increase in the central part of Africa. Clearly,
much more analysis is needed to identify changes in this
critical driver of ecosystem change. (See Box 7.2 for a pro-
file of land use change in one region.)

7.3.3.4 Urbanization

In 2000, towns and cities sheltered more than 2.7 billion of
the world’s 6 billion people (UNDP 2000). Growth in
urban population usually results in conversion of agricul-
tural, often highly productive land and other land types for
residential, infrastructure, and amenity uses. These growing
cities have an impact on their surrounding ecosystems
through their demand for food, fuel, water, and other natu-
ral resources (Lambin et al. 2003).

So far no global data sets or direct measurements have
been developed to delineate the changes in extent and
shape of urban areas. Only indirect indicators such as
human population or the evolution through time of the
night-time lights viewed from space can be used as a proxy
to measure the change in urban extent. The data presented
here are based on such indirect indicators and should be
considered tentative.

Global population is strongly clustered, with 50% of the
world’s population inhabiting less than 3% of the available
land area (excluding Antarctica), at average densities greater
than 300 people per square kilometer (Small 2001). Today’s
largest cities are mainly located on the eastern coast of the
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United States, in western Europe, in India, and in East Asia;
the most rapidly growing cities are all located in the tropics.

7.3.4 Biological Invasions and Diseases

7.3.4.1 Biological Invasions and Ecosystem Effects

At present, no definition of biological invasion has been
unanimously accepted by the scientific community, due in
part to the proliferation of terms to describe various con-
cepts used by different authors (Richardson et al. 2000).
However, consensus is growing around at least two main
aspects of the invasion process: the traits that enable a spe-
cies to invade a habitat, called invasiveness, and the habitat
characteristics that determine its susceptibility to the estab-
lishment and spread of an invasive species, its ‘‘invasibility’’
(Lonsdale 1999; Alpert et al. 2000).

This conceptual framework allows for an operational
definition of invasive species as a species that spreads in
space, either occupying new habitats or increasing its cover
in areas previously occupied. This approach allows for a
more general treatment of the invasion problem, since cases
in which native species become invaders after some habitat
or climatic change (for example, shrub encroachment, cray-
fish, and lampreys (Jeltsch et al.1997; Lodge et al. 2000; van
Auken 2000)) can also be considered. Thus, although most
of invasions are thought to be caused by non-native species,
the key distinction becomes between invasive and noninva-
sive species rather than between native and non-native spe-
cies (Crawley 1986; Alpert et al. 2000; Sakai et al. 2001).

Biological invasions are a global phenomenon, affecting
ecosystems in most biomes (Mack et al. 2000). Human-
driven movement of organisms, deliberate or accidental, has
caused a massive alteration of species ranges, overwhelming
the changes that occurred after the retreat of the last Ice
Age (Semken 1983). Ecosystem changes brought about by
invasions can have both short-term (ecological) and long-
term (evolutionary) consequences. For example, the tropi-
cal alga Caulerpa taxifolia evolved tolerance for colder tem-
peratures while it was growing in aquaria. After escaping, it
is invading vast portions of the northwest Mediterranean
Sea (Meisnesz 1999).

Ecological interactions between invaders and native spe-
cies can be complex. Invaders can affect native species, but
natives also affect performance of the invaders during the
invasion process.

Acceleration of extinction rates as a result of negative
interactions is one of the most important consequences of
biological invasions (Ehrlich and Daily 1993; Daily and
Ehrlich 1997; Hughes et al. 1998). In the United States,
invasions of non-native plants, animals, and microbes are
thought to be responsible for 42% of the decline of native
species now listed as endangered or threatened (Pimentel
2002).

In some cases, the invader causes inhibition of the estab-
lishment of native species (a kind of ammensalism) (Walker
and Vitousek 1991). Cases of commensalism and mutualism
are less well documented. (Symbiosis is a mutually benefi-
cial relationship between two organisms; commensalism is
a relationship in which only one of the two organisms ob-
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BOX 7.2

Drivers of Land Use Change in Central Asia

The Central Asian region consists of a broad range of ecosystems and The dissolution of the Soviet Union led to changing pressures on land
associated land uses, spanning an area from west of the Urals to the use once again. Since 1990, land managers have been adjusting to life in
Mongolian Plateau and the forests of the Far East of Russia. Historically, transition economies, characterized by a combination of volatile markets,
this region has been an important supplier of meat, milk, wool, forest prod- policy changes, reductions in public services, and unclear and uncertain
ucts, and grains. Low population densities of nomadic pastoralists in most land tenure systems. It is not any one of the factors but rather the interac-
of this region used the rich grasslands to graze mixed herds of cattle, tions among them that makes these systems and peoples vulnerable.
sheep, goats, horses, and camels. Grazing patterns were dictated more by The global factors leading to increased vulnerability in this region stem
intra- and interannual climate variability than political or economic factors. from the socioeconomic adjustments to globalization and resource use

Political and social changes have lead to dramatic adjustments in land adjustments resulting from climate warming. In addition, regional adjust-
use. During the early 1900s, most croplands and livestock systems were ments have triggered demographic changes and, in some cases, growth
placed under collective management and remained there until the dissolu- to take advantage of opportunities associated with globalization of the
tion of the Soviet Union. These land use policies led to major changes in resource base.
land management throughout the region and altered the transhumance The consequences of the latest changes include cropland abandon-
patterns of livestock and rangeland management. Many aspects of the ment, destocking of certain rangelands and increased stocking of others,
traditional nomadic culture were replaced. The largest decline in world degradation of soils due to salinization and desertification, and damage to
forests and grassland areas in the past two centuries took place in the wetlands due to modifications of water regimes and industrial develop-
Eurasian region. Large-scale agricultural intensification took place during ment. A major shift in livestock rates has been observed in the Eurasian
the Soviet era, and livestock production was made more sedentary. Crop- steppe, with increases in China and Mongolia, where opportunities arose
land conversion peaked during the late 1980s. with free market access, whereas in Central Asian countries major des-

Land degradation due to overgrazing, sowing of monocultures, poor tocking occurred due to loss of social infrastructure. During spring 2003,
irrigation management, cropping marginal lands, and increased frequency the region was the source of large dust plumes that traveled as far the
of fires has become a serious environmental concern. UNEP estimates North American continent and led to health concerns for the Asian popula-
that 60–70% of the grasslands in China, Mongolia, Central Asia, and tions in their path.
Russia are overgrazed or degraded due to inappropriate cropping.

tains some sort of advantage, such as between remoras and
sharks; mutualism refers to a relationship in which both or-
ganisms benefit; ammensalism is an interaction in which
one organism is harmed and the other is unaffected.) Com-
mensalism is related to facilitation processes like nurse ef-
fects and mutualism. For example, the native Turdus bird
disperses seeds of introduced Ligustrum lucidum in Argentina
(Marco et al. 2002). An example of mutualism is the intro-
duction of exotic N-fixing bacteria or mycorrhizal fungi
with crops (Read et al. 1992).

In many cases, disruption of an interaction in the native
habitat, like the absence of pathogens, plays an important
role in contributing to the invasive success of exotic plant
and animal species. On average, 84% fewer fungi and 24%
fewer viruses infect plant species in the naturalized range
than in the native range (Mitchell and Power 2003). Tor-
chin et al. (2003) show that invasive animal species lose a
significant proportion of the parasite diversity they support
in their native habitat. In a survey of 24 invasive animal
species, Torchin et al. (2003) show that whereas these spe-
cies had an average of 16 species of parasites in their native
range, only two of the parasites successfully colonized with
the host in the new range. The original parasites were sup-
plemented by four parasites native to the host’s exotic habi-
tat. This considerable reduction in parasite burden might
give introduced species an advantage over native species
with a larger diversity of parasites. Invasive plant species that
are more completely released from pathogens are more
widely reported as harmful invaders of both agricultural and
natural ecosystems.
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The threats that biological invasions pose to biodiversity
and to ecosystem-level processes translate directly into
economic consequences such as losses in crops, fisheries,
forestry, and grazing capacity (Mack et al. 2000). Misman-
agement of semiarid grasslands combined with climatic
changes has caused woody plant invasion by native bushes
and the loss of grazing lands in North and South America
(van Auken 2000). Pimentel (2002) estimated that exotic
weeds in crops cost U.S. agriculture $27 billion a year. Ma-
rine and estuarine waters in North America are heavily in-
vaded, mainly by crustaceans and mollusks in a pattern
corresponding to trade routes (Ruiz et al. 2000). U.S. lakes
and watersheds are invaded as well. The costs associated
with zebra mussel (Dreissena polymorpha) invasion were esti-
mated at $100 million a year by Pimentel et al. (1999), al-
though the $5 billion a year estimated by the Department
of Environmental Quality of Michigan Government is per-
haps a more realistic figure (Michigan Department of Envi-
ronmental Quality 2004). Leung et al. (2002) found an
expenditure of up to $324,000 per year to prevent invasion
by zebra mussels into a single lake with a power plant.

In spite of these alarming figures, can introductions of
alien species be beneficial? Some 98% of the U.S. food sup-
ply comes from introduced species, such as corn, wheat,
rice, and other crops, as well as cattle, poultry, and other
livestock (Pimentel 2002). The same proportion of intro-
duced to native food species is likely to be found in most
countries. Some species are introduced to control other in-
troduced species, sometimes successfully (Galerucella calmar-
iensis and G. pusilla to control purple loosestrife in North
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America) and sometimes unsuccessfully (Bufo marinus (cane
toad) to control greyback cane beetle (Dermolepida albohir-
tum (Waterhouse)) and French’s Cane Beetle (Lepidiota
frenchi (Blackburn)) in Australia and other sugar-growing
countries).

Many introduced species are alternative resources for
native species (for example, alien plants and fruit-eating
birds already mentioned). But how many of them have be-
come invasive? In Britain, 71 out of 75 non-native crop
plant species are naturalized, in part because they are
strongly selected to growth where they are cultivated (Wil-
liamson and Fitter 1996). However, not all habitats are
equally invasible. In an extensive study of plant invasions in
the British Isles, Crawley has shown that lowland disturbed
habitats are host to a much larger diversity of alien plant
species than are upland habitats, which remain relatively
uninvaded (Crawley and May 1987; Crawley 1989).

7.3.4.2 Diseases and Ecosystem Effects

Many biological invasions are regarded as affecting human
well-being, either by affecting public health or by impairing
economic activities such as agriculture or fisheries. Among
the most common sanitary problems are the invasions by
disease-causing organisms or by vectors of disease-causing
parasites. Tuberculosis, AIDS, influenza, cholera, bubonic
plague, bovine spongiform encephalopathy, and severe
acute respiratory syndrome are among the diseases caused
by introduced pathogenic biological agents in many coun-
tries. For example, more than 100 million people are in-
fected with the influenza virus each year in just the United
States, Europe, and Japan. In the United States alone, in-
fluenza represents on average $14.6 billion in direct and
indirect costs each year. The influenza virus is originally
Asiatic, and aquatic birds provide the natural reservoir from
which occasional genetic mutations can spread to domestic
poultry and humans (Zambon 2001).

While the term ‘‘invasive alien species’’ is commonly
associated with plants and insects, parasites and pathogens
possess a considerable potential to significantly modify eco-
system function. This potential stems from both their ability
to multiply very rapidly and also their diversity. Arguably
more than half of biodiversity consists of species that are
parasitic on more conspicuous free-living species (Dobson
et al. 1992). In the last 20 years, studies demonstrating how
pathogens modify and regulate free-living hosts have com-
pletely modified our understanding of the role that parasites
play in natural and human-modified systems (Dobson and
Hudson 1986; Dobson and Crawley 1994; Grenfell and
Dobson 1995). Examples from a range of ecosystems and a
variety of key processes are reviewed in this section.

Jim Porter and his colleagues have been intensely moni-
toring the coral communities of the Florida Keys since the
early 1990s. The work uses regular digital photographic
censuses along fixed transects throughout the Keys, allow-
ing detailed analysis of the growth and structure of the coral
community. In the late 1990s the scientists noted dramatic
changes in the structure of the coral community at some
transects. The dominant structural species, Elkhorn coral,
was first infected with a new disease syndrome, white pox
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disease (the most severely affected Elkhorn species was Acro-
pora cervicornis). This infection affected several Elkhorn coral
while also rapidly spreading to other coral species (Patterson
et al. 2002). Within a few months, once-vibrant coral reefs
were reduced to bare rock. The work provides a vivid ex-
ample of how quickly a pathogen can modify and destroy
the structure of a complex community. More disconcertin-
gly, it is but one of an increasing number of examples that
suggest pathogen outbreaks are increasing in the oceans
(Harvell et al. 1999).

The Florida Keys example echoes a dramatic terrestrial
example that occurred almost a century earlier, when rin-
derpest virus was accidentally introduced into sub-Saharan
Africa. Rinderpest virus causes high fatality rates in the
hoofed mammals it infects (cattle, wildebeest, and buffalo),
is a member of the Morbillivirus family, and is a recent an-
cestor of human measles. It took 10 years for rinderpest to
spread from the Horn of Africa to the Cape. The pandemic
it caused reduced the abundance of susceptible species by
up to 90% in many areas (Spinage 1962; Plowright 1982).

The huge reduction in the abundance of herbivores had
impacts that spread throughout the ecosystems of sub-
Saharan Africa (Prins and Weyerhaeuser 1987; McNaughton
1992). Fire frequency increased as uneaten grasses accumu-
lated and ignited during lightning storms in the dry season.
This combined with a reduction in browsers to allow mi-
ombo bush to spread across areas that were previously grass
savannas. The absence of prey caused a decline in the abun-
dance of lions, although other carnivores, such as cheetahs
and hunting dogs, may have increased as habitats appeared
that were better suited to their hunting methods. More in-
sidiously, the absence of buffalo, wildebeest, and cattle
caused tsetse flies to increase their feeding rates on humans,
which led to a significant epidemic of sleeping sickness
(Simon 1962).

The development of a vaccine for rinderpest in the late
1950s allowed a reversal of many of these trends (Plowright
1982; Dobson and Crawley 1994). Although only cattle
have been vaccinated, their role as reservoir hosts is sharply
illustrated by the speed at which the pathogen disappeared
from wildlife. This in turn led to a reversal of the balance
between grassland and miombo bushland and to a signifi-
cant increase of, first, herbivores and then the carnivores
that feed upon them.

In a third example, the fungal disease amphibian chy-
tridiomycosis and other pathogens are implicated in am-
phibian population declines worldwide (Daszak et al. 2003).
Chytridiomycosis appears to be locally increasing in impact
or moving into new regions. In common with many
emerging infectious diseases of humans, domestic animals,
and other wildlife species, the emergence of chytridio-
mycosis may be driven by anthropogenic introduction.
Emerging infectious diseases are linked to anthropogenic
environmental changes that foster increased transmission
within or between hosts.

These three examples illustrate how the introduction of
a novel pathogen has caused ecosystem-wide changes in
species abundance. If pathogens were considered as key-
stone species, they would plainly provide some of the most
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dramatic examples of individual species that cause dramatic
changes in the abundance of all others in the ecosystem
(Burdon 1991; Power et al. 1996). As ecologists focus more
attention on the role of parasites in natural systems, more
examples will be found where highly specific pathogens
have significantly affected a single species in a community
and caused cascading effects on other species that use the
infected species as a resource (Dobson and Hudson 1986;
Dobson and Crawley 1994). Nevertheless, this emphasis on
dramatic examples of ecosystem change should not distract
attention from the fundamental role that endemic parasites
play in driving natural processes.

7.4 Examples of Interactions among Drivers and
Ecosystems
Changes in ecosystem services are almost always caused by
multiple, interacting drivers. Changes are driven by combi-
nations of drivers that work over time (such as population
and income growth interacting with technological advances
that lead to climate change), over level of organization (such
as local zoning laws versus international environmental
treaties), and that happen intermittently (such as droughts,
wars, and economic crises).

Changes in ecosystem services feed back to the drivers
of changes. For example, they create new opportunities and
constraints on land use, induce institutional changes in re-
sponse to perceived and anticipated resource degradation,
and give rise to social effects such as changes in income
inequality (as there are winners and losers in environmental
change). Reviews of case studies of deforestation and de-
sertification (Geist and Lambin 2002, 2004) reveal that the
most common type of interaction is synergetic factor com-
binations—combined effects of multiple drivers that are
amplified by reciprocal action and feedbacks.

Drivers interact across spatial, temporal, and organiza-
tional scales. Global trends like climate change or globaliza-
tion can influence regional contexts of local ecosystem
management. Research on the combined effects of these
two major global trends on the local farmers, other agents,
and finally on ecosystems is sparse but growing. For exam-
ple, a study in South Africa found that changes in export
prices of cash crops can trigger land use changes on the local
level and that removal of national credits and subsidies can
make some farmers more vulnerable to environmental
changes while others profit from easier access to markets
and are less vulnerable to climate change (Leichenko and
O’Brien 2002).

Any specific ecosystem change is driven by a network of
interactions among individual drivers. Though some of the
elements of these networks are global, the actual set of in-
teractions that brings about an ecosystem change is more or
less specific to a particular place. For example, a link be-
tween increasing producer prices and the extension of pro-
duction can be found in many places throughout the world.
The strength of this effect, however, is determined by a
range of location-specific factors including production con-
ditions, the availability of resources and knowledge, and the
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economic situation of the farmer (Jones 2002). No single
conceptual framework exists that captures the broad range
of case study evidence (Lambin et al. 2001).

To generalize, simplifications are needed, but these sim-
plifications are often sufficient to explain general trends in
ecosystem change. There exists a broad range of scientific
schools of generalizing simplifications, each one entering
the arena from a different perspective and thus adding dif-
ferent pieces to the broadening knowledge base on causes
for ecosystem change. Many of these approaches emerge
from disciplinary perspectives, such as spatial (agro-)eco-
nomic models of land use change (Alcamo et al. 1998; Nel-
son and Geoghegan 2002). Others use generalizing schemes
on a highly aggregated basis like the IPAT approach, where
environmental impact is seen as the product of population,
affluence, and technology (Ehrlich and Holden 1971; Ehr-
lich and Daily 1993; Waggoner and Asubel 2002). Others
analyze case studies in order to identify common threads
and processes (Scherr 1997; Geist and Lambin 2002), some-
times attempting to identify trajectories of environmental
criticality (Kasperson et al. 1995) or to formulate qualitative
models (Petschel-Held et al. 1999; Petschel-Held and Mat-
thias 2001).

Based on the findings of the Multiscale Assessments of
the MA and recent literature, examples of causal complexes
for ecosystem change can be given. This section reflects on
some of these patterns, organized along major direct drivers.

7.4.1 Land Use Change

Ten years of research within the international program on
land use and land cover change of IGPB concluded that
neither population nor poverty alone constituted the sole
and major underlying causes of land cover change world-
wide. (See Figure 7.22 in Appendix A.) Rather, responses
to economic opportunities, mediated by institutional fac-
tors, drive land cover changes. Opportunities and con-
straints for new land uses are created by local as well as
national markets and policies. Global forces become the
main determinants of land use change, as they amplify or
attenuate local factors (Lambin et al. 2001).

7.4.1.1 Tropical Deforestation

Case study reviews (Geist and Lambin 2002) as well as
findings within the MA’s alternatives to slash-and-burn
crosscutting Sub-global Assessment reveal regional patterns
for tropical deforestation. In all regions of the humid trop-
ics—Latin America, Southeast Asia, and Central Africa—
deforestation is primarily the result of a combination of
commercial wood extraction, permanent cultivation, live-
stock development, and the extension of overland transport
infrastructure.

However, many regional variations on this general pat-
tern are found. Deforestation driven by swidden agriculture
is more widespread in upland and foothill zones of South-
east Asia than in other regions. Road construction by the
state followed by colonizing migrant settlers, who in turn
practice slash-and-burn agriculture, is most frequent in low-
land areas of Latin America, especially in the Amazon Basin.
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Pasture creation for cattle ranching is causing deforestation
almost exclusively in the humid lowland regions of main-
land South America. The spontaneous expansion of small-
holder agriculture and fuelwood extraction for domestic
uses are important causes of deforestation in Africa. These
regional differences mostly come from varying mixes of
economic, institutional, technological, cultural, and demo-
graphic factors underlying the direct causes of deforestation.

7.4.1.2 Agricultural Intensification

Agricultural intensification is usually defined as substantial
use of purchased inputs, especially fertilizer, in combination
with new plant varieties that respond well to the increased
inputs. Globally, intensification has been a major contribu-
tor to the doubling of food production over the last 40 years
(MA Current State and Trends, Chapter 8). In higher-income
countries, this increase was primarily achieved via intensi-
fication. In lower-income countries, 71% of the increase in
crop production came from yield growth; the remaining
29% from area expansion (Bruinsma 2003). These successes
are tempered by concerns about whether they can be main-
tained in current locations and about the consequences of
the driving forces in regions where intensification has not
yet occurred.

Lambin et al. (2001) identify three major pathways
toward agricultural intensification that are supported by a
number of sub-global assessments:
• Land scarcity in economies weakly integrated into the

world markets can be caused by interactions among
population growth and institutional changes, such as im-
plementation of legal property rights (Ostrom et al.
1999). For example, the Western Ghat sub-global assess-
ment reports about land reform acts in this respect, by
growth in population and its density, where it is often
related to land division (Kates and Haarmann 1992). In
some instances land scarcity can contribute to deforesta-
tion (see the MA sub-global assessments on the Darjee-
ling Region in India and on Papua New Guinea).

• Market integration (called commodification by Lambin
et al. 2001) is brought about by interactions among gen-
eral infrastructure development (such as road building
projects and creation of a national food safety inspection
service), changes in macroeconomic policies, and tech-
nological change. For an individual farmer, it can mean
changes in input prices and availability and changes in
sales opportunities and prices. Economic specialization,
wage labor, contract farming, and other adjustments
follow.

• Region-specific interventions, in the form of state-,
donor-, or NGO-sponsored projects, are done to foster
development through commercial agriculture. Many of
these projects are planned and managed from afar, creat-
ing the potential for inefficient management and inade-
quate attention to specific local constraints. These
projects are also vulnerable to changes in government or
donor policy and to public-sector financial constraints
(Altieri 1999). The Sinai sub-global assessment (Egypt)
demonstrates this possibility. Agricultural development
projects are designed to attract as many as 6 million peo-
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ple to the Sinai region in order to relieve population
pressure from the Nile valley.

7.4.1.3 Urban Growth and Urbanization

Though only about 2% of Earth’s land surface is covered by
built-up area (Grübler 1994), the effect of urban systems on
ecosystems extends well beyond urban boundaries. Three
processes of urban change appear to be of relevance for eco-
system change: the growth of urban population (urbaniza-
tion), the growth of built-up area (urban growth), and the
spreading of urban functions into the urban hinterland con-
nected with a decrease in the urban-rural gradient in popu-
lation density, land prices, and so on (urban sprawl). Each
of these processes has its own pathways in which it affects
ecosystems and human well-being:
• Urbanization: In developing countries, urban adminis-

tration often is not capable of developing needed infra-
structure as fast as urban populations grow (Kropp et al.
2001). Insufficient housing conditions, a lack of access to
safe water and sanitation, and major health effects follow.
Rural-urban migration is an important source of urban-
ization in developing countries. This arises when oppor-
tunities for gainful employment in agriculture cannot
keep up with growth in the rural workforce and when
urban areas provide the potential of gainful employ-
ment. Degradation of rural environments can contribute
to the pressure. There is, however, also a reverse effect,
with remittances possibly allowing the use of cultural
practices that reduce pressure on rural ecosystems.

• Urban growth and sprawl: In industrial countries, urban
growth and in particular urban sprawl play a much more
significant role: landscapes become fragmented, traffic
and energy use increase, and land sealing can change
flood regimes. The latter has been observed in the sub-
global assessment of the Kristianstad Vattenrike in Swe-
den as a major driving process of ecosystem change.

7.4.2 Tourism

Several of the sub-global assessments report the importance
of tourism, both as a driver of ecosystem change and as a
potential response option for income generation and reduc-
tion of pressure on ecosystems (e.g., the Southern African,
Portugal, Caribbean, Trinidad Northern Range, and Costa
Rica assessments).

The Southern African Sub-global Assessment provides a
good example of how biodiversity serves as an important
basis for income generation, thus representing a major asset
of a region or community (Biggs et al. 2004). In many areas
in Southern Africa, nature-based tourism represents a major
source of income, contributing about 9% of GDP in the
Southern Africa Development Community region. Though
no quantitative estimates on faunal biodiversity exist for the
region, it is evident that animal biodiversity is one of the
most important motives for tourists. Also, nature-based
tourism, together with hunting, contributes to the privati-
zation of the nature conservation efforts in the region, as in
private nature parks. This privatization represents an impor-
tant pillar in the overall conservation efforts in the region.
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From an integrated point of view—that is, by considering
the region as a whole—tourism appears to be more a driver
for ecosystem conservation than for change.

In contrast, the Caribbean Sea Sub-global Assessment
shows the other side of tourism—its negative effects on
ecosystems and finally on human well-being. Tourism is
seen as an indirect and endogenous driver, which together
with exogenous drivers acts synergistically on coastal and
marine ecosystems in the region. One major exogenous
driver in the Caribbean is climate change, with a potential
increase in intensity and frequency of tropical cyclones. The
evidence of effects of climate change in the recent past is
mixed, but it is widely seen as a threat for the future. Other
exogenous drivers described by the sub-global assessment
include increased river discharge of the Amazon and the
introduction of alien bacterial species carried by dust blown
from the Sahara. Both bring about changes to marine and
coastal ecosystems.

The exogenous drivers in the Caribbean are believed to
lower the resilience of the coastal ecosystem to perturba-
tions from infrastructure development along the coast for
tourism. These interactions are especially important, as
tourism constitutes the single most important income
source for many of the Caribbean states (98% of GDP in
Barbados, for instance). This decrease in resilience increases
the likelihood of major damage by tropical storms, with a
direct impact on human well-being.

7.5 Concluding Remarks
This chapter has presented an overview of the important
drivers of ecosystem change at the global level, with occa-
sional forays into regional effects. It has also sketched out a
few of the important links between direct and indirect driv-
ers and the consequences for ecosystems. Readers interested
in how these interactions might play out in the future are
advised to proceed to later chapters in this volume. Readers
interested in more details about how drivers affect individ-
ual ecosystems or services should turn to the Current State
and Trends volume and its chapters on ecosystems and ser-
vices. Finally, for a review of the plethora of options for
human response to undesirable changes, readers are directed
to the Policy Responses volume.

Notes
1. This section borrows heavily from Nakićenović 2000, Section 3.3.2.
2. This section borrows heavily from Nakićenović 2000.
3. This section borrows heavily from Convention on Biological Diversity

2003.
4. This section borrows extensively from Nakićenović 2000.
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Grübler, A., 1998: Technology and Global Change. Cambridge University Press,
Cambridge.

Guagnano, G.A., P.C. Stern, and T. Dietz, 1995: Influences on attitude-behav-
ior relationships: A natural experiment with curbside recycling. Environment
and Behavior, 27, 699–718.

................. 11411$ $CH7 10-27-05 08:43:29 PS



217Drivers of Change in Ecosystem Condition and Services

Halpenny, E.E., 2001: Islands and Coasts. In: The Encyclopedia of Ecotourism,
D.B. Weaver (ed.), CABI Publishing, Oxon, 193–204.

Hanada, A., 2003: ‘‘Culture and Environmental Values: A Comparison of Japan
and Germany.’’ Environmental Science and Policy, George Mason University,
Fairfax, Virginia.

Harbaugh, W.T., A. Levinson, and D.M. Wilson, 2000: Re-Examining The
Empirical Evidence For An Environmental Kuznets Curve. 7711, National Bureau
of Economic Research, Cambridge, May.

Hardin, G., 1968: The Tragedy of the Commons. Science, 162, 1243–1248.
Harvell, C.D., K. Kim, J.M. Burkholder, R.R. Colwell, P.R. Epstein, D.J.

Grimes, E.E. Hofmann, E.K. Lipp, A.D.M.E. Osterhaus, R.M. Overstreet,
J.W. Porter, G.W. Smith, and G.R. Vasta, 1999: Emerging Marine Dis-
eases—Climate Links and Anthropogenic Factors. Science, 285(3 Septem-
ber), 1505–1510.

Hawkins, D.E. and K. Lamoureux, 2001: Global Growth and Magnitude of
Ecotourism. In: The Encyclopedia of Ecotourism, D.B. Weaver (ed.), CABI
Publishing, Oxon, 63–83.

Hayami, Y. and R.W. Herdt, 1977: Market price effects of technological
change on income distribution in semi-subsistence agriculture. American Jour-
nal of Agricultural Economics, 59(2), 245–256.

Hayami, Y. and V.W. Ruttan, 1985: Agricultural development: an international
perspective. Johns Hopkins University Press, Baltimore, 506 pp.

Hayami, Y., M. Kikuchi, P.F. Moya, L.M. Bambo, and E.B. Marciano, 1978:
Anatomy of a Peasant Economy: A Rice Village in the Philippines. International
Rice Research Institute (IRRI), Los Baños.

Hazell, P. and S. Haggblade, 1993: Farm-nonfarm growth linkages and the
welfare of the poor. In: Including the Poor, M.L.a.J.v.d. Gaag (ed.), The World
Bank, Washington, D.C.

Herdt, R.W., 1987: A retrospective view of technological and other changes in
Philippine rice farming, 1965–1982. Economic Development and Cultural
Change, 35(2), 329–49.

Hirschman, C., 1994: Why Fertility Changes. Annual Review of Sociology, 20,
203–33.

Hoelscher, D., R.F. Mueller, M. Denich, and H. Fuelster, 1996: Nutrient
input-output budget of shifting agriculture in Eastern Amazonia. Nutrient Cy-
cling in Agroecosystems, 47, 49–57.

Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai,
K. Maskall, and C.A. Johnson (eds.), 2001: Climate Change 2001: The Scien-
tific Basis. Contribution of Working Group I to the Third Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge.

Huffman, W.E. and R.E. Evenson, 1993: Science for Agriculture—A Long-term
Perspective. Iowa State University Press, Ames.

Hughes, J.B., G.C. Daily, and P.R. Ehrlich, 1998: The loss of population diver-
sity and why it matters. In: Nature and Human Society, P.H. Raven (ed.),
National Academy Press, Washington, DC.

Hugo, G., 1996: Environmental Concerns and International Migration. Interna-
tional Migration Review, 30(1), 105–131.

IFA (International Fertilizer Industry Association), 2002: Fertilizer use by crop. 5
ed. IFA, IFDC, IPI, PPI, FAO, Rome.

IFA, 2003: IFADATA statistics. http://www.fertilizer.org/ifa/statistics.asp. Paris.
IFA, 2004: IFADATA statistics. Available at http://www.fertilizer.org/ifa/

statistics.asp.
Inglehart, R., 1995: Public Support for Environmental Protection: Objective

Problems and Subjective Values in 43 Societies. PS: Political Science and Poli-
tics, 15, 57–71.

International Campaign to Ban Landmines, 2002: Landmine Monitor Report
2002: Toward a Mine-Free World. Human Rights Watch, New York.

International Civil Aviation Organization, 1995: Civil Aviation Statistics of
the World, 1994. Doc. 9180/20, International Civil Aviation Organization,
Montreal, Canada.

IPCC (Intergovernmental Panel on Climate Change), 2002: Climate Change
2001: Synthesis Report. Cambridge University Press, Cambridge.

Ironmonger, D.S., C.K. Aitken, and B. Erbas, 1995: Economies of scale in
energy use in adult-only households. Energy Economics, 17, 301–310.

Irwin, A., 1995: Citizen Science: A Study of People, Expertise and Sustainable Devel-
opment. Routledge, London.

Jacobson, J.L., 1989: Environmental Refugees: Nature’s Warning System. Po-
puli, 16(1), 29–41.

Jasanoff, S., 1990: The Fifth Branch: Science Advisors as Policy Makers. Harvard
University Press, Cambridge.

Jeltsch, F., S.J. Milton, W.R.J. Dean, and N. van Rooyen, 1997: Analysing
shrub encroachment in the southern Kalahari: a grid-based modelling ap-
proach. Journal of Applied Ecology, 34, 1497–1508.

PAGE 217

Jones, S., 2002: A Framework for Understanding On-farm Environmental Deg-
radation and Constraints to the Adoption of Soil Conservation Measures:
Case Studies from Highland Tanzania and Thailand. World Development,
30(9), 1607–1620.

Kanagy, C.L. and F.K. Willits, 1993: A ‘Greening’ of Religion? Some Evidence
from a Pennsylvania Sample. Social Science Quarterly, 74, 674–683.

Karp, D.G., 1996: Values and Their Effects on Pro-Environmental Behavior.
Environment and Behavior, 28, 111–133.

Kasemir, B., J. Jager, C. Jaeger, and M.T. Gardner (eds.), 2003: Public Participa-
tion in Sustainability Science. Cambridge University Press, Cambridge.

Kasperson, J.X., R.E. Kasperson, and B.L. Turner II, 1995: Regions at Risk:
Comparisons of Threatened Environments. United Nations University Press,
Tokyo.

Kates, R.W. and V. Haarmann, 1992: Where people live: Are the assumptions
correct? Environment, 34, 4–18.

Kato, N., 1996: Analysis of structure of energy consumption and dynamics of
emission of atmospheric species related to global environmental change (SOx,

NOx, CO2) in Asia. Atmospheric Environment, 30(5), 757–785.
Kaufmann, D., A. Kraay, and M. Mastruzzi, 2003: Governance Matters III: Gov-

ernance Indicators for 1996–2002. World Bank Policy Research Working Paper
3106, World Bank, Washington, DC.

Keeling, C.D. and T.P. Whorf, 2005: Atmospheric CO2 records from sites in
the SIO sampling network. In: A Compendium of Data on Global Change.
Carbon Dioxide Information Analysis Center Oak Ridge National Labora-
tory, US Department of Energy, Oak Ridge, TN. (cdiac.esd.ornl.gov/trends/
coz/sio-mlo.htm).

Kempton, W., J.S. Boster, and J.A. Hartley, 1995: Environmental Values in Amer-
ican Culture. The MIT Press, Cambridge, Massachusetts.

Keyfitz, N., 1982: Can Knowledge Improve Forecasts? Population and Develop-
ment Review, 8(4), 729–51.

Kluckholm, C., 1952: Values and Value-Orientation in the Theory of Action:
An Exploration in Definition and Classification. In: Toward a General Theory
of Action, T. Parsons and E. Shils (eds.), Harvard University Press, Cambridge,
Massachusetts, 395–418.

Knodel, J. and E.V.D. Walle, 1979: Lessons from the Past: Policy Implications
of Historical Fertility Studies. Population and Development Review, 5(2),
217–45.

Kohler, H.-P., F.C. Billari, and J.A. Ortega, 2002: The Emergence of Lowest-
Low Fertility in Europe During the 1990s. Population and Development Review,
28(4), 641–680.

Kropp, J., K.B.L. Matthias, and F. Reusswig, 2001: Global Analysis and Distri-
bution of Unbalanced Urbanization Processes: The Favela Syndrome. GAIA,
10(2), 109–120.

Krug, E.G. (ed.), 2002: World Report on Violence and Health. World Health Orga-
nization, Geneva, 346 pp.

Kuznets, S., 1955: Economic Growth and Income Inequality. American Eco-
nomic Review, 65, 1–28.

Lambin, E.F., H. Geist, and E. Lepers, 2003: Dynamics of land-use and land-
cover change in tropical regions. Annual review of environment and resources, 28.

Lambin, E.F., B.L. Turner II, H.J. Geist, S.B. Agbola, A. Angelsen, J.W.
Bruce, O. Coomes, R. Dirzo, G. Fischer, C. Folke, P.S. George, K. Home-
wood, J. Imbernon, R. Leemans, X. Li, E.F. Moran, M. Mortimore, P.S.
Ramakrishnan, M.B. Richards, H. Skånes, W.L. Steffen, G.D. Stone, U.
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Main Messages

This chapter presents four internally consistent scenarios that explore
aspects of plausible global futures and their implications for ecosystem
services. Scenario development is a way to explore possibilities for the
future that cannot be predicted by extrapolation of past and current
trends. The four scenarios in this chapter are structured around the assump-
tions and rationale described in Chapter 5, the methods described in Chapter
6, and the drivers described in Chapter 7. The probability of any one of these
scenarios being the real future is very small. Each scenario might resemble
some people’s ideal world, but one lesson to us as we developed them was
that all four scenarios have both strengths and potentially serious weaknesses.
An ideal future would probably involve a mix of all four, with different elements
dominating at different times and in different places. The future could be far
better or far worse than any of the scenarios, depending on choices made by
key decision-makers and other people in society who bring about change. Our
purpose in developing the stories is to encourage decision-makers to consider
some positive and negative implications of the different development trajecto-
ries.

The Global Orchestration scenario depicts a worldwide connected soci-
ety in which global markets are well developed. Supra-national institu-
tions are well placed to deal with global environmental problems, such
as climate change and fisheries. However, their reactive approach to eco-
system management makes them vulnerable to surprises arising from
delayed action or unexpected regional changes. The scenario is about
global cooperation not only to improve the social and economic well-being of
all people but also to protect and enhance global public goods and services
(such as public education, health, and infrastructure). There is a focus on the
individual rather than the state, inclusion of all impacts of development in mar-
kets (internalization of externalities), and use of regulation only where appro-
priate. Environmental problems that threaten human well-being (such as
pollution, erosion, and climate change) are dealt with only after they become
apparent. Problems that have little apparent or direct impact on human well-
being are given a low priority in favor of policies that directly improve well-
being. People are generally confident that the necessary knowledge and tech-
nology to address environmental challenges will emerge or can be developed
as needed, just as it has in the past. The scenario highlights the risks from
ecological surprises under such an approach. Examples are emerging infec-
tious diseases and other slowly emerging problems that are hard to control
once they are established. Other benefits and risks also emerge from the
inevitable and increasing connections among people and nations at social,
economic, and environmental scales.

The Order from Strength scenario represents a regionalized and frag-
mented world concerned with security and protection, emphasizing pri-
marily regional markets, and paying little attention to the common goods,
and with an individualistic attitude toward ecosystem management. Na-
tions see looking after their own interests as the best defense against eco-
nomic insecurity. They reluctantly accept the argument that a militarily and
economically strong liberal democratic nation could maintain global order and
protect the lifestyles of the richer world and provide some benefits for any
poorer countries that elect to become allies. Just as the focus of nations turns
to protecting their borders and their people, so too their environmental policies
focus on securing natural resources seen as critical for human well-being. But,
as in Global Orchestration, people in this scenario see the environment as
secondary to their other challenges. They believe in the ability of humans to
bring technological innovations to bear as solutions to environmental chal-
lenges after these challenges emerge.

The Adapting Mosaic scenario depicts a fragmented world resulting from
discredited global institutions. It sees the rise of local ecosystem man-
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agement strategies and the strengthening of local institutions. Invest-
ments in human and social capital are geared toward improving
knowledge about ecosystem functioning and management, resulting in a
better understanding of the importance of resilience, fragility, and local
flexibility of ecosystems. There is optimism that we can learn, but humility
about preparing for surprises and about our ability to know all there is to know
about managing socioecological systems. Initially, trade barriers for goods and
products are increased, but barriers for information (for those who are moti-
vated to use it) nearly disappear due to improving communication technologies
and rapidly decreasing costs of access to information. There is great regional
variation in management techniques. Some local areas explore adaptive man-
agement, using experimentation, while others manage with command and con-
trol or focus on economic measures. Eventually, the focus on local governance
leads to failures in managing the global commons. Problems like climate
change, marine fisheries, and pollution grow worse, and global environmental
surprises become common. Communities slowly realize that they cannot man-
age their local areas because global problems are infringing, and they begin
to develop networks among communities, regions, and even nations to better
manage the global commons. The rebuilding is more focused on ecological
units, as opposed to the earlier type of management based on political borders
that did not necessarily align with ecosystem boundaries.

The TechnoGarden scenario depicts a globally connected world relying
strongly on technology and on highly managed and often-engineered
ecosystems to deliver needed goods and services. Overall, eco-efficiency
improves, but it is shadowed by the risks inherent in large-scale human-
made solutions. Technology and market-oriented institutional reform are used
to achieve solutions to environmental problems. In many cases, reforms and
new policy initiatives benefit from the strong feel for international cooperation
that is part of this scenario. As a result, conditions are good for finding solu-
tions for global environmental problems such as climate change. These solu-
tions are designed to benefit both the economy and the environment.
Technological improvements that reduce the environmental impact of goods
and services are combined with improvements in ecological engineering that
optimize the production of ecosystem services. These changes co-develop
with the expansion and development of property rights to ecosystem services,
such as requiring people to pay for pollution they create or paying people for
providing key ecosystem services through actions such as preservation of key
watersheds. These rights are generally created and allocated following the
identification of ecological problems. Because understanding of ecosystem
function is high, property rights regimes are usually assigned long before the
problem becomes serious. These property rights are assigned to a diversity of
individuals, corporations, communal groups, and states that act to optimize the
value of their property. We assume that ecological management and engineer-
ing can be successful, although it does produce some ecological surprises that
affect many people due to an over-reliance on highly engineered systems.

Some additional insights emerge from the scenarios, as follows:

A path of accelerated global cooperation and a focus on global public
good is likely to improve overall human well-being, but it may have costly
consequences for ecosystem services and some aspects of human well-
being. Local problems can become unmanageable due to complacency and
delayed action; ecological crises can accentuate inequalities as they tend to
affect poor regions and countries; reactive solutions can carry unbearable so-
cial costs for less favorable areas.

A global development that emphasizes environmental technology and
engineered ecosystems will contribute to sustainable development by
allowing for greater efficiency and optimal control of ecosystems, but
possibly at the cost of loss in local, rural, and indigenous knowledge and
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cultural values. Increasing confidence in human ability to manage, tame, and
improve nature may lead people to overlook factors that sometimes cause
breakdowns of ecosystem services. Large-scale technological solutions carry
the internal risks of failure and can engender technology-related ecological
surprises.

Emphasis on adaptive management and learning at local scales may be
achieved at the cost of overlooking global problems that may result in
global environmental surprises with serious local repercussions. While local
problems become more tractable, and can be addressed by citizens, attention
to global problems such as climate change and marine fisheries may decrease,
leading to increasing magnitude of their impacts.

Strategies that focus on local and regional safety and protection may
disregard cross-border and global issues, restrict trade and movement
of people, and increase inequalities, but protection of key natural re-
sources in richer regions could see an improvement. Such a world encour-
ages boundaries at all levels. It might offer security in the face of aggression,
environmental pests, and diseases, but increases risks of longer-term internal
and international conflict, ecosystem degradation, and declining human well-
being. Alleviation of problems in poorer countries through strategic intervention
by richer countries to reduce inequalities and environmental degradation would
be likely to occur in cycles, leading to a fluctuating and unstable world for
many people.

Institutional development, feedbacks between local and global proc-
esses, and the risks entailed by the substitution of ecosystem services
by human, social, or manufactured capital determine society’s ability to
cope with ecological surprises. Globally controlled institutions can be too
large and rigid to respond effectively to ecological surprises, yet local institu-
tions may neglect important linkages for anticipating and managing such sur-
prises. Concentrating ecosystem management on a single level of control
(local, regional, national, continental, or global) is highly likely to fail to manage
cross-scale ecological feedbacks in appropriate way. Solutions that substitute
for ecosystem services carry risks, due to limited rates of learning, barriers to
development, or the inherent brittleness of human-made solutions, including
human or technical failures.

Local management of ecosystems provides better opportunities for more
effective and fairer access to ecosystem services on local scales, but
local strategies are more likely to be effective when accompanied by
measures to ensure regional and global coordination. Local management
can be particularly relevant when learning about ecosystems is adaptive and
management is more proactive. If risks or surprises are to be reduced, how-
ever, local strategies should be accompanied by regional and global coordina-
tion measures (such as international treaties like the Convention on Biological
Diversity or the Convention on Combating Desertification) that focus on the
management of common pool resources and public goods.

A globally compartmentalized, environmentally reactive world could
mask developing ecological and social disasters for several decades.
The Scenarios Working Group agreed that Order from Strength is ultimately
unsustainable in terms of ecosystems and the societies they support, but the
group was surprised at the diversity of viewpoints on how such a scenario
could unfold and over what time scale. It is plausible that if current trends
toward increasing compartmentalization continue, the world could develop a
false sense of security in coming decades unless efforts are made to under-
stand and monitor ecosystems and their services.

Current understanding of ecological and social systems is inadequate to
predict when and how ecological-social systems will produce adverse
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feedbacks or unpleasant surprises. There is considerable evidence of ad-
verse cross-scale interactions between ecological processes and human activi-
ties (including interventions intended to fix problems). There also is emerging
understanding of how these adverse outcomes have been caused. However,
we found it surprisingly difficult to locate when within the next five decades the
impacts would emerge or precisely what combinations of policies and interven-
tions are most likely to produce them.

8.1. Introduction
The four major components of this chapter are the four
scenarios: Global Orchestration, Order from Strength,
Adapting Mosaic, and TechnoGarden. Interspersed among
the scenarios are boxes drawing out specific issues relating
to individual scenarios or comparing issues across scenarios.

The scenarios are fictional stories written from the point
of view of someone looking back from 2050 at what has
happened in the world since 2000. The stories are designed
to draw out key aspects of the questions raised in Chapter
5; these are recapped later in this section. The storylines are
based on the logic—or guidelines—developed in Chapter
5, but they do not try to include all elements of these guide-
lines. The stories would be too complex and the messages
would be lost if they did.

The scenarios have been developed from input from all
members of the Scenarios Working Group, but they have
been woven into storylines by a smaller number of writers.
The writers have researched elements of the stories and
placed their own interpretation on this research. While our
primary aim was to draw out the consequences of several
plausible future worlds for ecosystem services, we needed
to provide plausible explanations that considered social and
economic drivers of change.

The explanations given in the scenarios are only some
of the ways in which the worlds could develop. Each mem-
ber of the Scenarios Working Group would have written
each scenario differently if it had been his or her task. The
purpose of the scenarios is to get the reader thinking about
how the world might develop rather than to provide pre-
dictions. The writers of later chapters of this report have
drawn their own conclusions based partly on the scenario
storylines but also on their own imagination of how the
logic behind the scenarios could have played out.

The logic of the scenarios was developed in Chapter 5.
The key question addressed in the MA scenarios is:
• What are the consequences of plausible changes in de-

velopment paths for ecosystems and their services over
the next 50 years and what will be the consequences of
those changes for human well-being?
Four more specific questions were also considered:

• What are the consequences for ecosystem services and
human well-being of strategies that emphasize economic
policy reform (reducing subsidies and internalizing ex-
ternalities) as the primary means of management?

• What are the consequences for ecosystem services and
human well-being of strategies that emphasize local and
regional safety and protection and that give far less em-
phasis to cross-border and global issues?
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• What are the consequences for ecosystem services and
human well-being of strategies that emphasize the de-
velopment and use of technologies allowing greater eco-
efficiency and adaptive control?

• What are the consequences for ecosystem services and
human well-being of strategies that emphasize adaptive
management and local learning about the consequences
of management interventions for ecosystem services?
Additional questions for comparing the scenarios in-

clude:
• What are the most robust findings concerning changes

in ecosystem services and human well-being across all
four scenarios?

• What are critical uncertainties that we are confident will
have a big impact on ecosystem services and human
well-being?

• What are gaps in our understanding that we can identify
right now that will affect our ability to model ecosystem
services and human well-being?

• What opportunities exist for managing ecosystem ser-
vices and human well-being?

• What is surprising in these results?
The four scenarios differed with respect to most of the

direct and indirect drivers that are part of the Millennium
Ecosystem Assessment framework. (See Chapter 5.) Two
critical uncertainties emerged as primary issues in the dis-
cussions of the Scenarios Working Group. (See Figure 8.1
in Appendix A and Table 8.1.)

One of the working group’s main foci was on the po-
tential impact of ecological feedbacks on human well-being
in the future. Key issues with respect to the emergence and
management of these feedbacks include:
• whether governments and other decision-makers con-

sider ecosystems to be fragile or robust to human im-
pacts,

• whether they see ecosystems as primary underpinners of
value to humans or of secondary importance after eco-
nomic and social issues, and

• whether they therefore manage ecosystems proactively
to avoid undesirable ecological feedbacks or reactively in

Table 8.1. Defining Characteristics of the Four Scenarios

Dominant Approach for Dominant Social
Scenario Name Sustainability Economic Approach Social Policy Foci Organizations

Global Orchestration sustainable development; fair trade (reduction of tariff improve world; global public transnational companies;
economic growth; public boundaries), with enhance- health; global education global NGO and multilateral
goods ment of global public goods organizations

Order from Strength reserves; parks; national- regional trade blocs; mercan- security and protection multinational companies
level policies; conservation tilism

Adapting Mosaic local-regional co-manage- integration of local rules regu- local communities linked to cooperatives, global organi-
ment; common-property insti- late trade; local nonmarket global communities; local zations
tutions rights equity important

TechnoGarden green technology; eco- global reduction of tariff technical expertise valued; transnational professional
efficiency; tradable ecological boundaries; fairly free move- follow opportunity; competi- associations; NGOs
property rights ment of goods, capital, and tion; openness

people; global markets in
ecological property
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the belief that problems can be fixed after they become
apparent.
Thus, two of the scenarios were developed around pro-

active environmental management policies and two around
reactive policies.

In TechnoGarden, proactive policies arise due to recog-
nition of the economic value of ecosystem services. In
Adapting Mosaic, they emerge from a strong recognition
of the broader value of ecosystem services in underpinning
human life and human well-being and the need to work
with rather than against nature. In Global Orchestration,
belief in the ability of humans to find technological ap-
proaches to repair or replace lost ecosystem functions is
high, and ecosystems are considered to be robust to the im-
pacts of humans. In Order from Strength, an inward focus
on national security and economic growth by individual
wealthy countries, together with a belief that ecosystems are
robust and that reservation of representative ecosystems is
enough to keep future options open, means that ecosystems
are considered only after more pressing economic and social
issues. In poorer countries, the struggle of people to survive
economically and physically, combined with poor under-
standing of the relationships between human well-being
and ecosystem health, makes conservation of ecosystems a
low priority and exploitation an apparent necessity.

Our combined experience led us to identify the degree
and scale of connectedness among and within institutions as
the other major driver of how ecosystems will be managed
in the future and what ecosystem services outcomes are
possible. Two broad future trends seemed to be plausible
from past and emerging present-day trends. A continuation
and escalation of the present trend toward globalization and
connectedness across country borders, with associated re-
ductions in trade barriers and barriers to movement of peo-
ple, were seen as plausible in the future. In Global
Orchestration there is confidence that the right global poli-
cies will achieve economic equity among all countries and
that environmental impacts will take care of themselves as
prosperity grows. In TechnoGarden there is enthusiastic de-
velopment of environmental technologies that are adopted
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by global companies and shared across international bound-
aries.

Alternatively, it was considered that a less connected,
regional focus could emerge in two ways. One way could
be by a continuation of the emerging trend toward decen-
tralized decision-making, especially with respect to the en-
vironment. A failure or partial failure of global systems
could see regional processes emerge as the major routes for
environmental decision-making (Adapting Mosaic). The
other way could be the escalation of concern about national
security, filtering down to actions by wealthier parts of soci-
ety within countries to protect their security and defend
their access to scarce resources (Order from Strength).

Subsequently, similar uncertainties about global and
local institutions emerged from some sub-global assess-
ments. (See Box 8.1.)

8.2. Linkages with Chapter 9 on Quantitative
Modeling
Readers may notice some inconsistencies between this
chapter and Chapter 9. The quantitative models in the
other chapter are based primarily on assumptions for which
there is good published evidence. Three of the assumptions
that have strong influence on both the models and our
thinking in the storylines are about trends in population and
income and the sizes of regional economies. Figures 8.2 and
8.3 illustrate just how large the changes from today are

BOX 8.1

Issues Arising from the Southern African Millennium
Ecosystem Assessment

In terms of standard indicators of human well-being, southern Africa has Also related to this was the uncertainty regarding the degree of decentral-
some of the poorest conditions to be found on the globe. Many of these ization in governance and the strength of civil society.
conditions are related to the services provided by ecosystems. Life expec- Most scenarios indicate that the conditions in southern Africa remain
tancy in sub-Saharan Africa has declined from 50 to 47 years of age since stable or worsen over the next three decades; only under a limited set of
1990, mainly due to the high infant mortality rate. HIV/AIDS is the leading circumstances is a significant improvement anticipated. It is expected that
cause of death; malaria and tuberculosis also present serious health prob- biodiversity, freshwater quality and quantity, biomass fuel, and air quality
lems. Lack of clean, affordable energy sources increases susceptibility to will decline under both scenarios of strong and poor central governance,
illness and malnutrition, and contributes to the poor domestic air quality although the degree of decline as well as the underlying processes will
experienced in many African cities. Cyclical droughts, political instability, differ between the two. Food production is expected to remain stable or
and ongoing conflict in parts of the region disrupt food production systems decline slightly under conditions of poor governance, whereas improved
and have displaced large numbers of people, increasing pressure on re- governance is anticipated to result in a strong improvement in food security.
sources in asylum areas. Mapped onto the MA global scenarios, most global-scale scenarios trans-

The Southern African Millennium Ecosystem Assessment consisted of late into similar outcomes for southern Africa, probably due to its marginal
five component studies at three nested spatial scales (a regional, two status and relative disconnect from many global socioeconomic processes.
mega-basin, and two sets of local community assessments) in mainland The SAfMA local-scale scenarios highlight that general trends in eco-
Africa south of the equator. (See the MA Multiscale Assessments volume.) system services at the regional and basin-scale may be reversed in partic-
Each component of SAfMA, in consultation with its specific stakeholders, ular local situations. The multiscale structure of the SAfMA also showed
developed its own set of scenarios as a framework for considering the that certain responses or developments at larger scales are experienced
future of ecosystem services in the particular study area. as surprises or shocks at local scales—such as mega-parks and large

Governance emerged as a key uncertainty in scenarios developed at irrigation schemes implemented without adequate local stakeholder partic-
all scales of SAfMA. Uncertainties regarding economic growth, the type of ipation and consideration of impacts. The Gorongosa-Marromeu scenar-
policies pursued, and the effectiveness of policy implementation were all ios, in particular, emphasized the need for good operational and
linked to governance. One important uncertainty of policy implementation transparent governance structures at all scales to ensure the equitable
was whether policies enhanced social equality and distribution of wealth, distribution of wealth and use of natural resources, and thus to also en-
or whether wealth remained concentrated among the elite and powerful. sure longer-term sustainability.
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likely to be in all four scenarios, primarily due to the inevi-
table effects of population growth. Other important ele-
ments in the quantified scenarios include relationships
between income growth and demand for goods and provi-
sioning ecosystem services such as food, energy, and timber.
The consequences of increases in the consumption of such
goods and services in terms of global environmental change
is relatively well explored in these models. In contrast, the
models are less developed in dealing with ecological proc-
esses that occur at the local scale and in dealing with the
impacts of ecological changes on human development and
human behavior. Regulating services are generally less well
covered by the global models, and supporting and cultural
services are not able to be addressed at all in the models.

The storylines differ from the models in that the story-
lines can explore some plausible changes for which no mod-
els or little data currently exist. These largely have to do
with people’s attitudes and the ways in which they adapt to
challenges. The biggest differences between the storylines
and the models occur for Adapting Mosaic because the
models inadequately address ecosystem feedbacks, which
are a key factor in people’s approach to management in this
scenario. We think people in this scenario would be suc-
cessful in developing cooperative approaches to overcome
many of the challenges that the models suggest they would
be faced with (such as declining production yields, falling
food availability, and high food prices). Taking the models
together with the storylines, we can see both the optimistic
future in which humans adapt appropriately and the less
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229Four Scenarios

Figure 8.2. Projected Changes in Population and Income in MA Scenarios in 1995 and 2050. The number 1995 indicates the 1995 data
while the projected data for 2050 are indicated by the code for each scenario. GO: Global Orchestration, TG: TechnoGarden,
AM: Adapting Mosaic, and OS: Order from Strength. (Data from Chapter 7.)
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Figure 8.3. Projected Changes in Relative Size of Economies in MA Scenarios (Data from Chapter 7.)

optimistic view in which responses are less pronounced.
The models do, however, contain some assumptions about
human responses (see Chapter 5), some of which are opti-
mistic and others not so optimistic. We have inserted foot-
notes in the relevant places in each scenario to highlight and
explain the major differences between chapters.

8.3. Global Orchestration
This scenario is about global coop-
eration not only to improve the so-
cial and economic well-being of all
people but also to protect and en-
hance global public goods and ser-
vices (such as public education,
health, and infrastructure). There is
a focus on the individual rather
than the state, inclusion of all im-

pacts of development in markets (internalization of exter-
nalities), and use of regulation only where appropriate.
Trade liberalization and free markets are key ingredients,
but decision-makers in this scenario have gone beyond phi-
losophies such as the Washington Consensus.1

People generally recognize that the environment pro-
vides a suite of global public goods and services, but the
approach to environmental management is largely reactive.
Environmental problems that threaten human well-being
are dealt with after they become apparent. Those that have
little apparent or direct impact on human-well being are
given a low priority in favor of policies that directly im-
prove well-being. People are generally confident that the
necessary knowledge and technology to address environ-
mental challenges will emerge or can be developed as
needed, just as it always has in the past. The scenario high-
lights the risk that this lack of proactivity in addressing envi-
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ronmental concerns can lead to increased risks from
ecological surprises, particularly emerging infectious dis-
eases and other slowly emerging problems that are hard to
control once they are established. Other benefits and risks
(see Box 8.2) emerge from the inevitable and increasing
connections among people and nations at social, economic,
and environmental scales.

8.3.1 Global Orchestration 2000–15

8.3.1.1 The Legacy of the Twentieth Century: Tensions,
Inequalities, and Concern for the Environment

At the beginning of the twenty-first century, poverty and
inequality, together with environmental degradation, were
being singled out by more and more concerned individuals

BOX 8.2

Potential Benefits and Risks of Global Orchestration

Potential benefits:

• Economic prosperity and increased equality due to more efficient
global markets

• Wealth increases the demand for a better environment and the ca-
pacity to create such an environment

• Increased global coordination (such as markets, transport, fisheries,
movement of pests and weeds, and health)

Risks:

• Progress on global environmental problems may be insufficient to
sustain local and regional ecosystem services

• Breakdowns of ecosystem services create inequality (disproportion-
ate impacts on the poor)

• Reactive management may be more costly than preventative or pro-
active management
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and groups as some of the world’s most pressing problems,
although they were not always at the top of the agendas of
global and national decision-makers. Social tensions were
arising from inequalities in wealth, civil liberties, and access
to food, water, other basic human needs, and global mar-
kets. Trust in vested interests was declining as governments
and big business in all parts of the world were exposed for
withholding and manipulating information about finances,
people, and security issues.

These tensions were seen as the underlying causes of
growing civil unrest, uncontrolled migration, and conflicts.
Terrorism was on the minds of people in richer countries
after an unprecedented attack on New York in 2001, al-
though deaths of far more people from conflict, disease,
poor nutrition, and inadequate sanitation were regular
events in many poorer countries. While some saw terrorism
as an evil that needed to be stamped out with force, others
called for greater equality of access to the fundamentals of
human well-being as the way to remove terrorism by re-
moving the underlying causes.

There were increasingly vocal calls for the world’s lead-
ers to accept the responsibilities as well as the benefits of
globalization.

8.3.1.2 Global Connectedness

Attempts by global aid and development agencies to reduce
the number of people with low well-being led to a more
connected world, as open markets joined countries and
peoples together through trade. Borders—real and virtual—
were under threat. Electronic communication allowed
ideas, information, and misinformation to be rapidly propa-
gated and shared. A global generation of teenagers shared
thoughts and beliefs electronically. They had heightened
concerns for the environment but also a yearning for the
latest in consumer products and fashions. No force could
hold back the movement of ideas and merchandise across
borders. The power of global brands equaled that of gov-
ernments when it came to manipulating the values and
viewpoints of this generation. Music was bought and sold
illegally with seeming impunity via worldwide computer
networks, and independent television channels broadcast in
competition with major international networks during con-
flicts.

While movies, music, tourism, and printed media pro-
moted elements of the culture of the most industrialized
countries globally, the influence of poorer countries was in-
creasing through growing investments in technological in-
novation and their increasing impact on demand as
consumers.

Airline travel was affordable to middle-income people
in many parts of the world. People from all walks of life
traveled frequently between east and west, north and south,
around the globe. This not only made global business possi-
ble but also allowed regular face-to-face meetings between
politicians and public servants of different countries. This
high level of connectedness meant that, more than ever,
most issues were global, as solutions applied to social, eco-
nomic, or environmental problems in one country or re-
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gion had major social and economic impacts on other
countries and regions.

There were some counter-trends to this early globaliza-
tion,2 but some early successes in dealing reactively with
these challenges through cooperation and the application of
social or technological solutions increased the global major-
ity’s faith in globalization. These successes increased confi-
dence, at least among the dominant countries, that money,
technology, and human ingenuity could fix any problem
that arose and that the benefits of a global community far
outweighed the costs.

8.3.1.3 Focus on Social and Economic Policy

At the beginning of the twenty-first century, there was a
wide variety of views about how to solve the world’s prob-
lems. Since the mid-twentieth century there had been fore-
casts by some ecologists that natural resources were
declining to critical limits.3 The concept of resilience (see
Box 8.3) had emerged to explain the way in which the
complex interactions among species in ecological systems
allow those systems to absorb perturbations and keep func-
tioning. At the turn of the century, a major multi-partner
multidisciplinary appraisal of the world’s ecosystems, the
Millennium Ecosystem Assessment, made use of the popu-
lar concept of ecosystem services as a focus for its assess-
ments of how trends in ecosystem function might affect
human welfare into the twenty-first century.

This assessment gave examples of emerging ecological
disasters,4 but many believed that smart policies and techno-
logical solutions could fix these problems as they arose, and
pointed to examples of how this had been done in the past.
This was a time of strong confidence in people’s ability to
take charge of their own destiny. The predominant attitude
among wealthy and powerful countries, the development
community, and international organizations was that a ra-
tional application of knowledge about economic and social

BOX 8.3

Ideas about the Resilience of Ecosystems and Society
(Adapted from the Resilience Alliance at www.resalliance.org)

• The systems that include people interacting with the environment
rarely remain in a single, unchanging state. Shifting among alterna-
tive, distinctly different states (over various time periods, depending
on the system) is the norm, not the exception.

• Surprises in these systems are created in cycles of long phases of
increasing growth, efficiency, and predictability followed suddenly by
brief phases of reorganization.

• Resilience is the capacity of a system to absorb disturbance, un-
dergo change, and still retain essentially the same function and
structure.

• Variability and flexibility are needed to maintain the resilience of
nature and people. Attempting to stabilize such systems in some
perceived optimal state (the command-and-control approach to man-
agement), whether for conservation or production, reduces resilience
and often achieves the opposite result of driving a system toward
rapid change.
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processes would not only achieve economic growth but
would also make sure the benefits flowed throughout socie-
ties. The emphasis of these reforms was on creating markets
that would allow equitable participation and provide open
access to goods and services. Transparent governance sys-
tems, like participatory democracies, were seen as the nec-
essary foundations to economic growth.5

Occasional failures, though, brought up questions about
how resilient ecosystems really are and how to balance this
uncertainty with the lost economic and employment op-
portunities that could arise if the environment were pro-
tected more than it needed to be. At the time, these
questions could not be resolved because the information
was not available for most ecosystems. As time went on,
investment in obtaining this sort of information waned be-
cause no major ecological disasters were apparent and it ap-
peared that ecosystems could withstand anything that
people did to them (subsequently it was found that this was
often due more to luck than good management).6

It was becoming clear that the dream of a better world
built on a foundation of reformed social and economic pol-
icy would live or die depending on how several major chal-
lenges were addressed. (See Box 8.4.) Wealthy countries,
and especially the large corporations based in them, were
optimistic that improving the flow of financial capital to
poorer countries would lead to beneficial social reform and
would encourage both demand for sustainable management
of the environment and the development of appropriate in-
stitutions to achieve sustainable economic growth. But
many people in poorer countries were concerned about an

BOX 8.4

Branch Points for a Globally Orchestrated World

This scenario is moderately optimistic about a globally orchestrated
world. This reflects the belief of several members of the Working Group
in what reform to global social and economic policy can achieve. Oth-
ers find it easier to imagine disastrous outcomes from this scenario.
The nature and quality of outcomes depends on a number of critical
challenges being overcome. These can be likened to the world taking
the right paths or branches in a journey by road or river.

Critical branch points include:

• Whether globalization and trade liberalization are accompanied
by strategies for developing appropriate institutional arrange-
ments in poorer countries and for avoiding undesirable activities
by richer countries and corporations

• Whether global cooperation, including globally consistent stan-
dards for health, business, and intergovernmental relations, is
developed without losing or threatening cultural diversity, includ-
ing culturally appropriate approaches to democracy

• Whether ecosystems reach critical thresholds resulting in ad-
verse changes that happen too fast or too extensively for reactive
remediation to be effective

• Whether dominance of intellectual property by a few countries is
substantially reduced—if not, global cooperation is much less
likely to be achieved or maintained

• Whether ways are found to reduce the heavy debts carried by
poorer countries
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overly rapid inflow of financial capital before formal and
informal institutions were ready to cope. This, they feared,
would undermine maintenance or enforcement of environ-
mental protection, encourage inflow of materials and prac-
tices harmful to the environment and people, and lead to
overexploitation of natural resources to capitalize on new
opportunities and to pay for debts incurred when foreign
investments go wrong.

The hopes for resolving these issues rested on various
multinational negotiations to seek agreement on rules of
trade and environmental management. A measure of global
agreement about the need to work together to address issues
of environmental and human welfare had emerged from the
Rio and Johannesburg Summits in 1992 and 2002.

8.3.1.4 Promising Developments

A number of small but hopeful examples of successful inter-
national cooperation in Asia, Africa, Europe, and the Mid-
dle East in the years either side of 2010 built confidence in
the connected-cooperative model. This confidence tipped
the balance of world opinion toward global cooperation.
The United Nations, with renewed confidence, reinvented
itself as an organization primarily focused on promoting so-
cial and economic equity and relinquished its role as an in-
ternational peacemaker and policing body.

Quietly, China addressed its long-standing environmen-
tal problems, including dismantling of unsustainable and
polluting industries.7 It took the first major steps to address
desertification and began to develop agricultural and other
industries in its western provinces based on ecological prin-
ciples. Its economy continued to grow, accompanied by so-
cial reforms that developed a peculiarly Chinese form of
participatory democracy,8 which took until late into the
2020s to really become entrenched.

India continued its economic growth, which started
toward the end of the previous century and would not pla-
teau until the 2020s. This growth was largely due to inno-
vation in communication and information technologies and
services.

In Africa, the widespread unrest and instability of the
early 2000s continued until around 2010. By this time, the
growing prosperity of a few nations allowed them to make
virtuous investments to assist their neighbors. These initia-
tives spread slowly through Africa, as national leaders united
to develop cooperative policies for dealing with disease and
poverty and to strengthen the continent’s trading position
globally. Despotic leaders were encouraged to stand down,
and participatory democracy began to develop in many
countries throughout the 2010s. Some African cities be-
came centers for innovation in digital technologies.

Changes in these three places encouraged governments
and private investors in rich countries to increase their in-
vestments in improving the wealth and well-being of
poorer countries.

In Europe, Russia became more accepted as part of the
European community, and the threat of conflict in the Bal-
kans decreased as all nations worked hard at maintaining
cooperative and friendly relations.
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8.3.1.5 Environmental Issues Overlooked

With the strong focus on economic, social, and political
issues throughout the 2000s and 2010s, thinking and re-
search into the dynamics of socioecological systems pro-
ceeded only slowly. Things were going well for many
people. Ecologists and environmental activists were still say-
ing that society existed at a dangerous edge, but they had
been saying this for a long time and, so far, most things had
gotten better. It gradually became easier and easier to ignore
their calls for stricter controls and more caution with respect
to the environment.

Although the mantra of the 2000s was ‘‘triple bottom
line,’’ the environment was considered to be secondary to,
and reliant on, economic and social issues. By 2015 it was
becoming clear that information on the meaning and state
of sustainable development was lacking and that public un-
derstanding of the underlying issues had been allowed to
remain at a very low level. It had been assumed that in-
creased income and access to the consumer goods of the
day would improve the confidence and happiness of the
public, but people were beginning to suspect that this was
only true up to a point. As people’s material well-being
improved, cultural issues like identity, spiritual connection
with the land, and harmony with other life-forms began to
dwell more and more on their minds. Additionally, while
people were able to reverse some environmental problems
when they became wealthier—like local air pollution
caused by factories9—there were other environmental
problems, such as toxic waste, that did not appear to be
easily fixable. The best they could hope for was to become
wealthy enough to move away from the waste.

Thus the decade 2010–20 saw renewed efforts to address
the environment directly, but progress was slow because in-
formation about how ecosystems worked was scarce.

8.3.2 Global Orchestration 2015–30

8.3.2.1 Improving Globalization by Including More Cultures

Starting in the late 2010s and continuing into the 2020s, a
slow but vital process of change in world thinking hap-
pened. Up until then, increasing connectedness of the
world had seen western culture, language, and thinking
permeating other cultures, with little return of information
in the other direction. The belief that western values and
styles of governance were universally appropriate and bene-
ficial had grown stronger.

There were, however, growing numbers of people voic-
ing concern about global homogenization of culture and
values. The improving economies of Asian, African, and
Central European countries brought increased confidence
in questioning the desirability of universal styles of gover-
nance and beliefs.

By 2012, these trends and concerns led to a flurry of
international meetings to contemplate better ways of global
governance. Models were sought from times in the past
when economic prosperity was achieved while diverse cul-
tures coexisted.10 Using these, people recognized that
everyone requires cultural identity and security as well as
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wealth and that cultural identity can be supplied in diverse
ways throughout a country’s development.

This was no sudden change in world values. The lessons
were learned slowly and sometimes painfully. It was eventu-
ally realized, however, that global markets and the contin-
ued economic growth of both rich and poor nations could
only be achieved by allowing the return to diverse regimes
and values but within globally agreed rules of engagement
between countries.

From then into the 2020s, there were changes in many
cultures. For example, the western business community
adopted a more Asian approach to business, with relation-
ships, respect, cooperation, and trust becoming more prom-
inent than they were in the highly competitive first decade
of the century. Countries with large proportions of popula-
tions living in high-density urban or rural settings saw big
changes too, as global institutions demanded uniformity of
community health standards, business practices, and gover-
nance for reasons of health, security, and distribution and
management of foods, building materials, and fuels.

A major unstoppable force that encouraged nations to
work together was technology. Since the first transatlantic
telegraphic cables were laid in the second half of the nine-
teenth century, nations had seen the benefits of sharing
technologies. One country doing something in a unique
way could find itself isolated from the rest of the world and
might lose out on trade or other benefits of globalization.
Technological developments, especially with respect to
agriculture,11 food production, and energy generation, be-
came more and more rapid as the twenty-first century un-
folded.12 Many of these arose from Asian, South American,
and African countries, which had been investing in innova-
tion for two decades or more and were less constrained by
existing technologies than countries that had been devel-
oped for longer. As these technologies became used widely,
it was critical for countries to work together to form ac-
cepted ways of using them. No one wanted to be left be-
hind.

8.3.2.2 Global Health Concerns

Increases in wealth, and in the availability of technology,
had led to improvement in the health of people in many
poorer countries. However, many problems still remained.
Obesity-related diseases remained a threat, particularly in
rapidly developing areas as new food choices became avail-
able and societies shifted their eating habits to less healthy
styles. Emerging infectious diseases were also a risk. Several
times, new pathogens arose in parts of the world where
ecosystems were suddenly exposed to massive human im-
pacts. Decline in the natural processes for regulating animal
populations, together with greater visitation and exploita-
tion of wildlands by humans, caused humans to be a fre-
quent host for these new pathogens. In some cases, deaths
from these new diseases were limited to a few hundred peo-
ple, and the spread was contained around the source by
international cooperative action. The mechanisms for this
action were progressively refined from the impressive re-
sponses to SARS in 2003. But in each case, industries re-
lated to international tourism suffered economic downturns
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as the scare of spread via travelers and transportation systems
swept the world. Increasingly, there were concerns that so-
cial progress was being delayed by environmental decline
feeding back on human well-being.

The international health com-
munity was concerned about the
emergence of new pathogens due
to close human contact with ani-
mals, as occurred with SARS in
China in 2003. Impressive interna-
tional procedures were put in place

to prevent, detect, and cope with outbreaks of this sort, led
by the United Nations in its redefined role as a human wel-
fare agency. Risk of such outbreaks remained high due to
high global mobility of people and goods and varying stan-
dards of health monitoring and sanitation. Some attempts to
promote (or impose) uniform approaches and standards met
with resistance and resentment when they threatened the
rural-, village-, and family-focused cultures in poorer coun-
tries, especially Asia and Africa. Countries had long been
exposed to progressive acceptance of trade and migration
policies emphasizing global cooperation, however, and they
often agreed to these procedures to minimize disease risks,
especially after seeing the problems caused by outbreaks of
disease.

High global mobility was also a concern because it
threatened to move exotic species around the world. The
possibility of spreading crop and livestock pathogens was of
major concern because enthusiasm for opening borders and
removing trade barriers outstripped research and monitor-
ing.13 Increasingly, the role of maintaining functional eco-
systems that regulate pest populations was being recognized,
but the costs of returning ecosystems to functionality were
now very high.

8.3.2.3 Removal of Some Lingering Barriers to Global Equity

Several other barriers to increased equity among nations
were addressed around this time. There had been hope that
high debt loads carried by developing countries in the 2000s
would be reduced by 2015 with the new trade policies and
loan restructuring. But setbacks due to the costs of imple-
menting new health security policies gave impetus to calls
for writing off a proportion of these debts. These calls had
previously remained subdued due to the hope that improved
access to international markets would help poor countries
pay off their debts. The ever more apparent impacts of global
climate change increased pressure on countries as well as cor-
porations to take remedial action. Between 2015 and 2020,
around 50% of the debts of the developing world were writ-
ten off in exchange for carbon credits.

8.3.2.4 Pluses and Minuses of the New Trade Order

The benefits of open trade became apparent early, as coun-
tries providing temperate-zone agricultural products, such
as certain cereals, meat, and milk, realized the economic
benefit of better market access and less distorted market
prices. As new market opportunities emerged, economic
growth improved in some countries of the Americas and in
a number of Southern and East African countries. Agricul-
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ture in these countries became increasingly intensified and
simplified. The economies of scale were initially very bene-
ficial to economic growth in these countries. With a mix-
ture of international competitiveness and cooperation, the
areas under agriculture expanded in some countries and re-
ceded in others.

Developments with respect to
trade were not all rosy, however.
Countries that relied mainly on ex-
port of tropical crops such as coffee
and cocoa did not necessarily get
any benefit from improved trade

opportunities. Economic growth in this group of countries
depended on additional opportunities for diversification of
the economic base. In many cases, these opportunities were
held back by slow development of policies aimed at im-
proving human capital and infrastructure.

8.3.2.5 A Moderate Greening of Attitudes

As prosperity among the global middle class increased, so
did demand for cleaner cities, less pollution, and a more
beautiful urban environment. In most countries, this led to
efforts to maintain green spaces and protect representative
areas of natural environment for people to visit. Pollution
in and around cities was addressed with vigor. Before the
need for communication towers disappeared, it became
global best practice to disguise these towers as artificial trees.
Some children grew up to think pine trees really are 200
meters tall. Amusing as it sounds, this was symptomatic of a
general lack of appreciation of the need to understand the
processes that maintain natural systems. We now realize,
however, that longer-term ecological challenges that were
harder to address were more or less ignored by the general
population because so many other things were going well.
Examples included the slow rundown in fertility of agricul-
tural soils, decline in natural controls on pests and diseases,
and the slow loss of wildlands and their biodiversity.

The nongovernmental organizations that played such a
strong role in raising human consciousness about the envi-
ronment during last century had waned in their influence by
this time, as public confidence in the ability of governments
to solve the world’s problems increased. The groups still ex-
isted, but they focused more on human well-being issues and
addressing immediately obvious environmental challenges.

8.3.2.6 Agriculture: Expanded Area But Narrower Diversity
and Ecological Basis

Driven by policies aimed at increasing GDP and human
well-being in poorer countries, human impacts on terres-
trial ecosystems increased as the total area under agriculture
expanded.14 The world was focused on generating employ-
ment and feeding a growing population. Since the turn of
the century, many had argued that hunger was a problem
related to equitable distribution rather than an absolute
shortage of food. Distribution and equity issues were stead-
ily addressed, but increasing the area under agriculture was
the faster, and therefore the preferred, option among most
communities in the meantime.
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Since late in the twentieth cen-
tury, large transnational companies
had been steadily increasing their
control over agricultural crops and
livestock through the development
of new genetic strains with im-
proved performance. Economies of

scale caused fewer and fewer varieties to be distributed over
larger and larger areas, leading to agricultural specialization
and simplification. In both the richer and the poorer
worlds, very little of the agricultural land was not consoli-
dated into large, highly mechanized industrial farms. There
were still people practicing low-intensity farming, either as
a lifestyle choice or in areas of marginal land quality and
economic hardship, but they contributed little to food pro-
duction or the countries’ economies.

While these trends initially brought economic efficiency
and growth to many countries, others suffered because their
local conditions did not suit the mass-distributed varieties
and their market was not large enough to encourage the
industries to develop locally appropriate varieties. Many
commentators at the time were concerned about loss of
local ecological knowledge. The prevailing policies for
dealing with natural genetic diversity and other natural
assets like vegetation and soil systems and their associated
fauna was to preserve or reserve representative examples in
parks and museums. A positive legacy of these policies was
the establishment of major gene banks containing the vast
majority of wild varieties of crops previously used by hu-
mans.

8.3.3 Global Orchestration 2030–50

8.3.3.1 Broken Stranglehold on Intellectual Property

By 2025, a major international tension that had been grow-
ing since the early 2000s came to a head. Had this not been
resolved, the world could not have continued down a path
of increasing cooperation.

In the last decades of the twentieth century and into the
2000s, a complex web of laws and regulations relating to
intellectual property had developed worldwide. This had
many impacts on attitudes toward and management of the
environment. For example, it led to the dominance of the
market for seeds and stock varieties by large multinational
companies that could impose rules and regulations that
often discouraged the use of locally sustainable varieties and
practices. Genetic diversity declined, and wild varieties
largely existed in museums. Dominance of intellectual
property was maintained by formidable networks for com-
mercial intelligence, and wealthy nations were more able to
attract the best minds from poorer countries. Furthermore,
the culturally diverse nations of Asia, Africa, the Middle
East, and even, to a degree, Europe could not speak at this
time with a strong and uniform voice.

Things were changing, however. The growing unity
within Europe, Asia, South America, and Africa by the
mid-2020s, together with the increasing impacts of devel-
oping nations as innovators and participants as consumers in
global markets, forced a review of patent and intellectual
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property institutions.15 (See Box 8.5.) While the changes
were not wholesale, they were enough to allow local phar-
maceutical, genetic, and nanotechnological industries to es-
tablish with a focus on regionally differentiated markets. In
small but significant ways, the brain drain started to reverse.
These trends were gradual but consistent starting in the sec-
ond quarter of the twenty-first century.

8.3.3.2 Benefits and Risks of Global Orchestration

By 2030, most elements of the strategies for global eco-
nomic and social reform were in place. Many countries and
individuals had realized enormous benefits from globaliza-
tion. Impacts on ecosystem services were variable but
mostly either neutral or improved in poorer countries.

But big challenges have also emerged by 2050. During
the last two decades the balance of benefits and costs of the
globally orchestrated policies of this half-century has be-
come clearer. Most countries have prospered under the eco-
nomic and policy plans put in place in the mid- to late-
2000s. Overall, advocates of the principle that economic
growth produces improvement in human well-being feel
themselves vindicated by the state of the world in 2050.
Their opponents suggest that economic growth was only
achieved without major collapses in Earth’s life-support sys-
tems because massive efforts were put into reducing envi-
ronmental impacts as problems arose. The costs have been
major in all nations.

The unprecedented enthusiasm
for global cooperation among gov-
ernments, NGOs, and companies
was spurred on by early successes in
dealing with conflicts, diseases, and
global equity issues in the early part
of the century. This helped the

world cope with a number of important social and environ-
mental issues that economic growth alone could not have
dealt with. Limiting population growth to a maximum of 8
billion by 2050, which was largely a consequence of eco-
nomic development in the previously poor world, also
helped to limit environmental impacts.

In our globally orchestrated world, we have seen great
technological progress within the energy sector, which has
provided low-cost energy for all people with a high level of
reliability. But early global complacency about climate pol-
icy forced us to adapt to many problems caused by climate
change, even though the institutions for global cooperative
action could have addressed the problem earlier.16 In hind-
sight, we realize that the slow response to climate change
was a major missed opportunity.

Increasing prosperity brought increased demand for
meat in people’s diets, which in turn led to growing de-
mand for food and feed and a rapid expansion of crop area
in all regions. Particularly hard hit was sub-Saharan Africa
(see Box 8.6), which saw 50% of its forests disappear be-
tween 2000 and 2050. In the early 2000s doctors in the
industrial world were concerned about an obesity epidemic.
Steps were taken to encourage greater levels of activity and
low levels of fat consumption. This was outweighed glob-
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BOX 8.5

A Story of India (Global Orchestration)

As I wait for the Australian to arrive, my thoughts turn to the changes I regularly. The changing weather has brought bigger extremes of hot and
have seen in my lifetime. India is one of the leading economies in the cold, wet and dry, and storms that wash away our topsoil. Locally, pests
world of 2050. Americans, Brits, Germans, Russians, South Americans, and diseases break out from time to time, and no one seems to be expect-
Africans, and more are looking to build partnerships with us and learn ing them. Our government played a major role in international efforts to
from our successes. address existing global issues like climate change and international fish-

In my mother’s youth, the world’s teenagers yearned for American eries. But at home it expected economic prosperity and good education
clothes, music, appliances, movies, and the like. India, of course, always to be enough to fix environmental problems. The government was right
resisted the global culture. Our attitudes to life and death, wealth and sometimes, but when it was wrong it hurt many people. My cousin
poverty, were never well understood by westerners. Whereas we look at drowned in the big floods of 2015, along with 200 others from our district.
those worse off and feel thankful, Westerners look at those better off and The company I work for now was started in 2012 by two young Indians
feel envious. True, we have been touched a little by the global culture of who trained in the United States and returned home as new opportunities
envy—at least according to my aunt. The huge popularity of Indian litera- arose here. Southern India was booming, and at one time it even seemed
ture and movies early this century was just one sign of our ascendancy. like it might break away from the north. But the two Indias stayed together,
We invested in business and technological innovation, starting with call in the spirit of cooperation that was spreading the world. The company
centers last century, which gave us the confidence to innovate in many survived that first decade as trade arrangements and intellectual property
other fields. Now India, China, Brazil, and a handful of other growing regulations were sorted out in sometimes strained negotiations between
economies are influencing global consumerism and global culture. In established and emerging powers. I joined them first as a trainee in 2028
Paris, every second young girl I saw was wearing salwar kamis (Indian and then as a graduate after 2032. I didn’t stay long, changing jobs 10
clothing). times and retraining with new skills four times before returning as a senior

As a woman, I am privileged to have received a good education. When manager in 2043.
I was born in 2010 the girls in poor rural towns like ours didn’t go to So what do I tell the Australian about Indian attitudes and tastes today?
school—it was too expensive and they had women’s work to do. But by In the cities we want cleaner streets and more green areas, but the envi-
the time I was old enough to attend there were places in schools for girls ronmental researchers tell us we still don’t understand the essential role
whose families wanted them to go. Education of girls was starting to be of nature in our lives and economy. My company is seen as a leader in
seen as an investment in a ‘‘more prosperous future’’—the slogan of the socially responsible production. We’ve minimized our environmental dam-
government change-programs when I was growing up. In many places age, too. But now the government is looking for industry leaders to help
the new philosophy has worked. Of course the young people, like me, develop an environmental repair program as the costs of complacency
usually had to move to the cities to get jobs, but at least the jobs were over the past decades are biting back. The Australian’s company is in the
there. same situation in his country. Environmental repair looks like it will be the

‘‘Rural life’’ has changed so much. When I go home to visit my brother, next big growth area.
all I see is field after field of rice, sometimes a bit of maize, but that is all. It is good to be on a new wave again. Still, I can’t help wondering why
Boring. The harvests are bigger and better some years, but they still fail we didn’t see this one coming sooner.

ally by the spread of obesity-related illness through the now
rapidly developing countries of Asia and Africa.

Increased irrigation and intensive inputs of fertilizers and
chemicals for control of agricultural pests, combined with
low levels of environmental protection, led to compound-
ing cross-scale interactions among outbreaks of resistant
pests, groundwater contamination, soil degradation, and ac-
cumulation of nutrients to toxic levels for crops and water
sources for humans.17

Between 2030 and 2050, many of the world’s fisheries
collapsed. While there was at least superficial global cooper-
ation in managing species, open borders and reduced trade
barriers led to insurmountable obstacles to effective moni-
toring of stocks. In turn, there was uncontrollable exploita-
tion and overfishing of many stocks. Because the dynamics
of fisheries are complex, problems were often not noticed
until after they were so severe that they could not be fixed.

The reactive nature of environmental management re-
sulted in a number of cases of regional ecological degrada-
tion that were difficult, costly, or even impossible to recover
from. Marine ecosystems and coastal wetlands were affected
most strongly, as urban growth in virtually all countries with
coastlines and moderate climates was concentrated around
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river mouths and along a 100-kilometer band off the coast-
line. Tourism and fishing in the Caribbean, for example,
both declined after the loss of many coral reefs. In Australia
and Africa, the tourism industry took heavy hits due to al-
most complete loss of coral reef ecosystems. During the
2010s, aquaculture industries worldwide were threatened
by pollution and sediment run-off from increasingly urban-
ized coastlines in virtually all countries. Technological solu-
tions were developed and implemented in the 2020s, but
the industries did not recover until the early 2030s. And the
global impacts of invasive species increased the costs of tim-
ber and agriculture and decreased people’s well-being.

8.3.4 Challenges for 2050–2100

In reviewing the years 2000–50, we are struck by how far
the world has come, how much has changed, and yet how
much stays the same. In 2000, debate was intense around
the relative merits of economic growth, global open trade,
and social equity policies versus the alternatives. Today, the
debate goes on, although many believe we did the right
thing entering a path of increased globalization. We have
seen many benefits of these policies but have also felt the
distress of lost opportunities. We must ask whether similar
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BOX 8.6

Sub-Saharan Africa under Global Orchestration

As the world moved into the twenty-first century, the growing focus of on swidden agriculture for their subsistence from ‘‘preserved areas’’ into
decision-makers on poverty and inequality as sources of conflict and civil unprotected parts of the forest. This displacement had two important re-
unrest drove greater attention and openness toward the economies of sults. Environmentally, the result was a patchwork effect, where protected
sub-Saharan Africa. Countries like Ghana, with a growing pool of edu- parts of the forest flourished and unprotected parts were heavily degraded
cated labor, became prized sites for the outsourcing of data entry jobs, by increased agricultural pressure. Socially, the rural poor felt less and
such as the cataloguing of parking tickets from New York City. Yet Ghana, less connected to their national decision-makers, and therefore less and
along with Botswana and a handful of others, was attractive not only for less a part of the national project. In countries like Ghana and Botswana,
its educated population, but for its successful transition to democracy after the development of a national identity was a key part of their political
an extended postcolonial history of coups and dictators. The success of and economic success at the turn of the twenty-first century. The internal
participatory democratic institutions in places like Ghana reassured busi- divisions driven by this success, though, threatened this identity, and
nesses seeking to invest, and therefore worked in concert with initiatives therefore the very foundation of that success.
sponsored by governments of the industrial world, such as the U.S. Afri- If intranational tensions are important to discuss, so too is it critical to
can Growth and Opportunity Act, to drive investment in these economies. note that economies and political systems such as that of Ghana and

Such investment spurred economic growth in several sub-Saharan Af- Botswana were not the norm in sub-Saharan Africa. The incentives of the
rican nations and, with it, the development of a middle and an upper class U.S. legislation were not extended to many nations that failed to develop
with sufficient education and financial resources to spend time worrying political transparency and pluralism, in effect reinforcing the concerns of
about the degradation of their national environments. These countries business seeking to invest in this region. Thus while some countries saw
funded environmental assessments and studies, gave priority to issues unprecedented growth and opportunity in the period 2000–50, others
like deforestation, and promoted the sustainable use of their natural re- were caught in a cycle of decline and closure in which authoritarian gov-
sources. At the national scale, these efforts gained momentum as several ernments were shut off from the globalized world, and the people under
countries funded environmental preservation and management programs them were closed off as well. This process then created a patchwork
with the money saved when at least half of their external debt burden was effect at the regional scale, where successful countries often directly abut-
forgiven in debt-for-carbon-credits trades. ted one or more ‘‘rogues’’ or ‘‘failed states.’’ The improved conditions in

The remarkable progress of these nations, however, must be consid- the stable states encouraged immigration, which no sub-Saharan African
ered in light of the important divisions that arose across the period 2000– state had the resources to control.
50, both within countries and between them. Within the most successful These surges of migration, driven by conflict and by dramatic environ-
countries in sub-Saharan Africa, the rural-urban divide was heightened by mental shifts in Southern Africa, heavily stressed successful countries,
the increased educational and economic opportunities afforded to those causing some to experience political failures as migrants swelled the
living in the cities and by the concentration of decision-makers in urban ranks of the disaffected rural people, sparking intranational conflicts. Even
areas. In many cases, environmental management projects were de- in the best cases, such migration stressed the capacity of successful
signed at the national scale by urban residents, with little or no consider- states to manage their economies and environments, limiting their suc-
ation of the local, rural livelihoods likely to be affected by such projects. cess and suggesting trouble on the horizon for even the most stable and

Thus, the establishment of forest reserves in Ghana’s Upper Guinea successful nations.
Forest effectively displaced tens of thousands of Akan farmers reliant

benefits could have been achieved with fewer losses of life,
property, and human well-being if greater attention had
been paid to the ecological underpinnings of our economic
and social systems. There are those who argue that we have
been too ready to accept economic signals as signs of prog-
ress and too quick to assume that success in tackling fast-
moving ecological variables is evidence that we are making
the right choices.

8.3.5 Insights into Global Orchestration from a
Southern African Perspective

In the Southern Africa Focal Region Assessment, several
scenarios were developed that dealt with aspects of Global
Orchestration. African Partnership is an economic develop-
ment scenario and Policy Reform explores policies for in-
tensification of agriculture. Global Orchestration includes,
but is more than, these scenarios. Its drivers are not just
economic development and agricultural reform but also
broader social reform, including protection of global public
goods like education, health care, and safety. Nevertheless,
the issues explored in the Southern Africa scenarios are rele-
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vant to Global Orchestration and give insights into how
such a scenario could play out at a sub-global scale. (See
Box 8.7.)

8.4 Order from Strength
In this scenario, the world becomes progressively compart-
mentalized as governments and then businesses and citizens

turn their focus inward in response
to threats from global terrorism and
the breakdown of several processes
involving global cooperation. Peo-
ple see looking after their own in-
terests as the best defense against
economic insecurity. Citizens re-
luctantly accept the argument that a
militarily and economically strong

liberal democratic nation can maintain global order and
protect the lifestyles of the wealthy world and provide some
benefits for any poorer countries that elect to become allies.

In a fundamental departure from the early twenty-first
century, even rhetoric about the importance of trade liber-
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BOX 8.7

Insights in Elements of Global Orchestration from a Southern African Perspective

Under the African Partnership scenario in the SAfMA regional assessment cides, and fertilizers) for ecosystem services in the basin are mixed. This
(see MA, Multiscale Assessments), high economic growth is underpinned intensification is met with some resistance from health and environmental
by the intensification of agriculture, using highly selected seeds (including advocates and from small farmers unable to invest in these inputs, yet
genetically modified organisms), irrigation, pesticides, and fertilizers. This organic farming practices are also on the rise. Overall, productivity is
boosts productivity, relieving pressure to cultivate new lands. Regional- boosted, and the expansion of agriculture onto marginal land is prevented.
scale food security is greatly improved, but water pollution and pressure Food security across the basin improves. Pressures on water supplies
on water supplies increases. increase, but an effective system of water tariffs, together with the estab-

A dominant focus on commercially grown cash crops and a strong lishment of catchment management agencies, now ensures that irrigators
linkage to the global economy marginalizes small growers and impover- are accountable for their abstractions.
ishes agricultural diversity. Consequently, vulnerability to pest outbreaks Cash crops are widely produced by commercial farmers who trade in
grows, and together with an increased frequency of droughts and floods a global economy but, due to past biodiversity losses, these are based on
resulting from climate change leads to large swings in cereal production an impoverished genetic stock. This marginalizes small growers except
and intermittent food shortages. Rising wealth accelerates a higher dietary for those who are linked to designer markets, such as organic farmers.
demand for meat products, largely satisfied by expanded cattle ranching This makes the crops more vulnerable to pests and diseases and the
north of the Zambezi. Reduced pressure for land facilitates the develop- more frequent occurrence of droughts and floods precipitated by climate
ment of an extensive system of state, private, and community-protected change. Intermittent food shortages occur but do not threaten food secur-
areas, which forms the cornerstone of a growing tourism sector, serving ity in the basin. Intensive livestock production—batteries and feedlots, for
both foreign visitors and a growing urban middle class. Good land man- example—becomes more common across the Gariep. A drive toward
agement practices outside of protected areas contribute to the mainte- more-intensive meat production leads to an expansion of game farming
nance of biodiversity in the region. operations in the basin, thereby creating a link between protected areas.

Under the Policy Reform scenario in the Gariep basin, consequences Reduced pressure for land means a more positive outlook for conserva-
of the recent policies on agricultural intensification (GMOs, irrigation, pesti- tion in general.

alization disappears in a backlash against globalization,
which is seen as a source of instability and threats. (See Box
8.8.)

Just as the focus of nations turns to protecting their bor-
ders and their people, so too their environmental policies
focus on securing natural resources seen as critical for
human well-being. But they see the environment as sec-
ondary to their other challenges. They believe in the ability
of humans to bring technological innovations to bear as so-
lutions to environmental challenges after they emerge.

8.4.1 Order from Strength 2000–15

8.4.1.1 Teetering between Fragmentation and Connection

The beginning of the twenty-first century saw the world
teetering between getting more connected and becoming
fragmented and compartmentalized. There was cause to be
optimistic about world peace and prosperity, but leaders
were unsure whether a focus on open interactions with
other countries or an inward focus on national security
would achieve the best outcome for their people.

With the collapse of the Soviet Union and destruction
of the Iron Curtain, a major source of potential global con-
flict was removed.18 Globalization of technology, travel, and
economic markets, which had been progressing apace in
the second half of the twentieth century, was reaching its
peak. There were high expectations from multi-nation ne-
gotiations of the early 2000s that progressive liberalization
of trade and the movement of people would decrease the
gap between rich and poor countries and universally im-
prove human well-being.

The world was getting superficially more and more con-
nected. Electronic communications were spreading to more
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and more homes. Air travel was becoming faster and more
affordable.

But conflict and terrorism, together with stagnant econ-
omies, were pressing problems on the agendas of global and
national decision-makers. Many believed that social ten-
sions arising from inequalities in wealth, civil liberties, and
access to food, water, and other basic human needs were
the root cause of these problems.

Nations were also wrestling with issues of equity inter-
nally. Everyone agreed in principle that all citizens should
have access to the fundamentals of a healthy and fulfilling
life, but there were many difficulties with achieving this. It
was so easy to just leave a few people behind and so difficult
to bring everyone up to the same economic standards.
Would political will be strong enough to overcome vested
interests and public indifference? Furthermore, would the
emerging trend toward globalization of markets work for
or against equity for the poor and disempowered within
and between countries? Would the removal of barriers to
trade and the international operations of business allow de-
veloping nations to improve their economies and social
processes? Or would it allow domestic processes to be dic-
tated by corporations who wanted low inflation and high
returns on investment?

8.4.1.2 Fear of a Fragmented World

Around the turn of the century, futurists wrote scenarios
that imagined a world in which inequity is unchecked,
where the rich get richer and protect themselves and their
assets with walls and razor wire while the poor get poorer
and seek to break down the walls.19 The stories portrayed a
scary world in which civil society eventually breaks down
and conflict is widespread.
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BOX 8.8

Potential Benefits and Risks of Order from Strength

Potential benefits:

• Increased security for nations and individuals from investment in
separation from potential aggressors

• Increased world peace if a benevolent regime has power to act as
global police

• Less expansion of invasive pests, weeds, and diseases as borders
and trade are controlled

• In wealthy countries, ecosystems can be protected while degrading
impacts are exported to other regions or countries

• Ability to apply locally appropriate limits to trade and land manage-
ment practice, as trade is not driven by open and liberal global poli-
cies

• Protection of local industries from competition

Risks:

• High inequality/social tension, both within blocs and within countries,
leading to malnutrition, loss of liberty, and other declines in human
well-being

• Risk of security breaches (from poor to well-off countries and sectors
of society)

• Global environmental degradation as poorer countries are forced to
overexploit natural resources and wealthier countries eventually face
global off-site impacts like climate change, marine pollution, air pollu-
tion, and the spread of diseases that become too difficult to quaran-
tine

• Lower economic growth for all countries as poor countries face re-
source limitations and rich countries have smaller markets for their
products

• Malnutrition

Nobody wanted such a world. In fact, many refused to
believe it was even possible. Yet many of the ruling elite in
governments and businesses of the time practiced a form of
controlled inequity, believing it to be both inevitable and
desirable for economic growth. They had faith that they
could control inequity within limits that would encourage
the poor to consume in an effort to improve their economic
position and would prevent widespread disruptive action.

And yet, as the century turned, the wealthy of most
major cities around the world had bars on their windows
and were protected by fences topped with razor or electri-
fied wire.

8.4.1.3 The Fragmentation Escalates

The optimism of growing economies in the industrial
world at the beginning of the century was deflated by a
series of international events, including the attacks on the
World Trade Center in 2001 and continued conflicts in the
Middle East, Africa, and South Asia. These conflicts drove
headlines and contributed to pessimism about future inter-
national relationships. Trust in other governments declined
universally, as countries turned their focus inward to main-
tain their national security, access to resources, and the well-
being of their own people.

Despite reforms in Russia and other former Soviet
countries, there was ongoing friction with the United States
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and a number of European countries. The Balkans re-
mained unsettled, and the role of Turkey in Europe was not
getting any clearer.

At the same time, governments of the industrial world
reluctantly accepted the argument that a militarily and eco-
nomically strong liberal democratic nation could maintain
global order and protect the lifestyles of the wealthy world
and provide some benefits for any poorer countries that
elected to become allies.

This mix of distrust in outsiders but belief in order from
strength became clear in the debates in the global forum
for addressing international issues of the time, the United
Nations. Former allies undermined one another, and it was
clear that domestic issues rather than international ones
drove the agendas of the participating countries. Despite the
efforts of many who believed that the world needed global
cooperation more than ever, the trend toward inward focus
on national security issues continued and intensified
throughout the first decade of the twenty-first century.

Economic issues contributed to the fragmentation that
had been started by national security issues. After the fi-
nancial excesses of investing in Internet startup companies
at the end of the previous century, and a mini global reces-
sion stretching into the first decade of the twenty-first cen-
tury, the industrial-nation economies did not rebound.
Many East Asian economies continued to suffer from the
after effects of the Asian financial crisis of the 1990s.

But with the growth of digital technologies a new
source of fragmentation emerged—the so-called digital di-
vide. Some Asian, South American, and African nations
took a lead and established digital networks across their
whole countries. This did not guarantee economic success,
but it did give them an edge in many aspects of business.
Increasingly, countries that had dropped behind in this digi-
tal revolution found it hard to maintain cohesive and adap-
tive networks among industry groups, resulting in lack of
competitiveness in markets.

The digital divide not only applied to the gap between
poorer countries. Even some wealthy countries failed to get
connected fast enough and found themselves on the wrong
side of the divide. Within countries, too, people varied
greatly in their access to computers and networks and this
affected their life choices, financial prospects, and even their
freedom and ability to make informed decisions. In poorer
countries, some elites managed to get connected to the
wealthy in the rich world through technology.

A key turning point was the trade negotiations set up by
the meetings of trade ministers from around the world in
various cities between 1986 and 2001 leading to the cre-
ation of a World Trade Organization. These negotiations
addressed a wide range of issues, including setting up a fair
and market-oriented global trading system for agricultural
goods, market access to nonagricultural goods and services,
and fair dealing with respect to intellectual property, espe-
cially with respect to indigenous knowledge and implica-
tions of intellectual property for public health. During
2003–10, these negotiations ran into deadlock as a number
of rich countries could not find a mutually satisfactory
mechanism to reduce trade barriers and domestic subsidies,
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and several poorer countries began to stand their ground on
these issues. In 2010, the World Trade Organization col-
lapsed because the most influential nations no longer be-
lieved in trade liberalization.

The collapse of the negotiations soured political rela-
tionships among OECD nations and between those nations
and the developing world. Further negotiations on access
to markets, intellectual property, and the responsibilities of
poorer and richer countries did not materialize. Rules and
standards for intellectual property and digital communica-
tions, which could have been used as a tool for maintaining
international equity and peace, rapidly became tools for
drawing the best minds into the richest countries and for
restricting access to markets. Large and innovative poorer
countries flouted the rules and established their own stan-
dards. Corporations based in rich and powerful countries
minimized investment in those nations, except where they
could export profits to the country where they were head-
quartered.

The tensions already apparent among members and pro-
spective members of the European Union early in the cen-
tury were exacerbated during 2010–15 by the increasingly
inward focus of nations. Negotiations about enlargement of
the EU took longer than planned and took most of the
attention of senior EU politicians, especially since global
negotiations seemed to be going nowhere. The economies
of the EU countries suffered from a prolonged downturn
that further reduced the flexibility of its leadership in global
negotiations in a variety of forums.

8.4.1.4 A Fragmented Approach to the Environment

Just as the focus of nations turned to protecting their bor-
ders and their people, their environmental policies also fo-
cused on securing natural resources seen as critical for their
people. Among rich nations there remained belief in the
ability of humans to bring technological innovations to bear
as solutions to environmental challenges as well as confi-
dence that a strong economy could afford the costs of that
innovation. Natural environments were seen as providers of
some critical services, like regulation of climate and the ox-
ygen level in the air, but most other benefits from ecosys-
tem services were believed to be either substitutable or
repairable by technology. For example, everyone knew that
water ultimately came from nature; during this time, how-
ever, the widespread belief was that water cleansing could
be done better by human-powered technology than by use
of preserved ecosystems.

In affluent nations, maintenance of biodiversity for its
recreational and existence values was seen as an affordable
luxury, one that people believed could be maintained by
reservation of comprehensive, adequate, and representative
samples of remaining ecological systems—so long as those
reservations did not impinge on economic development.
While governments claimed that these were proactive envi-
ronmental policies, they were in reality reactive ad hoc so-
lutions to growing public concern about declining species
numbers. As the first decade of the century rolled on, the
ad hoc measures merely slowed the decline in biodiversity
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and ecosystem function and delayed the inevitable environ-
mental pathologies until the next decade.20

8.4.2 Order from Strength 2015–30

8.4.2.1 Economic Fragmentation Escalates

Lack of trust between countries, together with the impossi-
bility of totally controlling movements of people, goods,
and ideas across borders, caused increasing nervousness
about industrial espionage and the spread of agricultural
pests and diseases. Competition was uneven due to wealth
and availability of resources between nations, so attention
turned to the use of subsidies and tariffs, ecolabeling, and
quotas as weapons for protecting countries’ interests. Sanc-
tions were also imposed by dominant countries and alliances
on those countries that were thought to be threats to world
political and economic order.

Only the wealthy nations could afford to use subsidies
and indirect forms of support for within-country agricul-
tural production. Though local residents in poorer coun-
tries got access to cheap products, their own production
was put at risk by these practices. In some places, this caused
a temporary environmental benefit, as exploitation of natu-
ral resources was reduced by low production.

The high level of concern about protecting farmers in
wealthy countries with export subsidies had widespread
negative impacts on the world’s ecosystems in rich and poor
countries. In poorer countries, economic activity was main-
tained through the export of alternative commodities not
produced by wealthier nations. Typically these included
nonagricultural products such as forest products, minerals,
fish, wildlife, and the like. This introduced exploitation and
degradation of ecosystems that affected human well-being
by lowering the supply of raw materials, polluting air and
water,21 degrading soils, and eroding biodiversity and its as-
sociated services and roles. In rich countries, subsidized
cropping systems expanded into former grasslands. This
changed the habitat and carbon sequestering capacity and
increased soil erosion and nutrient pollution.

Import tariffs and taxes were
used in rich countries to raise
money for government and to limit
the amount of imports entering the
country. These policies encouraged
local industries and other economic
activities. In poorer countries these

same policies had the counterproductive effect of making
agricultural technologies expensive so that farmers in poorer
areas could not afford best-practice in relation to maintain-
ing soil fertility and other ecosystem functions. As a result,
food production there lagged behind other areas, and risks
from pests and diseases were increased by continued use of
old technologies. In response, people expanded agriculture
over greater areas to maintain earnings, leading to increasing
clearing of native ecosystems and reductions in their biodiv-
ersity.22

Many poorer countries used export bans and quotas on
natural resources such as timber, minerals, and fish in order
to foster domestic processing industries. While there were
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positive economic outcomes for the countries that em-
ployed quotas, such policies made it increasingly difficult to
address global environmental issues, such as deforestation
and exploitation of endangered species, because they made
market pressures ineffective.

8.4.2.2 Health and Safety

As countries became more and more isolationist and as
global environmental problems worsened, nations turned
their attention to the use of health and safety regulations to
reduce the chance that diseases and pests would be intro-
duced to their countries through trade. Wealthier countries
increasingly used ecolabeling and certification schemes to
guide consumer behavior toward preferred producers.

These and other safety measures were effective in reduc-
ing the spread of pests and diseases. Regulations in many
cases reduced pollution by discouraging use of fertilizers and
chemicals and encouraging better soil management. How-
ever, they also frequently had a negative impact on the live-
lihoods of local people, especially in poor places, who
depended on exporting environmental products. Increas-
ingly, these people turned to alternative uses of the land
and to illegal activities that sometimes increased ecosystem
degradation.

Throughout the early part of
the century, new diseases broke out
in Africa and Asia, many arising
from greater contact between hu-
mans and either wild or domestic
animals. Although thousands of
people died, many of these diseases

stayed confined to local areas because the people had lim-
ited mobility. The rest of the world was generally con-
cerned only to the extent that it was not under threat.
While global cooperation was possible when diseases
threatened wealthy nations and the freedom of movement
of their people, diseases like AIDS that primarily affected
poorer people and nations were not effectively addressed.
(See Box 8.9.) Wealthy nations did not care, and poor na-
tions could not afford to do much without the help of rich
countries.

In general, foreign aid was provided on an ad-hoc basis,
to tackle particular problems or crises and emergency situa-
tions, not to deal with longer-term development needs un-
less there was some obvious benefit to the wealthier
country. Where development aid was offered, it was on
terms that suited the donor country. Many people in poor
countries argued against taking this aid on grounds that the
terms often made things worse rather than better.

8.4.2.3 Environmental Impacts of Sanctions on Poor Countries

In this world, sanctions were an easier way than interna-
tional cooperation to deal with failure to comply with trade
or political measures. During 2010–20, such sanctions se-
verely limited the amount of trade between poorer and
richer countries, and many of the former were forced to
rely on what their own ecosystems could offer for survival.
Reduced imports of basic products, such as food, medi-
cines, and industrial raw materials, caused local environ-
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mental strain as ecosystems were pushed to produce beyond
capacity to provide these necessities.

Forests, grasslands, fisheries, farmlands, and even re-
sources normally under state intervention were opened to
continuous and heavy exploitation, particularly in areas of
high population.23 Many ecosystems showed dramatic de-
cline in function and were not able to keep up with demand
for goods. Sometimes, these resources deteriorated to the
point of affecting human well-being through disease, mal-
nutrition, and other impacts from flooding, drought, ero-
sion, and loss of cultural identity.

8.4.2.4 Impact of Security Measures on Tourism

As human well-being was reduced in poor countries, rich
countries began to increase security measures against immi-
gration and terrorism. Nations often barred or tightly re-
stricted certain classes of people or particular nationalities
from visiting. This was very hard on the tourism industry,
which not only affected livelihoods of many people, espe-
cially in poorer countries, but reduced funds that previously
had been used to maintain natural places that attracted tour-
ists. With tourism and the income it used to bring to poor
places reduced, exploitation of natural ecosystems for sur-
vival increased even more.

In poor countries, the need to
strive for economic growth in
competition with rich countries
drove resource depletion. Forests
were cleared, and agriculture ex-
panded and intensified in and
around the places where people

lived. Soil erosion increased, and the incidence of loss of
property and deaths from land slippage and flooding also
increased steadily.

8.4.2.5 Development of New Trading Blocs

Of course, a total inward focus would have been suicidal for
poorer nations, and the breakdown of the previous global
negotiations opened the door for new trade alliances. The
new trading blocs were somewhat different from those that
sprung up in the previous century. These started to form in
the middle of the first decade and by 2015 were the new
world order.

After a series of rapprochements with India, an Asian
economic union was formed. The remainder of the South-
east Asian countries formed various arrangements with this
new union. Other tentative blocs formed, such as a bloc of
European and African nations and a bloc of countries in the
Americas. Each bloc was generally made up of a dominant
economic and military power that was joined by several
wealthy economies and many countries with low per capita
incomes.

The westernmost members of the former Soviet Union
continued and accelerated the economic growth begun in
the late 1990s. After years of debate, discussion, and deliber-
ation, these countries signed preferential trade agreements
with the EU similar in many ways to the arrangements of
EU-affiliated nations in the late 1990s. African and Middle
Eastern countries pushed hard for membership in the EU.
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BOX 8.9

A Story of India (Order from Strength)

The harvest was poor again, despite the headman’s prayers and the re- fields need to be used, but day laboring jobs were needed, too. That’s
vival of some of the old rituals. Babies died of vomiting, and the nurse why extra children were handy—with big brother shoveling coal, little sister
hadn’t come for months. Some children still went to school, but rarely after could at least herd goats and scare the few birds away.
the age of seven—they were of more use in the fields. The people from Following the collapse of the reformed United Nations, after the default
the development NGO also had stopped coming, even though a couple of of the New Alliance, foreign officials had stopped lecturing the central
the older people had listened to them and learned the alphabet, developed government about the new disease. The law preventing people from sell-
way back in the 1800s by Welsh missionaries. ing their blood more than once a month still existed, but a small ‘‘commis-

In the city a new health minister had been appointed. At least she knew sion’’ cleared that obstacle. It seemed an easy way to earn some extra
how to read and write, and she sometimes came to work, but otherwise there cash. For a few extra pennies the certificate of hygiene could be forged
wasn’t much to say. No one dared criticize the politicians, and the vote banks as well—anyway, the officials knew that was irrelevant since the new
meant they answered only to the illiterates, who were easy to fool by prom- Health Minister had declared the area to be infection free.
ises of food and a fresh shirt. The AIDS awareness workers had at first But something else seemed wrong this year. True, even the police
hoped that the health minister might take more interest in their subject than had become accustomed to paying ‘‘safety’’ money—once 11%, but now
her predecessor, who had continued to deny that the disease had reached 23%—to the insurgents who had crossed the border, but there was some-
their area, even when her own son became infected. It had been brought thing strange about my new job offer. Five months pay for one month’s
here quietly, spread by drivers trucking coal to the border and by infected work—even if it was far away; it just seemed odd. But how could one
girls too frightened to either complain or to ask their clients to use a con- have the power to ask? And how could one resist?
dom—that could only mean one thing. At least dying quietly seemed better When I started at the camp it was, I have to admit, rather exciting. For
than being beaten to death, as some of the drug addicts had been. the first time in two years I could eat twice a day. The sore on my knee

The old custom of caring for and preserving the sacred groves was even started to fill in. The instructors were different from anyone I had
almost forgotten, just as was the reason for and the importance of a fallow ever met, and that was exciting, too. They taught me how to light fuses,
period. Well, perhaps it wasn’t entirely forgotten—the reality was that in and how to use a gun. By the time the armed motorcade came to cross
order to feed a family, even for a few months a year, not only did all the the bridge, I was ready.

Regional trade agreements between the EU and African
countries that had been in existence for many years were
eventually merged into an umbrella agreement due to pres-
sure from activists and those who thought that some terror-
ism could be avoided by improving the well-being of the
poorest people. After years of negotiation, African countries
were granted affiliate status that provided lower trade barri-
ers for some important commodities. In the Americas, re-
gional trade agreements further increased the integration of
the North and South American economies and reduced
trade and investments to the rest of the world.

The United Nations, never very efficient in its delibera-
tions, became essentially irrelevant in a world where re-
gional arrangements predominated and change happened
quickly. The planned World Summit on Sustainable Devel-
opment meeting of 2012 was called off after it became obvi-
ous that participation from the major blocs would be low.
Regions viewed the Millennium Development Goals as a
list to choose from selectively, with an emphasis on issues
important to the dominant members of the blocs. OECD
meetings become more acrimonious, and consensus was
even more difficult to reach. As a result, there were fewer
attempts to reach agreements, even within the wealthy
countries.

8.4.2.6 Considerable Environmental Decline

As the attention of governments turned toward maintaining
economic and military security, attention to the environ-
ment was highly variable between countries and depended
mostly on the type of environmental issue at hand. Global
issues like climate change, air pollution,24 marine fisheries,
and the emergence of new strains of infectious diseases from
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wild or domestic animals were almost impossible to address
—there was always at least one key nation unwilling to co-
operate due to national interests, and the international insti-
tutions that might have been able to address international
issues were unstable if they existed at all. Global climate
change increased less than had been expected at the turn of
the century due to a larger than expected proportion of the
world’s population being forced to live a simpler and less
materialistic existence, but few among those people took
consolation from the figures.

Local environmental issues were dealt with very differ-
ently from country to country. Increasingly, local govern-
ments felt powerless to solve environmental problems and
were overwhelmed by global issues no one seemed able to
fix.

In wealthier countries, the obvious problems arising
from degrading ecosystems, such as soil erosion, nutrient
pollution of water, dust pollution of air, and damage from
floods and other extreme weather, were minimized by
using state-of-the-art technologies or by siting ecosystem-
degrading industries in other countries. Cultural values
from ecosystems were treated as luxuries and maintained in
a similar way. Early in the century, various research and
assessments, including the Millennium Ecosystem Assess-
ment of 2005, alerted the world to the potentially serious
impacts of declining soil fertility, loss of pollinators, loss of
genetic diversity, and loss of water filtration capacity in wa-
tersheds if steps were not taken to better understand the
processes providing these services from ecosystems. The
rich nations generally allowed agriculture and urbanization
to proceed as before, but at increasing intensities and over
greater areas as population increased, assuming that ecosys-
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tems could absorb the impacts or if problems arose they
could be addressed with technology and human ingenuity.
As a consequence, urban sprawl continued to compete with
agriculture for prime farmland. Agricultural land use was
intensified where it could be and was extensified elsewhere.
Problems were solved only when they could be easily
solved with technology. When problems could not be
solved or when areas became highly polluted, they were left
for the poorest of the poor to inhabit.

In poorer countries, the situation was different. As aid
from wealthier countries was progressively reduced and
populations grew, communities were forced to extend the
area under agriculture simply for survival. Where export
markets were accessible, demands on the environment were
increased to take advantage of opportunities. Where access
to markets was lost or could not be maintained, the conse-
quence was usually exploitation of natural resources. Two
thirds of the central African forest present in 1995 disap-
peared by 2050, while about 40% of Asia’s forests and 25%
of Latin America’s forests were depleted. By 2020, loss of
soil, declining air quality, damage from flooding, and de-
cline in coastal fisheries were severe in many poor coun-
tries. (See Box 8.10.)

These types of linked environment-economic problems
in poorer countries caused increasing movement of people
to wealthier countries searching for new opportunities.
Most rich countries developed ever more sophisticated
ways to keep unwanted refugees out but as the trickle be-
came a flood, maintenance of border security was less and
less possible. The problem became acute around 2020, and
many of the wealthier countries sent funds and personnel
into the main centers of unrest. For a while, this slowed
down the pressure for immigration to wealthy countries,
but the problems inevitably returned. Meanwhile, massive
accumulations of people along borders started to generate
their own ecological problems such as vegetation clearing,
erosion, water pollution, and disease outbreaks that threat-
ened adjacent wealthier countries. Wealthier countries also
were threatened with particulate air pollution as forests
burned in poorer countries and as soil mobilized from vege-
tation clearing was blown across continents.

8.4.3 Order from Strength 2030–50

8.4.3.1 Variable Economic Performances

By the mid 2020s, the differences between prospering and
other regions were stark. The philosophy of protecting a
personal patch permeated all aspects of life. The general
sense of insecurity and the need to protect national interests
and assets made the trading blocs tentative and always vul-
nerable to threats that countries would retreat if they were
not getting enough benefits. Income disparities within
blocs, both across the countries of the bloc and within indi-
vidual countries, grew larger as rich nations were more eas-
ily able to take advantage of the opportunities of the bloc.
There was great tension between the rich and poor coun-
tries within the blocs as they tried to maintain the delicate
new balance among nations.
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8.4.3.2 Declining Ecosystem Services

Until late in the first half of the twenty-first century, most
residents of affluent nations were only partially aware of the
decline in global ecosystems because the pollution, soil deg-
radation, and habitat destruction associated with their con-
sumption occurred primarily in other parts of the world.
Reduced international travel only heightened the general
lack of awareness among the public.

Demand for water increased be-
yond the realistic capacity to divert
and collect rainfall for human use.
Since countries were unable to
develop cross-border agreements
about water sharing, countries that
happened to have enough water

were extremely lucky and those that did not have enough
were very unlucky. Availability of water had many follow-
on effects in terms of the location of businesses that required
water and other economic development factors. This often
had the effect of keeping wealthy nations, which were also
often rich in natural resources, rich and keeping poor na-
tions poor. It also led to increased conflict over water, espe-
cially in water-scarce regions.

As investments in environmental protection and atten-
tion to ecological feedbacks diminished, marginal environ-
ments became increasingly vulnerable to extreme and
surprising events. Since these environments were generally
home to populations with low income and little economic
resilience, there was pressure for migration both within
poor countries and from poor countries to the more
wealthy economies of a country’s bloc.

8.4.3.3 Downward Cycles

Cycles of escalating poverty, environmental pressures, and
potential conflict in less industrialized countries were inter-
spersed with periods of ameliorative policies and invest-
ments by richer nations. This investment eased short-term
problems like starvation and some illnesses. Longer-term
problems, however, were made progressively worse because
the underlying problems were not addressed. These in-
cluded desertification from land clearing and overgrazing,
the buildup of nutrients through excessive intensification of
inputs to agriculture and poor infrastructure for dealing
with urban wastes, chronic diseases caused through depleted
ecosystem services for controlling disease-carrying species,
and damage to crops and the environment from invasive
species.

The lack of strategic and continuous investments by af-
fluent nations in poorer ones led to increasing resentment
by the less affluent countries and to conflict as they took
violent action. Attempts to control terrorism after the high-
profile outbreaks of the first decade of the new century kept
a lid on this form of protest, but as time wore on resentment
grew and it became harder and harder for governments to
appeal to the morality of underprivileged, starving, and un-
well populations.

Increasing expenditures on security, both by well-off na-
tions and by well-off segments of populations within na-
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BOX 8.10

What Happens to Marine and Coastal Fisheries in Order from Strength?

In this scenario, coastal habitats as well as some significant upwelling The wealthier nations of each bloc reduce their net outflows of fish
systems are significantly more susceptible to climate change, which ulti- products in order to secure food supplies and social benefits. There is a
mately has an impact on fisheries globally, with local and regional de- significant reduction in effort, starting with distant water fleets that are
clines. Major events such as El Niño, extreme storm events, severe seen as threats to national food security. Fisheries that supply significant
flooding, and significant changes in oceanographic process (such as in amounts of palatable fish biomass or contribute to the production of ani-
the Gulf Stream) have increasingly severe consequences, especially in mal protein are well managed, along with their associated habitats. Areas
the poor countries of each bloc and the poor within each country. Efforts are closed to fishing, where appropriate fisheries with low biomass pro-
to establish global fishing and environmental management agreements duction and destructive impacts (such as long-lining) are phased out. Ma-
break down, but regional agreements expand to include some of the deep- rine protected areas, trade restrictions, and habitat restoration policies to
water fisheries. With some exceptions that are important to selected spe- sustain stocks and charismatic marine fauna are strengthened where se-
cies (such as squid harvested off the east coast of Argentina and sold to lected fisheries are not threatened. In some areas, conflicts emerge be-
Europe), fleets from outside a bloc are discouraged from fishing in coastal tween aquaculture and capture fisheries for space and marine water
waters, and some efforts to partition the deep sea take place. For some quality.
stocks, the regional regulation provides a degree of actual sustainability, Exports of small pelagic species are eliminated in economically secure
but it is unclear whether this can last through 2050. countries, as these fish are diverted to secure fishmeal and livestock feed.

A focus on sustainable fisheries does not necessarily improve the eco- Aquaculture of low- to medium-valued species with high turnover rates
system structure. Some nations focus on export-driven high-value fisher- expands, again to secure food supplies. Coastal environments are con-
ies that are often short-lived invertebrate species (shrimp, for instance). verted to accommodate the increase in aquaculture, but the profitability of
This results in larger, long-lived species that rely on the short-lived species the operations becomes questionable in areas where ecosystems have
as food being eliminated from the systems. These changed systems are been degraded or areas are subject to increased major storm events.
vulnerable to severe events, and therefore food and fishmeal supplies Although some efforts are made to capture control of the deep oceans
are highly variable, which results in fluctuating profits. In areas without by the blocs, it proves impossible. Oceanic fishing continues to expand,
enforcement, destructive fishing practices continue, overexploitation is not with fleets exploiting stock farther offshore and in deeper waters. Soon
reigned in, and stocks eventually decline along with inshore ecosystems. long-lived stocks collapse, and fishing down the food web increases to
This has a cascading effect on coastal communities, which lose their the point where small planktonic invertebrates such as krill or species
source of food and income. technically impossible to exploit in abysses are all that is left in the ocean.

tions, left little room for needed investments in human
capital and local natural capital. In many ways, the moral
character of many wealthy nations deteriorated, as altruism
and ethical behavior were seen as inconsistent with the
dominant paradigm of looking after personal interests.

8.4.4 Order from Strength beyond 2050

As we look back from 2050, we despair at the short-sight-
edness of our leaders over the past 50 years. Over short
decision-making time frames, protection of borders and re-
sources made sense to both politicians and their constit-
uents. As the world became more compartmentalized, it
became even harder for anyone to see clearly what was hap-
pening. Somehow we avoided the bleak forecasts of the
early part of the century, but the seeds of those disasters are
still with us. (See Box 8.11.)

The world’s environmental condition has deteriorated
substantially since 2000. In the first decade there was debate
about when the consumption of the world’s people would
exceed the capacity of its ecosystems to maintain a sustain-
able supply of goods and services. (Some argued that this
capacity had been exceeded at least two decades earlier.) It
is now clear that in 2050 we are well and truly past the
sustainable limit and the debate is around how far we can
repair the damage done. Virtually all governments recog-
nize they have major environmental problems, and they
blame everyone except themselves.

Clearly, the lack of global cooperation played a major role
in making environmental problems worse and allowing them
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to spread much farther than they might have with more co-
operation in addressing them or a greater ability to address
them earlier. Unless some form of global cooperation
emerges in the next decade, associated with concerted efforts
to improve equity among and within nations, the world
seems destined to slip into deepening conflict and cultural
decline. While the political will to make these changes is
emerging, many of us fear that the resource base is too de-
pleted to allow measurable progress within three decades.
Our best hope is to minimize suffering during that time and
aim for a stabilized world by the turn of the next century.

8.5 Adapting Mosaic
Underlying this scenario is society’s strong emphasis on
learning about socioecological systems through adaptive
management. This focus on learning is linked with

some local emphasis on balancing
human, manufactured, and natural
capital. There is optimism that we
can learn about ecosystem manage-
ment, but humility about our abil-
ity to prepare for surprises and
know all there is to know about
managing socioecological systems.

Initially, trade barriers for goods
and products are increased, but barriers for information
nearly disappear due to improving communication technol-
ogies and rapidly decreasing costs of access to information.
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BOX 8.11

Sub-Saharan Africa under Order from Strength

As increasing fragmentation marked the world economy across the first The arrival of hundreds of thousands of hungry, unemployed poor in
decades of the twenty-first century, different areas in sub-Saharan Africa countries like Nigeria overtaxed the already limited social, political, and
saw different results. West Africa remained in a state of uneasy stability economic resources that held society together. In Nigeria, the results were
after the removal of Liberia’s Charles Taylor. This uneasy stability hinged catastrophic as large portions of the southern half of the country, over-
on Nigeria, itself unsteady but propped up by increasing European and whelmed by migrants seeking work and food in its cities, attempted to
American interest in the oil reserves partially located beneath Nigeria’s secede from the north in an effort to concentrate the petroleum resources
territorial waters and lands. found in this part of the country. This triggered internal fighting that was

Southern Africa initially saw an overall decline in its economic fortunes, less coherent even than the Biafra conflict of the 1960s.
as it was forced to turn to its poorer African neighbors to replace industrial- The Nigerian civil war was exacerbated by Cameroon’s efforts to take
country trading partners hiding behind ever-higher tariffs and other barri- advantage of this confusion to extend its own claims to the oilfields in the
ers. As the environmental impacts of intensive industrial farming began to Gulf of Guinea, which spread the fighting to this nation as well. Migrants
make agriculture untenable in the industrialized world (for example, with from these countries fled the conflict, joining those displaced from south-
the depletion of the Ogallala aquifer under the Midwestern United States), ern Africa, further swelling the ranks of the displaced in nearby countries.
southern Africa saw something of an economic renaissance as it regained Opportunists throughout the region used this instability to lay claim to local
its role as the breadbasket of Africa, supplying both neighboring African territory, to stage coups (successful and unsuccessful), and to mobilize
regions as well as wealthier industrial markets. ethnic groups against one another for political gain. The wealthy countries

For sub-Saharan Africa, the real problems began between 2020 and did little to intervene, save for the dispatch of an American carrier group
2030, as changes in the global climate resulted in greatly decreased rain- to the Gulf of Guinea to protect ongoing petroleum exploitation, especially
fall in southern Africa. The environmental impact of this change could not by securing the oilfields of southern Nigeria.
be offset by irrigation or GM technology, and farm output in this region By 2050, most of sub-Saharan Africa found itself in far worse shape
went into sharp decline. As much of the income from this output was than in 2000. Civil society and nation-building had failed in many places,
coming from international as opposed to domestic markets, the food that and the redistribution of population throughout this region was wreaking
was produced continued to be exported, much as happened during the untold havoc on local ecosystems as new migrants contributed to agricul-
Ethiopian famine of the 1980s. Millions of people living in southern Africa tural extensification at the costs of forests and other ecosystems. The
found themselves without adequate food and without local resources with industrial markets that once served as a key hope for sub-Saharan Afri-
which to make up for this deficit. Unable to migrate to richer countries, the ca’s future turned their backs on this region as a ‘‘lost cause,’’ ignoring
result of this widespread food insecurity was massive migration within the role that the industrial world itself had played in the sad state of this
sub-Saharan Africa, as millions moved from southern Africa north into region, both in economic terms and in terms of its global environmental
East and West Africa. impact.

Power devolves to regions partly due to national govern-
ment–led decentralization and partly because of disillusion-
ment in the abilities of national governments to govern.
There is a great regional variation in management tech-
niques. Some local areas explore adaptive management, try-
ing alternatives through experimentation, while others
manage with command and control or focus on economic
measures. The key idea behind the local management,
though, is learning while managing.

Eventually, the focus on local governance leads to fail-
ures in managing the global commons. Problems like cli-
mate change, marine fisheries, and pollution grow worse,
and global environmental surprises become common.
Communities slowly realize that they cannot manage their
local areas because global problems are infringing, and they
begin to develop networks among communities, regions,
and even nations to better manage the global commons.
The rebuilding is more focused on ecological units, as op-
posed to the earlier type of management based on political
borders that did not necessarily align with ecosystem
boundaries.

People in this scenario have beliefs about the way the
world works that drive ecosystem management. They be-
lieve that ecosystem services are important and that func-
tioning ecosystems are an important part of providing
ecosystem services; that cross-scale feedbacks happen, are
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important, and can be strong enough to change manage-
ment policy and governance; and that focus on natural capi-
tal is enough to maintain adequate provision of ecosystem
services. This changes later in the scenario, when there is
increased focus on human and social capital. (See Box 8.12.)

8.5.1 Adapting Mosaic 2000–15

At the beginning of the century, several global trends were
unfolding that were seen as a major threat to human well-

BOX 8.12

Potential Benefits and Risks of Adapting Mosaic

Potential benefits:

• High coping capacity with local changes (proactive)
• Win-win management of ecosystem services
• Strong national and international cooperative networks eventually

built from necessity and bottom-up processes

Risks:

• Neglect of global commons
• Inattention to inequality
• Less economic growth than maximum because of less trading
• Less economic growth than the maximum possible because of diver-

sion of resources to management
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being on the global scale. Global trade expanded rapidly,
institutionally regulated by the World Trade Organization
rules of free trade. Conflicts in many regions were still pres-
ent and often led to violent confrontations, both between
as well as within countries. At the time, multinational com-
panies played an important role in the process of globaliza-
tion. Still, there were some major attempts to cope with
arising environmental and social problems through interna-
tional efforts, starting with the World Conference on Envi-
ronment and Development in Rio de Janeiro in 1992 and
the World Summit on Sustainable Development in Johan-
nesburg in 2002. Global conventions, including ones on
biodiversity or desertification, were signed to achieve better
management of global environmental problems.

8.5.1.1 Growth of Civil Society: Investments in Social Capital

Though global efforts were still dominated by national gov-
ernments, they were only part of the broader, self-organized
system of global governance. In most of these efforts, civil
society started to play a major role by the involvement of
NGOs, the predecessors of the modern global civil society
networks of 2050. The strengthening of local government
and nongovernmental organizations was in large part due
to an increasing perception that globalization was having
negative impacts on the environment and social structures.
Though this perception was only partly supported by scien-
tific evidence, it was fostered by broad media coverage of
examples like increasing unemployment rates in many rich
countries or some major environmental disasters due to ne-
glecting environmental standards in the developing world.
Science played an increasingly important role, such as in
support of the international conventions, and business was
beginning to realize that some of these issues would endan-
ger its long-term prospects.

At the same time, new partnerships emerged, both
within and outside the global conventions and agreements.
Systems for certification of renewable resources were devel-
oped or extended to new products, such as from forest
goods to agricultural products.25 These systems consisted of
diverse groups of representatives from environmental and
social groups, the trade and managing professions, indige-
nous people’s organizations, community groups, and certi-
fication organizations from around the world. Although at
the turn of the century only about 2 million hectares of
the world’s terrestrial ecosystems were certified under these
systems, there was a growing demand for certified products
due to increasing environmental concern among consumers
in the rich world. As a result, the total portion of certified
products rose to 18% of the global trade volume by 2010.
The increased demand for environmentally sound products
led to some of the first success stories of new, locally
bounded partnerships for ecosystem management.

Though these initiatives brought some success to certain
regions, they also exhibited some of the key problems of the
century. On a local scale, many attempts to get a certificate
brought about significant conflicts with powerful actors. In
many instances, national decision-makers gained personal
benefit from the traditional ways of ecosystem manage-
ment. Corruption was abundant in many regions, and the
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people benefiting from it were afraid that the new system
would put an end to their personal advantage. In other re-
gions, professional lobbies strongly opposed the new sys-
tems, as they were reluctant to give control to local
communities and actors. In some regions these conflicts
were resolved by the proliferation of community-based
land management authorities, and many people suspected
that these opposition groups prevented an early boom of
falsely certified forest sites.

The rise of new cooperation between NGOs and busi-
nesses was not the only sign of the emergence of new types
of governance. The ‘‘organizational explosion’’ of civil so-
ciety was evident in the first decade of the century. In the
Philippines, for example, the number of nonprofit organi-
zations grew from 18,000 in 1989 to 58,000 in 1996 and
134,000 in 2008. Many of these locally initiated groups be-
came part of transnational advocacy coalitions on a broad
range of issues, like human rights or the environment.
Though access to the Internet still was limited in the devel-
oping world, the possibility of quickly exchanging informa-
tion was an important condition for the proliferation of
globally linked groups. The increasing number of broad-
band cell phones further helped to improve quick and fast
information exchange. The number of mobile phones in
China, India, and Brazil by far outnumbered those in North
America and Europe already in the early years of the cen-
tury.

These changes of civil society structures also had a quali-
tative dimension. An increasing number of organizations
aimed at a nonprofit transfer of knowledge and skills
throughout the world. Prototypical examples of this were
Médicins sans Frontières (Doctors Without Borders) and
the Academic Training Association. The first started off by
bringing fast and nonbureaucratic medical help to civilians
in areas of violent conflict or natural catastrophes. During
the first decade of the century, it extended its aims by train-
ing and capacity-building activities. Similarly, the second
group aimed to help restore academic training capacities in
these areas, such as the region of the former Yugoslavia, in
the early years of the century. These kinds of NGOs not
only relied on the participation of politically interested peo-
ple but were expert networks. Later in the decade, similar
organizations developed for water management,26 fisheries,
labor safety, and pharmacy. These organizations turned out
to be highly flexible and were thus able to incorporate the
local contexts and peculiarities much better than the bu-
reaucratic international or governmental aid organizations.

8.5.1.2 Education: Investments in Human Capital

The years of the first decade were also characterized by a
strong increase in public and private education expenditures
throughout the world. Whereas in the 1990s only a few
low- or middle-income countries increased their spending
for education, this was the standard trend in the first years
of this century. Particularly in Latin America, but also in
many other parts of the world, most countries spent more
than 13% of their GDP on education in 2010. These coun-
tries reduced military expenditures significantly after de-
mocracies had stabilized. Also, in some pioneering countries

................. 11411$ $CH8 10-27-05 08:44:57 PS



247Four Scenarios

the success of educational intensification in terms of poverty
reduction was significant. The examples of those countries
strengthened the view that highly skilled and professional
workers had a significant positive impact on human well-
being. In addition, when it came to development aid or
financial credits, some international organizations and in-
dustrial nations favored countries that had increased public
spending for education.

But it was not only public spending that helped to im-
prove educational standards. Educational initiatives by pri-
vate companies were starting to play a major role, and
though often used for reasons of improving their images,
these initiatives were soon producing benefits as graduating
students sought jobs within the philanthropic companies.
These highly educated and culturally aware employees thus
helped with the ‘‘glocalization’’ that began to take place—
the development and marketing of products adapted to and
produced in a region and its specific cultural background.

8.5.1.3 Managing Ecosystems: Successes and Failures

The increase in investment in social and human capital can
be seen as an important first step toward the world as we
see it now. Many of these changes were directly related to
changes in the ecosystems in the regions. In general, the
trends of degradation and loss of ecosystems that were visi-
ble at the end of the last century were continuing, and in
many regions the livelihood of an increasing number of
persons became endangered.

There were, however, some isolated successes in better
management of marginalized socioecological systems due to
strengthened local institutions for learning. The Alternatives
to Slash-and-Burn initiative, for example, a science-based
organization with a network of some 50 sites with this tra-
ditional form of cultivation, was able to improve the liveli-
hoods of most people within its network. As progress was
not widespread, however, the effect at the time was more
symbolic. It revealed that alternatives are possible when
knowledge is locally relevant and appropriate institutional
settings are met. (See Box 8.13.)

The significance of global conventions on environmen-
tal issues, though officially still valid, started to decline. In
2008, the starting year of the commitment period of the
Kyoto protocol, it became obvious that its goal to reduce
carbon emissions by a total of 5.2% in the signing countries
would not be reached. This was to a large extent due to the
limited cooperation to effectively implement the mecha-
nisms designed in the protocol to better achieve the targets,
such as joint implementation, green development projects,
or emission trading schemes. In the years before 2008, the
negotiations on agreements for the period beyond 2012
made only slow progress, as some countries still were reluc-
tant to discuss any binding reduction targets. Though dis-
cussions had continued, it was clear by 2010 that there
would not be any binding reduction targets within the next
decade. In parallel, initiatives were intensified to agree on
an ‘‘adaptation protocol,’’ finally endorsed in 2019. These
efforts were supported by the insight that climate change by
this time had already brought about some major disruptions
of ecosystems.
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Nevertheless, there was some success with regard to cli-
mate protection. Western Europe continued its own efforts
to reduce emission. It was still convinced that at longer
terms the technological advantage gained by early imple-
mentation of new technologies would offer high economic
benefits. In North America, the state initiatives for mitiga-
tion showed some success, though estimates of the overall
reduction ranged from 1% to 3% below the baseline only.
Though scientists continued to claim that climate change
might have major impacts, especially in the developing
world, mitigation of climate change as a global effort began
to disappear from the global agenda.

8.5.1.4 Economic Struggling

In the beginning of the century, economic development
was mainly seen as quantitative growth, and global coopera-
tion and open multilateral trading were seen as the basic
vehicles for growth. In view of a general slowdown of the
global economy, the so-called Doha round of negotiations
for better cooperation was started to maintain the process of
reform and liberalization of trade policies. The negotiations
were also intended to improve the effective participation of
developing countries in the world trading system. It turned
out, however, that the targets set were far too ambitious,
and in 2005 negotiations finally failed. The primary conse-
quence was a continuation of low growth rates on a global
scale, although in some countries in transition, high growth
rates prevailed throughout 2015.

Second, due to the failure of the negotiations, existing
trade barriers and market distortions for agricultural prod-
ucts continued. These were seen as a major obstacle to ag-
ricultural development in poorer countries, as numerous
subsidies in wealthy countries brought a substantial price
advantage to their farmers.

Third, the growing limitations of free trade had some
impact on the business strategies of multinational compa-
nies. Due to the raising of trade barriers, the multinationals
started to look for new strategies to extend their business
activities. At the beginning of the 2010s, it turned out that
they could find these strategies by strengthening their local
profiles in many regions of the world.

Due to the failure of the Doha talks, but also due to a
trend of increased demand for environmentally sound prod-
ucts in richer countries, the process of globalization ac-
quired a strong local component. People sought out local
peculiarities and properties in order to maintain their cul-
tural identity. This trend now increased, and global trade
got a stronger local component. That is why we call the
years between 2015 and 2030 the Era of Glocalization—a
time when there was both a high degree of integration in
the world economy and devolution to local and regional
institutions in most countries.

8.5.2 Adapting Mosaic 2015–30

The Era of Glocalization started with a highly integrated
world economy. Though the Doha round of negotiations
for further liberalization of trade had failed, global trade was
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BOX 8.13

A Story of India (Adapting Mosaic)

I was waiting for the Malaysian delegation when my thoughts started to The challenge was to bring a range of knowledge—western and eastern,
wander back through time. It all started 10 years ago. No Indian will ever traditional science and local experience—together. Three years later we
forget that summer, as it was like nature had become unnatural. Scientists got permission to install three experimental fields to tests our ideas about
told us that it was manmade, but how could it have been? How could man ways to deal with water stress. Well, two years later the story re-
ever change the laws of nature? Even our grandfathers couldn’t remember peated—no monsoon.
any stories of the past like this. Stories of a summer without any monsoon! Two of the experimental fields completely failed and one of them was

I can well remember the trouble we had in our village. We had been performing even worse than the traditional ones. Yet the third field actually
able to produce our own rice for centuries, but not that summer. Thanks was a big success, and its rice yield and water storage were better than
to help from the government and from abroad we had only three casual- five years before. The skeptics started to become curious about our sys-
ties, but everyone was starving. And worst of all, one of our holy cows tem, and in the following months there was a lot of debate about how to
died because of the water shortage. It was simply too late when the water further improve the approach. Many people from the neighboring villages
cars arrived. also participated, and we were amazed about what they contributed. We

There was intense debate on what we should do. The elders trusted experimented a lot and finally we got a system that not only helped us
nature and were convinced something like this would never happen again. cope when the monsoon failed to appear, but also worked better in regular
Others said we should call for help from the government. Finally, four of years. We now even sell water from this scheme—something that has
us, who appealed to our own strength, were asked to create a better become possible due to the new law on water trade. Thanks to this in-
plan. My friend Yogesh had heard of an international water management come, everyone is online in our village, the system is less labor-intensive,
organization that might help us. In the end, this help came in the form of and more and more kids can now go to school.
Internet access for our village. Finally, the flight gate opened and Balan, the head of the delegation

During the following years we collected information on integrated water from Malaysia, was approaching me. I had had a regular e-mail exchange
management from all over the world. More important, however, we asked with him over the last weeks, and we were both looking forward to finally
our elders about their knowledge of our local ecosystems. They, as well meet in person. In his first message he had told me a story—a story about
as many others in the village, remained highly skeptical and cautious. a year without any monsoon.

still higher than in the early 1990s and than it is today in
2050.

8.5.2.1 The Rise of Regions

In 2015 the World Trade Organization had recovered from
its struggle for a new strategy after the failure of the Doha
talks. Within a new round of international trade negotia-
tions, instruments to promote global economic growth
were discussed. Perhaps the most important, in particular
with regard to its long-term effect, was the Initiative for
Regionalizing Global Trade. In this initiative, it was realized
and acknowledged that, despite the prevailing barriers in
the trade of goods, information could flow freely around
the world. It was also conceived that the networks of civil
society organizations might serve as a powerful vehicle for
promoting the exchange of information and skills, and gov-
ernments and others recognized that there was a still-
growing demand for products that reflected the local roots
of peoples’ culture, attitudes, and lifestyles.

Within the Initiative for Regionalizing Global Trade,
these trends were reflected by a system that gave leeway
for transnational cooperation between business companies
if these ‘‘cooperations’’ were based on local production of
goods and the value-adding was documented so it was ap-
parent for all participating partners. Though many NGOs
criticized the agreement because it lacked human rights
considerations, many large companies started to participate
in these networks. Today there is no doubt that this initia-
tive, though of limited success through 2020, brought re-
markably positive stimuli to the world economy in the
2020s and 2030s, particularly after the initiative was ex-
tended to include civil society organizations in 2032.
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The United Nations underwent a significant metamor-
phosis toward a stronger recognition of the emerging civil
societies at smaller scales than the nation-state. In 2015, the
United Nations Regional Organization (UNRO) was
founded to seek to promote the ‘‘exchange, proliferation,
and sustainability of regional development.’’ UNRO got
wide-ranging responsibilities, including educational, envi-
ronmental, and human rights issues.

At the same time, the decade saw a further increase in
the number and, more important, the effectiveness of civil
society organizations. The success of the certification sys-
tems of the 2010s was still most impressive, though in the
face of increasing trade barriers, global trade in ecosystem
products was declining. Nevertheless, according to some es-
timates by the World Resources Institute in 2020, 34% of
global ecosystem production came from certified sites. Due
to these increases, the peak certification bodies were no
longer able to ensure the quality of all certified operations.
To improve coordination and quality control, they reorga-
nized themselves in 2022 to become the Global Sustainable
Ecosystem Business Organization.

8.5.2.2 Ecosystem Services

The most visible change in the Era of Glocalization was
taking place in the agricultural sector, particularly with re-
spect to property rights. At the beginning of the period,
agriculture in the wealthy world was still highly intensified,
and fertilizers and herbicides were widely used. Though the
share of environmentally friendly and healthy production
had risen to 12% in Europe and 7% in North America, the
ecological problems induced by traditional means of culti-
vation prevailed. The 2020s, however, saw a rapid increase
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in the demand for high-quality, healthy food—a demand
that could no longer be met. Major struggles between the
various interest groups set in, which in some cases had to
be resolved in courts. It turned out that most national legal
systems were not capable of settling the disputes. As a con-
sequence, major reforms were put in place, and in many
countries the right for healthy food was included in the
constitution. Many of the poorer countries followed suit,
and by the end of the decade organic and naturally pro-
duced food had a market share of 34% in Europe and 21%
in North America.

At the same time, the economic
refocus on local and regional cul-
tural values strengthened people’s
pride in their regions, and they
started to consider ‘‘their’’ ecosys-
tems as an integral part of their cul-
ture and local identity. This was

also the reason why people in many dryland regions started
to improve their well-being by adapting new agricultural
techniques, which though based on traditional knowledge
also incorporated innovations and experiences from other
regions. In many of these regions, people were able to cope
rather well with increased water shortages due to climate
change.

In 2019 an adaptation protocol was signed within the
Framework Convention on Climate Change. The pressure
to agree on such a protocol was partly due to an increasing
visibility of climate change effects. A significant increase in
the frequency of extreme events, such as droughts in Eu-
rope or hurricanes in Central America and Southeast Asia,
highlighted the need for adaptation. Hong Kong Metropol-
itan Area, at the time with a total of 25 million inhabitants
and one of the largest metropolitan areas in the region, lost
about 25% of its manufactured capital due to a single cy-
clone event in 2017. The Miami Protocol for adaptation to
climate change established the Global Adaptation Facility, a
fund that was set up to finance adaptation measures
throughout the world. It was remarkable that this fund was
administered by a partnership of the World Bank, the
World Wide Fund for Nature, and the World Business
Council for Sustainable Development.

A major challenge was the increased withdrawals of
water as population increased in many parts of the world.27

One of the most impressive success stories of this decade
was the Euphrates-Tigris water scheme (see Box 8.14),
which not only had massive impact with respect to water
availability but also increased human well-being in the re-
gion. There were many more projects of this type, includ-
ing experiments to combine local and network knowledge
with regional specifics to gain better access to ecosystem
services. Unfortunately, between 2015 and 2030 many of
these experiments failed. There was, for example, the Mid-
west Organic Agriculture Project in the United States (see
Box 8.15), which sought to meet the increasing demand for
organic food in that country. Two of the main faults of the
project were disregard of local traditions and an insufficient
participation of local farmers in the design of the project.
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BOX 8.14

The Euphrates–Tigris Integrated Watershed Management
Project

One of the most impressive success stories of the 2010s was the
Euphrates–Tigris water scheme, which not only had massive impact
with respect to water availability but which also brought a new level of
human well-being to the region. The project came from local initiatives,
supported by the UNRO.

At the turn of the century, Turkey was trying to bring prosperity to
its southeast region Anatolia through a large-scale water regulation
scheme and the cultivation of irrigated cotton fields in the Anatolian
highlands. Soon after, however, it turned out that many marginal
groups in the region were excluded from the benefits of the project.
Also, people working in the fields had major health problems, and sali-
nization of soils progressed more rapidly than projected. Since Turkey
finally had become a member of the European Union in 2012, there
was moderate progress in the power these people actually had, and in
2015 the problems were so abundant that Turkey no longer could ig-
nore the failure of the project. In its initialization phase, the project
was heavily debated also because of its downstream effects—potential
water shortages in Syria and Iraq. After the Iraq war in 2003, these
conflicts were sharpened as the United Nations urged Turkey to re-
lease more water from the dams than it intended.

Altogether, in 2015 national and international pressure to revise and
rebuild the project was immense. At the time, the international network
of Water Engineers International, a nonprofit transnational organization
similar to the Médicins sans Frontières initiative of the early years of
the century, had ready-made plans for an alternative scheme, which
would make use of the dams but which also sought to include ecosys-
tem management in all three countries. When the project finally was
realized with the help of UNRO, there were many win-win situations
where the goal of ‘‘water by ecosystem management’’ was not only
bringing a high degree of water safety to the region, but also increasing
human well-being with respect to food security, health, and poverty
alleviation. The trick was an adaptive mosaic of conserved areas, simi-
lar to the traditional three-field crop rotation system of central Europe
in the fourteenth and fifteenth centuries.

At the time the world saw a rich portfolio of governance
schemes for ecosystems and ecosystem services. In some re-
gions, centralized management strategies were still prevail-
ing by and large under national control. Other regions saw
a profound switch to much more localized governance
structures, often embedded into transnational networks of
civil society organizations providing fruitful platforms for
skill and knowledge exchange. The conditions and trends
of ecosystems also showed a rich pattern of improvements
and restoration, but also degradation.

The rate of biodiversity loss, though still a subject of
global political and scientific debate, had been stabilized at
low levels compared with 2000 in the regions where local
management had been successfully implemented. In other
areas, the trends of loss prevailing since the middle of the
last century continued to threaten ecosystem functioning
and human well-being. Yet attitudes toward biodiversity
had changed quite substantially. Whereas at the beginning
of the century people responded most to the loss of single,
highly symbolic species, awareness now had switched to
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BOX 8.15

The Midwest Organic Agriculture Project

In October 2014, the Midwest Organic Agriculture Project was
launched in the United States with the goal of meeting the increasing
domestic demand for organic food. The project was initiated by a na-
tional network of scientists and food co-ops that were actually able to
gain support from major corporations in the food sector.

Based on the prevailing knowledge paradigm, the project developed
a detailed strategy of land use throughout many areas in the region.
They also designed training courses for the farmers and gave market-
ing guarantees for a range of products, including grain, maize, and
beef. Unfortunately, the traditional networks of farming and marketing
were overlooked, and the farmer’s traditional decision-making with re-
spect to what to cultivate and where to sell turned out to be much
stronger than anticipated. Though 46% of the farmers in Nebraska
participated, most of them applied the new techniques only for a limited
time or on a small portion of their land.

The project was ended in 2018, and its impact on the national food
market was negligible. There was, however, a thorough analysis of the
project and its failures—an experience that helped make the next 15
years a period of rapid diffusion of success. One of the key faults of
the project was the disregard of local traditions and an insufficient
participation of local farmers in the design of the project.

perceiving biodiversity not only as an essential supporting
ecosystem service, but as a goal in and of itself. This under-
standing, though part of the scientific discussions for a long
time, now took hold in the public debate in many regions.
Demand for a cooperative management of provisioning and
supporting ecosystem services grew steadily within the mo-
saic of success. The successful experiments of local and net-
worked management made the message ‘‘we, the people,
can do something about it’’ rather popular throughout the
world. This attitude was largely responsible for the success
of the initiative for malaria control in East Africa in the late
2020s. (See Box 8.16.)

The same holds true for other provisioning ecosystem
services. The example of the Alternatives to Slash-and-Burn
program and its achievements for improving human well-
being was spreading further, and by the early 2020s it had
reached 50 million people throughout the poorer world.
Ecosystems in many of these regions had started to show
signs of recovery, and people’s livelihoods were safe and
balanced. Nevertheless, due to a still-growing population
and a general increase in the demand for ecosystem services,
global trends showed a significant deterioration of the
global environment. Global climate was changing rapidly
and had been finally proved to be related to anthropogenic
burning of fossil fuels and land use change.

Due to these global trends and the visible success of local
strategies, the 2032 Global Conference on Sustainable De-
velopment, Rio�40, further strengthened the proliferation
of local and cross-scale learning initiatives. At the same
time, the benefits of the educational imperatives of the first
and early second decade showed up in many countries. This
not only strengthened the efforts to manage ecosystems in
a locally adapted manner, it also helped to broaden the ex-
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BOX 8.16

Managing Malaria in Africa

In the 2010s, malaria was a highly limiting factor for economic develop-
ment in Eastern Africa. In its 2020 Global Sustainability Outlook, the
United Nations Regional Organization assessed that about 55 million
people had died of malaria in the 2010s and that the overall costs of
malaria in the region amounted to about 20% of its GDP and thus
limited growth rates by another 50%. This was due in part to the fact
that malaria took hold in new regions due to a significant warming of
the region in the first decade of the century.

Facing these facts, UNRO decided to set up a competition in local
ecosystem management for better prevention for malaria. Instead of
earlier attempts of transferring knowledge into a region, the initiative
sought to foster local initiatives and to build on existing networks of
transnational NGOs. Within the first five years, most of the initiatives
failed, but in 2028 a network of communities in Kenya and Tanzania
came up with an idea of cooperative management of their local ecosys-
tems, including far-reaching drainage into underground basins so that
the breeding grounds of the vectors would be destroyed without the
loss of water for agriculture and households. These small-scale con-
structions were accompanied by a medical treatment program with the
aid of Médicins sans Frontières, which helped reduce the number of
newly infected people significantly. After great success in the first five
years, this combination of local aquatic ecosystem management and
cross-scale knowledge transfer quickly spread to other localities. By
2035, the number of newly infected people per year in the region at
large was down to 50,000 people, compared with 900,000 some 10
years earlier.

pertise, skills, and knowledge base of the transnational civil
society organizations. NGOs had gradually changed into
highly professional companies, which in many instances
served as lobby groups at international conferences and the
UNRO meetings and also on the national level.

8.5.3 Adapting Mosaic 2030–50

This era was characterized by a rapid diffusion of civil soci-
etal management throughout the world. Based on the ex-
ample of the Euphrates-Tigris integrated basin management
scheme, there was increasing demand for new, small-scale,

ecologically sound water basin
management programs. Supported
by UNRO or with participation of
business coalitions within the
World Trade Organization’s Global
Business Network Initiative, these
schemes were put in place in as

many as 23% of the main global basins. Though these pro-
grams were successful in many regions, there were quite a
number of failures where the goals to integrate ecological
and socioeconomic interests were not met. Some compa-
nies used these attempts as vehicles for their own interests.
In other cases, local decision-makers used the schemes for
their own enrichment. In many other cases, knowledge
simply was not sufficient to realize ambitious targets.

8.5.3.1 A New Attempt at Free Global Trade

Though the signs of civil society were abundant at this time,
economic development was still lacking in many regions.
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The hope that glocalization would bring prosperity and
wealth was fading, and the attempts to stimulate economic
growth by a new round of negotiations showed only partial
success. It was realized that the limits to growth induced by
the prevailing high trade barriers could not be compensated
for by the free flow of information and skills. The Global
Business Network Initiative, though showing some success,
was perceived as being too strict and not flexible enough to
react to the rapid diffusion of the civil society and the in-
creasing needs of a still-growing population.

Nevertheless, it was not possible to turn the clock back
to the kind of world economy that was envisioned before
the failure of the Doha talks at the beginning of the century.
Though local and regional trade brought about some prog-
ress, the chances to invest in other countries were still not
satisfying. As a consequence, in 2034 a World Conference
on Economic Development took place at which new ele-
ments of a glocalized economy were discussed and put in
place. The vision was to stimulate growth by bringing busi-
ness interests together with the interests and needs of the
emerging global civil society. (See Box 8.17.)

8.5.3.2 Tragedy of the Global Commons

Despite the widespread progress in managing local ecosys-
tems, the inability to take care of the global commons—
places and resources owned by all of the world’s people and
not just by one nation—brought forth major drawbacks for
development. In 2022, world fish catch had declined to
only 30 million tons, about 70 million tons below the peak
catch at the turn of the century. This brought about a sig-
nificant decline in protein supply for the world, in particular

BOX 8.17

The New Agenda for Development

In 2034, the World Conference on Economic Development took place
in the Middle East. The conference agreed on a new framework for
free trade. The most central tenets were:

• Free trade of end products certified to comply with the ecological
and social standards of the region of origin.

• Free investments in regions under the condition of a sufficient and
wide-ranging participation of local people and civil society organiza-
tions as well as professional networks (like Water Engineers Interna-
tional).

• Free flow of labor migration as long as both the country of origin as
well as the country of destination complied with the minimal social
standards set by UNRO.

The decisive point of the agreement was that the conditions were no
longer bound to the nation-state, but much more to the regions. Nation-
states agreed to these directives with the hope that within their coun-
tries those regions benefiting from the agreements would serve as a
locomotive of growth for the whole country. Yet history has shown that
although growth was stimulated in many regions, there were rising
conflicts within states where not everyone had equal opportunities to
take part in free trade. The late 2030s were therefore molded by the
attempts of the nation-states to further extend the civil society within
their countries.
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for those people heavily dependent on marine resources,
such as those in the coastal zones of southern Africa, Latin
America, and Southeast Asia. Consequently, the demand for
meat increased significantly, which put additional pressure
on land resources. Thus the hope to reduce land use change
in the near future was fading.

Climate change also entered a new phase, bringing
about major water crises in some regions of the world, in-
cluding Togo, Mexico, and Turkey,28 putting pressure on
land resources in other areas, and finally having direct im-
pacts on human well-being. Though the Miami Protocol
for adaptation did show some success and probably helped
many regions to cope with a changing climate, the funds in
the Global Adaptation Facility were by no means sufficient.
Also, the institution itself was heavily criticized for its inef-
fectiveness due to the major coordination problems of its
leading organizations. It was not until 2038 that the fund
was reorganized to address climate change directly by add-
ing value to local programs.

Experts agreed that the danger of major disruptions of
the climate system was still growing. Besides ‘‘traditional’’
disruptions, such as a significant weakening of the North
Atlantic thermohaline circulation, new discontinuities were
discussed, including a runaway climate change due to large-
scale deforestation of the Congo basin.

As already described, the late 2030s and early 2040s were
molded by a period of further promotion of civil society.
Although there were still failing experiments, including the
Mweru National Park tragedy (see Box 8.18), these efforts
finally showed up in global trends by the early 2040s. The
civil society–business partnership endorsed in the New
Agenda for Development brought major progress with re-
spect to economic development, and growth rates slowly
but steadily increased in the 2040s. The broadening of skills
and expertise continued due to an increased involvement of
people from poorer nations, and thus the rates of techno-
logical progress in terms of sensible effectiveness of resource
use and environmental pollution increased. Nevertheless,
population was still growing quickly, and the need for eco-
system services was increasing in most regions and globally
still outpacing any major progress.

8.5.3.3 Civil Societies Breakthrough

With respect to civil society–business partnerships, the ex-
ample of the Vivanto-INESI partnership is most impressive.
In 2038 many NGOs, including professional networks,
formed the International Network of Sustainability Initia-
tives (INESI) in order to better coordinate their activities.
Attempts made by UNRO to make INESI part of its own
structure were rejected as the networks wanted to remain
independent. INESI was a global player that not only
brought together knowledge and skills of unprecedented
depth and broadness, but also had economic power. By
2043, many of its professional network members were col-
lectively self-organized and economically self-sufficient.

One of the major achievements of INESI was the
founding of the Cooperative University for Sustainable De-
velopment in 2046. This completely new university system
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BOX 8.18

The Mweru National Park Tragedy

After the success story of the tourism industry in the Okavango Delta
late last century and in the first years of the twenty-first century, other
places in sub-Saharan Africa sought to follow the same track and bene-
fit from the growing revenues of tourism. The Okavango story also
demonstrated that ecotourism can be designed in a fruitful and appro-
priate manner to sustain incomes, ecosystem integrity, and ecosystem
services, in particular the aesthetic values of the deltas. Though the
first national park in the Lake Mweru region in the border region be-
tween Congo and Zambia was established in the 1990s, initial efforts
to increase the incomes by tourism were made in the 2010s. Based on
the experiences in the Okavango, an ecotourism concept was devel-
oped by local authorities within a participatory process involving local
stakeholders and indigenous people. This process guaranteed a high
degree of ownership by the local people, both in terms of ‘‘mental’’ as
well as legal ownership. Within its first five years, tourism brought a
significant increase of income into the regions and people’s well-being
increased, in particular in its material dimension.

The high degree of partnerships and cooperation on the local level
as it was established, however, was not sufficiently supported by re-
gional measures. Thus a strong income gradient developed, in particu-
lar on the Congo side of the lake region. This induced a strong
domestic migration, and in 2025 a total of 1.2 million people migrated
to the Lake Mweru region. Though some of them were able to partici-
pate in the revenues by taking on minor jobs within the tourism facili-
ties, many of the new settlers weren’t successful. The informal
settlements developing within the region undermined the positive
image of the region, and the number of tourists started to decline—but
not the number of migrants.

The new settlers also caused significant deforestation in the up-
stream region of Lake Mweru. By 2028, already 37% of the upstream
area was deforested, and in 2029 a heavy rainfall event induced major
landslides in the region, finally leading to a flash flood event in Decem-
ber. The flood not only destroyed almost all the tourism infrastructure,
including the regional airport, but also directly caused a total of 1.2
million deaths in the region. The region did not recover well, as only
20% of the value of property was insured by international companies,
and the local networks designed for taking over possible losses from
small events as envisaged in the original concept were not able to
cover the damage costs of the flash flood. This example again showed
that the concentration on a single scale might induce major backlashes
if cross-scale interactions are neglected.

was meant to promote mutual learning from local experi-
ments, including learning from failures.

Finally, the decades between 2030 and 2050 witnessed
the emergence of new types of global business players.
Though many companies could still be considered global
players, their internal structures had changed due to the
need to adapt to the variety of local and regional standards
and regulations. The most successful companies developed
as a network of loosely linked subdivisions that have far-
reaching competencies. They have internal trade systems
that have taken up ideas developed for emission trading sys-
tems during the climate change debate at the turn of the
century (such as ecosystem disturbance rights and proactive
ecosystem management skills).
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The most successful example in this regard is Vivanto,
which makes 85% of its total revenues by ecosystem service
trade. It had made its way through the turbulent decades of
the 2010s through the 2030s by innovatively seeking new
partnerships and reorganizing itself into a loosely coupled
multinational company with rather independent subdivi-
sions. After the New Agenda for Development was in place,
Vivanto was able to increase its business with ecosystem
service trading, and in 2045 the time was ripe for a closer
cooperation with the civil-society sector—with INESI.

The 2040s also saw an increase in the efforts to extend
the principles of civil society to the global scale and to seek
new ways to cope with the problem of the global com-
mons. In 2046 a partnership of the United Nations, INESI,
and the World Business Council initiated a new round of
negotiations for a globally orchestrated reduction of carbon
emissions. Negotiations are still going on, though in 2048
an agreement was reached to extend the criteria of compli-
ance of the Baghdad Treaty to the issue of carbon emissions.
It is unclear what the effect of this agreement will be.

8.5.4 Adapting Mosaic: Where We Are in 2050

Over the last 50 years, a rich mosaic of local strategies to
manage ecosystems and ecosystem services has emerged.
There have been many successes in how individuals and
communities have learned to manage the ecosystems they
live in more proactively. They have achieved a high level
of resilience of the coupled human-ecological system they
are part of. This is, for example, reflected in the quick re-
covery of large areas in Central America after the most in-
tensive hurricane ever, which scientists say was caused by
climate change, which over the last 60 years has increased
the global mean temperature by almost 2 K.

Though the direct damage was
enormous, people’s capacity to re-
store ecosystem services has been
sufficient to recover from the im-
pacts within two or three years in
most cases. For the restoration of
freshwater supply, for example,

people used strategies based on the experiences gained in
Viet Nam and Southern China after a typhoon hit that area
in 2013. As key upstream ecosystems were identified and
conserved, and as their water retention capacity and storm
vulnerability were well managed, these ecosystems were
hardly damaged by the hurricane.

The world has also seen the emergence of new networks
and cooperations both across regions, like the one between
Central America and Southeast Asia, and across various
actors.29 The Vivanto-INESI example described above is an
example of cross-actor cooperation. The extent and content
of such cooperation was barely conceivable at the turn of
the last century. At the time, only a very few selective and
small-scale cooperations of this kind were present. INESI
itself constitutes a network that in its connectivity is by no
means comparable to the so-called nongovernmental orga-
nizations of the turn of the century.30 The effectiveness of
the information exchange across the network is unprece-
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dented and its Cooperative University for Sustainable De-
velopment, founded in 2046, is a success story in itself. The
university has a strong focus on transferring and generalizing
knowledge on ecosystem functioning and managing and
does not, for example, have an engineering department, as
a focus on one discipline is seen as being not helpful for its
overall objective.

On the other hand, there are a large number of substan-
tial failures where attempts did not bring about the neces-
sary improvements of ecosystem functioning and human
well-being. These failures led to unexpected breakdowns of
ecosystems, either on local scales due to failed experiments
or on global scales, as for fisheries, due to the general ne-
glect of common property problems, especially during the
first two decades of the century. Many ecosystems in sub-
Saharan Africa, for example, are still under high pressure.
(See Box 8.19.) The trends of losing ecosystem services are
still increasing because in these places local knowledge for
better management has been lost a long time ago or because
insufficient institutional changes hindered the proliferation
and implementation of local knowledge and learning. The
strategies to manage the few successful areas in a much bet-
ter way are specific to these regions, and their transfer to
other regions were more or less a complete washout.

BOX 8.19

Sub-Saharan Africa under Adapting Mosaic

Sub-Saharan Africa emerged into the twenty-first century as a region duced enormous water resource degradation. Transnational organizations
under great stress from environmental degradation, poverty, and conflict. and groups that tried to connect with sub-national civil society groups
While the industrial world recognized the potential problems that might often found themselves drawn into the growing tension between urban
spring from such stresses, such as terrorism and global economic slow- and rural, a tension expressed more often than not through violence.
downs, the efforts made by the wealthier countries to improve these condi- While their economies were growing, many countries in sub-Saharan
tions without sacrificing their economic superiority were largely ineffective. Africa were dealing with heavy debt loads that did not permit extensive
For example, in many countries the efforts to foster education as a means expenditure on the adaptation measures called for in the 2019 adaptation
to manage population growth—a common effort in sub-Saharan Africa— protocol. Efforts on the part of organizations from wealthy countries to
found little governmental support, as these countries focused their finan- work with local civil society in various parts of the region succeeded in
cial resources on issues of debt and the costs of war (both financial and identifying key local knowledge resources that proved effective in manag-
in terms of human capital). Further, these efforts tended to be focused in ing local ecosystem change, but in the face of broad global shifts in pre-
urban areas, bringing benefits to those already privileged by contact with cipitation and climate, as well as national pressures to increase
money and education. Thus the NGO-organized education efforts that did agricultural production, much of this local knowledge was quickly obsolete.
not peter out after an initial push due to lack of funds or interest served In southern Africa, there was simply no means for local farming systems
to improve the situation of many urban dwellers, but in the process they to adapt to the ongoing loss of precipitation seen from 2000 to 2050, and
heightened the urban-rural divide seen in most sub-Saharan African coun- no resources through which to construct the extensive irrigation systems
tries. necessary to preserve the agricultural systems of this subregion. Adaptive

As governance devolved to regions, and as international accords on management, while productive in many other parts of the world, could not
subjects ranging from economics to human rights fell by the wayside, the keep up with the changes in this region.
barriers to trade experienced here drove an increasing focus on regionally It was not until the period 2040–50 that the breakthrough of interna-
focused economic development. This created a situation in which the tional civil society created an environment in which adaptive management
urban-rural divide was perpetuated. The urbanizing populations of this could take effect in sub-Saharan Africa. The resources marshaled by
region needed food, which was available through the farms of rural dwell- these broad coalitions, both intellectual and financial, have served to sup-
ers. The continuing urbanization of the population became a threat to the plement local knowledge and supplant local funding for such manage-
social order in many states, as the migration drained the agricultural sec- ment. Struggles over the direction of such management continues,
tor of their labor pool and threatened the urban food supply. Highly self- however, as international networks attempt to negotiate the regional and
interested efforts to promote intensification in rural sites by urban elites national politics of the urban-rural divide in order to ensure an adaptive
were aimed at improving food supplies in the cities without concern for management that is both sustainable and just. Whether such efforts will
rural conditions. The result was, for example, the reintroduction of DDT succeed in managing the urban-rural split or in overcoming the tremen-
into farming systems in several countries that, while improving crop yields dous environmental problems experienced in sub-Saharan Africa over the
and felicitously reducing mosquito populations and malaria rates, also in- previous 50 years remains to be seen.
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More recently, progress in understanding the conditions
for success and failure helped to promote a better diffusion
of good and effective management strategies. Accordingly,
global trends of deterioration of ecosystems and human
well-being have slowed down, in some instances even
turned around. Nevertheless, in many areas major chal-
lenges remain in order to improve management strategies.
In most of these cases, institutional settings are not in a
shape that favors the development or adoption of new strat-
egies. It is therefore highly important to reflect on the eco-
nomic, political, and institutional changes of the last 50
years that enabled the changes we are witnessing. There are,
however, some major indicators that give significant hope
that ‘‘dooming’’ effects of large-scale disruptions of Earth’s
system can indeed be avoided. Most prominently, the im-
provement of local knowledge led to a decline in fertilizer
input, and consequently nitrogen and phosphorus inputs in
freshwater ecosystems have been reduced. This is seen as a
good sign of hope for avoiding large-scale eutrophication.

The geography of success with respect to proactive eco-
system management based on local learning varied widely
over the last 50 years. Some larger regions did quite well
as a whole, whereas other regions with some very small
exceptions by and large failed. In most regions of the world,
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however, a mixture of successes and failures can be ob-
served. In a recent study by UNRO, major trends over the
last 50 years were analyzed. The study revealed that the
world divides into four major types of regions.

Some countries at the turn of the century started with a
high potential for local, proactive ecosystem management
but over time lost this capability by missing major opportu-
nities for sustaining and further improving their social and
human capital. Prominent examples are parts of southern
North America, some countries within the European
Union, and the former Pacific OECD. This group is some-
times called the Northern Sleepers.

Some countries managed to sustain the high level of so-
cial and human capital that they had at the turn of the cen-
tury by strong investments in education and in improving
networking capabilities, both in terms of infrastructure as
well as institutions. The UNRO study called these coun-
tries Sustainers. Some countries within the European
Union, major parts of North America, Australia, and some
regions of what was known as the developing world at the
turn of the century, such as India or South Africa, belong
to this group.

Another group of countries that started off with a rather
low potential for proactive, local ecosystem management
was able to improve local institutions significantly to in-
crease these capacities over the last 50 years. Educational
programs further helped build human and social capital, and
these countries have now experienced a significant im-
provement of human well-being. In analogy to the boom-
ing economies of the late twentieth century in South and
Southeast Asia, the UNRO study refers to these countries
as the Pumas. This includes some countries in Latin
America, particularly Central America, plus a few large
countries in Africa, like Nigeria or Mozambique, and some
countries in Asia like Mongolia or the Philippines.

Finally, a last group of countries, in the UNRO study
referred to as the Trapped, did not manage to sufficiently
raise their human and social capital. This includes major
regions in sub-Saharan Africa and a few countries in Latin
America and Central Asia. These countries need further
support to improve their social capital in order to catch up.

Due to the dynamics of investment in social capital in
the different country groups, some previously developing
countries have caught up with wealthier countries that were
inattentive in taking care of the capabilities for learning and
in facilitating networks for ecosystem management. (See
Figure 8.4.)

Because of differences in social capital over time and be-
cause of natural conditions for resilience, ecosystem services
developed rather differently in the different regions.
Whereas the Northern Sleepers for some time profited from
existing knowledge for proactive management, ecosystem
services in these countries started to level off and even de-
clined later in the century. In contrast, the further rise of
services in the Sustainer countries, and later in the Pumas,
was largely due to the increased capabilities for learning
about ecosystem functioning. The end of the spectrum is
constituted by the Trapped countries, where a significant de-
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cline in ecosystem services was observed, in particular after
a number of failed experiments in the 2030s.

The trends in human well-being resulted from the inter-
play between economic, social, and political development
with the trends and levels of ecosystem services. Note that
the increase in richer countries, even for the Sustainers, was
not as strong as for the previously poorer countries. This
shows the important role of growth in social capital as a
prerequisite for human development. This is also consistent
with the decline in human well-being for the Northern
Sleepers.

8.5.5 Insights into Adapting Mosaic from a
Southern African Perspective

In the Southern Africa Focal Region Assessment, the
Adapting Mosaic scenario was interpreted at regional (Afri-
can Patchwork), basin (Local Learning), and local (Stagna-
tion) scales. These scenarios are summarized in Box 8.20.

8.6 TechnoGarden
In the TechnoGarden scenario, technology and market-
oriented institutional reform are used to improve the relia-
bility and supply of ecosystem services. In this scenario,

society’s focus is on investing in
human, manufactured, and natural
capital. (See Box 8.21.) In this case,
however, biotechnology and
ecological engineering blur the dis-
tinction between natural and man-
ufactured capital.

There is a strong belief that
‘‘natural capitalism,’’ which focuses on looking for profits
in working with nature, is advantageous for both individu-
als and society (Hawken et al. 1999). Technological im-
provements that reduce the amount of material and energy
required to produce goods and services are combined with
improvements in ecological engineering. Ecological under-
standing and technology allow people to alter ecological
functioning to reduce trade-offs and increase synergies
among ecological services. These technical advances are
stimulated by, and in turn encourage, the development and
expansion of markets in ecosystem services, such as requir-
ing payment for carbon emissions and paying for ecological
management that improves water quality.

Generally, ecological markets are established and prop-
erty rights are assigned to ecosystem services following the
identification of ecological problems. Because of invest-
ment in ecological understanding and natural capital, prob-
lems often are identified before they become severe.
Ecological markets are established at local, national, re-
gional, and global scales. Depending on the social and eco-
logical context, property rights are granted to different
actors.

This scenario explores the belief that ecological engi-
neering will be fairly successful31 and produce tolerably few
major unexpected breakdowns of ecosystem services. Many
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Figure 8.4. Trends in Social Capital, Ecosystem Services, and Human Well-being for Different Country Groups in Adapting Mosaic
Scenario as Assessed by UNRO Study. For more details on country groups and the UNRO study, see Section 8.5.4. Note that the
comparisons have been standardized for all countries for the year 2000.

ecologists agree that this assumption is plausible, but suspect
that it is overly optimistic.

8.6.1 TechnoGarden 2000–15

At the beginning of the twenty-first century, poverty, in-
equality, and unfair global markets, together with environ-
mental degradation, were pressing problems on the agendas
of global and national decision-makers.

8.6.1.1 A Doubly Green Revolution

A key activity in which these issues intersected was agricul-
ture. Agriculture was, and remains, the most extensive
human modification of Earth’s surface. At the start of the
twenty-first century, world markets for agriculture were
unequal. Trade barriers and perverse subsidies encouraged
pollution in the rich world, impoverished rural communi-
ties, and undercut development in poor countries. A broad
coalition of neo-liberals, development advocates, and envi-
ronmentalists organized against agribusiness to stimulate a
global transformation of agriculture in the early twenty-first
century.32

These changes began to take hold in the 1990s, when,
following a series of agricultural disease and food safety cri-
ses in Europe, governments in several European countries
began to remove perverse subsidies from agriculture.33 New
EU policies encouraged farmers to manage their land to
produce a bundle of ecosystem services rather than focusing
on crop production alone. These policies required the de-
velopment of property rights for ecosystem services. That
is, people were paid for improving water quality by preserv-
ing key watersheds, while others had to pay to release pollu-
tion.34 Soon farmers began providing additional ecosystem
services, such as breeding habitat for birds, trout fishing,
carbon sequestration, and improved water quality. These
policies were reinforced during a decade of floods and
droughts that raised the political importance of water and
water quality across Europe. The initial success of policies
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to reduce agricultural runoff, which was lowering water
quality and contributing to toxic algal blooms, combined
with the realization that farmers could increase their income
by receiving money to provide additional services, stimu-
lated the expansion of multifunctional landscapes.35

Agriculture changed rapidly.36 By 2015, roughly 50% of
European agriculture, and roughly 10% of North American
agriculture, was aimed at balancing the production of food
with production of other ecosystem services. In other
words, the land was dedicated to the goal of providing mul-
tiple services at once—food and some other service, such as
recreational opportunities or biodiversity. This resulted in
the diversification of agricultural production and lower
yields, but increased profits for local farmers.

Buoyed by the success of these changes, the agricultural
reform coalition convinced governments to remove export
subsidies and trade barriers from global agricultural trade.
Agricultural producers in poorer countries used the World
Trade Organization and other international organizations to
remove subsidies and other agricultural trade barriers. The
liberalization of agricultural markets lead to a huge growth
in food imports into richer countries, and further stimulated
alternative forms of production of agricultural land. In-
creased imports attracted investment from agribusiness and
supermarket chains in agriculture in Eastern Europe, Latin
America, and Africa, which resulted in agricultural intensi-
fication in these regions. However, this intensification did
not follow the same path as in Europe or North America.
Agricultural entrepreneurs in these regions bred new varie-
ties of existing crops and created locally adapted genetically
modified crops and farming systems. Despite initial opposi-
tion in the EU, quick response to several minor ecological
problems led to the increasing use, spread, and development
of genetically modified crops, especially after the success of
locally engineered varieties increased farm production and
profitability in Asia, Africa, and Latin America. (See Boxes
8.22, 8.23, and 8.24.)
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BOX 8.20

Adapting Mosaic in the Southern Africa Focal Region Assessment

The Adapting Mosaic scenario was interpreted in Southern Africa Focal rural population, growing steadily and faced with a declining resource
Region Assessment at the regional (African Patchwork), basin (Local base for subsistence farming, becomes increasingly locally organized.
Learning), and local (Stagnation) scales. These storylines are based on Local tourism initiatives that emphasize conservation do spring up in
an extrapolation of current trends in the region (see the MA Multiscale places, and catch the eye of international NGOs, which lend them support.
Assessments volume). While democracy and good governance take hold Throughout the basin, regions are increasingly self-sufficient in obtain-
in some countries in southern Africa, severely limited state effectiveness, ing the services they need. Their well-being varies: while there is less
economic mismanagement, and conflict in other countries prevent the re- ambitious development of resources, there are also lower levels of pol-
gion from improving the well-being of its citizens. lution, producing only moderate declines in water quantity and quality

Under the regional African Patchwork scenario, development trends region-wide. The sparsely populated arid west manages to maintain its
apparent in the South African Development Community region over the energy, food, and biodiversity at constant levels. Small declines in energy
past few decades generally persist until 2030. Low economic growth rates occur in all other regions. Food production drops drastically in the Great
and declining foreign investment lead to the increased economic marginal- Fish River, where the effects of climate change, land degradation, and a
ization of Africa. Localized military conflicts continue to drain resources, reduced labor force as a result of HIV/AIDS curb the capacity of the
damage infrastructure, and impede the provision of services. remaining arable land to feed its growing population. In the urban centers,

Improvements in agricultural productivity per hectare are not sufficient reduced economic activity means a slight, though not severe, deterioration
to meet the needs of the growing population, resulting in large-scale con- in water, energy, food, biodiversity, and air quality, while the minerals
version of woodlands to crops and the expansion of agriculture into mar- industry’s output slowly increases, still fueled by foreign investment. For
ginal lands. While the maintenance of agricultural diversity affords some its affluent inhabitants, life is slightly worse; it is much worse for the poor.
protection against pest outbreaks, climate change brings more frequent The arid west elites maintain their well-being at constant rates, while the
droughts and consequently crop failures, especially in marginal areas. The poor in this region are slightly worse off. In the regional ‘‘grain basket,’’
rural population relies heavily on a declining natural resource base for many who rely on a now-reduced agricultural income are slightly worse
their subsistence, and many people migrate to cities, where they remain off regardless of affluence. Lesotho, recognizing the need for economic
impoverished. Large quantities of food aid are needed to support the independence from South Africa, embarks on a program to reform its
urban poor in particular; delivery of food aid in rural areas is impeded by agricultural productivity, but needs international assistance. Foreign inter-
poor infrastructure and conflict. Those rural people with access to land est in Lesotho is piqued when a local discovery is made that a plant
and resources are highly self-reliant, and locally organized. Protected endemic to the Lesotho grasslands has high pharmaceutical value, calling
areas are encroached, and wildlife and high-value plants virtually disap- attention to the need for formal conservation of this biome, as well as
pear from many areas. stronger legislation to protect intellectual property rights.

Most governments are unable to ensure the provision of reliable, safe In the local communities of the Gariep basin, a Stagnation scenario
water or modern energy sources, resulting in continued high mortality from takes hold. With the contraction of the macroeconomy, policies are weakly
waterborne diseases and indoor air pollution, and large-scale deforestation implemented, and projects are put in place in a heavy-handed way. There
for charcoal production. Poor enforcement of environmental standards, are no prospects of employment; human lives and values in the cities are
where they exist, make the region a dumping ground for dirty industries cheap, and people migrate back to rural areas. People wait in vain for
and waste from wealthier regions, resulting in deteriorating water and air relief projects. Pensions and state grants stagnate and are delivered inter-
quality. Water quality is further degraded by increased soil erosion and mittently. The youth remain in rural areas. Basic services and infrastruc-
untreated sewage. A water supply crisis in the shared river basins in the ture are not supplied, and health services are limited to mobile clinics and
southern part of the region is a major source of regional tension. schools. Schools deteriorate. There are too many children, and classes

In the Gariep basin, the Local Learning scenario illustrates that most are held outdoors. People realize that their survival and future is in their
local authorities, facing severe budget constraints, are unable to make own hands, and human capital becomes the main asset. Community iden-
good on the promises of the free basic water and electricity programs. tity and bonds are strong. However, the few projects that are implemented
Lack of access to water, land, and mining rights increasingly causes local from outside create a few jobs, and this tends to undermine community
tensions and conflict across the basin. The remnants of commercial ag- structures. Cohesion suffers because of strong competition for meager
ricultural are sufficient to feed the urban markets until 2030 but are ex- resources, and corruption increases.
panded onto more marginal lands with devastating environmental Land use becomes destructive and land is limited. Grazing lands are
consequences. The conditions for the urban poor deteriorate rapidly due taken over by protected areas, and village committees allocate the rest.
to the absence of a resource base and a lack of service delivery. The Less water is available for drinking, irrigation, mining, and livestock. Fuel-
rural poor are isolated by a declining and impoverished infrastructure. wood becomes scarcer. Most agricultural production is for home con-

In the absence of effective central governance and market mecha- sumption. There are land invasions and uncontrolled extraction, with
nisms, strong civil society networks encourage local infrastructure devel- people making extensive illegal use of plant and animal resources on
opment, with service provision dependent on community initiative. The state land.

The combination of market-based environmental regu-
lation of agriculture with the creation of air pollution emis-
sions trading schemes stimulated a broader set of ecological
property rights regimes that encouraged businesses, states,
and individuals to adjust their practices and consumption.
Decreasing costs and increasing quality operated in tandem
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with environmental concern to catalyze a broad set of tech-
nological changes.

8.6.1.2 Transportation Innovation from Latin America

Small and large high-technology companies in some poorer
countries experienced rapid growth during the first decade
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BOX 8.21

Potential Benefits and Risks of TechnoGarden

Potential benefits:

• Win-win solutions to conflicts between economy and environment
• Optimization of ecosystem services
• Societies that work with rather than against nature

Risks:

• Technological failures have far-reaching effects with big impacts
• Wilderness eliminated as ‘‘gardening’’ of nature increases
• People have little experience of non-human nature; leads to simple

views of nature

BOX 8.22

Genetically Modified Organisms in TechnoGarden

Genetic modification serves as an evolving source of conflict in Techno- over the use of GM was limited because it did not involve the food supply,
Garden. A succession of conflicts arises from continual advances in mo- and the demand for renewable energy fuels was stimulated by carbon
lecular biology that encourage the expansion, diversification, and taxes. For decades biofuel plantations were successes for GM technology;
regulation of genetic manipulation and modification. however, in the late 2020s a previously unknown fungal disease caused

Well-designed agricultural biotechnology, encouraged by multiphase catastrophic forest fires in a large number of biofuel plantations. These
physiological, medical, and ecological regulation, lead to great expansion agro-industrial accidents led to a further refinement in biosafety protocols
of the use of GM crops in the early part of the twenty-first century. This and stimulated the growth of multifunctional agriculture, based on the gen-
expansion leads to conflicts between farmers growing GM crops and eral principle that more diverse biofuel plantations would be less vulnera-
those growing organic and other non-GM crops. Farmers not using GM ble to catastrophic surprises.
had their crops contaminated by plants and genes from GM crops, pre- Many specialized uses of GMs, such as detecting mines, were quite
venting the sale of their produce. While these cases lead to the additional successful. However, the spread of GM technology resulted in the casual
expansion of ecological property rights and further encouraged the expan- use of GM technology that produced substantial environmental damage.
sion of multifunctional agriculture, these changes are cold comfort to the For example, the accidental release of GM organisms produced by artists
small organic farmers who had their livelihoods eliminated. resulted in a series of catastrophic incidents. A GM algae escaped from

Conflict over GM crops paled in comparison to the use of GM to pro- an art installation at the Bio-(Diverse) City Art Bienalle in Tokyo, for in-
duce crops to create pharmaceuticals. ‘‘Pharming,’’ while lowering the cost stance. The algal infestation of Tokyo’s water system resulted in over 189
of many drugs, rather predictably lead to cases where drugs contaminated deaths, $18 billion in renovation and decontamination costs, 49 criminal
the food supply, causing a range of serious and subtle health problems. convictions, and the bankruptcy of the University of Melbourne (which was
The food scares and lawsuits lead to massive losses for farmers and operating the exhibit).
some biopharmaceutical firms, as well as the reorganization, formulation, Despite these setbacks, the continual development of professional,
and regulation of the public use of GM. Pharmers abandoned the use of legal, and technological control methods allowed GM technology to be
agricultural crops as producers of drugs and concentrated their farming in continually improved and used. GM organisms have produced decreases
areas that contained few relatives of the pharming hosts. This gave a in soil erosion, salinization, biodiversity loss, and global carbon emissions,
huge boost to the nascent biotech industries in isolated species-poor but these benefits must be evaluated against the death, disease, genetic
areas. Iceland, New Zealand, Japan, and Canada all used their industrial contamination, and ecological disruption that GM organisms have also
infrastructure and remoteness to a huge advantage. produced. In 2050, many molecular biologists compare GM to other tech-

Despite these problems, GM biofuels, such as rapeseed, and fast- nologies and assert its incredible environmental scorecard, while other
growing trees were planted and developed with little opposition. Concern scientists object to the loss of non-GM nature.

of the twenty-first century. Advances in computation and
communication enabled substantial improvements in logis-
tics, which lowered both the price and environmental im-
pact of a wide variety of businesses and helped ensure that
development in poorer countries during the twenty-first
century did not replicate that of the countries that became
rich during the twentieth. This new kind of development,
driven in part by the costs of ecological services, took ad-
vantage of profitable opportunities for growth that did not
impose huge environmental costs. These differences were
perhaps best exemplified by the development of flexible
low-cost transportation systems in rapidly growing cities.
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Beginning at the end of the twentieth century, the com-
bination of the economic costs of congestion, social con-
cerns over fair access to transportation, and the impact of
air pollution on urban health stimulated the development
of advanced bus systems in South American cities such as
Curitiba and Bogota. These systems used scheduling soft-
ware, clean-fuel buses, and safe, enclosed subway-style sta-
tions. They demonstrated that even in poor, rapidly
growing urban centers, mass transit could provide a faster
commute, in a fraction of the implementation time of sub-
ways or light rail, with a lower economic and social cost.
In the early twenty-first century, the replication of these
advanced bus systems in other developing cities was aided
by improvements in rapid construction techniques and lo-
gistics and by the availability of low-pollution vehicles. (See

Box 8.25.) These systems required minimal new infrastruc-
ture and so were set up rapidly by removing a few highway
lanes from the use of the minority of the population who
owned automobiles.

The establishment of a variety of national, regional, and
global tradable emission permits helped stimulate the spread
of these transit systems from Latin America to other rapidly
urbanizing cities such as Mumbai, Dhaka, and Lagos. This
spread was facilitated by Latin American transit and logistics
companies, as well as rival Indian and Chinese transnational
bus corporations. By the second decade of the twenty-first
century, intense competition between these transit compa-
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BOX 8.23

A Story of India (TechnoGarden)

The market was crowded as always. While the bus filled, Raja looked out who was sick, and he still hadn’t been able to get his second-class geno-
over the crowd of people. He was tired. Last night he had returned late mics license.
from his weekend pilgrimage. The travel and excitement had left him ex- As the bus pulled away from the market station onto the highway, it
hausted. It had been great to see his cousins again. It had been years accelerated through the large irrigated fields of GM cotton that surrounded
since they had been together. His father always talked about the old days, the town. The bus briefly stopped at the big temple complex outside of
about all the time his brothers and cousins spent together. But now that town, where a few French-speaking European monks got off. They were
all his uncles had moved to the city, he and his father were the only ones all part of the international project to rebuild a ‘‘famous’’ twelfth century
left, and they didn’t farm anymore. Because Raja had never been inter- temple garden that Raja, at least, had never even heard of before the
ested in farming, they had sold most of the land to one of the local farm monks had arrived. But they were fairly friendly, polite, and good gar-
companies. deners.

His father sold the farm after his mother died from a deadly bacterial After 10 minutes speeding through multihued agricultural fields they
infection. She had been healthy, but a week later she was dead. His dad finally stopped at the grove of trees that held the offices of Raja’s em-
changed after his mother died, he just played on his computer all day. ployer, Naidu Biosystems. Raja left the bus and saw his colleagues Sam,
Raja didn’t know what to do for his father—other than to play video games Kiran, and the new engineering intern from Bangalore, but he was too
with him. It was too bad that his father hadn’t come on the pilgrimage. tired to chat right now. He shuffled along the gravel path, through the
Raja knew that he would have loved to have seen the family, but he was trees, and into his group’s air-conditioned office. He was the last of his
old and weak. The doctors didn’t know exactly what the problem was, but team to arrive and his coordinator, Ms. Patel, wished him good morning
he had an unidentified immunological condition that left him exhausted. while she looked at the clock. She then asked him to check the field’s

After seeing his cousins, and hearing their tales of Bombay, Toronto, aphid distribution data and compute the intervention options. It was a
and Bangkok, the market seemed dull and provincial to him. His uncles long, dull job. He slumped into his chair and then began poking and
had tried to convince him to use his genomics database administration tapping his way though the data that streamed from the surrounding fields
skills to get a contract overseas, but that would mean leaving his father, into the building—he sighed and got down to work.

nies and car manufacturers led to substantial improvements
in vehicle technology, systems management, and emission
reduction technology. New urban centers operated transit
systems that provided better service at less cost and had
fewer health and environmental impacts than their equiva-
lents in wealthier countries.37

Some cities in the rich nations also adopted these sys-
tems, but not all. In most cities in these countries, transit
services were increasingly diversified and flexible. Especially
in dense cities, the costs of car ownership, particularly park-
ing fees and congestion, stimulated the rapid growth of car-
sharing companies. Urban residents increasingly avoided
the costs associated with car ownership and chose instead to
use a combination of taxis, mass transit, local car-sharing
networks, and longer-term car rental agencies, which pro-
vided them with a range of affordable, flexible transporta-
tion services.38

8.6.1.3 Islands in the Net

In the early years of the twenty-first century, national gov-
ernments became more deeply enmeshed within some
global institutions while withdrawing from others. The suc-
cess of EU federalism served as a model for the creation of
regional partnerships among nations. The lessons of the EU
were used to argue for its expansion and to design regional
confederations, such as those that loosely joined more pros-
perous countries in South America, southern Africa, Southeast
Asia, the Caribbean, and Polynesia. As a result, economic
integration within Asia and Latin America increased.

Due to security concerns and other stresses of globaliza-
tion, rich countries attempted to increase restrictions on
trade and immigration, but this was prevented by pressure
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from a coalition of transnational companies, retailers, and
cosmopolitan communities, particularly the Chinese and
Indian diasporas. This cosmopolitan alliance pushed for
globalization, the relaxation of trade barriers, and efficient
systems of immigration (especially for the well educated and
the rich). The alliance was able to overcome isolationist in-
terest in a number of rich countries in Asia, Europe, and
North America, which led to an even stronger set of global
organizations and treaties.

Within this dense global net, some islands remained iso-
lated from the expansion of global civic society and bene-
fited little from increases in wealth and health in the world
at large. Regions in conflict failed to attract international
investment or much help from global civil society. In par-
ticular, drylands in Central Asia and the Sahel regions in
Africa were subject to droughts and suffered from food
shortages and chronic malnutrition. Weak or failed states
remained havens for criminal networks, drug manufactur-
ing, financial fraud networks, pirates, and guerillas. (See
Box 8.26.) These groups benefited from lack of control in
these areas, and often maintained conflict. Along with these
local troubles, these areas often exported violence, disease,
and pollution. While some war zones became involuntary
parks—areas in which political and technological collapse
allowed natural processes to reassert themselves (see Box
8.27)—the majority of the war zones suffered ecological
degradation from unsustainable hunting and fishing, water
pollution, mining, and deforestation.39

8.6.2 TechnoGarden 2015–30

8.6.2.1 Consolidation of Globalization

Transnational corporations, international NGOs, action
groups, and global associations continued to flourish and
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BOX 8.24

Sub-Saharan Africa under TechnoGarden

While sub-Saharan Africa entered the twenty-first century facing the chal- cal instability, while larger states with more diversified economies were
lenges of poverty, disease, environmental degradation, and conflict, the able to weather these economic changes through agricultural transforma-
increasing ecological awareness of the global population had rapid and tion. Thus sub-Saharan Africa found itself dealing with nations of strong
beneficial effects on these challenges. The gradual elimination of agricul- growth next to nations of little or no growth and great conflict.
tural subsidies in richer countries, especially in Europe, opened these The nations experiencing strong growth recognized the threat that re-
markets to agricultural products from sub-Saharan Africa. Tens of billions gional conflict presented to their long-term stability and growth, especially
of dollars flowed into African economies, allowing for the management of in the form of cross-border migration and international image. Rather than
debt and the development of key infrastructure in transportation, commu- allow their neighbors to continue unchecked, as they had in the days of
nications, health, and education. Many major cities in this region became the Organization for African Unity, under the African Union stronger na-
cleaner and more livable from these developments, and urban life expec- tions like South Africa, Ghana, and Nigeria began to exert political, eco-
tancies rose in response. nomic, and, where necessary, military influence on their neighbors to

Though market forces were keys to the success of agriculture in sub- ensure regional stability. The long-term result of these early efforts was
Saharan Africa between 2000 and 2015, the introduction of GM crops to the development of two strong regional organizations, one growing out of
this region was also a critical development. Sub-Saharan Africa became the Southern Africa development community and the other from the Eco-
something of a testing ground for these and other environmental technolo- nomic Community of West African States. These organizations created
gies, with the result that many early feedbacks and problems were con- shared currencies, promoted economic integration, and greatly enhanced
centrated in this region. While these issues were eventually managed, the the stability of their regions.
ecological damage they caused is still visible in many parts of this region The increasing political stability and economic growth in sub-Saharan
through biodiversity loss and landscape change. Further, the widespread Africa enabled the use of highly developed technologies for ecological
focus on agriculture in this world region has also contributed to massive management. Further, the development of pop-up infrastructure allowed
intentional landscape transformations, such that today entire ecosystems, for the provisioning of economic, social, and ecological services to a wider
such as the Upper Guinea Forest, no longer exist in any functional man- constituency than ever before. In 2050, sub-Saharan Africa is hard to
ner. Instead, small remnants remain as protected areas—tourist attrac- recognize from the perspective of the late twentieth century. Much of the
tions for those who seek to visit ‘‘the forests of Africa.’’ ecology that shaped the industrial world’s imagination about this region

While much of sub-Saharan Africa saw its economic fortunes improve no longer exists or does so only in small reserves. The violence that so
across this early period, several states lacked either the political will or characterized this region in the late twentieth century has largely abated
ability to muster the resources necessary to take advantage of these thanks to regional and subregional organizations. In the place of this mys-
changes. Further, true-cost pricing of fossil fuels struck a major blow to the terious, violent territory stands one of the globe’s ‘‘breadbaskets,’’ with
economies of several nations around the Gulf of Guinea, as oil became a some of the cleanest cities and most rational land use in the world.
far less lucrative export. Smaller petrostates experienced coups and politi-

BOX 8.25

Bogota’s Success Story: The Bus Rapid Transit—A Solution for Megacities in Developing Countries

By 2030, 3 billion more people will be on Earth. Developing-country gov- A successful Bus Rapid Transit system like Transmilenio is an integrated
ernments have noted with alarm that most of this growth will be in their one where buses move at very high speeds, since they are physically
already congested and polluted megacities and could be crippling. Novel separated from car lanes and can signal traffic lights to turn green; where
transportation systems will be essential. One such system, Bus Rapid people can get on and off in seconds, since riders prepay before boarding
Transit, or BRT, is a high-speed, low-cost public transportation innovation and buses have wide, low-level doors like a subway; where there are
first developed in Curitiba, Brazil, in the early 1980s. several express busses that do not stop at every station, but connect to

The BRT model has helped to transform developing-country cities like local buses, similar to a subway model; and where stations are well main-
Bogota and could help to avert severe crises in the transportation, envi- tained and have parking lots and taxi access plus excellent bicycle, pedes-
ronment, and health sectors (Ardila and Menckhoff 2002; Fouracre et al. trian, and disabled facilities.
2003). Major cities in China and Mexico are looking to follow suit. Bogota’s In 2004, the success of BRT systems led the Chinese government to
Transmilenio, as its BRT system is called, transports subway-level capaci- begin developing policies to bring Bus Rapid Transit to its major cities.
ties of 1 million people a day at high speeds, but has two critical advan- BRT in Bogota not only averted a crisis, it transformed the public space
tages over a subway system. It costs only 5% of what a subway with by lowering air pollution (since significantly fewer cars come into the city)
similar reach would, and it can be built in just three years—a fraction of and improving the quality of life in the urban core. Well executed, it prom-
the time needed for a subway. ises to do the same for more of the developing world’s overcrowded and

What distinguishes BRT from conventional bus systems so that even polluted cities.
the middle-class residents with cars prefer to use Transmilenio in Bogota?
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BOX 8.26

Failed States, Pirate Zones, and Ecological Disruption across the Scenarios

Many areas with the lowest state of human well-being and the greatest selves to steward local resources effectively; indeed, there is every incen-
poverty are areas in which states have failed to maintain order. Most of tive for them to extract resources as quickly as possible. On the other
these areas are within the remnants of failed authoritarian states or in the hand, if conflicts prevent the clearing of large areas of land for agriculture,
interior of states whose internal control has failed.a Following the end of they may inadvertently conserve some aspects of local fauna. In other
the cold war, powerful countries stopped investing in some of the govern- cases, however, there are more negative consequences for ecosystem
ments they had been supporting because the governments had become services.
expensive and unimportant. In these areas, government sometimes col- The world outside these areas both takes advantage of their chaos
lapsed, leaving a void where central government has not been able to and suffers from it. The lack of any government to protect the public
enforce its rule. Frequently, militias supported by smuggling or extraction interest allows foreign companies to dump toxic waste and extract unpro-
are based in regions like this that are not governed by states, where the tected natural resources. For example, fishers from all over the world have
central government has failed to provide any type of security, prosperity, been fishing off the unregulated coast of Somalia, while other boats have
or freedom to its inhabitants. been dumping toxic waste there. At the same time, international shipping

In these areas, various armed groups engage in violence to disrupt is affected by the disorder there by frequent pirate attacks (Christian Sci-
state intervention and to promote their own power and profits. These ence Monitor 1997; The International Chamber of Commerce Commercial
groups engage in resource extraction and smuggling—growing, process- Crime Service).
ing, and distribution of narcotics. Often, groups in these areas have links While the piracy, trafficking, and conflict in these areas often spills out
with international criminal organizations, armed militias, and guerillas. For into the outside world, these spillover effects are frequently tolerated due
example, in many parts of the world drug production and smuggling is to their relatively minor impact and the difficulty of intervening in the law-
used to fund militias, while in other places militias are paid a tax to protect less areas. The persistence of these areas depends on the inability of
drug production from state intervention. Often the presence of valuable local governments to control the area, the disinterest of global institutions
resources in a region can sustain conflict among various armed groups, or neighboring countries to intervene, and the continued profitability of
because the presence of valuable, easily transportable commodities such conflict, smuggling, or piracy. For marginal places, with minimal resources
as gems, gold, or narcotics provides funds to attract and arm militias. of interest to the outside world, it takes extreme events, such as the
During the early twenty-first century, there were a number of such areas September 11, 2001, attacks, to stimulate world forces to intervene in
in which conflict combined with resource extraction in areas as diverse as these areas.
the Congo River basin, the Thai/Burma border, and Colombia. The likelihood of lawless regions is higher in some scenarios than

Improved transportation, communications, and logistics facilitate the others. Pirate zones arise due to local issues. But the response to local
activities of these groups by providing better opportunities for the move- problems depends on the role of the region within the world and the
ment of illicit drugs, weapons, and money and illegal immigrants. These attitude of the larger world toward such regions. The likelihood of such
groups innovatively fuse cutting-edge technology, local knowledge, and regions both arising and persisting varies across the scenarios.
family ties to coordinate their networks, broadcast propaganda, and move These sites are mostly likely to arise in a more fragmented, less global-
people, guns, drugs, gemstones, and other valuable commodities across ized world like that of Order from Strength. The presence of extensive
national borders. global trade, multilateral treaties, and international NGOs is likely to result

These areas are often bad places for people to live. In particular, in in intervention from outside a region, either humanitarian or military, to
areas where contesting militias exist, local people are often the targets of reincorporate such regions within the global system. These regions are
theft and violence. Disease is common due to a lack of public health also more likely to arise when conflict and injustice are allowed to thrive
infrastructure. These conflict zones have mixed ecological consequences. within countries, and there is little effective regulation of global trade.
Small areas of heavy exploitation are used for mining or drug production,
while bushmeat hunting and timber cutting occur over more substantial a As part of the MA, the Colombia Sub-global Assessment focuses on
areas. Drug manufacturing can result in forest clearing and chemical pollu- Colombia’s main coffee region, which is located in the central part of
tion of streams and groundwater, while attempts at narcotic control by the the country and includes the mountainous regions of Antioquia, Caldas,
larger world can also pollute local ecosystems. For example, anti-narcotic Risaralda, Quindio, and Valle. In this region, traditional agriculture has
programs have resulted in the haphazard use of pesticides; stimulated transformed mountain ecosystems into rural landscapes. The assessment
land clearing, deforestation, and erosion; and increased the mortality of attempts to understand the factors that cause changes in ecosystems and
wildlife. how those drivers generate serious impacts that can in the long term

Impoverished, unsafe people are unlikely to be able to organize them- cause environmental, economic, and social imbalances.

thrive. Easy travel, cheap communication, social software,
and ‘‘intelligent’’ databases aided the management of these
groups.40 International migration increased, producing in-
creasingly intertwined diasporas and an increasingly inter-
connected, powerful, and diverse global civil society. The
impact of new civil organizations was diverse and multifac-
eted. Decreased costs of communication and travel stimu-
lated the formation of many NGOs, but the main
beneficiaries of these advances were the many technical and
professional associations, who globalized and intensified
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their activities. International technical standards groups,
formed by technical associations and endorsed by transna-
tional corporations and national governments, developed
increasing numbers of global technical standards for tele-
communications, transport, manufacturing, and environ-
mental management. One of the major symbolic steps in
the process was the adoption of the metric system by the
United States in 2029.

The proliferation of international standards in turn in-
creased the power of professional associations; facilitated
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BOX 8.27

Involuntary Parks across the Scenarios

Buffer regions between conflicted states as well as contaminated areas
can become perverse nature preserves. The health and security risks
of people entering these regions are so great that human activity is
excluded. People are unable to use these areas to produce local eco-
logical services, but they can benefit from the refuge that the areas
provide to wildlife. The migration of people out of these regions, the
presence of minefields, and continuation of conflict can in some ways
act as a perverse form of conservation by creating involuntary parks.

The Demilitarized Zone between North and South Korea provides
an example produced by conflicts between states. The Korean DMZ,
which is roughly 250 kilometers across and 4 kilometers wide, contains
the largest area of forest in the Korean peninsula and has been only
minimally affected by human activity since the end of the Korean War
in 1954. It contains a variety of species, including white-naped crane
and the red-crowned crane as well as the Asiatic black bear, that are
rare or endangered in the rest of the Korean peninsula (Government
of Korea (website); Kim 1997).

The Chernobyl accident in the 1980s produced a large radioactively
contaminated area in the Ukraine. While the radiation in this area in-
creases mortality of people and wildlife, the absence of people has
resulted in forest growth and a great increase in wildlife population.
The slow decline in radioactivity has led to an increase in disaster
tourism. The soil remains contaminated with radioactive fallout, how-
ever, preventing human use.

These circumstances could arise in all four scenarios, but the likeli-
hood is greater in some than others. Conflicts and industrial disasters
are both more frequent in Order from Strength, and there is less inter-
est in and capacity for restoring such areas. In Global Orchestration
there may be industrial disasters, but there are fewer unresolved con-
flicts, and there is global interest in repairing contaminated areas, lead-
ing to fewer involuntary parks. In TechnoGarden there are more
involuntary parks, since more ecological engineering provides more
potential for disaster, and pursuit of profit rather than equity leads to
less repair of involuntary parks. However, increasing capacities in eco-
logical engineering and potential profits available from repairing such
areas leads to a gradual increase in their repair. Adapting Mosaic re-
sults in fewer large involuntary parks, as local organizations frequently
occupy and attempt to make the best of small contaminated or con-
flicted areas.

more transnational collaborations of engineering, medical,
and legal associations; and increasingly influenced govern-
ment and corporate policies. While these groups encour-
aged the free flow of information within their professional
organizations, they raised barriers to entry into these profes-
sions.

The process of globalization also focused on regulating
many global and regional ecological commons. The success
of a revised Kyoto treaty, and the new commitments taken
up for the post-Kyoto period, combined with the growth
of global institutions, resulted in a number of frameworks
to govern the high seas, the atmosphere, and transboundary
seas, rivers, and wildlife. One high-profile case was the in-
creased regulation of high seas fishing in an attempt to deal
with declines in catch from pelagic fisheries. Tuna, and later
other large fish, were ‘‘ranched’’ using implanted transpon-
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der chips, radiotelemetry, and satellite monitoring. While
these global regulations were often successful, formalized
use tended to displace many local resource users, such as
small-scale fishers.

8.6.2.2 Urban Eco-Development

The rapid urbanization of Asia and Africa during the
twenty-first century resulted in both health disasters and
unexpected successes. Asian cities experienced dynamic pe-
riods of urban reinvention. The regional dialogue between
cities about their approaches to urban reinvention stimu-
lated a new Asian urbanism and an approach to urban living
that was emulated and adapted worldwide through its pro-
motion and implementation by a competitive group of
Asian-based transnational construction and maintenance
corporations.

New-Asian urbanism combined existing technologies in
novel ways and stimulated new ways of thinking about city
planning. People found new uses for composite materials,
and produced flexible, green building materials, which low-
ered building energy and water use while improving
quality.

Asian urban areas, with their new construction, trans-
portation, and manufacturing, produced rapidly increasing
air pollution and carbon emissions. Global mean tempera-
ture had increased by over 1 degree Celsius, leading to fur-
ther restrictions in emission permits. Increasing emission
costs and the demand for healthier, cleaner cities enabled
the rapid growth of innovative Indonesian design and archi-
tecture companies. The successful franchising of bus systems
by Latin American transit corporations in combination with
locally developed ‘‘green’’ housing techniques helped
achieve this goal and produced surprisingly attractive cities
that increasingly became tourist centers.

Unfortunately, much of the innovation of New-Asian
urbanism was driven by the need to help people cope with
environmental problems caused by rapid urbanization.
Many urban ecological engineering efforts were the result
of catastrophic disease outbreaks, with especially severe
problems in rapidly growing tropical cities, such as Dhaka,
Bangkok, and Manila. Poor water quality was a major
chronic cause of disease in many rapidly urbanizing cities.
Poverty and poor sewage spread cholera and typhoid. Irri-
gation projects spread schistosomiasis. Poor drainage in
slums allowed populations of disease-spreading mosquitoes
to thrive.

However, the emergence of several families of new re-
spiratory diseases with high social and economic costs re-
sulted in a global movement to enact health-oriented
reforms that used ecological engineering to improve water
quality in many cities (World Resources Institute 1998). In
many regions, people began to modify and convert existing
irrigation systems, often using multiple-use, managed canals
to better connect cities and countryside. These urban tech-
nologies were quickly transplanted and adapted by the cities
of Asia, especially new cities in China, and then gradually
spread to some parts of Africa and Europe.

In richer countries, there was a different set of urban
issues: cities were aging and shrinking. ‘‘New-Asian’’ ur-
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banism emerged in countries like Japan as a way to make
cities more beautiful, livable, and healthy. The Japanese ap-
proaches sought to combine Asian traditions with large-
scale ecological restoration, which resulted in a substantial
return of species formerly displaced from urban areas. New-
Asian urbanism became a model for revitalizing the stagnat-
ing major cities in all richer countries.

Urban restoration, using techniques from agriculture,
ecological engineering, and simple nano-machines, led to
some enormously beautiful and popular restoration projects
on Japan’s inland sea. But it also produced some of the first
biomechanical disasters, such as vast algal blooms due to
unexpected interactions between water purification nano-
machines and invasive waterborne bacteria. Fortunately,
these blooms were quickly controlled and eliminated, but
not before the catastrophic loss of most large marine life off
the coast of Japan.

8.6.2.3 Green Design and Ecological Agriculture

The gradual removal of subsidies for fossil fuels, nuclear en-
ergy, and large hydro projects was motivated by the combi-
nation of global trade liberalization, local health concerns,

and the rising costs of oil and natu-
ral gas as a result of the develop-
ment of a variety of smaller-scale
energy projects in the developing
world. Large energy companies
funded some projects, but there
were many successful start-up en-

ergy companies founded by Chinese and Indian entrepre-
neurs. These developments were stimulated by the Global
Environmental Facility’s New Energy Fund, which was set
up to mitigate climate change by stimulating the develop-
ment of low-carbon emission energy systems. These efforts
led to substantial decreases in the cost of power produced
by wind, solar, and biofuels, as well as great increases in
effectiveness of fuel cells and low-pollution fossil fuel power
plants.

Following successes in cities and agriculture, people
increasingly began to apply ecological engineering to opti-
mize the supply of desired ecosystem services. Conse-
quently, ecosystems were increasingly shaped to provide
different bundles of ecosystem services. Ecological engi-
neering was done privately at local, small, or regional scales
by a variety of private, public, and community and individ-
ual actors.

Over time, the economic benefits of ecological engi-
neering increased due to advances in technology and the
decreasing costs of engineering techniques. Additionally,
the costs of not engineering skyrocketed due to increasing
local ecological problems that were most easily and quickly
solved through ecological engineering techniques. Ecologi-
cal engineers used advances in computer, communication,
and materials science to build ecological infrastructure that
was increasingly flexible, dynamic, and adaptive. Distrib-
uted monitoring networks operated in conjunction with
advances in precision agriculture, allowing ecological dy-
namics to be cheaply steered. Innovations such as pop-up
infrastructure, which only existed when needed, allowed
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people to intervene in ecological dynamics with far fewer
direct, inadvertent side effects. One persistent issue, how-
ever, was the discovery that desired populations of wildlife
depended on some previously unknown aspect of local eco-
systems that was eliminated once ecological engineering
improved the system.41 It frequently turned out that ecolog-
ical engineering solved the problem it was aimed at, but
created some decline or problem in provision of another
ecosystem service.

Unintended consequences of
the increasing use of genetically
modified crops, including wildlife
die-offs and allergic reactions,
eventually led to strict programs of
testing and certification of geneti-
cally modified organisms. These

regulations stimulated the further development of large-
scale agriculture that used micro-doses of pesticides and in-
troduced insect predators to control insect damage to crops.
The fusion of some of these techniques with contemporary
low-input farming methods produced large-scale ecological
precision agriculture that included mapping, tracking, and
biomonitoring of trace elements and disease.

8.6.3 TechnoGarden 2030–50

8.6.3.1 Technocrats Ascendant

The complex interlocking nature of the global economy
and increased use of technology made it difficult for compa-
nies to adopt anything other than global standards. These
technical standards, which played such a powerful role in
determining policy and action, were set by scientific socie-
ties, professional groups, and their affiliated corporations
and NGOs. The unelected technocrats in these organiza-
tions became increasingly important legislators of the world.
The increased enforcement of global environmental and
civil regulations by technocrats lead to an intense series of
‘‘police and nation building’’ wars in the 2030s as regions
once controlled by militias, guerillas, or local groups were
forcibly incorporated into the global economy. Ecological
restoration projects, backed by military force, were imple-
mented in conjunction with large-scale health and educa-
tion networks.

Continued gradual improvements in energy efficiency,
alternative energy, and biofuels left the Middle East with
much lower than expected oil wealth. Social problems were
further complicated by migrants from degraded dryland
areas in the Sahel and Central Asia. Social tension led a
globally connected diaspora of young people to violently
contest the future of countries within this region until,
aided by their foreign allies, a technocratic civil society of
economists and engineers prevailed over religious leaders
and nationalists and began to open and reform the econ-
omy. Innovative experiments, which adapted and com-
bined technology and institutions from Asia, Africa, North
America, and Europe, allowed the region to develop solar-
driven technology that transformed its coasts and river val-
leys.
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The openness of science and the technocrats’ great faith
in scientific and technological progress to stimulate eco-
nomic and social growth moved intellectual property away
from closed proprietary systems and toward more-open sys-
tems.42 One side effect of this was the general availability
of sophisticated open source educational resources, which
greatly improved the educational opportunities available to
most of the world’s population. While information was
freely available, however, access to professions was strongly
regulated. Universities increasingly served as places for so-
cial networking and were differentiated by the opportuni-
ties for practice, experimentation, and research.

8.6.3.2 Eco-technology

By the 2040s, cheap, reliable eco-technologies were avail-
able worldwide. While a few of these were developed in
richer countries, a major growth of eco-technology oc-
curred across the poorer section of the world. Small compa-
nies and cooperatives developed eco-technologies to
address local needs and local markets. These technologies
gave many local communities the power to improve their
situation by providing valuable ecosystem services, such as
fresh water to nearby cities and exotic organic produce to
the rich world. In the poor nations, these technologies sub-
stantially controlled AIDS, malaria, and many other dis-
eases. The reliable provision of ecosystem services, along
with economic growth, lifted many of the world’s poor
into a global middle class.

The continued development of
new energy technologies resulted
in substantial increases in the cost-
effectiveness of some alternative
energy sources, such as wind and
solar, and great increases in effec-
tiveness of fuel cells and low-pollu-

tion fossil fuel power plants. In many poorer countries, local
companies developed efficient biofuels to replace inefficient
charcoal and wood-burning stoves, providing people with
more time, more forests, and better health. In conjunction
with the decline in coal use, Asian engineers developed
low-pollution methods of using coal to produce natural gas
and hydrogen. Thus conditions for an effective response to
climate change were very good under TechnoGarden. Due
to the combination of greener energy production and
more-efficient energy use, global greenhouse gas emissions
peaked in the 2020s and declined to levels below those of
the start of the twenty-first century well before 2050. How-
ever, because declines in emissions of particulates from fossil
fuel burning temporally offset decreases in carbon emis-
sions, there was still a 1.5-degrees Celsius increase in global
average temperature by 2050.

8.6.3.3 Eco-urbanism

By 2035, most of the world’s large cities had become poly-
glot, cosmopolitan places due to global connections and mi-
gration. Though some aspects of local culture were
eliminated, cheap global communications created a huge
diversity of global subcultures. While many of these subcul-
tures were technical and global, intersecting groups were
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often locally based. Most of the world’s urban population
lived in new cities that were strikingly different from cites
50 years earlier. Ecotechnology and ecological markets al-
lowed cities to vary their zoning, development, and archi-
tecture to local climate and ecology, even as global
technology and culture drove city policies to be more simi-
lar. Unique aspects of locality led to new cultural traditions,
such as the salmon festivals of the American Pacific North-
west and the Gojiro festival that symbolically destroyed
large areas of Tokyo every five years.

Many people owned cars, but
rates of car ownership converged
worldwide such that the countries
that were industrialized at the be-
ginning of the twentieth century
had fewer cars per capita than they
did at the turn of this century, and

many other countries had more. Urbanization and the cre-
ation of diverse, flexible, and adaptive transit systems re-
duced the relative value of car ownership in big cities. Most
city dwellers chose to rent cars when they needed one. As
air pollution and other car-related pollution problems got
worse in high-density cities, consumers demanded cars that
produced less pollution. Chinese and South Asian automo-
bile manufactures led the way in providing affordable, fuel-
efficient, low-pollution vehicles. New urban transportation
systems substantially reduced emissions, increasing urban air
quality and decreasing health costs of transport and green-
house gas emissions.

Ecological restoration adopted and adapted many tech-
nologies from green precision agriculture that allowed a
more fine-tuned approach toward steering an ecosystem
through succession and response to external shocks, such
as flooding and drought. These technologies were used for
ecological restoration, gardening, and occasionally the cre-
ation of entirely novel designer ecosystems. These led to
fierce conflicts between restorationists, who wanted to ‘‘re-
wild’’ landscapes and bring back the Pleistocene era, and
those who wanted to create ecosystems that functioned in
completely novel ways.

8.6.4 The TechnoGarden World in 2050

The world in 2050 is cosmopolitan and wealthy, but un-
equal. Nine billion people occupy the planet, half of whom
live in Asia. Poorer countries have almost the same share of
the world economy as richer ones, but a much lower per
capita income. Migration, urbanization, and global inter-
connectedness have transformed or eliminated a huge num-
ber of local, rural, and indigenous cultures. While the
number of people living in absolute poverty has declined,
huge differences in income exist between richer and poorer
countries as well as within nations. This inequality is blamed
for social tension, crime, and sometimes terrorism.

There has been considerable progress in addressing envi-
ronmental problems related to pollution43 and human
health. Global agreements led to new management ap-
proaches to global and regional commons, such as the at-
mosphere, the oceans, and large rivers. The global energy
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system remains dominated by fossil fuels, but the domi-
nance is gradually declining. Emissions of greenhouse gases
are lower now than they were at the start of the century,
despite a much larger global population and economy. The
establishment of property rights has provided further incen-
tive to the production of clean energy sources, efficient
transit options, multifunctional agriculture, and various
forms of eco-technology.

Societies have engaged in many ecological engineering
activities to provide desired ecological services. Increasing
wealth, expansion of education, and growth of the middle
class led to demand for cleaner cities, less pollution, and a
more beautiful environment. For example, in many rich
countries new housing developments include rain gardens
and wetlands to clarify runoff and provide wildlife habitat.
People engage in different activities depending on the eco-
system services they desire and the difficulty of providing
those services. For instance, planting trees for local climate
moderation is much easier than designing an ecosystem to
sustain a tiger population. These differences in abilities and
potential produce regional differences in types of ecological
modification. In general, richer countries focus on provid-
ing water regulation services, amenity services, and cultural
services while poorer countries focus more on the produc-
tion and regulation of water and the production of ecologi-
cal goods and services. Within the rich and the poor worlds
there are regional differences due to culture and the way
that property rights are organized and the density, wealth,
and activities of people within a region.

Ecosystem services have changed since 2000. In some
areas they have improved beyond what experts expected
at the end of the twentieth century. Despite successes of
ecological restoration, in some cases ecological simplifica-
tion has been irreversible. For example, despite substantial
efforts at restoration, coral reefs have not improved greatly.
In general, provisioning services have increased, but bio-
diversity has declined.

Many regulating ecosystem services have become less
resilient and dependent on continual human management.
Access to basic ecosystem services has improved for most of
the world’s poor, but at the cost of wilderness and the loss
of populations of large mammals.

8.6.5 Challenges for TechnoGarden 2050–2100

Earth’s ecosystems have been transformed by human inter-
vention. While management has often been successful, it
has become increasingly intense. Despite significant ad-
vances in rates of recycling and reuse in all sectors, increases
in the consumption and use of materials and increases in
human population mean that humanity’s impact on global
and local ecologies continues to intensify. Due to ecological
engineering, however, some of these changes produce posi-
tive impacts for nature and humanity.

While the provision of basic ecosystem services has im-
proved the well-being of the world’s poor, the reliability of
the services, especially in urban areas, is increasingly critical.
While management has been able to cope with this com-
plexity in the past, today people question whether depend-
ing on so much management is wise.
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The privatization, professionalization, and ubiquity of
ecosystem management have led to increasing risks of man-
agement failure. Ecosystem management tends to simplify
ecosystems, particularly as the intensity of management in-
creases, because the more obscure, apparently unimportant,
or simply unknown processes are not supported or main-
tained.

The highly engineered ecosystems and ecosystem ser-
vices that are now found in the world make these systems
vulnerable to disruptions. Even subtle, successful ecosystem
management poses a number of risks that arise from the loss
of process diversity, loss of local knowledge, and increasing
reliance on ever-decreasing variance in the supply of eco-
system services.

Increasing social reliance on the reliability of the provi-
sion of ecosystem services has led to a gradual decline in the
maintenance of alternative mechanisms of supplying these
services within regions, leaving the systems and people who
depend on them increasingly vulnerable to fluctuations in
supply. In cases where the increased risk of variability has
led to more interventions and attempts at greater control,
the need for extremely reliable provision of services has cre-
ated a spiral of increasing vulnerability.

Furthermore, ecological engineering tends to focus on
particular processes and services, which leads to problems at
the boundaries between ecosystems and emergent problems
where subtle local effects of engineered ecosystems interact
at large scales to produce surprising fluctuations in the func-
tioning of ecosystems. For example, agricultural areas rely
on the existence of pollinators, which depend for their sur-
vival on surrounding ecosystems. Changes in these sur-
rounding ecosystems that reduce the population of
pollinators can increase the vulnerability of the agricultural
areas. Sometimes these conflicts can be solved with changes
that are mutually beneficial, but in other locations conflict-
ing goals result in ecological instability. Difficulty in manag-
ing the flow of material and species among ecosystems and
difficulties in managing subtle, slow changes have caused
society to overlook a set of emerging cross-scale feedbacks
that threaten to bite back beyond 2050. These problems are
exacerbated by confident application of technological fixes
without understanding various cross-scale system dynamics.

Although there is a belief that nature is important and
should be monitored, increasing confidence in technology
has allowed the monitoring effort to wane somewhat. Fur-
thermore, a disproportionate amount of effort is put into
technology for landscape manipulation rather than moni-
toring technology, with the result that by 2050 there is a
dangerous imbalance between our ability to create unin-
tended ecological feedbacks and our ability to detect them
in time to deal with them and then respond to them effec-
tively.

While the world has grown wealthier overall, persistent
hunger remains in many regions due to poverty and con-
flict. Coping with ecological variation and environmental
surprises are the main challenges facing the world at the start
of the second half of the twenty-first century.
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8.7 Cross-cutting Comparisons
The scenario storylines have not attempted to include dis-
cussion of all ecosystem services. This would have made the
stories too cumbersome. Detailed quantitative consider-
ation of impacts on some ecosystem services across scenarios
is given in Chapter 9.

The reader might be surprised that all scenarios have
both positive and negative aspects with respect to ecosystem
services and human well-being. This was intentional. Some
of the extreme risks in each scenario are explored in Boxes
in each section.

The scenarios were developed around a set of logics (as-
sumptions), and we tried to keep those assumptions con-
stant throughout the stories. This enabled us to explore the
implications of those assumptions. As our storylines devel-
oped we realized that no world based on fixed assumptions
can hope to achieve sustainability of ecosystem services and
human well-being.

This might seem self-evident, but commentators often
give ‘‘recipes’’ for the perfect world that are essentially lists
of fixed strategies assumptions. One of the strongest lessons
for us from this project has been that success in achieving a
sustainable world will require the strategic application of the
full range of approaches to social, economic, and environ-
mental management—including at times, perhaps, strategies
that tend toward compartmentalization (for example, poli-
cies aimed at limiting the spread of invasive species). Our
intent in developing four extreme stories was to draw out
the situations in which any of the strategies could have un-
intended negative impacts.

Later chapters will draw out comparisons across scenar-
ios in more detail. This section draws comparisons across
scenarios with respect to issues of importance to:
• the major Conventions supporting the Millennium Eco-

system Assessment (Convention on Biological Diversity,
U.N. Convention on Combating Desertification, the
Convention on Wetlands, and the Convention on Mi-
gratory Species);

• a set of five key issues of concern identified by the MA
(emerging diseases, decline of fisheries, climate change,
eutrophication, and desertification); and

• a few other issues that have arisen as important in the
development of the storylines (including invasive spe-
cies, urbanization, and an example of how a present-
day ecological challenge in the United States might be
addressed in the future under the four scenarios).

8.7.1 Biodiversity, Wetlands, and Drylands

Figure 8.5 depicts a scorecard for the four scenarios with
respect to biodiversity, wetlands, and drylands—indicators
important to the conventions on biological diversity, wet-
lands, and desertification. For each variable, the two arrows
indicate how we expect the indicator to develop within this
scenario over the next 50 years. The full lines indicate the
‘‘best’’ possible case, whereas the dashed lines show the
‘‘worst’’ case. Note that these results have been derived by
combining quantitative results from modeling (see Chapter
9) with qualitative considerations based on the individual
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storylines. In order to depict differences between scenarios
more clearly, we have included statements on the major
drivers of changes in the respective indicator.

8.7.1.1 Biodiversity

In Chapter 10 the outlook for biodiversity in the four sce-
narios is considered with respect to published trends and
predictions from quantitative models. Here we explore eco-
logical feedbacks that cannot presently be included in mod-
els, due to insufficient data, so the curves described are
sometimes more complex than those in Chapter 10.

Chapter 10 argues that over the near future, Techno-
Garden and Adapting Mosaic are likely to see a decrease in
the rate of biodiversity loss. In TechnoGarden, this is due
to a significant reduction in land use change. In Adapting
Mosaic, it is due to a reduction in invasions of non-native
species. Movements of invasive species between countries
also are reduced in Order from Strength, but the number of
outbreaks within poorer countries is higher and the overall
chance of invasives reaching richer countries is still high.
Also, land use changes, particularly in poorer countries, put
high pressure on habitats. Land conversion pressures are
much more significant for Global Orchestration due to the
scale of conversion.

In the longer term, two different types of risk might
counteract the positive developments within Techno-
Garden and Adapting Mosaic. TechnoGarden bears the risk
of significant, major technological failures that can lead, for
example, to outbreaks of new pests and diseases threatening
biodiversity. Thus, the worst-case curve for biodiversity in
Figure 8.5 shows a rather abrupt increase in biodiversity
loss midway through the period, which flattens out after
appropriate countermeasures are developed. Toward the
end of the scenario period, the rate of loss starts to decline
as new knowledge is developed and brought to bear.

In Adapting Mosaic, failed experiments and climate
change might also increase the rate of biodiversity loss in
the longer term, but this is not seen as happening as abruptly
as for TechnoGarden. The other two scenarios see some
chances for reducing the rate of loss on longer terms,
though this is more pronounced in Global Orchestration
than in Order from Strength (and mainly in richer coun-
tries, where economic prosperity is higher). Within Global
Orchestration, a decrease in the rate of biodiversity loss
would occur if increased economic prosperity brings re-
duced pressure on the environment (a central assumption of
this scenario). However, climate change might counteract
the optimistic outlook for both Order from Strength and
Global Orchestration.

8.7.1.2 Wetlands

Although population pressures assumed in the quantitative
modeling are high for both Order from Strength and
Adapting Mosaic, we could see a relatively slow loss of wet-
lands in the short term in these two scenarios, for different
reasons. The ‘‘disconnected’’ character of these scenarios
and the reduction in international trade and direct invest-
ments, particularly in poorer countries, could curtail the
construction of new large-scale water schemes within the
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Figure 8.5. The Convention Scorecard. Arrows indicate the development over time of the issues named in the left-most column, which are
important to the Convention on Biological Diversity, the Convention on Combating Desertification, and the Wetlands Convention. Solid lines
indicate the best case, dashed lines indicate the worst case envisioned for each scenario. The row below the arrows for each issue contains
a qualitative indication of changes in the relevant drivers.

a These two categories are merged into a single one, though one might observe rather different trends in the future. General trends throughout
all scenarios suggest a reduction of sulfur emissions over the next 10–20 years more or less equally across all four scenarios, maybe to a
lesser extent in Order from Strength. (See also Chapter 9) In contrast, emissions of NOx will differ across scenarios according to technological
progress which is most pronounced in TechnoGarden (See, for example, Box 8.23 on new transportation systems). Technological innovations
do not play an important role in Order from Strength and Adapting Mosaic.
b Here, climate change is not restricted to particular regions or ecosystems. (See Chapter 9 for an extensive discussion)
c See Section 8.7.7
d See Chapter 9
e See Section 8.7.2 and Chapter 10
f See Table 14.7 this volume and its discussion
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very near future. Within Adapting Mosaic, small-scale and
integrated water management projects are developed. This
releases some pressure on wetlands, which is not the case in
Global Orchestration and is true only to a much lesser ex-
tent in TechnoGarden. In the latter scenario we can expect
some improvements by technical solutions, although some
wetlands are allowed to decline as their ecosystem services
are provided elsewhere by technological alternatives.

In the most optimistic version of Order from Strength
and Adapting Mosaic, there would be relatively low risks of
invasive species due to the low levels of global trade and
movements of people. In the worst-case versions of these
scenarios (the dotted lines in Figure 8.5), population and
invasive species have larger impacts. In addition, Order
from Strength bears the risk that conversion of wetlands to
other uses, particularly for inefficient production of food
and to fuel economic growth, counteracts the positive ef-
fects mentioned and further exacerbates loss and degrada-
tion of inland wetlands.44 A more detailed consideration of
implications for coastal wetlands is given in Appendix 8.1.

On longer time scales, however, two other major drivers
lead to further bifurcations in the trends of wetland loss. In
both Order from Strength and Global Orchestration, there
is a long-term increase of conversion to agricultural land
use. For TechnoGarden and Adapting Mosaic, however, the
technologies or skills for ecosystem management in place
for the second half of the period until 2050 can even induce
a restoration of wetlands, in the optimistic case. In addition,
climate change, which only becomes significant in the sec-
ond half of the period, might put further pressure on wet-
lands. Though various scenarios of climate change,
including those presented in Chapter 9, do not show a sig-
nificant change in effective precipitation (the difference be-
tween precipitation and evapotranspiration), we expect that
sea level rise leads to loss of coastal wetlands like estuaries
or tidal flats and deltas. This effect is most pronounced in
Global Orchestration, Order from Strength, and Adapting
Mosaic, where it might even overcompensate for the effects
of learning. The effect is not so strong in TechnoGarden,
thus further allowing for the leveling or turnaround of the
trends of loss of the first 20 years of the century.

8.7.1.3 Drylands

Drivers for dryland degradation can be considered in two
groups: the ‘‘disposition’’ of a region—that is, its climate
and water availability—and the pressure that is put on the
environment by land managers. Chapter 14 indicates that,
globally, changes in arid areas as a result of climate change
are relatively small up to 2020. Thus, in the short term it is
the pressures of land management that play a more signifi-
cant role. This leads to different risks within the four sce-
narios.

If the assumptions of Global Orchestration are borne
out, the scenario sees a significant decrease in material pov-
erty, which could induce a decrease in dryland degradation.
If the poverty reduction is not sufficient enough, however,
degradation can be expected to occur at a similar pace to
today. In the short term, the other three scenarios do not
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see this kind of relieved pressure, and degradation can be
expected to carry on.

In the longer term, the chances for reduced degradation
appear in TechnoGarden and Adapting Mosaic. The reduc-
tion in TechnoGarden comes from technological progress
bringing about new methods for production in dryland
areas. It is not certain, however, that these methods will be
available for the marginalized people who actually need
them. Boundaries for technological diffusion will still exist,
and if these persist no positive effect on drylands in margin-
alized regions may be possible. Adapting Mosaic sees im-
provement of local knowledge and property rights for
better managing agriculture and ecosystem services. Yet
some risk exists, either due to failed experiments or to
major changes in climate, which makes the present skills
inappropriate.

Global Orchestration might at the end of the scenario
period see a halt of degradation due to the further reduction
of poverty. Yet the risk remains that this reduction is not
significant enough. Order from Strength sees the strongest
degradation throughout the whole period, and the present
trends might even increase due to climate change and fur-
ther institutional failures.

8.7.2 Human Well-being

Human well-being is considered to have five main compo-
nents: the basic materials needed for a good life, health,
good social relations, security, and freedom and choice. (See
Chapter 11.) As such, well-being differs across the scenar-
ios, not only in its overall level but also in its composition.
Furthermore, the scenarios differ with respect to the under-
lying direct causes of changes in human well-being—for
example, different trends in development of human, social,
manufactured, or natural capital. Figure 8.6 depicts the
scorecards of the different scenarios for all five dimensions
of human well-being.

8.7.2.1 Basic Material Needs

The four scenarios differ with respect to the form of capital
that is the focus of development. Global Orchestration has
a strong emphasis on manufactured capital (technological
innovation for production and for ecosystem repair) on a
global scale and a weaker focus on human capital (education
about most things is a high priority, but learning about the
environment is not) and natural capital (it is assumed that
the environment will take care of itself if human capital is
high). In contrast, Order from Strength focuses almost en-
tirely on manufactured capital (industry) on a local to re-
gional scale. TechnoGarden concentrates on manufactured
capital in a way that is built on accumulated human capital
(learning, tightly targeted as ecosystem management) and
on building natural capital to provide financial and other
benefits to humans. Finally, Adapting Mosaic puts major
emphasis on the development of social and human capital
through learning and development of cooperative net-
works.

Due to these considerations, the scenarios differ in terms
of the dynamics of material income and its composition.
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Figure 8.6. Human Well-being Scorecard. Arrows indicate the development over time of the component of human well-being named in the
left-most column. Solid lines indicate the best case, dashed lines indicate the worst case envisioned for each scenario. The row below the
arrows for each issue contains a qualitative indication of changes in the relevant drivers.
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Assessing the overall tendencies of material income for the
different scenarios is complicated by uncertainty about if
and how substitution among the different forms of capital
will happen. It appears, however, that Global Orchestration
and TechnoGarden offer the best opportunities for ensuring
basic material needs. Nevertheless, the success of the devel-
opment paradigms behind the policy reform scenarios in
Global Orchestration is still debatable. On the other hand,
TechnoGarden bears major risks of technological failures
and ecological feedbacks, which would directly bring about
major disruptions for material income. Order from Strength
can be expected to show the weakest income growth,
though some leeway does exist depending on the resilience
of ecosystems. Finally, Adapting Mosaic offers opportunity
for growth later in the century, depending on the degree of
learning and success.

8.7.2.2 Health

The scenarios differ with respect to the general develop-
ment of human health due to income change, changes in
food consumption, or changes in the health system, and also
with regard to the risk of new diseases. Emergence of new
diseases is a direct outcome of ecological changes, whereas
the other factors are only indirectly affected. Due to high
income growth and increased equity in Global Orchestra-
tion and TechnoGarden, we expect improvements in
human health globally. The introduction of new biotech-
nologies in TechnoGarden, however, introduces a high risk
for new diseases. The high degree of global interconnected-
ness in both of these scenarios creates increased chances for
the spread of diseases, but also the opportunity for global
cooperation in fighting them.

The introduction of new diseases also constitutes a major
risk within Order from Strength. The impact, however, is
restricted to the poor regions of the world. In these regions,
this risk comes from a general decline in human health due
to low overall socioeconomic development, which also
prevents effective measures to counteract diseases like ma-
laria or AIDS. In Adapting Mosaic, we can expect an initial
decline in health due to the limited growth and interna-
tional cooperation. In the course of time, as new networks
and skills develop, we expect improved health.

8.7.2.3 Social Relations and Security

Investment in social capital and the strengthening of civil
societies constitute the core of Adapting Mosaic, thus the
scenario sees the strongest improvement of social relations.
Some risk exists if the conflicts that accompany the redistri-
bution of political power persist over time and hinder the
development of social networks. In Global Orchestration,
economic equity improves over the short term, which
makes the world a safer place. This also contributes to im-
proved social relations in poorer countries, though eco-
nomic competition might intensify over time and might
even counteract the benefits of improved equity. Also, eco-
logical feedbacks can introduce new sources of inequality.

TechnoGarden sees a world in which the new means
and methods for managing ecosystems and ecosystem ser-
vices are owned by an elite group of scientists, engineers,
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and business people. This leads to an increase in inequality
and a general decline of social relations. If, however, the
options for open-source ownership start to play a stronger
role, relations might improve again, also within the emerg-
ing groups of professionals. The scenario also bears the dan-
ger of developing new biological weapons, which can make
use of the technological skills and knowledge gained. Fi-
nally, Order from Strength sees a decline in both social rela-
tions and (ironically) security, especially in the poorer
countries. Although the scenario is about nations protecting
their own interests, leading, especially in richer countries,
to stronger physical, economic, and political barriers at bor-
ders, this is likely to cause people to feel less secure person-
ally. It might also induce some internal conflicts that further
reduce people’s feelings of security.

8.7.2.4 Freedom and Choice

The development of freedom and choice within the scenar-
ios strongly depends on the regions. As we expect that the
policy reforms in Global Orchestration come with an in-
crease in strong and stable governance in many poorer
countries, this scenario sees an increase in freedom and
choice in the developing world. This outcome is also ex-
pected for Adapting Mosaic but for other reasons—the
growth of the civil society and the devolution of power to
lower scales also increases freedom and choice in poorer
countries but might also change the character of participa-
tory forms of governance in richer nations. In contrast,
Order from Strength by its very character restricts the rights
of people to choose and move and thus sees a strong de-
crease of freedom and choice in all parts of the world. Fi-
nally, technological development in TechnoGarden is
connected with new forms of property rights and new ways
to enter careers that increase freedom and choice in all re-
gions.

8.7.3 Emerging Diseases

The complex issues surrounding emerging diseases are dis-
cussed in more detail in Chapter 11.

8.7.3.1 Global Orchestration

In Global Orchestration, the lowest population growth of
the four scenarios is itself likely to minimize the outbreak
and spread of infectious diseases. (See Table 8.2.) For exam-
ple, diseases such as SARS and new forms of influenza aris-
ing from cohabitation of humans and domestic animals
might be expected to be less likely with lower population
growth. On the other hand, current population densities
are sufficient for these diseases to arise, so the risk may re-
main high. Similarly, increasing wealth in developing na-
tions and international cooperation to address global health
threats should allow more effective control of disease out-
breaks both locally and globally.

While the chance of new chronic diseases crossing from
a nondomesticated animal species into humans, as HIV is
thought to have done, is small, the environmental stresses
encouraging such an occurrence may not be detected early
in a Global Orchestration scenario. Furthermore, if the flow
of wealth to poorer countries is slower than contemplated
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Table 8.2. Emerging Diseases across the Scenarios

Factors Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Population growth low high moderate low

Nutrition good low in poorer countries moderate good

Sanitation good low in poorer countries moderate good

Exposure to non- low high moderate (but with strong low (but new ecosystems
developed ecosystems learning) are created)

Management of known high high in richer countries; high high
environmental risks low in poorer countries

Monitoring for unexpected low low high high
environmental risks

Ability to detect and high for expected low high high
control outbreaks locally outbreaks; low for

unexpected

Global cooperation to high very low low high
control outbreaks

Overall assessment good outlook if optimistic poor outlook for poor good outlook for dealing good outlook if technology
assumptions are countries; substantial risks with local problems; is successful; low risks of
met—high risks if to wealthy countries if substantial risks from manufactured diseases
assumptions not met inequalities are not kept broad-scale outbreaks but the consequences

within manageable bounds until cooperation among could be devastating
local entities is established

in the scenario, if states fail through escalating corruption, if
the expected decrease in pressure on the environment does
not occur, or if other assumptions of the currently optimis-
tic scenario fail, then diseases associated with poor sanitation
or the emergence and spread of infectious diseases could
become a major concern.

Even in the optimistic version of Global Orchestration,
diseases of affluence (such as diabetes and kidney and heart
diseases) and environmental contamination with heavy
metals and other persistent pollutants (such as intellectual
impairment and cancers) will be significant risks that could
become a more expensive burden on health services than
predicted.

8.7.3.2 Order from Strength

The hope for Order from Strength is that one or a few
powerful nations can act in the interests of all nations to
maintain global peace and economic stability. Even the
most optimistic expectations, however, would see technol-
ogy, knowledge, and wealth gaps among countries either
maintained or worsening, due to the strong focus on na-
tional economic, social, and physical security. We expect to
see high population growth in the less wealthy countries;
low investment in human capital, including basic literacy
and numeracy; increasing degradation of ecosystems; poor
governance; and high corruption brought on by adversity.
People in poorer countries will be driven to greater exploi-
tation of undeveloped ecosystems, thus increasing exposure
to known and unknown diseases (current examples include
hemorrhagic fever and sleeping sickness).

Whereas health probably would increase in richer coun-
tries, due to their wealth and strong protection of borders,
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epidemic diseases are likely to be encouraged in poorer
countries by these conditions. Known diseases like AIDS
and TB would be hard to control, and those affected would
include many knowledge-rich young and middle-aged
adults. Declining nutrition would likely exacerbate poor
health, fueling additional epidemics. The global impact of
emerging disease would depend on how effectively wealthy
countries could control emerging diseases that threaten
their people. With poor international cooperation, this is
likely to be a major challenge that from time to time will
be impossible to meet, resulting in diseases affecting wealthy
populations. What seems inevitable, however, is that local
disease outbreaks in poorer countries would be frequent
and would kill many people.

Although there is only a low probability of emergence
of totally new, chronic diseases that cross from a non-
domesticated animal species into humans, as HIV is thought
to have done , this scenario provides the highest likelihood
of such an event.

8.7.3.3 Adapting Mosaic

Adapting Mosaic brings the hope of better functioning so-
cial institutions leading to improved mental health and low-
ered incidences of alcoholism, domestic violence, diabetes,
and depression in all cultures. There might be greater reli-
ance on traditional health systems, and closer attention to
managing environmental factors that could encourage the
emergence and spread of human, animal, and plant diseases.

The risks in this scenario relate to how well ideas, tech-
nology, and capital circulate internationally. This could be a
problem for development and distribution of vaccines, for
example. The local focus of environmental management
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could improve detection of outbreaks, but coordinated
management across regions and nationally could be a chal-
lenge at times. It is unclear how disease outbreaks like
SARS or the periodic epidemics of meningitis that sweep
the Sahel would be managed—probably poorly in the early
stages of the scenario.

There are major ironies in this scenario with respect to
health and emergent diseases. The strong focus on the envi-
ronment and local learning come about because national
and global governance structures have become ineffective
and have lost credibility. So we see the second highest pop-
ulation growth among the scenarios, slower rates of techno-
logical and agricultural breakthroughs, and probably high
impacts of climate change. This could put strains on ecosys-
tems services, sanitation, and food supplies, producing the
ingredients for outbreaks of old diseases and emergence of
new ones in some places. Capacity to deal with broad-scale
outbreaks would be relatively low.

In summary, this scenario brings both hope of effective
control of disease emergence locally, but fears that manage-
ment of outbreaks across broad scales will be hard to deal
with effectively.

8.7.3.4 TechnoGarden

The focus on environmental and other technologies in
TechnoGarden could see improved human, animal, and
plant health through greater disease resistance in crops, im-
provements in human nutrition, extended life, reduced
need for surgery, cheaper and more effective vaccines that
confer lifetime immunity to multiple diseases, and reduced
pollution of water and air. These factors, together with the
second-lowest population increase among the four scenar-
ios and a proactive approach to environmental monitoring
and management, could cause this scenario to see low levels
of heart and kidney disease, cancers, and mental impairment
from heavy metal pollution. The conditions for emergence
and spread of new diseases should be minimized, and global
action to deal with emergence should be coordinated and
effective.

Health issues relating to new pressures on a highly tech-
nological society are potential problems, and the easy and
increased availability of calorie-dense food could exacerbate
the nascent global epidemic of obesity and diabetes.

With respect to emerging diseases, there is also the
(small) risk of the escape or deliberate release of devastating
diseases engineered in environmental, health, or military
laboratories. The genetic homogenization of food and other
crops, for example by genetic engineering, also creates vul-
nerability to new agricultural diseases, which could have
flow-on effects to human health.

8.7.4 Fisheries

The consequences of all four scenarios for fisheries are quite
different in richer and poorer countries. (See Table 8.3.)

8.7.4.1 Global Orchestration

Although Global Orchestration is about cooperation among
nations, we expect to see this cooperation emerge more
slowly for marine resources than for other aspects of global
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governance. This is because of the already established
power imbalances and the promise of rapid economic re-
turns from exploiting these resources.

In some areas of richer countries, sustained catches are
achieved (especially for high-value fisheries like tuna)
through economic incentives, regulation, and creation of
marine protected areas to eliminate destructive fishing prac-
tices. The need to deal with global climate change is a
driver, as is economic gain from biodiversity and tourism.
In other areas it is too late. Fisheries are abandoned, result-
ing in localized social impacts. The richer countries that
continue to focus on optimizing profits from fishing con-
tinue to experience ecosystem degradation and eventual re-
duction in fisheries and, ultimately, jobs and other social
conditions.

In poorer countries with stable governance, removal of
trade barriers and support for institutional reform allows
economic benefits to be gained from fisheries while ecosys-
tem management is reformed, based on lessons and experi-
ence passed on by other countries. There is a race against
climate change, as coral reefs are lost, coastlines are de-
graded, and river flows change in the tropics.

Poorer countries with poor governance experience
short-term economic returns but see overexploitation of
marine ecosystems through illegal activities, corruption, and
lack of enforcement. Those with cheaper labor become
fish-processing centers. Countries with few environmental
controls have a significantly higher concentration of facili-
ties but they also have to deal with degraded coastal waters.

Coastal aquaculture continues to expand in wealthy
countries, although limited by the rate of development of
technologies for feeding the fish. Often, economically de-
pressed coastal communities are targeted. Conflict between
the industry and conservation advocates continues, as bio-
diversity decline is noted in some areas and as social impacts
become apparent. Offshore aquaculture expansion is slow
at first but accelerates, especially for high-value species like
tuna, once technology is developed to reduce the costs of
operating far from land in heavy seas.

Coastal aquaculture (land- and water-based) expands
even more rapidly in poorer countries, especially where en-
vironmental controls are minimal, as richer countries begin
to be constrained by environmental and social policies as
well as by rising labor costs. Coastal environments are se-
verely affected, coastal fisheries degrade, small-scale fishers
are displaced, and food security becomes an issue for many
areas. Poorer countries with good governance and appro-
priate environmental controls use some of the economic
benefits gained from improved fisheries management to de-
velop appropriate aquaculture programs that provide cheap
sources of protein for the domestic market with minimal
environmental impacts but with significant social and eco-
nomic benefits.

Wealthy countries continue to expand fisheries into the
high seas. There is increasing exploitation of pelagic re-
sources, but deep-sea fisheries such as those on seamounts
and deep-sea corals cease. A system of high-seas marine
protected areas is initiated after much negotiation between
fishing nations. Some stocks become threatened but are re-
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Table 8.3. Fisheries across the Scenarios. The final row indicates relative impacts on ecosystems and ecosystem services, from 4 being
best and 1 being worst.

Factors Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Fishing practices Decline in fisheries and eco- Decline in fisheries and eco- Fisheries policy focuses on Decline in fisheries and eco-
systems addressed once systems addressed by rich maintaining and repairing systems addressed through
their economic importance nations expelling foreign marine ecosystems. repair using environmental
becomes apparent. fleets from exclusive eco- technologies.

nomic zones, expanding
EEZs, and pressuring poorer
countries for access to addi-
tional fish resources.

In rich countries: In rich countries: In rich countries: In rich countries:
• Ongoing ecosystem de- • Policies focus on maintain- • Various interventions tried, • Engineering and simplifi-

cline in many places due ing production. with considerable regional cation of many fisheries
to optimization of fisheries • Protected areas supported variation in success and for economic return.
for economic return. only where not in conflict learning. • Attention to a broader

• Protection for valued spe- with fisheries or where • Protection and adaptive range of ecosystem ser-
cies. there is tourism potential. management given high vices in some systems.

priority.

In poorer countries: In poorer countries: In poorer countries: In poorer countries:
• Fisheries in tropical coun- • Already exploited systems • Over time, lessons are • Technologies made avail-

tries at risk from climate bear many of the impacts shared and many ecosys- able by investment from
change as coral reefs are of climate change. tems are stabilized (tem- big corporations based in
lost, coast lines are de- • Some countries exploit perate areas taking longer industrial countries.
graded, and river flows high-value fisheries and than tropical). • Free trade improves eco-
change. minimize ecosystem im- • Developing nations strug- nomic returns from fish-

• Free trade improves eco- pacts, while others maxi- gle to find the right bal- eries.
nomic returns from fish- mize biomass through ance between maintaining • Benefits from recreational
eries. short-lived species and ecosystems and economic values of technologically

• Benefits from access fees have high ecosystem im- development. enhanced coastal ecosys-
and processing industries pacts. tems, but danger that the
that are established, but • Rebuilding stocks de- value will flow out of the
coastal environments are pends on investment from country.
severely affected. richer countries wanting to

further secure food sup-
plies.

Technology Technology is developed to Technology is slow to de- Low investment and uncoor- Rapid development of artifi-
replace wild-caught fish meal velop in rich countries be- dinated effort in technology cial food to replace wild-
for aquaculture. cause they are able to to replace fish meal slows caught fish meal for aquacul-

appropriate additional re- the expansion of aquacul- ture.
sources and in poor coun- ture, especially in poorer New, simplified ecosystems
tries as they cannot afford it. countries, where the high engineered for one or a few

cost of environmentally ap- valuable species.
propriate technologies is an-
other issue.

Institutions Effective development of, International conventions ig- As inshore coastal areas and Global institutions strong—
and compliance with, interna- nored and power used to ap- stocks are stabilized, fishers allows development and en-
tional conventions and trea- propriate marine resources. look outward to larger areas forcement of international
ties to reduce and ultimately and regional fishing bodies conventions.Developing countries with
eliminate illegal fishing. become more relevant.sufficient marine resources
Developing countries with to host distant water fleets Developing countries with
stable governance achieve negotiate as a regional block strong governance attract fi-
economic returns and more so that financial returns im- nancial aid to implement in-
sustainable fisheries, while prove, and enforcement and terventions, but those with
those with weak governance management are more effec- weak governance and cor-
get short-term economic gain tive and efficient. ruption struggle to implement
but eventual collapse of appropriate interventions.
fisheries.
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High seas Elimination of deep-sea Distant water fleets expand, Initially, distant water fleets Technology supports high-
fisheries for environmental international agreements are continue to expand into the seas aquaculture and a grab
reasons but increased pres- ignored, and a ‘‘slash and high seas with few restric- for ocean estates in which
sure on pelagic resources on burn’’ attitude prevails with tions, and illegal, unregu- poorer countries are left out.
the high seas. high seas resources. lated, and unreported fishing

in these areas is ignored asThe developing world bene- Countries with significant
countries struggle to find thefits less than rich nations aquaculture industries heav-
right management interven-from the high seas. Benefits ily exploit small pelagic fish-
tion and as regional fish bod-that do accrue are from proc- eries. Many long-lived
ies are ignored.essing facilities that are es- species collapse.

tablished by big corporations Some countries defend their
based in industrial countries. high-seas aquaculture sites

with force.

Aquaculture Coastal aquaculture ex- Inshore aquaculture expands In wealthy countries, the Technology-driven rapid in-
pands, especially in econom- rapidly for food security in expansion of aquaculture is crease in aquaculture in rich
ically depressed coastal poorer countries. Significant based on current technolo- countries. Slower growth in
communities. areas are converted, losing a gies, which have widespread poorer countries until tech-

number of ecosystem ser- and expensive impacts on nology is made availableHigh-seas aquaculture devel-
vices. Pelagic stocks are ov- coastal ecosystems. Aqua- through investment by largeops slowly due to the eco-
erexploited to supply fish- culture practices are reexam- corporations.nomics of the technology and
meal. Climate change wors- ined and new practices arethe cost of operation in the Poorer countries focus on
ens the problem. tested.high seas. high-turnover, herbivorous
Offshore aquaculture ex- Further offshore, aquaculture species to meet food de-Richer countries try to se-
pands slowly as the technol- is only experimental due to mands, but this has high en-cure disproportionate access
ogy is slow to develop and the limited understanding of vironmental impact.rights to the high seas for
the costs of protection are its impacts.aquaculture, bioprospecting,
high.and carbon sequestration— Water-based coastal aqua-

open international dialogue culture is limited in poorer
required to ensure equity. countries due to the cost of

using environmentally appro-
priate technologies as well
as the high price of fish food.

Overall outcome Balance between uninten- Risks of fisheries collapse Increasingly informed local High economic and social re-
tional overexploitation, due to are high worldwide due to management achieves alot, turns due to investment in
a primary focus on food and unchecked exploitation at all but global processes are not technologies for environmen-
dollars, and reinvestment of scales and lack of interna- dealt with well until late in the tal repair and enhancement.
some profits in ecosystem tional cooperation to address scenario. This is the classic But technologies are initially
repair. Both risks of ecosys- global processes. (1) problem of institutional re- expensive and some engi-
tem collapse and the costs of sponses being at the wrong neered ecosystems are vul-
preventing it increase due to scale for many of the ecologi- nerable to unexpected
lack of a proactive approach. cal processes. (2) perturbations. (4)
Strength is high degree of in-
ternational cooperation. (3)

built through various economic instruments and trade ne-
gotiations.

Poorer countries do not benefit as much from the high
seas as richer nations; benefits that do accrue are from proc-
essing facilities that are established in poor countries.

High-seas aquaculture is at first limited by excessive op-
erating and technology costs and risks. It takes three to four
decades to overcome these problems. Richer countries try
to secure access rights to the high seas for aquaculture, bio-
prospecting, and carbon sequestration, but poorer countries
are reluctant to agree. Ultimately, a global oceans commis-
sion is formed to manage the use of the oceans.

8.7.4.2 Order from Strength

Rich nations expel foreign fleets to ensure their food and eco-
nomic security. They also try to extend their exclusion zones
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and to pressure poorer countries for access to fish resources.
Fisheries policies of wealthy countries are focused on produc-
tion and not necessarily ecosystem maintenance. In some eco-
systems, fish or landing biomass is maintained or enhanced,
but biodiversity or ecosystem services are not necessarily.
These systems are vulnerable to disturbances such as disease
and climate change. In countries where there is a significant
aquaculture sector, small pelagic stocks are heavily exploited
for fish feed. The highly variable nature of these stocks makes
them difficult to manage, and some stocks that are affected
by climate change collapse while others are sustained. Marine
protected areas are supported only in areas not in conflict with
fisheries or where there is considerable tourism potential. Pro-
tected areas, along with trade restrictions and habitat restora-
tion, are used also to sustain stocks or protect economically
important fauna such as whales and dolphins.
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This scenario has the most significant negative impact
on poorer countries since they bear many of the impacts
of climate change—El Niño, storm events, flooding, and
erosion. For many, the marine ecosystems are heavily ex-
ploited, and as the scenario progresses, exploitation in-
creases further as wealthy nations try to secure food
supplies. Some countries maximize high-value fisheries and
thus are able to minimize ecosystem impacts. Others are
forced to maximize biomass through short-lived low-trophic
species so that food security improves but ecosystem im-
pacts are major. Countries with effective enforcement
eventually bring fisheries management under control and
some stocks are sustained; however, some stocks collapse
because intervention is too late. Efforts to rebuild stocks
depend on financial and technical assistance from richer
countries wanting to secure more food supplies. Countries
with poor enforcement continue to have their stocks heav-
ily exploited except where richer countries see this lack of
management as a threat to their food security. Eventually,
enforcement improves and the remaining stocks are sus-
tained. Poorer countries with sufficient marine resources to
host distant water fleets also begin to negotiate as a regional
block so that financial returns improve, and enforcement
and management is more effective and efficient.

Aquaculture expands rapidly inshore and offshore in
richer countries for food security reasons—but at a high
cost to the environment. Significant areas are converted,
losing a number of ecosystem services. Primarily low-value,
short-lived species are farmed, since they are economically
efficient at producing protein, although some high-valued
species are also farmed. Offshore aquaculture expands
slowly as the technology is slow to develop and most fish-
meal is used for either the aquaculture sector or the live-
stock sector. Also, the cost to protect offshore farms is
expensive compared with inshore systems.

Poorer countries develop water- and land-based aqua-
culture to provide food security and to generate foreign ex-
change. Consequently there is a mix of high-value and low-
value species farmed. The expansion of aquaculture is based
on current technologies, which result in widespread impacts
on coastal ecosystems. Some of these impacts are long-term,
and rehabilitation is prohibitively expensive.

On the high seas, distant water fleets from wealthy na-
tions continue to expand. International agreements are ig-
nored and a ‘‘slash-and-burn’’ attitude prevails with high
seas resources. Countries with significant aquaculture in-
dustries heavily exploit small pelagic fisheries. Many of the
long-lived species in pelagic as well as in the deep-sea sys-
tems collapse, and soon the system is fished down to the
point where small invertebrates dominate the landings. Ini-
tially, high-seas aquaculture develops slowly due to the high
costs of technology and of operating in the high seas.

Some poorer countries attempt to address food security
by securing sites for aquaculture through extending their
exclusive economic zones. This creates significant problems
between countries that have distant water fleets and those
that do not. The latter countries see expansion of exclusive
economic zones as a ‘‘sea grab.’’ They are also concerned
about the potential impacts from high-seas aquaculture
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(such as disease and genetic dilution). Conflicts arise, with
some countries defending their high-seas aquaculture sites
with force. There are also localized problems as disease and
genetic dilution arise in countries that ignore international
standards (such as the FAO Code of Conduct).

8.7.4.3 Adapting Mosaic

Fisheries policy in many richer countries focuses on main-
taining marine ecosystems and, where it is economically
feasible, rebuilding them as adaptive experiments. Destructive
fishing practices are phased out. Initially, various interven-
tions are tried, including modified individual transferable
quotas, community quotas, marine protected areas, and
construction of artificial reefs. There is considerable re-
gional variation in the measures that are tested. Most inter-
national and regional fishing agreements are ignored,
however, as are regional fishing bodies. Over time, as les-
sons are learned and shared, many ecosystems are stabilized,
enabling them to buffer extreme events and climate change.
Temperate areas take considerable time, compared with
sub-tropical and tropical zones, to show the benefits of the
interventions. Consequently there is considerable variation
in areas and fisheries that recover or stabilize. As inshore
coastal areas and stocks are stabilized, fishers look outward
to larger areas, and regional fish bodies become more rele-
vant. The interventions that succeeded previously are re-
examined and modified for larger-scale management.

Poorer nations struggle to find the right balance be-
tween rebuilding ecosystems and economic development,
since they lack the technical expertise and financial re-
sources to reduce domestic and foreign fishing effort. Re-
gional fishing bodies are important sources of technical
assistance. Countries with strong and stable governance at-
tract financial aid to implement interventions, especially
once the lessons learned in richer countries are evaluated.
Some ecosystems, especially in the tropics, respond quickly
to reduced effort and the elimination of destructive fishing
practices. Countries where governance is weak or corrup-
tion prevalent continue to struggle to implement appro-
priate interventions and stocks collapse.

In richer countries, aquaculture practices are re-examined
and new practices are tested. Expansion of aquaculture is
slowed due to reliance on wild-caught fishmeal. Alternative
feed technologies take 20–30 years to develop. Further off-
shore, aquaculture is only experimental due to the limited
understanding of its impacts.

Water-based coastal aquaculture is limited in poorer
countries due to the cost of using environmentally appro-
priate technologies as well as the high price of fish feed.
Countries with strong and stable governance are provided
with technical and financial assistance to develop coastal
low-tech aquaculture for both high-value species (to gener-
ate foreign exchange) and low-value species (to contribute
to food security in the area). Countries with weak gover-
nance continue to expand and establish aquaculture that
affects the coastal ecosystems and wild stocks. Such devel-
opments are economically viable for approximately 10
years, and then they are abandoned with irreversible loss of
a range of ecosystem services.
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Initially, distant water fleets continue to expand into the
high seas with few restrictions, and illegal, unregulated, and
unreported fishing is ignored as countries struggle to find
the right management intervention after regional fish bodies
are ignored. Only a few countries develop high-seas aqua-
culture, and much of it is experimental due to the ecologi-
cal risks and high technology and operating costs. The
rebuilding of inshore ecosystems and the development of
appropriate technologies for coastal or inshore and freshwa-
ter aquaculture eliminates the need to expand aquaculture
into the high seas.

8.7.4.4 TechnoGarden

In richer countries, destructive fishing practices are eventu-
ally eliminated, and some ecosystems are reconstructed
(such as artificial reefs), although the costs are high and
sometimes prohibitive. Many countries engineer marine
ecosystems to provide high-value food—large shrimp,
salmon, or cod systems, for example. But these systems suf-
fer, due to their simplification, from surprises such as pests
and diseases. Wild species are maintained for genetic pur-
poses (similar to breeding zoos). As new technologies re-
move the need for wild-caught fish as food for aquaculture,
some wild capture fisheries in wealthy countries service the
gourmet and luxury food market, while aquaculture feeds
the masses.

Economic imperatives drive most poorer countries to
convert their waters to high-value fisheries, mostly financed
by large corporations based in the wealthy world. Much of
the production is exported with few economic and even
fewer social benefits to the host countries. Initially, the low-
value fisheries in these countries are used to service the
fishmeal market, due to the rising price of fishmeal, but
eventually new technology for producing artificial food for
farmed fish puts these fisheries out of business, requiring
international aid for industry and social restructuring.

New technologies reduce the environmental impacts of
aquaculture and remove the need for wild-caught fishmeal
in richer countries. Aquaculture expands rapidly in coastal
areas to ensure a consistent source of fish for domestic con-
sumption and trade. Much of the production is of high-
value fish. The big risk here is maintenance of good water
quality and prevention of surprises from disease. The highly
managed, but simplified, ecosystems in shallow coastal areas
are found to be unstable and vulnerable to even small per-
turbations. Offshore, deeper aquaculture is developed
within national boundaries for high-value fisheries. These
operations are technologically advanced with a high initial
capital cost, but have low running costs since much of it is
automated. Only high-value species such as tuna are farmed
this way.

The cost of water-based aquaculture technology slows
the growth of aquaculture in poorer countries. There is
some investment by large corporations, since labor and
other operating costs are cheaper. However, environmental
quality is not as secure as in richer countries and therefore
the coastal aquaculture sector in many poorer nations fo-
cuses on lower-value, high-turnover herbivorous species.
These species become important for food security in many
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poorer countries, but the intensified aquaculture also results
in conversion of large areas of coastal land and loss of eco-
system services, such as erosion control and maintenance of
habitat for fish breeding.

Fleets (primarily from wealthy countries) continue to
expand into the high seas, and landings of deep-water spe-
cies maintain catch levels early in the century. However,
soon these long-lived stocks are depleted, and catches de-
cline to pre-1990 levels as large pelagic species such as tunas
and sharks are all that remain. Pressure on pelagic fisheries
as well as the krill fisheries in the Southern Oceans decreases
as new technology produces artificial food for aquaculture.
The richer countries, which have the technology for high-
seas aquaculture, negotiate regional agreements to provide
some form of security for aquaculture operations (fixed and
floating) to develop outside of national exclusive economic
zones. These operations are highly risky economically since
large marine mammals as well as collisions with other vessels
can destroy the crop. Poorer countries are left behind in
this race for ocean real estate since, compared with richer
countries, they lack the technology to stake a claim.

8.7.5 Climate Change

The complex issues surrounding climate change are dis-
cussed in more detail in Chapter 9. In the storylines in this
chapter, climate change is discussed in different contexts in
different scenarios. This is because the drivers of climate
change, especially the amount and type of technology used,
differ considerably between scenarios, as do the approaches
to addressing impacts versus causes. As indicated in Chapter
9, the biggest differences between the scenarios with respect
to the rate of climate change are seen in the rate of tempera-
ture change. (See Table 8.4.)

8.7.5.1 Global Orchestration

In this scenario, the mechanisms for global cooperative ac-
tion to address climate change are in place, but the impor-
tance of the problem and its ecological causes are not
recognized, and action is not taken until things get really
bad. The crucial question under Global Orchestration is
when interest will grow strong enough among all major
partners to start cooperating on building an effective re-
sponse to climate change.

The fact that causes and impacts of climate change are
decoupled both in time and place complicates an effective
response. It complicates the evidence that will be required
to make climate change a priority under Global Orchestra-
tion, but it also makes it more difficult to negotiate a treaty
among parties that can be both losers and winners from
global climate change. In the quantification (see Chapter 9),
no explicit climate policy is assumed under this scenario.
Based on the storyline, however, we find it just as likely
that after some time a final agreement can be made on a
delayed response. Such a response would need to include
major adaptation action and also mitigation action based on
market-based incentives. The financial flows that are con-
nected to trade in carbon credits could in fact be a great
stimulus for poorer economies.
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Table 8.4. Climate Change across the Scenarios

Factors Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Temperature change— gradual rise to around 0.35� fluctuating but reaching gradual increase to around initial rise to around 0.23�
degrees Celsius per Celsius by 2050 (declining to around 0.26� Celsius by 0.28� Celsius by 2050 (de- Celsius by 2020, then de-
decade (see Chapter 9) 0.20� by 2100) 2050 (increase to 0.30� by clining to 0.16� by 2100) cline to 0.15� by 2050 (and

2100) to 0.06� by 2100)Current rate assumed
to be 0.20� Celsius per
decade

Drivers strong emphasis on eco- depressed industry and slow initially poor international co- focus on economic growth
nomic growth; slow emer- technological development in operation allows climate but rapid emergence of low-
gence of low-impact developing world keeps change to continue un- impact technologies
technologies global emissions lower than checked; eventually, focus

other scenarios on ecologically friendly in-
dustries lowers emissions
and also economic growth

Mechanisms Market-based (e.g., carbon displacement of impacts by local adaptation to impacts Market-based incentives; en-
credits); international trade in wealthy countries; global co- by better ecosystem man- vironmental technologies to
carbon operation almost impossible agement at first; later, global reduce consumption and re-

environmental management pair and enhance ecosystem
through cooperating net- services like carbon seques-
works tration

Geographic Impacts greater in develop- Much greater impacts in Local adaptation to impacts Different environmental tech-
differences ing countries until late in the poorer countries but feed- of climate change until later nologies in different regions

period back impacts on wealthy in the scenario where global depending on culture, oppor-
ones networks develop to address tunities, and resources

causes

Despite policies and commitment to reducing inequity,
the impacts of climate change are greater in poorer than in
richer countries.

8.7.5.2 Order from Strength

Natural environments are seen as providers of some critical
services, like regulation of climate and the oxygen level in
the air, but most other benefits from ecosystem services are
seen as either substitutable or repairable by technology.

Global issues like climate change are almost impossible
to address, because there is always at least one key nation
unwilling to cooperate due to national interests and because
the international institutions that might have been able to
address international issues are unstable (if they exist at all).
Consequently, formulation of an effective response to cli-
mate change will be very complex in this world. The best
hope might be partial deals among like-minded nations.

Ironically, up to 2050 global climate change increases
less in this scenario than in the other three because a large
proportion of the world’s population is forced to live a sim-
pler and less materialistic existence. (But climate change is
still increasing at 2050 and is likely to be worse than in all
the other scenarios by 2100; see Chapter 9.)

8.7.5.3 Adapting Mosaic

Problems like climate change grow worse because of disen-
chantment with global and national governments and an in-
creasing focus on local issues. This leads to a focus on adapting
to climate change for much of the period between 2000 and
2050, using sophisticated learning and intervention in ecosys-
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tem management. Eventually, however, it is recognized that
problems like climate change require global action, so net-
works of cooperating local groups and businesses develop and
take action toward the end of the period. The rate of climate
change is relatively slow because the focus on environmental
rather than technological solutions leads to lower environ-
mental impacts and slower economic growth.

8.7.5.4 TechnoGarden

Among the four scenarios, TechnoGarden is clearly best
equipped to deal with the issue of climate change, based on
its international cooperation and proactive attitude toward
solving ecological problems. Removal of subsidies for fossil
fuels, nuclear energy, and large hydro projects stimulates the
development of a variety of alternative energy sources.
Large energy companies and entrepreneurs from a range of
countries, especially poorer ones, support these develop-
ments. Big business invests in environmental technologies
to ameliorate and address the causes of climate change, and
global agencies are established to implement strategies.

The type of environmental technology and action em-
ployed within the richer and poorer worlds varies due to
culture, the way that property rights are organized, and the
density, wealth, and activities of people within a region. As
under Global Orchestration, international trade in carbon
credits could become a major financial flow under Techno-
Garden.

8.7.6 Eutrophication

Nutrient pollution (eutrophication) of fresh and coastal wa-
ters expanded greatly over the second half of the twentieth

................. 11411$ $CH8 10-27-05 08:46:32 PS



277Four Scenarios

century. These nutrients came mainly from three major
sources: agricultural runoff, sewage, and the burning of fos-
sil fuels. Nutrient pollution stimulates the growth of algae
that consume oxygen and produces areas of low oxygen in
waterways. These low-oxygen areas decrease the ability of
fish, shellfish, and other organisms to persist. Furthermore,
algal blooms can make fresh water toxic to people. These
consequences of nutrient pollution decrease fishing, the
supply of clean water, the aesthetic value of waterways, and
habitat available for many species.

The extent and impact of eutrophication in the future
will be determined by a number of factors:
• Algal blooms are worse when populations of top preda-

tors are reduced or when wetlands, which can remove
excess nutrients before they reach waterways, are absent.

• Agriculture’s impacts will be determined by the area
under agriculture and the amount of nutrient runoff
from land (nutrient runoff in turn will be affected by the
type of agricultural practice, rainfall intensity, slope of
the land, fertilizer application, and the amount of nutri-
ents accumulated in the soil).

• The impacts of fossil fuels (which release NOx) will de-
pend on the total amount used and the technology that
is used to burn them.

• The impacts of sewage will be determined by the vol-
ume produced and the ability to treat it for nutrient re-
moval.
The technologies developed in TechnoGarden should

reduce the risks of eutrophication, despite a rise in area
under agriculture, by reducing the impacts of agriculture,
sewage, and energy use.

In Adapting Mosaic, better local management of agricul-
tural runoff, fossil fuel burning, and sewage will reduce the
chances of eutrophication. But these could be offset by in-
creasing use of fossil fuels and expansion in area under ag-
ricultural areas. Consequently, water quality in inland
waterways should improve, but coastal eutrophication—
especially where populations are dense, such as in the tropics
—will increase.

Global Orchestration can expect increases in eutrophi-
cation. Minimal population growth combined with techno-
logical advances will increase energy efficiency and result in
more-efficient agriculture. However, these moderate im-
provements will not purposefully address the nutrient run-
off from agriculture and fossil fuel burning, resulting in an
increase in nutrient pollution, especially in poorer coun-
tries. In addition, the reactive management style favored in
this scenario is likely to be too slow to address changes in
soil and sediment phosphorus, which may set the course for
eutrophication that is very problematic to reverse if it is
addressed after it is a problem.

Order from Strength is very vulnerable to increases in
nutrient pollution, and areas of eutrophication should
greatly expand. In this scenario, there is little investment in
environmental technology or management to offset sub-
stantial increases in agricultural area and fossil fuel use.

In all scenarios, people will have to cope with eutrophi-
cation caused by storage of phosphorus in soils and recycl-
ing of phosphorus from lake sediments—two factors that
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make eutrophication extremely difficult to reverse once it
is a problem.

8.7.7 Invasive Species

A recent meeting of experts on invasive species (Various
Authors 2003) identified several major issues:
• Species spread: Species invasions are not natural and have

been greatly accelerated by people. The world’s biota
are being homogenized by moving species accidentally
and purposefully. Species are being mixed between
places that have not been in contact for millions of years.

• Regulating valuable invasive species: It is difficult to get rid
of invasive species that have high economic value to
some people.

• Anticipating invasions: Only a small proportion of intro-
duced species become invasive, but it is very hard to
predict which ones will.

• Invasion control: Control of species invasions is compli-
cated and difficult. Chemical and biological control fre-
quently backfire. Physical removal is very expensive.

• Monitoring and detection: Due to the difficulty of control,
the best approach to invasives is to reduce the rate of
arrivals and to monitor for introductions. The best ap-
proach from a conservation point of view is a combina-
tion of no tolerance and immediate eradication.
This section looks at how people might deal with these

challenges in the four scenarios. (See Table 8.5.)

8.7.7.1 Global Orchestration

The openness of borders, growth in economies of countries
all around the world, and the strong emphasis on trade cre-
ates increasing opportunities for intended and unintended
movement of species across borders. The confidence in
technology to solve environmental problems as they arise is
likely to discourage research to anticipate invasions or the
scaling back of species that have economic value unless they
became serious threats to economic growth in other sectors.
Response to invasions should be facilitated by well devel-
oped global cooperation, but with invasives such ap-
proaches are likely to be too late to be cost-effective.

8.7.7.2 Order from Strength

This scenario has the highest risks with respect to invasive
species. Global trade is expected to be lower than in other
scenarios but still high enough to transmit invasive species.
Global cooperation for controlling the spread of invasive
species is likely to be poor. Outbreaks of invasive species,
especially in poorer countries, are much more likely than in
other scenarios due to poverty and poorly resourced man-
agement. Research into understanding, detecting, and con-
trolling invasive species is likely to be low, consistent with
the low priority given to proactive environmental manage-
ment. Thus the only defense against invasions is tight bor-
der controls, which are unlikely to be effective since only
small numbers of individuals need to get through to start
an invasion. Control is likely to be unaffordable in poorer
countries, and richer countries are likely to have many
other demands on their treasuries, such as maintaining na-
tional security in the face of terrorism and other conflicts.
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Table 8.5. Invasive Species across the Scenarios (Various authors 2003). Within each issue, the scenarios are ranked from best (4) to
worst (1). See text for further explanation.

Factors Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Species spread The large scale of global Global trade will roughly dou- Reduced long-distance The large scale of global
trade combined with the ble under this scenario. transport of materials should trade combined with the four-
fivefold expansion of the Strong border control is un- reduce pressure on ecosys- fold expansion of the global
global economy will increase likely to be effective. The tems, and a focus on local economy will increase risks;
the risks of biological inva- lack of international guide- management should help re- however, ecological technol-
sions. (1) lines and attention to envi- spond to local invasions. ogy should help mitigate this.

ronmental processes means Overall, risk is likely to de- Overall, the risk of species
that invasions are likely to in- cline. (4) spread is likely to increase.
crease. (2) (3)

Regulating introduced The focus on economic There will be little attempt to Effective local action but lack Use of tracking technologies
species that are growth in this scenario is un- control such species until of national or global coopera- (e.g., bio, nano, IT) will allow
valuable likely to reduce this problem. after they have spread and tion means that local groups for the partial control of the

(2) have negative impacts. Eco- will have to deal with fre- spread of valuable potentially
logical management is not a quent re-invasions. (3) invasive species while allow-
priority in rich countries, and ing their continued economic
poor countries cannot afford exploitation. (4)
it. (1)

Anticipating invasions Global cooperation helps but All countries caught off Early detection and action lo- Attempts at early detection
is usually too late, due to re- guard. (1) cally, and sharing of informa- and effective control using
active environmental poli- tion globally, but lack of environmental and other
cies. (2) coordinated action to reduce technologies partially effec-

risks. (3) tive. (4)

Invasion control Use of combination of proc- Little control. When applied, Probably beyond local man- Sophisticated regimes of bio-
esses, but not in any orga- done haphazardly with little agement to develop. Focus technologies, possibly includ-
nized or integrated way. consideration of risks. Fail- would be more on managing ing biological control. Danger
Frequent mistakes result in ures discourage further con- landscapes to prevent inva- that confidence in ability to
species spread and negative trol. (1) sion or to increase competi- manage nature leads to re-
ecological consequences. (2) tiveness of desirable discovering the mistakes of

species. (4) previous generations. (3)

Monitoring and Detection would not be early, Late detection and poorly co- Early detection with rapid re- Detection early, rapid, and
detection but national and international ordinated response. (1) sponse locally. However, effective due to extensive

action could be rapid once lack of coordinated regula- and internationally coordi-
the problem is evident. (3) tions on global trade leads to nated ecological monitoring

frequent surprises. (2) by public, private, and citizen
groups. (4)

Overall damage from Major expansion in global Despite lower species Local regulation prevents ar- Despite an expansion of
invasive species trade combined with lacklus- spread, the failures in moni- rival of invasive species, and global trade, the effective in-

ter monitoring and control in- toring, control, and manage- local monitoring, manage- ternational regulation, moni-
crease spread of invasive ment produce the largest ment, and control are effec- toring, control, and
species. Monitoring and con- risks. (1) tive at reducing species management work to reduce
trol are partially effective and damage. However, a lack of damage produced by inva-
mitigating damage. (2) coordination at national and sive species. (4)

global scales results in in-
creased invasions. (3)

8.7.7.3 Adapting Mosaic

The local focus in this scenario will reduce long distance
transport of materials. This should reduce the chances of
species introductions, and close monitoring and learning by
local managers should effectively deal with most invasions
before they get established.

However, poorly developed national or global coopera-
tion means that local groups could have to deal with fre-
quent reinvasions. Similarly, until mechanisms develop for
sharing the results and lessons from local monitoring and

PAGE 278

for developing coordinated response strategies, broad-scale
outbreaks could be difficult to control.

8.7.7.4 TechnoGarden

This scenario also sees open and increasing trade, but with
a proactive attitude toward environmental management
supported by investment in environmental technologies.
Depending on whether detection and control technologies
improve fast enough to counteract the increasing opportu-
nities for species movements, this scenario could see an in-
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crease or decrease in species introductions. On balance, the
opportunities for species movement should grow faster than
control technologies and the risk of species spread will in-
crease.

Technologies (such as tracking technologies using bio-
technology or nanotechnology) could help follow and con-
trol the spread of invasive species and could be used to keep
the economically valuable ones contained. Investment in
research for understanding, detecting, and controlling
invasions—combined with international cooperation in
amelioration—would give this scenario a distinct edge over
the others. There is the danger that overconfidence and
complacency could lead to surprises, however, and that
technology could create new pests that are hard to control.

8.7.8 Urbanization

Table 8.6 summarizes some of the roles of ecosystem ser-
vices in supporting the major urban center of São Paulo,

Table 8.6. Ecosystems Services Supporting Urban Areas. The São Paulo Green Belt Sub-global Assessment explores the importance of
ecosystem services to the 17.8 million inhabitants of the Metropolitan Region of São Paulo, Brazil, which is the world’s fourth largest city.
The Table summarizes some of the interactions between urban processes and the surrounding Green Belt.

Ecosystem Service Environmental Good/Service Description/Importance of Environmental Good / Service

Supporting service ecological processes and The Atlantic Forest is one of the planet’s richest biomes in terms of biodiversity; maintaining
biodiversity its integrity is crucial to the population of Brazil and important to the global population in

general (for potential new medicines and other products). Locally, the Green Belt woods
are important ecological corridors, acting as links connecting different forested regions of
Brazil.

Provisioning services underground and surface Water resources within the GB supply water to over 20 million people. Their endangerment
water supply can lead to a collapse in public water supply: water shortage is already common during the

dry season. There is also a strong correlation between forest intactness and water quality;
the trade-offs between these two services (or synergies) have serious economic
implications.

food safety Today, 15% of the world’s food is produced in backyards and small land tracts (Ian Douglas,
Univ. of Manchester, 2002, personal communication). The GB has this tradition and today
is one of Brazil’s top organic produce regions (sustainability). Besides, the choice for
agriculture in areas surrounding cities is regarded as an alternative to the outspread of big
cities.

forest resources The forest products originating in the Green Belt are the mainstay of São Paulo State’s
economy, mainly coming from reforestation. The natural forests also provide important
resources to several communities, including fuelwood and building material.

Regulating services climatic regulation The SPGB acts to counter the urban cask that causes temperature to rise (heat islands).
This phenomenon has been linked to thermal imbalances that influence rainfall patterns
and can lead to heavy floods in urban areas.

soil protection and run-off The forests in the GB prevent soil erosion and minimize floods.
regulation

carbon sequestration and Carbon sequestration: The GB has 311,407 hectares of undergrowth and 84,620 hectares
pollutant reduction of reforestation, which add up to help to balance a large fraction of the CO2 generated by

the urban population.

Pollutant reduction: Forests act as a physical barrier against the movement of pollutants
from metropolises. This has both global and local health implications.

Cultural services social use Metropolises like São Paulo and Santos lack green areas. The GB is often the only
alternative for the population to be in contact with the natural environment. This is crucial
for humanizing as well as for the physical and psychological health of the population.

sustainable tourism Brazil’s forests generate income for urban-based tourism operators and other supporting
businesses.
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Brazil. Table 8.7 summarizes the different challenges for
urban areas in the four scenarios, which are discussed in
more detail in the storylines.

8.7.9 Example: Agriculture and Hypoxia in the Gulf
of Mexico

The Mississippi River drainage basin extends over roughly
3.2 million square kilometers, covering almost half of the
continental United States. This basin is the third largest in
the world and is home to about 70 million people. The
Mississippi River basin’s agricultural economy is worth
$100 billion per year and produces about 40% of the world’s
corn and 40% of the world’s soybeans (Donner et al. 2002).

However, the focus of the regional economy on increas-
ing agricultural production has reduced the ability of the
region’s ecosystems to provide other ecosystem services,
such as clean drinking water, fisheries, and wildlife. One of
the major impacts of agriculture has been the decline in
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Table 8.7. Urbanization and Its Issues across the Scenarios

Factor Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Rates of urbanization high as wealth and techno- high in rich countries as moderate as people recon- high as ecosystems are
logical lifestyles grow in all wealth and technological life- nect with nature and many managed remotely
countries styles grow decide to live in rural areas

high in poorer countries due
to poverty and rural decline

Infrastructure global uniformity of commu- urban sprawl competes with damage to urban centers improved transport and pol-
nity health standards, busi- agriculture for the best land due to climate change is lution management systems
ness practices, and sometimes large, but peo- arising from innovation in de-water pollution, poor infra-
governance for reasons of ple’s capacity to restore eco- veloping countriesstructure for dealing with
health, security, and distribu- system services has beenurban wastes, chronic dis- increased use of public
tion and management of sufficient to recover from theeases caused through de- transport
foods, building materials, and impacts within two to threepleted ecosystem services cities become multiculturalfuels years in most cases usingfor controlling disease-carry- and designed around localstrategies based on lessonsing species, and damage to climate and ecologylearned elsewherecrops and the environment

from invasive species, are all
made progressively worse
because underlying prob-
lems were not addressed

Challenges major impacts on coastal cities in wealthy countries there is growing interest in rapid urbanization, especially
systems as coastal cities face challenges managing life outside cities, increasing in Asia and Africa, creates
grow their poor and preventing ter- the challenge for urban plan- pollution and disease chal-

rorism inflamed by poor living ners to keep cities interesting lengespoorer cities face challenges
conditions in less wealthy for the residentsas money is injected into in richer countries, environ-
countriestheir economies and urban city planners struggle to get mental technologies improve

populations grow rapidly due cities in less wealthy coun- high-quality scientific input to the livability of cities but cre-
to rural people moving to tries face challenges building establish ecologically sus- ate some new environmental
cities and people moving and maintaining basic infra- tainable systems, and les- challenges
from other countries structure due to poverty and sons learned by other cities tensions exist between land-

resource degradation that af- are not freely shared scape designers and restora-
fects water quality, food pro- tionists
duction, waster disposal, and

some cultures, especially in-amenities
digenous, threatened by
global homogenization

Demand for greener high demand in all parts of low as ecosystems not seen very high as the connection high demand due to appreci-
cities the world as prosperity grows as fundamentally important of humans with nature is ation of ecosystem services

in richer countries and sur- seen as fundamentally im- rapid growth of Asian cities
vival takes precedence in portant leads to innovation and peri-
poorer countries ods of dynamic urban rein-

vention

Technology technology to make life in moderate development of a strong emphasis on using new-Asian urbanism com-
cities more comfortable and technologies to improve ecosystem services instead bines existing technologies in
rewarding is a high priority urban infrastructure in richer of technology wherever pos- novel ways and stimulates

countries sible, but this requires coop- new ways of thinking aboutincreased sharing of technol-
eration among several city planningogies across the world as poorer cities struggle with
watersheds for big cities, andglobal markets continue to outdated technologies
this is initially a challenge ingrow
this fragmented world

environmental impacts are
dealt with as modifications to
technology once they are de-
tected

Sharing of solutions high very low low initially, then higher high
for livable cities through networks of individ-

uals
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Gulf fisheries caused by increased flow nutrients from ag-
ricultural fertilizer into the region’s surface waters. These
nutrients flow through the Mississippi basin into the Gulf
of Mexico, where they are the cause of seasonal low oxygen
levels and hypoxia, which many aquatic species cannot sur-
vive. In 2002, the area of hypoxia extended over 20,000
square kilometers (Rabalais et al. 2002a). This region of
hypoxia, know as the ‘‘dead zone,’’ forms in the center of
the most important commercial and recreational fishery in
the continental United States (Goolsby et al. 1999).

During the second half of the twentieth century, land
use and land management practices changed greatly in the
Mississippi river basin. Following the invention of cheap
industrial fertilizers in the middle of the twentieth century,
the use of fertilizer has increased massively, from almost
non-existent levels to yearly applications of 150 kilograms
of nitrogen per hectare (Foley et al. in review). The expan-
sion of industrial agriculture has increased nutrient runoff.
In the second half of the twentieth century, the amount of
nitrate entering the Gulf of Mexico tripled, due to increased
runoff and a sixfold increase in fertilizer use (Donner et al.
2002).

The increase of nutrients in the Gulf increases aquatic
net primary production, which consumes oxygen. In the
warm summer, the water in the Gulf of Mexico is stratified
into layers that do not mix much. The diffusion of oxygen
into the water from the air is also reduced. This stratifica-
tion is controlled by river outflow, wind mixing, the circu-
lation of the Gulf, and summer temperatures. The
combination of stratification and fertilization produces the
area of low oxygen called the hypoxic zone. This area
began to appear around the start of the twentieth century
and became more severe after the 1950s. The nitrate flux
leaving the Mississippi increased by a factor of three be-
tween the middle and the end of the twentieth century
(Rabalais et al. 2002b).

Hypoxia simplifies the ocean bottom communities, re-
ducing populations of shrimp and other commercially valu-
able species. Important fisheries are variably affected by
increased or decreased food supplies, mortality, forced mi-
gration, reduction in suitable habitat, increased susceptibil-
ity to predation, and disruption of life cycles (Rabalais et al.
2002b). Since the 1960s, many other regions of coastal an-
oxia have emerged worldwide. Between 1990 and 2000 the
area affected by anoxia has doubled (UNEP 2003).

8.7.9.1 How Will Hypoxia in the Gulf of Mexico Change across
the Scenarios?

At the start of the twenty-first century, U.S. federal and
state officials have developed a set of plans to reduce nitro-
gen export from the Mississippi. Will these programs be
successful? Will they be sufficient to reduce the dead zone?
We compared the four global scenarios using the issue of
hypoxia in the Gulf of Mexico. First, we identify the factors
that influence the dead zone (see Figure 8.7) and then we
assess how these factors will vary across the scenarios.

8.7.9.2 Factors Influencing the Dead Zone

We identified five factors influencing the dead zone: cli-
mate, agricultural practices in the Midwest, the manage-
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ment of the main stem of the Mississippi, the management
of the delta and New Orleans, and fishing.

Climate will influence hypoxia in the Gulf by influenc-
ing runoff from the Midwest, stratification of the water, and
the agricultural practices of farmers in the Midwest. The
timing and amount of rainfall influences how much fertil-
izer runs off from agricultural fields. Intense rainfall on fro-
zen ground will transport larger amounts of nutrients into
the Mississippi, while the same amount of precipitation
spread out over a longer period will produce less erosion. It
is uncertain whether climate change will or will not in-
crease the flow of the Mississippi River (Justic et al. 2003).
The temperature of the Gulf of Mexico is also expected
to increase. This would increase productivity and increase
stratification, both of which would increase the vulnerabil-
ity of the Gulf to hypoxia (Justic et al. 2003). While past
climate changes appear to be indirectly linked to increases
in yield, it appears that these increases have approached a
ceiling and that further improvements in climate will not
substantially increase yields or area planted (Foley et al. in
review).

The extent and type of agriculture practiced will influ-
ence the vulnerability of fields to runoff. The use of artificial
drainage over the past 200 years in the Mississippi has elimi-
nated once-common wetlands and riparian zones, decreas-
ing the ability of the landscape to retain and recycle
nutrients. Intensive agriculture, which uses large amounts
of fertilizer in large fields, will produce more runoff than
would agriculture that is adapted to local topography, dis-
turbs the soil less, and uses less fertilizer. Nutrient runoff can
be decreased by lowering the amount of fertilizer applied
and reducing the amount that runs off the landscape. Less
fertilizer can be used on the land by changing from row
crops, such as corn and soybeans, to perennial crops such as
alfalfa. Another approach is to apply nitrogen in the spring
rather than in the fall, when there is more runoff. A third
approach is to fertilize crops only when needed. This means
using it only in areas of a field where it is required, and
not adding nitrogen that is already being supplied through
nitrogen fixation by soybeans, manure application, and at-
mospheric deposition. Runoff can be reduced on the farm
by lowering runoff from livestock farming operations and
by the construction, maintenance, and restoration of wet-
lands and riparian buffers (Mitsch et al. 2001).

The management of the river and its floodplain alters
the transport of nitrogen to the Gulf. Wetlands have been
destroyed and the Mississippi River’s main channel has been
shortened, dredged, and bordered by flood protection lev-
ees. These changes reduce the amount of nitrogen that is
taken up by plants and animals living in the river, increasing
the amount that flows into the Gulf (Turner and Rabalais
2003). Levees prevent seasonal flooding, protecting build-
ings near the river and preventing the movement of sedi-
ments and nutrients into nearby wetlands. Riparian buffers
and floodplain wetlands can prevent nutrient-rich runoff
from reaching the river. However, care has to be taken that
water does not spread over the buffer, because if runoff cuts
channels through a buffer it is not useful (Mitsch et al.
2001).
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Figure 8.7. Conceptual Map of Direct and Indirect Drivers of the Dead Zone in the Gulf of Mexico

Hypoxia in the Gulf of Mexico is influenced by the sep-
aration of the Mississippi River from its delta. The channel-
ization of the river prevents it from spreading over the
floodplain. This prevents nitrogen from being removed in
delta wetlands and is contributing to land erosion in the
delta. Attempts to restore the delta could also decrease the
movement of nutrients into the Gulf. Efforts to protect
New Orleans from flooding and hurricanes could make the
export of nutrients either worse or better, depending on
how they modify the river and the delta (Mitsch et al.
2001).

Fishing is influenced by hypoxia, but the presence of
substantial populations of algae-eating fish would likely de-
crease the vulnerability of the Gulf to hypoxia by reducing
the production of phytoplankton. There has been increas-
ing evidence that overfishing can increase the vulnerability
of coastal areas to eutrophication, which contributes to
hypoxia (Jackson et al. 2001).

8.7.9.3 Comparison of Factors across the Scenarios

The global scenarios differ in changes to global trade, in-
vestments in ecological technology, and approaches to re-
gional ecological management. These differences shape
how these scenarios could influence the five key factors that
influence the extent of hypoxia. Climate change will not be
significantly different across the scenarios—warming in the
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Gulf of Mexico and increased rainfall in the Midwest will
increase the vulnerability of the Gulf to hypoxia in all sce-
narios. Differences among the factors influencing vulnera-
bility are summarized in Table 8.8.

Overall, we expect that the dead zone should be re-
duced the most in the TechnoGarden scenario due to
changes in agricultural practices, more sophisticated man-
agement of the delta and main stem, and better manage-
ment coordination among upstream and downstream parts
of the river. The coordination and ecological engineering
across large scales required by this problem are well ad-
dressed by the society and technologies developed in
TechnoGarden. Furthermore, ecological engineering of
water and biogeochemical cycles are more predictable and
better understood aspects of ecosystem dynamics.

Adapting Mosaic would decrease the area of hypoxia
due to the cumulative effects of many local attempts to
solve local ecological problems in the Mississippi basin.
However, the decrease in global trade could lead to a higher
amount of agriculture to meet local needs. Furthermore,
problems of coordination among the Midwest and the Mis-
sissippi delta limit the effectiveness of local action. In this
scenario, the dead zone would initially increase in area due
to the existing nitrogen in the system, but this worsening
will gradually slow and then be reversed.

Global Orchestration sets up a number of forces that de-
crease and increase nitrogen movement into the Gulf of
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Table 8.8. Consequences of Each Scenario for the Factors Affecting Hypoxia in the Gulf of Mexico

Factor Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Farming decrease in area; no change increase in area; increase in increase in area; less fertil- decrease in area; less fertil-
in nutrients; some improve- fertilizer use; limited im- izer use; better land manage- izer use; better land manage-
ment in land management; provement in land manage- ment practices; less nutrient ment practices; less nutrient
constant or minor decrease ment; increased nutrient runoff runoff
in nutrient runoff runoff

Managing the river management of river for some local addition of ripar- some levee removal driven levee removal and re-
barges eliminates wetlands ian buffers and wetlands by farming and flood protec- engineering of floodplains
and increased channeliza- combined with decrease in tion; restored wetlands and with ecologically sophisti-
tion; some increase in wet- wetlands and building lev- riparian buffers; decreased cated levees and engineered
lands and buffers; no change ees; increased proportion of proportion of nutrients enter- wetlands; decreased propor-
in proportion of nutrients en- nutrients entering the Missis- ing the Mississippi tion of nutrients entering the
tering the Mississippi sippi Mississippi

Managing the river investment in human well- some area abandoned; regu- local projects, but disagree- federal ecological re-
delta being in delta results in many lation of river; further de- ments about what to do engineering of the delta

local improvements; how- crease in delta despite some about the river; slightly in- leads to greatly increased
ever, river channelization local increases in wetland creased flow through the area of wetlands
leads to only small increases delta
in flow through delta

Changes in slow growth in area substantial growth in area initial increase in area, then reduction in area
hypoxia gradual decline

Changes in fishery sport fishery persists, com- fishery eliminated local management and im- fishery increased and com-
mercial fishery closed due to provement of fishery bined with delta aquaculture
low profitability maintained

Mexico. On the decreasing side, a rise in global agricultural
trade and the cutbacks of agricultural subsidies reduce the
extent of agriculture in the Mississippi basin. Furthermore,
the decrease in the importance of agriculture in the econ-
omy leads to greater demand for clean water. These con-
cerns lead to local mitigation measures. However, the
management of the river for trade, including keeping it
deep enough for boats, and the lack of basinwide integrated
nutrient management work against the decrease in nutrient
movement into the river. Local development in New Or-
leans and education and social development programs ease
some of the problems of the delta and reduce its vulnerabil-
ity to hurricanes. These positive and negative effects
roughly cancel one another out, and ongoing transport of
nutrients at present levels leads to an increase in the dead
zone.

Order from Strength has largely negative consequences
for hypoxia in the Gulf of Mexico. The decrease in global
trade leads to continued high levels of agriculture in the
United States. The non-local impacts of nutrient runoff are
not addressed, and there is substantial conflict among up-
stream and downstream states over river management. Lack
of integrated policy and political struggles among various
jurisdictions over who is responsible for the nutrient pollu-
tion, together with social inequality and a lack of effective
responses to rising sea level in the delta, combine to ensure
that higher levels of nutrients enter the river and are trans-
ported into an increasingly vulnerable Gulf of Mexico.
There would be substantial increases in the size and severity
of area of hypoxia in the Gulf in this scenario.
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8.7.9.4 Discussion

The comparison of Gulf of Mexico hypoxia across the sce-
narios provides lessons on the legacies of past decisions, the
relationship between society and nature, and the scale of
ecological management. Land use decisions over past centu-
ries, in particular the use of large amounts of fertilizer fol-
lowing World War II, have put huge amounts of nutrients
into the Mississippi River. Even with radical changes in land
use and river management, these nutrients will remain at
high levels within the Mississippi for decades.

Poor and rural people are most vulnerable to the loss of
ecosystem services. Social policies, such as providing alter-
native livelihoods for fishers and investing in human capital
in Mississippi delta communities, can mitigate the impact of
the dead zone on human well-being.

The dead zone in the Gulf of Mexico has been produced
by land use decisions decades ago and hundreds of kilome-
ters away. The impact of these decisions on the Gulf de-
pends on river management, delta management, and
fishing, however. In such a situation, local ecological man-
agement can help address local problems but is insufficient
to deal with the broader problem. Management responses
that are integrated at a variety of scales are required to deal
with large-scale emergent ecological problems, such as
coastal eutrophication.

8.8. Insights into the Key Questions Posed in the
Scenario Project
The following section draws insights from the scenario sto-
rylines with respect to the key questions posed in the sce-
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nario project, which are outlined in Chapter 6. Further
insights are drawn in later chapters and brought together in
Chapter 14.

The key questions are:
• What are the consequences of plausible changes in de-

velopment paths for ecosystems and their services over
the next 50 years, and what will be the consequences of
those changes for human well-being?

• What are the most robust findings concerning changes
in ecosystem services and human well-being across all
four scenarios? What are critical uncertainties that we
are confident will have a big impact on ecosystem ser-
vices and human well-being?

• What are gaps in our understanding that we can identify
right now that will affect our ability to model ecosystem
services and human well-being?

• What opportunities exist for managing ecosystem ser-
vices and human well-being?

• What is surprising in these results?

8.8.1 Consequences of Plausible Changes in
Development Paths

Strategies for human development that emphasize eco-
nomic policy reform (that is, reducing subsides and inter-
nalizing externalities) as the primary means of management
potentially improve human well-being most rapidly of all,
but they also carry risks of major social collapses and adverse
environmental backlashes due to unforeseen feedbacks.
Such strategies (our Global Orchestration scenario, for ex-
ample) are likely to be based on the assumptions that in-
creasing economic well-being decreases environment
impact (Kuznets greening) and that ecosystems are suffi-
ciently robust and human (technological) ingenuity is suf-
ficiently great that environmental problems can be dealt
with once they become apparent.

Because they address economic inequality directly, such
strategies promise the most rapid improvements in human
well-being. However, they carry several risks. If they are
wrong about the robustness of ecosystems, then ecological
crises could accelerate inequality because they dispropor-
tionately affect the poor. Although humans have a long his-
tory of technological solutions to environmental problems,
post hoc technological solutions usually are much more
costly than early detection and action. Such strategies are
most likely to succeed in a world of centralized decision-
making and global cooperation. If this is accompanied by a
de-emphasis on local responsibility and authority for envi-
ronmental management, then there is a risk that potentially
unmanageable national and global issues could arise from
aggregations of local problems that are not detected and ad-
dressed early enough. Global climate change, the saliniza-
tion of landscapes, and overexploitation of fisheries are
examples.

Strategies that emphasize local and regional safety and
protection and that give far less emphasis to cross-border
and global issues offer security in a world threatened by
acts of aggression and the spread of environmental pests and
diseases, but they lead to heightened risks of longer-term
internal and between-country conflict, ecosystem degrada-
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tion, and declining human well-being. In the Order from
Strength scenario, countries turn inwards in response to ter-
rorism, war, and loss of faith in global institutions. Trade
and movement of people are restricted, leading to tempo-
rary security from human aggressors and some environmen-
tal benefits from control of the movements of exotic plants
and animals.

Such a world encourages boundaries at all scales, and
inevitably the gap between rich and poor grows within and
between countries and the need for multiscale proactive
management of ecosystems is neglected. Inequity leads to
increasing demands on the environment for survival by the
poor, and the threat of both aggression and environmental
degradation increase. The only benefits for ecosystem ser-
vices imaginable relate to protection of key natural re-
sources in rich countries, although if (as is likely) this is
combined with reactive rather than proactive environmen-
tal policies, then ecological problems are likely to emerge
at both local scales and across scales from local to global.

Virtually all environmental problems currently imagin-
able, including outbreaks of pests and diseases, famine, ero-
sion and flood damage, soil and water degradation, air
pollution, and decline in fisheries, are likely under extremes
of this type of strategy. In moderate forms, however, we
could see periods of increasing inequity and environmental
degradation interspersed with periods of alleviation of the
problems by strategic intervention by the wealthy to keep
cross-scale problems in check. Such cycles might continue
for some decades but are unlikely to be sustainable in the
long term.

Strategies that emphasize the development and use of
technologies allowing greater eco-efficiency and optimal
control offer hope for a sustainable future but still carry risks
that need to be addressed. In our TechnoGarden scenario,
such a strategy develops due to recognition of the impor-
tance of ecosystem services for human well-being and the
emergence of markets that encourage trade in these ser-
vices. Managing ecosystem services becomes a focus for
business, and rights of ownership and access to ecosystems
become more formal. As population continues to grow and
demand for resources intensifies, people increasingly push
ecosystems to their limits of producing the maximum
amount of ecosystem services.

The risk under this strategy is destruction of local, rural,
and indigenous cultures. The increasing confidence in
human ability to manage, or even improve on, nature leads
to overlooking slowly changing variables that are not easily
reversible, like the loss of local knowledge about ecosystem
services and eutrophication of fresh waters and coastal
oceans. The new technologies themselves can even engen-
der their own ecological surprises. But in general, people
around the world have better access to resources, and man-
agers think more about multifunctionality and systems ap-
proaches rather than single goals.

Strategies emphasizing adaptive management and local
learning about the consequences of management interven-
tions for ecosystem services are the hope of many ecologists
and environmental groups, but creating a world like this
might bring some challenges that cannot be overlooked.
Our Adapting Mosaic scenario arises from some of the same
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inward-looking tendencies that produced Order from
Strength. In this case, there is dissatisfaction with the results
of global environmental summits and other global ap-
proaches, and trust in centralized approaches to environ-
mental management declines. The focus is on learning
about socioecological systems from multiple sources of
knowledge, experimentation, and monitoring. The com-
partmentalization implied by these trends fosters competi-
tion and limits the sharing of learning for a time.

In Adapting Mosaic, there are failures as well as successes
and there is the risk that inequality can increase rather than
decrease, both within and between countries. Economic
growth is likely to be less than in Global Orchestration or
TechnoGarden, and this could threaten the establishment
and persistence of this strategy unless gains in other aspects
of human well-being are obvious in a majority of commu-
nities. While local problems become more tractable and are
addressed by citizens, global problems like climate change
and marine fisheries sometimes grow worse, and global en-
vironmental surprises become more common. The hope of
this scenario is that there is scope for communities to recon-
nect at larger scales and to turn their attention back to ad-
dressing environmental challenges at multiple scales from
local to global.

8.8.2 Robust Findings across the Scenarios

Adverse and unforeseen ecological feedbacks are risks in all
trajectories of human development. In all four scenarios
there was significant potential for adverse cross-scale eco-
logical interactions. The key message is that whatever tra-
jectory of human development is taken, we need to be alert
to the nature of the cross-scale feedbacks that could be
overlooked due to the characteristics of the trajectory.

In a globally connected but environmentally reactive
world (Global Orchestration), global environmental issues
like global climate change or large-scale national issues like
salinization of landscapes could be dealt with at national and
global scales because institutions at these scales would be
well developed and strong. However, such problems often
could be well advanced and difficult to reverse in time to
avert disaster for two reasons: First, institutions involving
local communities who are in touch in real time with eco-
system change could be relatively poorly developed. Sec-
ond, the assumption that economic prosperity will equip
society to deal with environmental challenges could entail
lower investment in understanding and monitoring the
ways in which small-scale processes aggregate to become
larger-scale problems.

In a globally connected but environmentally proactive
world (TechnoGarden), we imagine the risk of overconfi-
dence in environmental technologies to the point where
humans manipulate landscapes to get more and better eco-
system services. Presumably in this world, fast (short-term)
processes will be well understood, but the risk is that slower
(longer-term) processes that determine the long-term per-
sistence of ecosystems could be overlooked and that ecolog-
ical collapses could sneak up on future TechnoGardeners.

In a globally compartmentalized but environmentally
proactive world (Adapting Mosaic), there is strong focus on
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and a dedication to learning about local-scale processes. But
we explore how the social forces that allow local institutions
to gather such strength and authority could also cause barri-
ers to communication between localities that are competing
with one another for better environmental outcomes (such
as entry to green markets) and how the ability to spot the
aggregation of processes across landscapes and regions might
be diminished. Thus, new challenges akin to salinization or
global climate change might grow to dangerous proportions
before they are identified and action is taken. We see dan-
gers in this scenario for world fisheries, for example.

And in a globally compartmentalized, environmentally
reactive world (Order from Strength), we see potential for
undesirable environmental impacts at all scales. For poorer
individuals, regions, or nations, environmental manage-
ment becomes a luxury that ranks after the essentials of eco-
nomic and physical survival. The wealthy not only face the
risks of a reactive strategy with respect to their own ecosys-
tems, they also face risks from problems arising in poorer
regions and nations that can have an impact across scales.
An example is increased risks from major flooding, land
movements, dust and other forms of air pollution, and the
spread of pests and diseases, including human pathogens.

All trajectories of human development have potential
benefits for ecosystem services and human well-being, al-
though these benefits are distributed differently and are
rarely uniform. Each of the scenarios lists both benefits and
risks. (See Table 8.9 and Figure 8.8.)

8.8.3 Critical Uncertainties

Two fundamental ecological uncertainties underpin the
ecosystem services outcomes from future human develop-
ment. Two of the main ways in which our scenarios differ
are around whether the world is more or less connected
and whether policy-makers and decision-makers are more
or less proactive about environmental management. This
differentiation was chosen because we wanted to explore
the implications of at least two critical uncertainties about
ecosystems that arise from lack of information on ecosystem
function and from the uncertainty associated with predict-
ing outcomes from the interactions between human social
systems and ecosystems.

The first uncertainty is about the ways and circum-
stances in which impacts on the environment at different
scales interact, sometimes just among themselves but often
with human interventions, to produce unexpected and un-
desirable outcomes.

The second uncertainty is about when and where differ-
ent ecosystems are robust (able to withstand impacts with-
out fundamentally changing in terms of the services they
provide) versus fragile (likely to change rapidly and dramati-
cally in terms of the services they provide).

Because of the tight linkages between ecosystem services
and human well-being, virtually all policies for human de-
velopment involve assumptions about these two uncertain-
ties. Usually these assumptions are implicit rather than
explicit. Policies that are reactive to environmental issues
assume robustness, while proactive policies at least antici-
pate the possibility of fragility in some places and at some
times. Policies seeking more or less connectedness do not
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Table 8.9. Comparison of Potential Benefits and Risks across the Scenarios

Scenario Potential Benefits Potential Risks

Global Orchestration economic prosperity and increased equality due to more- progress on global environmental problems may be insufficient
efficient global markets to sustain local and regional ecosystem services

wealth increases demand for a better environment and the breakdowns of ecosystem services create inequality (dispropor-
capacity to create a better environment tionate impacts on the poor)

increased global coordination (e.g., markets, transport, fisheries, reactive management may be more costly than preventative or
movement of pests and weeds, and health) proactive management

Order from Strength increased security for nations and individuals from investment high inequality/social tension, both within blocs and within coun-
in separation from potential aggressors tries, leading to malnutrition, loss of liberty, and other declines

in human well-beingincreased world peace if a benevolent regime has power to act
as global police risk of security breaches (from poor to middle well-off countries

and sectors of society)less expansion of invasive pests, weeds, and diseases as bor-
ders and trade are controlled global environmental degradation as poorer countries are forced

to overexploit natural resources and wealthier countries eventu-in wealthy countries, ecosystems can be protected while de-
ally face global off-site impacts like climate change, marine pol-grading impacts are exported to other regions or countries
lution, air pollution, and spread of diseases that become too

ability to apply locally appropriate limits to trade and land man- difficult to quarantine
agement practice as trade is not driven by open and liberal

lower economic growth for all countries as poor countries faceglobal policies
resource limitations and rich countries have smaller markets for

protection of local industries from competition their products

malnutrition

Adapting Mosaic high coping capacity with local changes (proactive) neglect of global commons

‘‘win-win’’ management of ecosystem services inattention to inequality

strong national and international cooperative networks eventu- less economic growth than maximum because of less trading
ally built from necessity and bottom-up processes less economic growth than the maximum possible because of

diversion of resources to management

TechnoGarden creating ‘‘win-win’’ solutions to conflicts between economy and technological failures have far-reaching effects with big impacts
environment wilderness eliminated as ‘‘gardening’’ of nature increases
optimization of ecosystem services people have little experience of non-human nature; leads to sim-
developing societies that work with rather than against nature ple views of nature

usually arise from environmental concerns, but they often
involve assumptions about how environmental issues will
be dealt with. These assumptions can make different eco-
logical surprises more or less likely. Our scenarios draw out
the assumptions and their potential consequences.

8.8.4 Gaps in Our Understanding

Critical gaps exist in our understanding of the robustness
and resilience of ecosystems generally, the qualitative and
quantitative nature of their response to human impacts and
repair efforts, and the ways in which ecological processes
can interact across scales of space and time. Our scenarios
suggest that these are critical elements in determining when
and where reactive environmental policies will be adequate
and whether scales of institutional arrangements are appro-
priate for detecting and dealing with threats to ecosystem
services and human well-being.

8.8.5 Opportunities for Managing Ecosystem
Services and Human Well-being

Three of the four trajectories for human development ex-
plored in the scenarios offer both benefits and drawbacks
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with respect to ecosystem services and human well-being.
A globally compartmentalized, environmentally reactive
world offers few benefits and many drawbacks.

The major likely sources of adverse impacts on ecosys-
tem services and human well-being are failure to address
inequity within and between countries, failure to monitor
and learn adaptively from changes in ecosystems across
scales of time and space, failure to establish and maintain
cross-border cooperation in monitoring and addressing
cross-scale ecological processes, and failure to ensure that
institutional capacity is appropriate before applying political
and economic solutions to perceived social challenges. The
diversity of viewpoints and expertise brought to the dia-
logue about the scenarios consistently found this set of issues
arising as problems as the storylines were developed and
tested for plausibility.

8.8.6 Surprises

A globally compartmentalized, environmentally reactive
world could mask developing ecological and social disasters
for several decades. Several other global scenario analyses
include a fortress world scenario leading to breakdown of
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).

Figure 8.8. Types of Plausible Extreme Events across Scenarios. The distribution curves come from Figure 5.3, this volume. The x-axis
is the magnitude of the disturbance of ecosystem services, measure by the number of people affected. The y-axis is the likelihood of an
extreme ecosystem event of a given magnitude.

society. The Scenarios Working Group was unanimous that
the Order from Strength scenario is unsustainable and ulti-
mately disastrous in terms of ecosystems and the societies
they support. But we were surprised at the diversity of
viewpoints on how such a scenario could unfold and over
what time scale. Despite the heightened risk of massive di-
sasters from conflict and ecosystem breakdown in this sce-
nario, some of us could imagine an ongoing cycle of
escalations of social and ecological problems among poorer
countries and sectors of society interspersed with strategic
mitigation efforts by the wealthy to limit problems before
they become global. This raises the possibility that, if cur-
rent trends toward increasing compartmentalization con-
tinue, the world could develop a false sense of security in
coming decades unless efforts are made to understand and
monitor ecosystems and their services.

Current understanding of ecological and social systems
is inadequate to predict when and how ecological-social
systems will produce adverse cross-scale ecological interac-
tions. There is considerable evidence of adverse cross-scale
interactions between ecological processes and human activ-
ities (including interventions intended to fix problems).
There also is emerging understanding of how these adverse
outcomes have been caused. This understanding allowed us
to agree on the types and relative risks of adverse cross-scale
interactions in the four scenarios. However, we found it
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surprisingly difficult to locate when within the next five
decades the impacts would emerge or precisely what com-
binations of policies and interventions are most likely to
produce them. This uncertainty and lack of control is pre-
cisely the reason for employing a scenario approach (see
Chapter 6), but a very large number of scenarios would be
necessary to address all possible combinations of drivers that
could produce desirable or undesirable outcomes.

Appendix 8.1. Potential Impacts of the Four
Scenarios on Major Coastal Wetlands
Land management and climate change effects throughout
catchments combine to have an impact on coastal and near-
coastal systems. Addressing these impacts requires coordi-
nated actions nationally and internationally, which are big
challenges in the compartmentalized scenarios. The time
lags between taking action within catchments and seeing
responses in coastal systems can be many decades, due to the
slow change in ecological processes and the accumulation of
nutrients and other chemicals in the catchment soils. Even
proactive approaches will face these time lags, but the prob-
lem will be much greater for reactive approaches.

Appendix Table 8.1 gives one view of the impacts on
various types of coastal wetlands under the four scenarios.
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Appendix Table 8.1. A View on Impacts of the Four Scenarios on Major Coastal Wetlands. This view is based on an interpretation of
the scenario storylines (this chapter) and the modeling (Chapter 9).

Area Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Coral reefs Although there is considerable Climate change causes major Various initiatives are instituted Coral reefs continue to decline.
coordinated national and bleaching events to occur. locally to reduce the impact of Services such as shoreline
international effort to address There also are major climate change. Community- protection are provided
combined catchment- outbreaks of diseases, and based management becomes through engineering works in
management and climate food chains become unstable widespread and there are local rich countries, while in poorer
change impacts, the late so that predators have major successes first at maintaining countries communities are
response and long lag time impacts in many areas of the the coral reefs and later at vulnerable to increased storms
between action and impact world. Developing countries addressing external issues and coastal erosion. Food
means that reefs continue to suffer substantially as the loss such as predators and security is addressed through
decline throughout much of the of coral reefs affects the lives pollution. Initially, there is lack aquaculture, and the greatest
world under this scenario. of poor coastal communities of clarity in some areas about benefits to local communities
Areas where impacts are relying on reefs for tourism as who has responsibility for come if they have property
greatest (e.g., many areas of well as for food. Developing reefs, but as communities rights over the sites. Some
the Caribbean and Southeast countries attempt to maintain realize the benefits of communities lose their tourism
Asia) do not recover to their their reef systems and in some cooperative networks, reefs industry, but others develop
original state. Coastal areas the decline slows. As get more attention. Ultimately stronger industries based on
communities relying on reefs sea temperatures rise, the rate of loss is slowed down selling tourism and other
for food and shoreline however, there is little that can in much of the world, but many ecosystem services. Some
protection are at the greatest be done. In these countries the areas remain vulnerable to coral reef areas that are not as
risk, especially with increased major impact is on the tourism disease and require careful affected by climate change are
storm frequencies. Tourism in industry, which shifts its focus management by local users. maintained as reference sites
many areas declines or is lost from reefs to island/sandy Restoration of lost areas is and to safeguard genetic
altogether. Costs of beach destinations. The usually not successful; there is resources for future uses.
amelioration are high, but the lateness of responses net loss of coral reefs by 2050, Often these areas are owned
ability to mount internationally combined with inability to and reefs are no longer a and managed by private
cooperative strategies mount internationally source of food for many interests or NGOs because of
prevents out-of-control cooperative approaches communities in developing their recognized ecosystem
escalation of environmental causes many of these countries. Where reefs are still services values.
problems in many areas. problems to spiral out of in good condition, tourism is a

control. strong incentive for good local
management.

Seagrasses Areas outside major urban/ Climate change and invasive Local communities soon There is a general loss of
industrial centers and species reduce biodiversity in appreciate the importance of seagrass beds because many
agriculture catchments survive some areas, especially where seagrass to maintaining of the ecosystem functions can
in the long term. Impacts on pollution from urban or fisheries and other ecosystem be provided through
coastal systems decline later in industrial centers and services and various aquaculture, pollution controls,
the scenario period as action is agricultural catchments is not approaches to managing these and engineering works. The
taken to increase the efficiency controlled. In other areas the habitats are tried. Trade-offs loss of seagrasses is more
of agriculture. development of coastal between protection of rapid in wealthy countries,

aquaculture to ensure food seagrasses and other social where the technology is readilyBeds in proximity to large
security destroys vast areas of and economic benefits of available and can be funded byurban areas are lost and
seagrass and contributes to development are major private enterprise. In poorercannot be recovered due to
coastal pollution. While some challenges, especially for countries the rate of loss ispermanent changes in coastal
wealthy nations are able to coastal communities less since they cannot affordfeatures (e.g., port
institute development and experiencing rapid urban the technology and there aredevelopments, break walls,
pollution controls, and growth. These are addressed incentives to protect seagrassetc.). In areas where coastal
therefore buffer the impact of through integrated regional beds that can be sold tomodifications are absent,
climate change and reduce initiatives to address broader corporations as offset creditsreactive policies and actions to
habitat conversion, other coastal issues, but these to allow developmentreduce pollution, freshwater
countries cannot. Direct initiatives take two decades to elsewhere.loading, sedimentation, and
impacts on seagrasses and develop. In some cases,destructive fishing produce
indirect impacts on fisheries seagrass beds are eventuallysome recovery. For many
threaten food security in many restored, but in otherscoastal communities in
poor countries. continued pollution means thatdeveloping countries, food

seagrasses do not recover.security is threatened.
The greatest progress in
protecting and managing
seagrass is accomplished
outside of urban/industrial
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areas, where changes to
coastlines are limited.

Mangroves Countries continue to lose The increasing storm In some areas the conversion Although technological
areas where sea level rises too frequencies, rising sea levels, of mangroves to other uses is developments can provide
fast for mangroves to adapt. and high freshwater inundation halted through targeted many of the provisioning
Losses are highest in poorer resulting from climate change community-based services of mangroves through
countries, where conversion to results in many mangrove management projects, and aquaculture, substitutes for
other uses, such as areas being environmentally there are attempts to restore other important services such
aquaculture, housing, and stressed. Pollution from some of the services of as nutrient cycling and
agriculture, continue to expand upstream sources as well as in mangroves. A few work, and bioregulation are not well
to accommodate economic the coast adds further stress to the lessons learned are shared developed by 2050, and
and population growth. the mangroves. This has with other communities and therefore the conversion of
Communities relying on impacts on local fisheries (food other management agencies. mangroves to other uses is
mangroves are at risk in terms security) and other services, As examples emerge to show reduced significantly once the
of food security and shoreline such as flood control and that the benefits of converting limitations of technology are
protection early in the carbon sequestration. Some mangroves are short-term, realized. Technology, however,
scenario, although social stands are lost, exposing many communities cease does enable local communities
reforms may alleviate this coastal communities to the conversion and initiate to use mangrove resources
situation later. Eventually the direct impacts of storms and restoration works as part of sustainably through
value of mangroves in flooding and threatening their larger coastal management environmentally appropriate
providing ecosystem services food security. To ensure food programs. Once the loss of aquaculture in constructed
is recognized and measures security, some countries mangrove is slowed down, and ponds/cages. This allows less
are initiated that focus on convert many areas of especially where there is industrialized countries to take
sustainable use (e.g., crab mangroves to aquaculture rehabilitation, fish stocks advantage of expanding
farming, sustainable ponds. However, the increased improve along with other markets for a range of marine
harvesting regimes, etc.) Rich areas of standing water result socioeconomic benefits (e.g., products while avoiding
countries fair much better, but in a rise in mosquito-borne improved coastal protection) overfishing. However, the
storm frequencies increase so diseases. and appropriate fisheries concentration of aquaculture
that remaining stands are management measures are developments results in
threatened in some areas. implemented so that the systems being more vulnerable
Fisheries decline until benefits are distributed to disease and other surprises.
measures for protecting equitably throughout the
mangroves are instituted, but community, furthering the
even then recovery is slow and incentive to protect and
often fails because it has been manage mangroves within a
left too late. Where there is sea larger coastal system. Much of
temperature rise, some the protection and
mangrove beds expand but are management of mangroves
susceptible to episodic events takes place outside of large
such as disease and predation urban/industrial areas since
from other organisms. fewer people are displaced.

Kelp beds Beds close to the coast are In coastal areas, kelp beds in Kelp beds decline for at least a A focus on better fisheries
stressed by a loss of predator many areas are exposed to decade as they are overlooked management and recognition
fish species when pollution, increased storm action, by the focus on local of the financial benefits of
storms, sedimentation, and in increased freshwater inputs, community action. However, ecosystem services
many areas elevated sea sedimentation, and overfishing, as communities recognize the encourages the protection of
temperature cause beds to resulting in increased stress benefits of cooperating to kelp beds as fish spawning
shift to being dominated by sea and susceptibility to disease, manage common goods and areas. But climate change and
urchins. This results in a predation, and competition services, a range of initiatives lack of management success
further cascading effect as from urchins and other emerge that protect coastal limit major benefits to rich
other species that rely on kelp invasive species. In wealthier kelp beds as part of integrated countries. In regions with a
are stressed. Once measures countries action is taken to coastal and fisheries history of overfishing, kelp
are in place to improve water manage pollution and coastal management initiatives. The beds shift to urchin-dominated
quality and reduce development, but the long lag loss of kelp beds is halted or areas in which kelp
sedimentation and to improve times mean that benefits take reduced, and in rare cases infrequently recovers. In this
the management of fisheries, decades to emerge. Poorer recovery takes place scenario there is a risk of
some areas recover, but the countries cannot afford the depending on the levels of overlooking the slow
return of some marine trade-offs with production and disturbance. In those kelp beds processes that maintain kelp
mammal species takes a very development, and ecosystems where overfishing of top beds in the long term in favor
long time and some never continue to decline due to predators is addressed, the of shorter-term processes that
recover. Many inshore areas overfishing, pollution, and state of kelp beds and the are amenable to ecological
are highly susceptible to coastal development. services they provide engineering.
stresses, and therefore improves. This requires the

(continues)
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Appendix Table 8.1. Continued.

Area Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

restoration efforts wax and development of international
wane depending on how well cooperation, which is a big
climate change is brought challenge in this scenario. In
under control. Farther offshore, those areas where there has
beds are less stressed, and in been a long history of
some areas beds expand as overfishing and beds have
temperatures rise. shifted to urchin-dominated

areas, the recovery of kelp
systems is sporadic, and some
areas never recover.

Estuaries and Estuaries undergo major Estuaries and lagoon systems Communities try various Some of the impacts of climate
embayments structural changes as flow are exposed to increased approaches to managing change (storms and flooding)

regimes change with increased flooding, increased freshwater estuaries. A problem early in on estuaries are managed
storm events and flood events, inputs, and sedimentation due the scenario is that the quality through engineering works,
resulting from land conversion to climate change and land of estuaries is determined by and provisioning services such
and climate change in both conversion. This results in the decisions of many as food are provided through
wealthy and poorer countries. changes in the diversity of flora communities, and cooperation aquaculture. The issues of
This results in major changes and fauna in these areas and among them is difficult to pollution and freshwater flows
in species and productivity of alters the scope and nature of achieve while they focus on are also managed through
estuaries. Estuaries close to ecosystem services as well as their own constituencies. As appropriate upstream
urban/industrial areas lose increasing the risk of episodic cooperative thinking emerges practices. Ecological
many ecological functions as events such as hypoxia and and lessons are shared, it simplification contributes to the
pollution levels, freshwater disease (e.g., cholera). These becomes clear that estuaries loss of genetic diversity, which
flows, and coastal problems are made worse in are best managed as part of reduces the long-term
infrastructure increase and as areas where nutrient pollution an integrated system and that sustainability of aquaculture.
flooding becomes more is not controlled. Similarly, the loss of ecosystem services Communities that maintain
common. Hypoxia continues to where coastal developments cannot necessarily be replaced estuaries prosper by benefiting
be problematic in more and including aquaculture (pond by technology or other parts of from improved water quality,
more areas, especially in the and net) increase to ensure the ecosystem. As further reduction of disease, and
developing world. In areas, food security and economic lessons are learned, these maintenance of fisheries.
especially in wealthier growth, then there is a further management programs are
countries, where estuaries decline in ecosystem services then placed in regional
have undergone minimal such as erosion control. In strategies and plans that
modifications in the past (e.g., regions where estuary quality address external issues (e.g.,
military installations) or where is determined by the actions of hypoxia) that local
pollution levels have been several countries, cooperative communities cannot address
managed through foresighted action is needed but hard to as well. The focus on the
or fortuitous management of achieve under this scenario. importance of maintaining and
catchments and domestic and where possible restoring
industrial discharges, hypoxic ecosystem services increases.
events are reduced. Non-urban This results in a slowing of the
areas are also stressed and rate of loss of estuaries and
susceptible to surprises but not corresponding lowering of the
to the same extent (relatively extent and size of hypoxic
more resilience in these zones. An important element
systems). A major challenge of this scenario is that local
for this scenario is that learning allows communities to
although the declining quality appreciate the slow ecological
of estuaries is recognized, the processes that cause lags
actions take decades to between action and results.
produce improvements, and
remedial programs are difficult
to maintain over several terms
of government.

Intertidal areas Flooding and storm events In poorer countries erosion Intertidal areas are often Soft engineering solutions are
degrade low-lying shallow continues to be a problem managed within a broader the focus of managing erosion
intertidal areas. Coastal since there is limited integrated coastal as part of integrated
erosion continues to be a assistance from the rich management program that management of coasts in both
problem, while countries to implement considers intertidal areas as rich and poorer countries. This
conservationists and engineers engineering solutions. In well as others. In areas where becomes the business of a
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debate hard and soft wealthy countries action is shorelines have been severely number of specialist
engineering solutions to taken to address coastal altered through engineering environmental engineering
manage the coast. In the environmental problems only works (channeling, break companies, who make money
wealthier world, hard when they outweigh or impinge walls, etc.), many ecosystem by providing not just
engineering is used as an on economic imperatives. In functions have been lost, while stabilization services but a
interim measure to halt poorer countries, there are in other areas further range of other ecosystem
erosion. Poorer countries are constant conflicts between the degradation or restoration is services. Despite the many
helped with aid from wealthier ecological and social values of possible, especially in the rich successes of these
countries but, even so, areas and basic needs for countries, where such companies, there are several
engineering approaches are food, shelter, and economic expensive works can be spectacular failures due to
too expensive economically development. In both rich and funded. In the developing underestimation of surprises
and socially. poor countries, erosion world, once better from coastal systems and the

becomes an increasing issue environmental management power generated by rare
because of failure to address programs are in place and combinations of natural
the role of well-maintained corruption is managed, the processes.
ecosystems in stabilizing loss rate for intertidal areas
landforms. Both public and slows, but not as slow as in the
private property are wealthy world.
threatened, as well as
recreation, tourism, and food
provisioning.

Coastal lagoons Lagoons are highly disturbed Climate change impacts are Sea level rise and storms Technological solutions (soft
(open and closed) due to increasing storm not addressed in many affect coastal lagoons through engineering) are developed to

frequencies resulting from countries until late in the changes in water quality and reduce the impact of climate
climate change. Poorer scenario, resulting in a hydrological processes. change; to reduce pollution,
countries are hardest hit, since decrease in the number of Communities develop a range including nutrient inputs; and to
many coastal communities functioning lagoons and of management systems to increase food production in
depend on lagoons for food substantial degradation of adapt and buffer these lagoons. Some of this
and income. Rich countries coastal lagoons, especially in impacts. Over time, technology, especially relating
cope better, especially where poorer countries. Lagoons with communities develop to intensive aquaculture, is
urban areas are sparse and sufficient water quality are integrated management transferred to poorer countries,
protection works are funded for used for aquaculture systems that are more increasing food production,
large urban areas. The production and therefore effective and easier to food security, and economic
hydrology for many lagoons continue their food provisioning implement. Systems managed development. However,
changes, resulting in services, but other services outside an integrated system ecosystem services such as
decreased fisheries production such as flood control, are more vulnerable to biodiversity and bioregulation
and increasing the threat of biodiversity, and bioregulation eutrophication, lose ecosystem are reduced, and lagoon
food security in coastal are lost. These systems are services, and are at risk of systems become less resilient
communities in developing more vulnerable to major diseases and invasive species. to disease and invasive
countries. With decreasing disease outbreaks and species (ecological surprises).
water quality, the risk of invasive species. Lagoon Where lagoons are part of an
diseases and invasive species systems that are exposed to integrated management
increases. Overall, these pollutants or subjected to system, many of the stresses
lagoon systems are not lost, shoreline changes are less are addressed, and the
but there is significant resilient than lagoons that have delivery of ecosystem services
degradation. However, where some of their structural improves.
environmentally appropriate integrity intact and are not
protection works (hard and soft threatened with pollution.
engineering) as well as where
integrated coastal
management is implemented,
fewer ecosystem functions are
lost.
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Notes
1. The phrase ‘‘Washington Consensus’’ was coined by John Williamson in

1990 (Williamson 2000) to ‘‘refer to the lowest common denominator of policy
advice being addressed by the Washington-based institutions to Latin American
countries as of 1989.’’ These policies were fiscal discipline; a redirection of pub-
lic expenditure priorities toward fields offering both high economic returns and
the potential to improve income distribution, such as primary health care, pri-
mary education, and infrastructure; tax reform (to lower marginal rates and
broaden the tax base); interest rate liberalization; a competitive exchange rate;
trade liberalization; liberalization of inflows of foreign direct investment; privati-
zation; deregulation (to abolish barriers to entry and exit); and secure property
rights. The term has been used since in a variety of ways. Williamson says:
‘‘Audiences the world over seem to believe that this signifies a set of neo-liberal
policies that have been imposed on hapless countries by the Washington-based
international financial institutions and have led them to crisis and misery. There
are people who cannot utter the term without foaming at the mouth’’ (www
.cid.harvard.edu/cidtrade/issues/washington.html).

2. For example, after the worldwide outbreak of SARS, some people were
concerned that closer global linkages among nations could bring more problems
than it was worth. Difficulty getting some major nations to ratify the Kyoto
Protocol, along with a number of major flooding and fire events related to cli-
mate change, caused some people to think that achieving global cooperation was
hopeless idealism. This feeling was reinforced by problems achieving consensus
in free trade discussions and some major multinational conflicts that for awhile
had nations talking more about national security than international cooperation.
Many activists in rich countries worried about the potential for negative impacts
on the poor if globalization was not carefully controlled and balanced to benefit
the poor.

3. For example: Carson (1962), Ehrlich (1968, 1974), Hardin (1993), Mead-
ows et al. (1972).

4. Including decline in many ocean fisheries, uncontrollable pollution im-
pacts on rivers and estuaries arising from rapidly increasing industrial activity in
both rich and poorer countries, massive damage from floods arising from clearing
of vegetation on floodplains, and impacts from the movement of refugees due
to civil and military conflicts.

5. The rise of the Brazilian Worker’s Party to government in Brazil, for
example, illustrates a strong desire of the electorate to have more say in govern-
ment (see discussion at www.pt.org.br and www.npr.org/programs/npc/2002/
021210.lula.html).

6. Nobel Prize winner Paul Crutzen (1995) claims that the decision to use
chlorine in chlorinated hydrocarbons was a lucky chance based on the interests
and expertise of the chemists involved. Chlorine reacts with ozone only under
certain conditions. An alternative would have been bromine. Bromine is 100
times more reactive. If by chance bromine had been used, there could have been
devastating effects on humans before the problem was detected and action could
be taken.

7. It did this to minimize input costs (e.g., coal) to industry and it did it
because the political system allowed strong central control and rapid decision-
making.

8. ‘‘Peculiarly’’ alludes to the observation (Gray 2003) that there is more
than one potential approach to democracy, depending on such variables as a
country’s culture, history, and economic circumstances, and that China, in par-
ticular, has resisted copying an American model.

9. The possible trends in air pollution are complex and are explored in more
detail in Chapter 9. Under Global Orchestration we expect lower levels of sul-
fur-related air pollution in all regions except sub-Saharan Africa. For NOx, how-
ever, the trends are favorable only for OECD and Latin America. Elsewhere
(with low to medium certainty) NOx-related pollution increases substantially (Asia
and the former Soviet Union) or moderately (sub-Saharan Africa and Middle
East/North Africa).

10. John Gray (2003) gives examples of Buddhist India (centuries ago), the
Ottoman Empire, the Moorish Empire of Medieval Spain, and China up to the
nineteenth century as societies in which cultural and political diversity were
tolerated and even celebrated.

11. The quantitative models (see Chapter 9) illustrate the delicate balance of
trends that are required for this scenario to succeed. The trends include:

• a rapid rate of technology development and investments in agricultural
research that lead to substantial yield increases rendering large expansion in
new crop areas unnecessary (only in sub-Saharan Africa is a large expansion
of cropland projected);

• irrigation of much more agricultural land (the projected increase in area of
irrigated land is the highest among the four scenarios spurred by high eco-
nomic growth and large investments in irrigation systems—this will require
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appropriate increases in efficiency of water use to avoid demand exceeding
supply);

• total agricultural land is projected to grow because of the demand for pas-
ture land and biofuels;

• trade liberalization and economic opening will create new markets and
more trade among increasingly prosperous poorer countries; and

• large investments in agricultural research and infrastructure, particularly in
poorer countries, help bring down international food prices for livestock
products and rice.

12. Various authors discuss the exponentially increasing rate of advancement
of some technologies, leading to a potential singularity (rate of change beyond
the ability of society to adapt without fundamental and unpredictable change).
See, for example, Vinge (1993), Brand (1998), Moravec (1998), Kurzweil
(1999), Calvin and Loftus (2000), Broderick (2001), and Whole Earth Magazine
(2003).

13. Issues associated with invasive species are discussed later in this chapter
and in Various Authors (2003).

14. In the quantitative models (Chapter 9), all four MA scenarios result in
increased global food production, both total and per capita, by 2050 compared
with the base year. Demand for and prices of food increase with population and
for other reasons that differ between scenarios. As would be expected, variation
between regions of the world is very different from scenario to scenario. Global
Orchestration achieves the largest global production increases, fuelled by trade
liberalization and economic opening. The richer countries help to meet demand
from poorer countries, but as agriculture expands regions like sub-Saharan Africa
and Latin America become net exporters of certain foods, while the OECD and
Asia are projected to increase net imports. Large investments in agricultural re-
search and infrastructure, particularly in poorer countries, help bring down inter-
national food prices for livestock products and rice.

15. For example, China recently stood its ground in standards for electronic
communication and won a compromise from the United States (Anon 2004a;
Markus 2004).

16. Climate change represents a typically difficult problem to deal with
under the Global Orchestration storyline, as the impacts of climate change are
disconnected from its causes in both time and place. This means that it is difficult
to pass a test of ‘‘sufficient evidence’’ for people to decide to start mitigating this
problem. It is for this reason that development of climate change policy is very
slow under Global Orchestration, even though the international focus of the
scenario could create the required condition for formulating climate responses.

17. The projections from the modeling in Chapter 9, which were unable to
take future social and technological responses fully into account, indicated that
unless there are large improvements in the efficiency of water use and treatment
of return water, both water withdrawals and wastewater discharges will have
increased by 40% worldwide by 2050. Return flows were predicted to decrease
on average in OECD and former Soviet countries because of a levelling off of
population, decreasing irrigated area, and improving efficiency of water use.
Even though low priority is given to environmental protection in Global Or-
chestration, the richer societies maintain their current efforts at environmental
management. Hence it is reasonable to assume that the level of wastewater treat-
ment in OECD countries will remain at least at its current level. Because of the
booming water withdrawals, however, return flows increase by a factor of 3.6 in
sub-Saharan Africa, a factor of 2 in Latin America, and more moderately in the
Middle East and North Africa (22%) and Asia (48%). Therefore, it is likely that
wastewater will remain untreated in many areas and that the level of water con-
tamination and degradation of freshwater ecosystems may increase (low to medium
certainty). Chapter 9 estimates that nearly 60% of the world will live in these areas
in 2050. Thus a major requirement for Global Orchestration to have an optimis-
tic outcome is significant improvement in treatment of wastewater, which will
be expensive and technically challenging if the roles of ecosystems in minimizing
these challenges are addressed reactively rather then proactively.

18. We acknowledge than many commentators are currently arguing that a
multipolar world is in fact more stable than a unipolar world

19. For example: ‘‘Fortress World,’’ ‘‘Barbarization,’’ ‘‘Breakdown,’’ and
‘‘Mad Max’’ (see Chapter 2 and Costanza 2000).

20. Lack of international cooperation is also likely to have direct conse-
quences for the type of response options that are available to humanity under
this scenario. It seems very unlikely that people could negotiate global solutions
and treaties to address problems of global environmental change under the disag-
gregated Order from Strength. Moreover, the reduction of international trade
also meant that countries tended to focus on using resources within their own
regions. This can imply significant ecological consequences for regions like Asia
that are likely to rely on using domestic coal resources (with relatively large
environmental impact), or land-scarce regions that will need to consider using
even more marginal land resources for food supply.

................. 11411$ $CH8 10-27-05 08:47:00 PS



293Four Scenarios

21. In the quantitative modeling (Chapter 9) this scenario has the largest
withdrawals of water because of its slower improvement of the efficiency of
water use and faster population growth. Accordingly, it also has the largest return
flows, with a doubling of worldwide total flows by 2050. The smallest increase
is in the former Soviet Union (9%), followed by OECD (nearly 40%). All other
regions experience much larger increases—Asia and the Middle East/North Af-
rican countries with approximately a doubling, Latin America more than a factor
of three, and sub-Saharan Africa a factor of 4.7. The combination of exploding
wastewater discharges and negligence of the environment could lead to large
risks to freshwater ecosystems and water contamination. An additional dimen-
sion of this scenario is that return flows continue to increase rapidly after 2050.

22. In the quantitative models (Chapter 9), all four MA scenarios result in
increased global food production, both total and per capita, by 2050 compared
with the base year. Demand for and prices of food increase with population and
for other reasons that differ between scenarios. As would be expected, variation
between regions of the world is very different from scenario to scenario. Under
Order from Strength, food production in poorer countries stalls because of low
investments in technology and infrastructure, and this puts pressure on many to
import food. This is only partly offset by low income growth, which dampens
food demand in poorer countries. As a result, prices for most foods are projected
to increase over the coming decades, and food shortages are a major risk in this
scenario.

23. The quantitative models in Chapter 9 project that in Order from
Strength there is the fastest depletion of forest area worldwide among the scenar-
ios (at a rate near the historic average, only to slow down after 2050 because of
slowing population growth). The loss of forest cover is in particular large in sub-
Saharan Africa.

24. The possible trends in air pollution are complex and are explored in
more detail in Chapter 9. The level of sulfur-related air pollution declines only
slightly worldwide in Order from Strength, because of declines in OECD, the
former Soviet Union, and Latin America. Asia and Middle East/North Africa
have the largest emission increases of all scenarios. There is a significant decline
in NOx-related pollution in OECD countries, and a major increase elsewhere.

25. For present examples of certification, see the Forest Stewardship Council
(www.fscoax.org) or the Marine Stewardship Council (www.msc.org).

26. In the quantitative modeling (Chapter 9), large water withdrawals and
large returns of wastewater are projected. This could cause major health chal-
lenges, especially in regions where the largest increases might occur (sub-Saharan
Africa, Latin America, Asia, and the Middle East/North African countries).
However, these projections are based on the larger populations and lower invest-
ments in technology projected in this scenario. The models could not take ac-
count of adaptations in land management and possible application of inexpensive
approaches to waste generation and management that would take advantage of
ecosystem services like waste assimilation services. In our storylines, we are opti-
mistic about the emergence of new approaches like these supported by local
learning and the sharing of lessons learned between regions. Nevertheless, the
emergence of these approaches is vital for the success of this scenario.

27. Chapter 9 projects large increases in water withdrawals in this scenario,
probably beyond what would be available, which could dramatically affect food
production. However, the modeling could not take account of people’s reaction
to increasing water withdrawal. In this scenario, we expect that people will
recognize this problem early and learn to deal with it through more efficient use
of water, including reduction of water losses in irrigation, greater return of water
to the environment, and better choice of crops and cropping areas. The contrast
between the storylines and the modeling illustrates that dealing with water with-
drawals by increasing human populations will be one of the major challenges of
the future, even for a scenario based on adaptive learning at regional scales.

28. These examples are based on projections by McCarthy et al. (2001),
Chapter 4.5.2.

29. The reader might notice some apparent inconsistencies between these
storylines and the quantitative models for this scenario in Chapter 9, especially
with respect to expansion of agriculture and production and availability of food.
The differences are because the storylines have been more optimistic about the
development of better environmental management and the ability to minimize
losses in productivity through local learning and the emergence of cooperation
among local groups at regional to global scales. When the models were devel-
oped, we expected this scenario to feature a disconnected world throughout.
However, when developing the storylines we realized that despite disaggregated
global institutions, people would still take advantage of the increasing opportuni-
ties for electronic communication and that ‘‘bottom-up’’ connections would
inevitably develop. The models could not take account of these developments,
but they provide a stark statement of the increasing challenges that a world based
on local learning would have to address to avoid failure. The quantitative models
assumed low investments in food production technologies and no breakthroughs
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in yield-enhancing technologies. Globally, irrigated area is expected to grow
very slowly up to 2050, but to increase particularly in sub-Saharan Africa and
Latin America. Crop harvested area is projected to increase, particularly in sub-
Saharan Africa, Latin America, and the Middle East/North Africa. Food prices
are projected to rise, and increases in calorie availability are very small. The
number of malnourished children is projected to increase initially but then de-
cline globally by 2050, but there could be major increases in some poorer coun-
tries. (See Chapter 9 for details.)

30. See also Jaeger (1994), in particular Section 5.4.
31. Some people are skeptical that large improvements in technological effi-

ciency are possible in only a few decades (Jacobs 1991). Many other authors,
exemplified by the Rocky Mountain Institute and Wuppertal Institute, have
made convincing cases that massive improvements in efficiency are possible even
with current technology. As TechnoGarden is based upon technological im-
provement, we have maintained this assumption.

32. The recent collapse of the WTO talks in Cancun provides an example
of the coalitions and issues.

33. For example, England Rural Development Programme (www.defra
.gov.uk/erdp/default.htm) and FOE’s campaign (www.choosefoodchoose
farming.org/).

34. The quantitative modeling (Chapter 9) projects lower water withdrawals
and returns of wastewater than in other scenarios due to a stronger emphasis on
improving water efficiency and the development of environmental technologies
to minimize pollution and maximize ecosystem services for maintaining water
quality. The development of these technologies during the first decade of this
scenario is vital for its success. Otherwise, it could become more like Global
Orchestration, with reactive approaches to emerging environmental problems,
except that it could also create new problems through ill-equipped attempts at
manipulating ecosystems.

35. See Web sites and reports on multifunctional landscapes in the Nether-
lands and the EU, www.urban.nl/index.htm, and in Denmark, www
.naturraadet.dk/start.htm�english/default.htm.

36. In the quantitative models (Chapter 9), all four MA scenarios result in
increased global food production, both total and per capita, by 2050 compared
with the base year. Demand for and prices of food increase with population and
for other reasons that differ between scenarios. As would be expected, variation
between regions of the world is very different from scenario to scenario. The
TechnoGarden scenario operates somewhat similarly to the Global Orchestration
scenario, with substantial improvements in crop yields combined with a lower
preference for meaty diets reducing pressure on crop area expansion. Increased
food demand is also met through exchange of goods and technologies. Both
calorie consumption levels and the reduction in the number of malnourished
children are similar, albeit somewhat lower than, the Global Orchestration sce-
nario.

37. Some of these possibilities are discussed by United Nations Population
Division (2001). China’s energy changes are discussed by China Energy Group
at Berkley Labs, at eetd.lbl.gov/EA/partnership/China.

38. Car-sharing is discussed at www.carsharing.net.
39. The Korean Demilitarized Zone provides an example of an involuntary

park. Hunting of bushmeat, mining, and logging during the war in the Congo
is an example of ecological degradation. (See Price 2002.)

40. Cheap communication and organization is allowing vast online groups
to organize and function. Linux provides an example, but so does the anti-
globalization movement (Arquilla and Ronfeldt 2001; Ronfeldt et al. 1998).

41. The UK’s Royal Society’s report on recent large-scale field trials dis-
cusses the impacts of GM agriculture on wildlife populations. This is available at
www.defra.gov.uk/environment/gm/fse/index.htm.

42. See Creative Commons at creativecommons.org for a current nongov-
ernmental organization advocating more open copyright laws. They have re-
cently moved to create international licensing agreements.

43. The possible trends in air pollution are complex and are explored in
more detail in Chapter 9. Under TechnoGarden, major reductions in sulfur-
related pollution are achieved globally (except for sub-Saharan Africa). Mean-
while, NOx pollution declines substantially only in OECD and Latin America,
while elsewhere it continues to increase about the same as in Global Orchestra-
tion.

44. Note that the quantitative models (Chapter 9) were unable to take social
factors like these into account, and their outputs more strongly resemble the
worst than the best case in Figure 8.5.
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Main Messages

The demand for provisioning services, such as food, fiber, and water,
strongly increases in all four scenarios (with medium to high certainty).
This is due to expected increases in population, economic growth, and chang-
ing consumption patterns. Increasing demand for provisioning services leads
(with high certainty) to further stress on the ecosystems that provide these
services. By 2050, global population increases (with medium to high certainty)
to 8.1–9.6 billion, depending on the scenario. At the same time, per capita
GDP expands by a factor of 1.9–4.4, again depending on the scenario (low to
medium certainty). Increasing income fuels increasing per capita use of most
resources in most parts of the world. The combination of increasing population
and per capita consumption increases the demand (with high certainty) for
ecosystem services, including water and food. Demand is dampened some-
what by increasing efficiency in the use of resources.

Trade-offs between ecosystem services continue and perhaps intensify.
The gains in provisioning services, such as food supply and water, will come
partly at the expense of losses of other services. Providing additional food to
match increased demand will lead (with low to medium certainty) to further
expansion of agricultural land, and this in turn will lead to the loss of natural
forest and grassland, as well as the loss of ecosystem services associated
with this land (genetic resources, wood production, habitat for fauna and flora).
Water use will increase in poorer countries (with high certainty), and this is
likely to be accompanied by a deterioration of water quality and the loss of the
ecosystem services provided by clean freshwater systems (genetic resources,
fish production, habitat for aquatic and riparian flora and fauna).

Overall, the largest decrease in the quality of ecosystems and the provi-
sion of ecosystem services (with medium certainty) occurs under the
Order from Strength scenario. This is driven by a relatively large increase in
population, a reactive attitude toward ecological management, the low level of
technological development, and restrictions on trade.

The scenarios indicate (with medium certainty) certain ‘‘hot spot re-
gions’’ of particularly rapid changes in ecosystem services, including
sub-Saharan Africa, the Middle East and Northern Africa, and South Asia.
To meet its needs for development, sub-Saharan Africa is likely to rapidly
expand its withdrawal of water, which will require an unprecedented investment
in new water infrastructure. Under some scenarios (medium certainty), this
rapid increase in withdrawals will cause a similarly rapid increase in untreated
return flows to the freshwater systems, which could endanger public health
and aquatic ecosystems. Sub-Saharan Africa could experience not only accel-
erating intensification of agriculture but also extensification through expansion
of agricultural land into natural areas. Further intensification could lead to a
higher level of contamination of surface and groundwaters. Extensification will
come at the expense of a large fraction of sub-Saharan Africa’s natural forest
and grasslands (medium certainty), as well as the ecosystem services they
provide.

In all scenarios, rising income in the Middle East and Northern African
countries leads to greater meat demand, which could lead to a still higher
level of dependence on food imports (low to medium certainty). There is
a medium certainty that rising incomes put further pressures on limited water
resources in the hot-spot regions, which will either stimulate innovative ap-
proaches to water conservation or could limit development. In South Asia,
deforestation continues in all scenarios, despite increasingly intensive indus-
trial-type agriculture. Here, rapidly increasing water withdrawals and return
flows further intensify water stress. There may be regions (with low certainty)
where the pressure on ecosystems causes breakdowns in these ecosystems,
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and these breakdowns could interfere with the well-being of the population and
its further economic development.

The four scenarios describe contrasting pathways for the development
of human society and ecosystems. At the same time, similar outcomes
for ecosystem services can be achieved through multiple pathways. For
example, food demand across scenarios can be fulfilled either through expan-
sion in cropping area or through an increase in crop yields. Similarly, compara-
ble rates of land use change can result from different combinations of growth
rates of population, economic activity, and technology developments.

There are several conclusions regarding specific drivers and ecosystem ser-
vices:

• Vast changes are expected in world freshwater resources and hence
in the ecosystem services provided by freshwater systems. A deterio-
ration of the services provided by freshwater resources (aquatic habitat;
fish production; water supply for households, industry, and agriculture) is
expected under the two scenarios that are reactive to environmental prob-
lems (Global Orchestration and Order from Strength). A less severe de-
cline is expected under the two scenarios that are proactive about
environmental issues (TechnoGarden and Adapting Mosaic) (medium cer-
tainty). Water withdrawals are expected to increase greatly outside wealthy
countries (as a result of economic and population development) but will
continue to decline in other regions (as a result of saturation of per capita
demands, efficiency improvements, and stabilizing population) (medium
certainty).

The extent of the increases outside the rich countries is scenario-depen-
dent. In sub-Saharan Africa, domestic water use greatly increases in all
scenarios, and this implies (with low to medium certainty) an increased
access to fresh water. However, these estimates do not factor in the tech-
nical and economic feasibility of increasing domestic water withdrawals.
Under the Global Orchestration and Order from Strength scenarios, mas-
sive increases in water withdrawals are expected to lead to an increase in
untreated wastewater discharges (in poorer countries), causing a deterio-
ration of freshwater quality. Climate change leads to both increasing and
declining river runoff, depending on the region. The combination of huge
increases in water withdrawals, decreasing water quality, and decreasing
runoff in some areas leads to an intensification of water stress over wide
areas.

• Land use change is a major driver of changes in the provision of
ecosystem services up to 2050 (medium to high certainty). The sce-
narios indicate (low to medium certainty) that 10–20% of current grassland
and forestland may be lost between now and 2050, mainly due to the
further expansion of agriculture (and secondarily, because of the expan-
sion of cities and infrastructure). This expansion mainly occurs in low-
income and arid regions, while in the high-income regions, agricultural
area declines. The provisioning services associated with affected biomes
(genetic resources, wood production, habitat for terrestrial biota and fauna)
will also be reduced. The degree to which natural land is lost differs among
the scenarios. The Order from Strength scenario has the greatest implica-
tions from land use changes, with large increases in both crop and grazing
areas. TechnoGarden and Adapting Mosaic, in contrast, are the most land-
conserving scenarios because of increasingly efficient agricultural produc-
tion, lower meat consumption, and lower population increases. Existing
wetlands and the services they provide (such as water purification) are
faced with increasing risk in some areas due to reduced runoff or intensi-
fied land use in all scenarios.
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• After 2050, climate change and its impacts (such as sea level rise)
have an increasing effect on the provision of ecosystem services
(medium certainty). Under the four MA scenarios, global temperature is
expected to increase significantly: 1.5–2.0� Celsius above pre-industrial in
2050, and 2.0–3.5� Celsius in 2100, depending on the scenario and using
median estimates for climate change variables (medium certainty). This is
in the low to middle range of the scenarios developed for the IPCC Third
Assessment Report (2.0–6.4� Celsius). The main reasons for this are that
the MA range does not include the effect of the uncertainty in climate
sensitivity and the MA set includes one scenario that assumes climate
policy, in contrast to the climate policy–free IPCC scenarios. There is an
increase in global average precipitation (medium certainty), but some
areas will become more arid while others will become moister. Climate
change will directly alter ecosystem services, for example, by causing
changes in the productivity and growing zones of cultivated and nonculti-
vated vegetation. Climate change also alters the frequency of extreme
events, with associated risks to ecosystem services. Finally, it will indi-
rectly affect ecosystem services in many ways, such as by causing sea
level to rise, which threatens mangroves and other vegetation that now
protect shorelines.

• Food security remains out of reach for many people, and child mal-
nutrition cannot be eradicated by 2050 (with low to medium cer-
tainty), even though the supply of food increases under all four
scenarios (medium to high certainty) and diets in poorer countries
become more diversified (low to medium certainty). On a global basis,
food supply increases significantly in all four scenarios. On a per capita
basis, however, basic staple production stagnates or declines for all sce-
narios in the Middle East and North Africa and increases very little in sub-
Saharan Africa (low to medium certainty). Resulting shortfalls in these
regions are expected to be covered through increased net food imports
(medium certainty). Even though cereal production in 2050 will be 50%
larger and the per capita availability of food increases, child malnutrition is
not eradicated (low to medium certainty). Moreover, higher grain prices
under the Order from Strength and Adapting Mosaic scenarios indicate a
tightening of world food supplies. Order from Strength leads to the highest
estimated number of malnourished children in 2050—181 million, com-
pared with 166 million children today. Also in Adapting Mosaic, we esti-
mate (with low certainty) that by 2050 some 116 million children might still
be malnourished. The large number of malnourished children arises be-
cause of inadequate investments in food production and its supporting
infrastructure and high population growth. Larger investments in health
and education and enhanced community development could reduce the
number of malnourished children (with high certainty).

• Demand for fish as food will expand, and the result will be an increas-
ing risk of the major long-lasting decline of regional marine fisheries
(low to medium certainty). The demand for fish from both freshwater
and marine sources as well as from aquaculture will increase across all
scenarios because of increasing human population, income growth, and
increasing preferences for fish. Increasing demand will raise the pressure
on marine fisheries, which may already be near their maximum sustainable
yield, and could cause a long-term decline in their productivity (low to
medium certainty). The production of fish via aquaculture will add to the
risk of decline of marine fisheries if aquaculture continues to depend on
marine fish as a feed source.

• The future contribution of terrestrial ecosystems to the regulation of
climate is uncertain. Deforestation is expected to reduce the carbon sink,
most strongly under the Order from Strength scenario (with medium cer-
tainty). Carbon release or uptake by ecosystems affects the CO2 and CH4

content of the atmosphere at the global scale and thereby affects global
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climate. Currently, the biosphere is a net sink of carbon, absorbing about
1 to 2 gigatons of carbon per year, or approximately 20% of fossil fuel
emissions. It is very likely that the future of this service will be greatly
affected by expected land use change. In addition, a higher atmospheric
CO2 concentration is expected to enhance net productivity, but this does
not necessarily lead to an increase in the carbon sink. The limited under-
standing of soil respiration processes generates uncertainty about the fu-
ture of the carbon sink. There is a medium certainty that climate change
will increase terrestrial fluxes of CO2 and CH4 in some regions (in Arctic
tundras, for example). Among the four scenarios, the greatest reduction of
the terrestrial biosphere’s carbon sink will occur (with low certainty) under
the Order from Strength scenario because of its high level of deforestation.

9.1 Introduction
The capacity of ecosystems to provide services is deter-
mined by many different direct and indirect driving forces
operating at the local to global level. (See Chapters 1 and
7.) Changes in driving forces will catalyze changes in the
provision of ecosystem goods and services. In this chapter,
we estimate the future changes in ecosystem services ac-
cording to changes in driving forces described in the MA
scenarios. The expectations about the future of ecosystem
services are consistent with the storylines presented in
Chapters 5 and 8.

We present estimates of changing ecosystem services in
the form of both qualitative and quantitative information.
The qualitative information is based on our interpretation
of the storylines presented in Chapters 5 and 8, while the
quantitative information is based on a modeling analysis,
also related to the storylines, as explained below.

Qualitative expectations for future ecosystem services
are summarized in Table 9.1 for provisional and regulating
services. Since it is not feasible to present these expectations
in natural units, such as tons of grain or cubic meters of
potable water, we use a simple, three-level indicator system:
zero if the ecosystem service changes little between 2000
and 2050, �1 if it is in better condition in 2050 than in
2000, and �1 if it is in worse condition. These qualitative
expectations were not calculated from computer models
but are based on our assessment and judgment of the story-
lines presented in Chapters 5 and 8. But these judgments
are analogous to the model results in some ways. Model
results and qualitative expectations were both constructed
to be consistent with the logic and rationale of the story-
lines. They both have substantial uncertainties. By explicitly
comparing outcomes for ecosystem services using both
qualitative and quantitative approaches, we gain some per-
spective on the uncertainties.

The storylines also imply certain conclusions about the
vulnerability of ecosystems. An ecosystem is vulnerable if it
is sensitive to anthropogenic or non-anthropogenic distur-
bances. If society is highly dependent on a service provided
by a threatened or sensitive ecosystem, then society too is
vulnerable.

The quantitative conjectures come from a modeling ex-
ercise described in Chapter 6 and are reported in the text
and the figures of this chapter. The exercise had the follow-
ing basic steps. First, from the storylines we derive a set of
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quantitative assumptions for the indirect drivers of ecosys-
tem changes (such as population and economic growth).
Second, we use information about indirect drivers to derive
assumptions about the direct drivers of ecosystem change
(such as energy use and irrigated area). In some cases (land
cover change, for instance), models are used to derive these
direct drivers. Next, the direct drivers are input to a suite of
numerical simulation models. These models generate first
estimates of temporal and spatial changes in a wide range of
ecosystem services. As noted in Chapter 6, an important
point is that these models can only cover a small part of the
attributes and processes having to do with ecosystem ser-
vices. For example, while the quantitative models address
many provisioning and regulating ecosystem services, we
do not have quantitative models for estimating future provi-
sion of supporting and cultural services. We try to fill in
some of the missing information with the qualitative expec-
tations.

This chapter starts with a discussion of the assumed
changes in indirect and direct drivers and then describes
estimates for each of the provisioning and regulating ecosys-
tem services in turn. This is followed by brief sections de-
scribing qualitative estimates of supporting and cultural
services. We focus on results for 2050, which is a compro-
mise between the shorter time horizon of a typical agricul-
tural or urban prospective study and the longer time
horizon of climate impact studies. The year 2050 also gives
us a long-term perspective on the ecological consequences
of current actions and policies. Nevertheless, where appro-
priate we also provide information about the year 2100 and
temporal trends throughout the twenty-first century.

9.2 Indirect Drivers of Ecosystem Services
Drivers of ecosystem services, as the term is used in the MA,
are human-induced factors that directly or indirectly cause
a change in an ecosystem. The difference between indirect
and direct drivers is that the latter unequivocally influence
ecosystem processes, while the former operate more dif-
fusely, often by altering one of the more direct drivers.

Chapter 7 discusses the role of the different drivers of
change in ecosystem services, their historic changes, and the
range of possible changes in the future. In this chapter, we
estimate their changes under each of the storylines. Models
were used to provide quantitative estimates for most of the
relevant drivers. (See Table 9.2.) For other drivers, qualita-
tive judgment was used.

The key indirect driving forces of the MA scenarios are
population, income, technological development, and
changes in human behavior. The future trends of these driv-
ing forces are quite different, as implied by the story-lines
of the four scenarios.

9.2.1 Population

9.2.1.1 Methodology and Assumptions

Change in population is important because it will influence
the number and kind of consumers of ecosystem services.
Furthermore, it will directly affect the amount of energy
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Table 9.2. Driving Forces and Their Degree of Quantification

Quantified Drivers Unquantified Drivers

Indirect Indirect

Population growth Sociopolitical

Economic activities Culture and religion

Technology change

Direct Direct

Energy use Species introduction/removal

Emissions of air pollutants (sulfur,
nitrogen)

Emissions of GHG and climate change

Land use/cover change

Harvest and resource consumption

External inputs (irrigation, fertilizer use)

used, the magnitude of air and water pollutant emissions,
the amount of land required, and the other direct drivers of
ecosystem change. Population scenarios are developed on a
regular basis by demographers at the United Nations and
the International Institute for Applied Systems Analysis
(IIASA; Lutz et al. 2001). Both groups also try to express
the uncertainties of the population projections, by giving
either more than one scenario (the United Nations) or
probabilistic projections (IIASA).

By 2050, most projections are in the range of 7–11 bil-
lion people. After 2050, this range widens significantly,
with some scenarios showing increasing population levels
while others show decreasing levels. In recent years there
have been several downward revisions of population pro-
jections. Thus the population projections of the MA scenar-
ios, as discussed here, have a lower range than those used in
earlier global environmental assessment studies (such as the
Intergovernmental Panel on Climate Change and the
Global Environmental Outlook of the U.N. Environment
Programme). The four population projections used here
have been based on the IIASA 2001 probabilistic projec-
tions for the world (Lutz et al. 2001), but they are designed
to be consistent with the four MA storylines. (See Table
9.3.) The IIASA projections are generally consistent with
those from the other major institutions that produce global
population scenarios (United Nations, World Bank, and
U.S. Census Bureau).

The first step in deriving the projections was to make
qualitative judgments about trends in the components of
population change (fertility, mortality, and migration) in 13
world regions for each of the MA storylines. Next, the
qualitative judgments were converted into quantitative as-
sumptions based on conditional probabilistic projections.
Using this approach, the high, medium, and low categories
in Table 9.3 were mapped to three evenly divided quantiles
of the unconditional probability distributions, as defined in
the IIASA projections, for each component of population
change. Single, deterministic scenarios for fertility, mortal-
ity, and migration in each of 13 regions were derived for
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Table 9.3. Assumptions about Fertility, Mortality, and Migration
for Population Projections in MA Scenarios. In the IIASA
projections, migration is assumed to be zero beyond 2070, so all
scenarios have zero migration in the long run.

Global Order from Adapting
Variable Orchestration Strength Mosaic TechnoGarden

Fertility HF: low HF: high HF: high/ HF: medium
LF: low LF: high medium LF: medium
VLF: medium VLF: low LF: high/ VLF: medium

medium
VLF: low

Mortality D: low D: high D: high/ D: medium
I: low I: high medium I: medium

I: high/
medium

Migration high low low medium

Key: I � industrial country regions; D � developing-country regions; HF �
high fertility regions (TFR�2.1 in year 2000); LF � low fertility regions
(1.7�TFR�2.1); VLF � very low fertility regions (TFR�1.7). (Total fertility
rate is the number of children that a woman would have at the end of her
fertile period if current age-specific fertility rates prevailed.)

each storyline, defined by the medians of the conditional
distributions for these variables. Population projections for
each MA scenario were then produced based on the deter-
ministic scenarios for each component of population
change. Regional population projections were then down-
scaled to the country level to facilitate impact assessments
and to allow modeling groups to reaggregate the country
level results to their own regional definitions. (More infor-
mation on the methodology for deriving population projec-
tions is given in Chapter 6.)

Table 9.3 lists the qualitative assumptions about fertility,
mortality, and migration for each storyline. These assump-
tions are expressed qualitatively as high, medium, or low
and in relative rather than absolute terms. That is, a high
fertility assumption for a given region means that fertility is
assumed to be high relative to the median of the probability
distribution for future fertility in the IIASA projections.
Since the storylines describe events unfolding through
2050, the demographic assumptions specified here apply
through 2050 as well. For the period 2050–2100, assump-
tions were presumed to remain the same in order to gauge
the consequences of trends through 2050 for the longer
term. This is not intended to reflect any judgment regarding
the plausibility of trends beyond 2050.

Trends in fertility and mortality in currently high-fertility
countries were based on demographic transition reasoning.
In Global Orchestration, higher investments in human cap-
ital (especially education and health) and greater economic
growth rates are assumed to be associated with a relatively
fast transition, implying lower fertility and mortality than in
a central estimate. In Order from Strength, lower invest-
ments in human capital and slower economic growth lead
to a slower transition (that is, higher fertility and mortality).
TechnoGarden, with more moderate investments and eco-
nomic growth assumptions, is assumed to undergo a mod-
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erate pace of change in both fertility and mortality. The
Adapting Mosaic storyline begins similarly to Order from
Strength but diverges later because large investments in ed-
ucation pay off in an acceleration of economic growth and
technological development in all regions. Demographic
trends in Adapting Mosaic are therefore specified to follow
Order from Strength for 10 years and then to diverge to
‘‘medium assumptions’’ of mortality and fertility by mid-
century.

The determinants of long-term fertility change are
poorly known in countries that have completed the demo-
graphic transition to low fertility, and therefore there is little
basis for preferring one set of assumptions over another for
a given storyline. In the face of this uncertainty, the over-
arching rationale for specifying trends for given storylines
was chosen to be the scope of convergence in fertility across
low fertility countries. Since Order from Strength describes
a regionalized, divergent world, and Global Orchestration
a globalizing, convergent world, these characteristics were
applied to future fertility. Thus the low fertility countries
were divided into two groups (one with ‘‘very low fertility’’
and one with ‘‘low fertility,’’ see note to Table 9.3), and
fertility assumptions were adopted such that fertility in these
two groups would tend to converge in the Global Orches-
tration scenario to around 1.6 and diverge in the Order
from Strength scenario to span a range from 1.3 to 2.2. In
Adapting Mosaic, fertility initially follows the Order from
Strength assumptions, then diverges toward medium levels.
In TechnoGarden, medium fertility is assumed.

Mortality in wealthy country regions is assumed to be
lowest in the Global Orchestration scenario, consistent with
its high economic growth rates, relatively rapid technologi-
cal progress (assumed to occur in the health sector as well),
and reductions in inequality within the region. In contrast,
Order from Strength, which assumes growing inequality
within wealthy countries and even the potential for reemer-
gence of some diseases, is assumed to have the highest mor-
tality. TechnoGarden assumes a medium pace of mortality
change, and Adapting Mosaic follows the Order from
Strength assumptions for 10 years before diverging to me-
dium levels in 2050.

Net migration rates are assumed to be low in the region-
ally oriented scenarios (Adapting Mosaic and Order from
Strength), consistent with higher barriers between regions.
In Global Orchestration, permeable borders and high rates
of exchange of capital, technology, and ideas are assumed to
be associated with high migration. TechnoGarden assumes
a more moderate migration level.

9.2.1.2 Comparison of Population Size among Scenarios

Table 9.4 shows the results for global population size
through 2100 for each of the four scenarios. The range be-
tween the lowest and the highest scenario is 8.1–9.6 billion
in 2050 and 6.8–10.5 billion in 2100. These ranges cover
50–60% of the full uncertainty distribution for population
size in the IIASA projections. The primary reason that these
scenarios do not fall closer to the extremes of the full uncer-
tainty distribution is that they correlate fertility and mortal-
ity: Order from Strength generally assumes high fertility and
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Table 9.4. Population by Region in 1995 and Assumptions in MA Scenarios (IIASA)

Global Orchestration Order from Strength Adapting Mosaic TechnoGardenPopulation
Region in 1995 2020 2050 2100 2020 2050 2100 2020 2050 2100 2020 2050 2100

(million)

Former Soviet Union 285 290 282 245 287 257 216 288 273 246 292 281 252

Latin America 477 637 742 681 710 944 1,309 708 933 1,155 672 831 950

Middle East and
North Africa 312 478 603 597 539 774 972 537 765 924 509 692 788

OECD 1,020 1,136 1,255 1,153 1,076 998 856 1,079 1,068 978 1,117 1,154 1,077

Asia 3,049 3,861 4,104 3,006 4,210 5,023 5,173 4,201 4,992 4,753 4,039 4,535 3,992

Sub-Saharan Africa 558 858 1,109 1,132 956 1,570 1,988 951 1,492 1,775 907 1,329 1,516

World 5,701 7,260 8,095 6,814 7,777 9,567 10,514 7,764 9,522 9,830 7,537 8,821 8,575

high mortality, and Global Orchestration generally assumes
low fertility and low mortality. Both of these pairs of as-
sumptions lead to more moderate population size out-
comes.

Adapting Mosaic is nearly identical to Order from
Strength at the global level over most of the century, even
though it is designed to follow Order from Strength only
for 10 years and then diverge from it. This is because the
effects of deviations in fertility in the Adapting Mosaic sce-
nario do not become apparent in population size for many
decades due to population momentum and because both
fertility and mortality trends diverge. Thus, although fertil-
ity declines in Adapting Mosaic relative to Order from
Strength after 2010, tending (eventually) toward a smaller
population size, mortality declines relative to Order from
Strength as well, tending toward a larger population size.
The net result is little difference, especially in the short to
medium term.

The relationship across scenarios differs by region.
While in poorer-country regions the ranking is the same as
in the global results (that is, Global Orchestration produces
the lowest population size, and Order from Strength the
highest), this ranking is reversed in many of the wealthy-
country regions (Western Europe, Eastern Europe, Soviet
Europe, and Pacific OECD). The main reason is that Order
from Strength is assumed to have divergent fertility trends
coupled with low migration among the wealthy regions.

Thus the regions with currently very low fertility rates
(less than 1.5 births per woman) are projected to see little
change in fertility levels in the future, maintaining the fertil-
ity difference between these regions and North America
and China, where fertility remains around replacement
level of about 2 births per woman. These assumptions, in
the absence of countervailing increases in net migration into
the region, produce substantial population declines in the
very low fertility regions. For example, in Western Europe
population declines by nearly 20% by 2050 and by more
than 50% by 2100. Declines are even greater in other Euro-
pean regions. By contrast, in the Global Orchestration sce-
nario, fertility rates are assumed to converge across wealthy
countries, leading to increases in the regions where fertility
is currently very low. In addition, migration into the region

PAGE 306

is assumed to be high in this scenario. The combined effect
is to make Global Orchestration the highest population sce-
nario for the richer-country regions.

The range of outcomes for one region, North America,
is particularly small over all four scenarios, despite widely
differing sets of assumptions about input variables. The rea-
son is that assumptions about the different components of
population change, as dictated by the storylines, tend to off-
set each other. When fertility is assumed to be low, mortal-
ity is low as well, and migration (which has a substantial
influence on population growth in this region) is high. A
similar situation holds, in reverse, when fertility is high.
Thus the range of population size outcomes is only 426–
439 million in 2050 and 420–540 million in 2100.

In sub-Saharan Africa, the HIV/AIDS epidemic takes a
heavy toll in all scenarios. Life expectancy for the region as
a whole is assumed to decrease and not to return to current
levels for 15–25 years, depending on the scenario. In indi-
vidual countries where HIV prevalence rates are highest,
population is projected to decline. Yet the population of the
region as a whole is projected to grow in all scenarios,
driven by the large countries of the region whose HIV/
AIDS prevalence rates are estimated to be relatively low and
either past or near their peaks (UN 2003), by the momen-
tum inherent in the young age structure of the region, and
by relatively high fertility.

9.2.1.3 Comparison of Aging among Scenarios

The age distribution of the population will have an impor-
tant influence on future consumption patterns as well as on
the vulnerability and adaptive capacity of society. This is
reflected, for example, in a computation of the number of
malnourished children later in this chapter.

In all scenarios, substantial aging of the population oc-
curs. The least amount of aging occurs in Order from
Strength, due to its high fertility and mortality assumptions
in poorer countries, but even in this case the proportion of
the population above age 65 more than doubles from about
7 to 17% by 2100. In Global Orchestration, the proportion
above age 65 triples by 2050 (to 22%) and increases by a
factor of six (to 42%) by 2100. This result is driven by low
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fertility assumptions in poorer-country regions, along with
low mortality assumptions for all regions.

Within these general trends at the global level, results
vary by region. In all richer-country regions, the proportion
over 65 doubles to at least 30% by 2100 in nearly all scenar-
ios (the only exception is the Order from Strength scenario
in North America). In contrast, while aging is extraordi-
narily fast in poorer regions in most scenarios—the propor-
tion over 65 increases, for example, from 5% currently to
over 40% by the end of the century in Global Orchestra-
tion—in Order from Strength the older age group never
accounts for more than 20% of the population in any of
these regions. In fact in sub-Saharan Africa, where fertility
and mortality are the highest, little aging occurs over the
first half of the century in any scenario. And even by the
end of the century, the proportion of the population there
over 65 years of age reaches only 22% in the most extreme
outcome (the Global Orchestration scenario).

9.2.2 Economic Development

9.2.2.1 Methodology and Assumptions

Economic development as a driver of the use of ecosystem
services comprises many dimensions—including income
levels, economic structure, consumption, and income dis-
tribution. Often, however, levels of per capita income
(GDP or GNP) are used as a measure of the degree of eco-
nomic development. In fact, per capita income is typically
the only development indicator used in the literature for
long-term scenarios.

Assumptions about economic development influence
the future of ecosystem services by affecting the direct driv-
ers of ecosystem changes such as energy use and food con-
sumption and the indirect drivers such as technological
progress. The relationship between income development
and direct drivers differs greatly among ecosystem services.
For several services, model calculations assume that the
higher the income, the greater the per capita consumption
of commodities, up to some saturation level (for example,
energy consumption per sector or domestic water use). For
other services, high income may lead to a decrease in con-
sumption because of a change in consumption patterns
(fuelwood consumption, say).

Income levels are best measured in local currencies for
many analyses with a national focus. However, for interna-
tional comparison they need to be converted into a com-
mon unit. Historically, most scenario analyses have used
conversion into U.S. dollars based on market exchange
rates. An alternative measure is based on ‘‘purchasing power
parity’’. PPP values show the ratio of the prices in national
currencies of the same good or service in different countries
and reflect the fact that many products have lower prices
in low-income countries. Although PPP comparisons are
considered to be a better indicator of relative wealth, the
measurement is somewhat more problematic. PPP values
can be determined by measuring price levels of a represen-
tative set of goods and services in different countries; it is
not, however, straightforward to define such a set across a
range of very different economies, also taking into account
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differences in quality. Hence the advantages and disadvan-
tages of both approaches are being intensively debated.

An important aspect of this debate has been the recent
discussion about MER-based income projections underly-
ing the scenarios of IPCC’s Special Report on Emission
Scenarios (Nakićenović et al. 2000). While most scenarios
in SRES indeed use MER numbers, some of them have
reported PPP values too, assuming real exchange rates to
change dynamically with increasing degree of development.
In the view of the SRES researchers, changing the metric
of monetary income levels does not change the underlying
real activity levels that are relevant for ecological impacts.
They argue that the use of different income measures im-
plies a different relationship between income and these
physical indicators, implying that it does not matter
whether PPP or MER values are used (that is, all effects are
cancelled out).

Castles and Henderson (2003), however, questioned the
use of MER-based income projections in the SRES. They
argued that underestimation of real income in developing
countries (by using MER numbers) led SRES modeling
teams to overestimate activity growth rates in the next 100
years (and therefore the growth of greenhouse gas emis-
sions) (see also Economist 2003; Maddison 2004). In re-
sponse, the SRES researchers indicated that the IPCC
growth projections are consistent with historic growth tra-
jectories and that using alternative metrics for growth will
not fundamentally change the scenarios (Nakićenović et al.
2003).

Several researchers explored the issue more quantita-
tively. Manne and Richels (2003) found some differences
between using PPP and MER estimates as a result of coun-
teracting influences in their model. Differences found by
McKibbin et al. (2004) were larger, but they too concluded
that possible impacts are within the range of other uncer-
tainties impacting emissions. Finally, Holtsmark and Alfsen
(2004) showed that, in their model, consistent replacement
of the metric of monetary proxies (PPP for MER) through-
out (for income levels but also for underlying technology
relationships) led to a full cancellation of the impact. Using
PPP values might give rise to lower growth rates for devel-
oping countries, but also to a different relationship between
income and demand for energy. On the basis of these stud-
ies, it seems that although impacts on economic growth
projections are uncertain, using PPP-based values instead of
MER-based ones would at most only mildly change future
estimates of resource consumption.

In the MA, we use income levels mostly as a proxy to
derive activity levels measured in physical units in different
models. The final results in terms of demand for ecological
services have been checked against historic trends and
among different regions and were found to be consistent
and convincing. It should be noted that the income num-
bers themselves (expressed in MER-based values) should
be used with some reservation in light of the debate just
described—and should certainly not be directly interpreted
as to express real differences in economic welfare among
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different regions. In a more qualitative way, however, they
do express the storylines of the different scenarios.

Historically, global GDP has increased by a factor of 20
over the last 110 years, or at a rate of about 2.7% per year.
Per capita GDP growth was 1.5% per year (Maddison
1995). There has been, however, a substantial variation in
the rates of economic growth over time and across coun-
tries. For the OECD region, economic growth has acceler-
ated to over 1% per year since about 1870. For most
developing countries, comparable conditions for economic
growth existed only in the second half of the twentieth cen-
tury. It is important not to conceptualize economic devel-
opment as a quasi-autonomous, linear development path.
Numerous socioinstitutional preconditions have to be met
before any ‘‘takeoff ’’ into accelerated rates of productivity
and economic growth can materialize.

Different strategies to create such conditions have been
successful (Freeman 1990; Chenery et al. 1986). Once these
preconditions are met, it is not uncommon for countries to
experience an ‘‘acceleration phase’’ in which they catch up
relatively quickly to wealthier countries. The most obvious
examples have been Japan, South Korea, and China (all ex-
perienced economic growth rates over 6% over a period of
at least 20 years). At the same time, income gaps in both
absolute and relative terms have not disappeared from the
world. For instance, per capita GDP growth in Africa has
been below OECD levels since 1950, and even negative
in several periods since 1980. Since 1990, other important
economic trends have been the serious economic setbacks
in Eastern Europe and the former Soviet Union after the
transition to market economies and the more recent slow
recovery of economies in Latin America.

Most economic growth scenarios found in literature
only encompass periods of 10–20 years (e.g., World Bank
2002). An important exception have been the economic
scenarios developed as a basis for building energy and envi-
ronmental scenarios, such as those reviewed in Alcamo et
al. (1995) and Nakićenović et al. (2000). Typically, such
scenarios show annual economic growth rates (GDP per
capita measured at MER) between 0.8 and 2.8% over the
1990–2100 period. In most cases, economic growth slows
down in the second half of the century as a result of
(assumed) demographic trends (aging of the population),
saturation of consumption, and slower reduction in techno-
logical change. Moreover, most scenarios assume that in-
comes in different regions will converge in relative terms
(that is, higher growth rates are assumed in poorer countries
than in OECD ones).

The MA scenarios for income cover a range of eco-
nomic growth rates consistent with the scenario storylines
described earlier in this volume. Table 9.5 shows the quali-
tative asassumptions for economic variables fitting to these
storylines. Using these assumptions together with the World
Bank’s economic prospects to 2015 (World Bank 2002) and
IPCC’s SRES scenarios (Nakićenović et al. 2000) as starting
points, we have selected economic growth rates for each
scenario. Compared with the SRES scenarios, this means
that growth rates in developing regions (in particular, Africa
and West Asia) have been slowed down somewhat and now
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bracket the World Bank prospect. As a result, the degree of
convergence in the scenarios is also somewhat lower. For
the period after 2015, the more detailed IMAGE imple-
mentation of the SRES scenarios were used. The SRES
scenarios were scaled down earlier to the level of 17 regions
(see IMAGE-team 2001) using the macroeconomic model
‘‘WorldScan,’’ following a procedure described by Bollen
(2004).1 Assumptions range from high economic growth for
Global Orchestration and low economic growth for Order
from Strength, with TechnoGarden and Adapting Mosaic
falling between (and partly branching off of these).

9.2.2.2 Comparison of Economic Development among Scenarios

In Global Orchestration, economic growth is assumed to
be above historic averages for several regions, due to a com-
bination of trade liberalization, economic cooperation, and
rapid spread of new technologies. Among the scenarios,
Global Orchestration also assumes the highest rates of in-
vestment in education and health care. The wealthier coun-
tries have a per capita growth rate of about 2.4% per year
in the 2000–25 period, slowing down to around 1.8% per
year afterwards. (See Table 9.6.) The Asian economies re-
turn to rapid growth rates during most of this period (with
growth rates of 5–6% per year). The Latin American region
overcomes its debt and balance-of-trade problems and finds
itself back on track with strong economic growth. Africa
carries out institutional reforms that enable strong economic
growth after 2025, when it finally exploits its rich natural
and human resources. After 2025, Africa achieves growth
rates that are only slightly below the Asian economies in
the 1980s and 1990s. As poorer countries grow much faster
than others, the income gap between richer and poorer re-
gions closes in relative terms—but hardly in absolute terms.
(See Table 9.7.) In all scenarios, growth rates for the coun-
tries of the former Soviet Union are relatively high because
the region uses its highly skilled labor force to recover from
the economic downturn of the 1990s.

Economic development in TechnoGarden follows a
similar pattern to Global Orchestration, but with lower
growth rates from 2000 to 2050. By the end of the period,
however, earlier investments in technology pay off with
higher economic growth rates similar to Global Orchestra-
tion. Investments in human resources are likely to be lower
than under Global Orchestration, partly as a result of the
emphasis of TechnoGarden on technology investments.

Under the Order from Strength scenario, global eco-
nomic growth is sluggish (staying below historic rates) be-
cause of the low level of international trade (except for food
staples) and limited exchange of technology. The high-
income countries manage to maintain a growth rate of per
capita GDP of 1.9% per year during the first half of the
century, but this drops to 1.2% during the second half. The
income gap between rich and poor regions widens between
2000 and 2025. Despite the sluggish economy, average
GDP per person increases by a factor of two between now
and 2050. Investments in education and health care outside
of current high-income regions will be low because of the
lack of financial capital.
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Table 9.5. Qualitative Assumptions on Economic Growth in MA Scenarios. The terms low, medium, and high are relative to the normal
development pathways that are assumed for these regions.

Variable Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Average income growth high industrial countries: medium begins like Order from somewhat lower than Global
Strength, then increases in Orchestration, but catchingdeveloping countries: low
tempo up

Income distribution income distribution becomes income distribution remains begins like Order from similar to Global
more equal similar to today Strength, then becomes Orchestration

more equal

Table 9.6. Annual Growth Rates of GDP per Capita, 1971–2000, and Assumptions in MA Scenarios

Historic Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

1971– 1995– 2020– 2050– 1995– 2020– 2050– 1995– 2020– 2050– 1995– 2020– 2050–
Region 2000 2020 50 2100 2020 50 2100 2020 50 2100 2020 50 2100

(percent per year)

Former Soviet Union 0.4 3.5 4.9 3.1 2.2 2.6 2.7 2.6 4.0 3.1 2.9 4.5 3.1

Latin America 1.2 2.8 4.3 2.2 1.8 2.3 1.8 2.0 3.0 2.2 2.4 3.9 2.2

Middle East and
North Africa 0.7 2.0 3.4 2.5 1.5 1.8 1.9 1.6 2.4 2.4 1.7 3.3 2.5

OECD 2.1 2.45 1.9 1.3 2.1 1.3 0.9 2.0 1.6 1.2 2.2 1.7 1.4

Asia 5.0 5.06 5.3 3.1 3.2 2.4 2.1 3.8 4.1 2.5 4.2 4.7 3.1

Sub-Saharan Africa �0.4 1.69 4.0 4.1 1.0 2.1 2.1 1.2 2.9 3.3 1.4 3.8 4.1

World 1.4 2.38 3.0 2.3 1.4 1.0 1.3 1.5 1.9 1.9 1.9 2.5 2.3

Table 9.7. Annual GDP per Capita by Region in 1995 and Assumptions in MA Scenarios

GDP, 1995 Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Region 1995 2020 2050 2100 2020 2050 2100 2020 2050 2100 2020 2050 2100

(dollars per capita)

Former Soviet Union 1,630 3,853 16,223 76,107 2,837 6,198 23,708 3,093 10,109 46,010 3,365 12,560 58,898

Latin America 4,337 8,660 30,427 92,226 6,747 13,293 31,952 7,229 17,489 52,575 7,769 24,682 74,738

Middle East and
North Africa 2,068 3,363 9,223 31,630 3,010 5,070 13,214 3,085 6,337 20,711 3,186 8,353 28,757

OECD 22,657 41,496 73,607 143,151 37,752 55,734 85,678 37,188 59,114 106,588 39,235 65,876 128,822

Asia 784 2,694 12,600 57,296 1,733 3,564 9,913 1,972 6,612 22,961 2,212 8,781 40,947

Sub-Saharan Africa 637 969 3,117 23,035 820 1,540 4,492 860 1,997 10,169 910 2,787 20,629

World 5,102 9,190 22,282 68,081 7,204 9,838 18,377 7,338 12,932 32,808 8,162 16,941 51,546

The Adapting Mosaic scenario initially follows the pat-
tern of the Order from Strength scenario, but because of
large investments in education and health care, economic
growth rates increase over time and approach those of the
TechnoGarden scenario in the last half of the century.

9.2.3 Technological Change

9.2.3.1 Methodology and Assumptions

The rate of technological change is an indirect driver of
changes in ecosystem services because it affects the effi-
ciency by which ecosystem services are produced or used.
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Most relevant in this context are the factors related to en-
ergy, water, and agriculture. A higher rate of improvement
of crop yields, for instance, could lead to a lower demand
for cropland (to produce the same amount of food), reduc-
ing the need to convert forest or grassland. Technological
change, however, can also lead to increased pressure on
ecosystem services because technological advancements
often require large amounts of goods and materials them-
selves and can cause new ecological risks. (For example, the
application of chemical fertilizers for increasing crop yield
can also lead to nitrogen contamination of surface water and
groundwater.)
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Technological change is a complex and dynamic process.
It is linked to the economic and cultural environment be-
yond individual ‘‘innovating firms,’’ as described by Ros-
tow (1990) and Grübler (1998). Innovations are highly
context-specific in that they emerge from local capabilities
and needs and evolve from existing designs. Numerous ex-
amples illustrate the messiness and complexity of the inno-
vation process (e.g., Grübler 1998; Rosenberg 1994).
Nevertheless, some generalizations can be applied to the
concepts of innovation and technological change (see Naki-
ćenović et al. 2000): Innovation draws on underlying scien-
tific or other knowledge. Many innovations depend on
knowledge obtained through experience. The social and
economic environment should encourage a situation in
which innovators are willing and able to take some risks.
Technology change may be both supply- and demand-
driven. And technological diffusion is an integral part of
technology change (and can thus be slowed down by pro-
tectionist measures).

It is notable that technology development is typically
driven by factors unrelated to ecosystem services. For ex-
ample, efforts to improve crop yield depend on factors such
as the profitability of farmland and general investments in
education and research. The same holds for the develop-
ment of new energy technologies such as solar and wind
power, which are influenced by trends in fossil fuel prices
and environmental policies. Michaelis (1997), for instance,
showed the strong relationship between fuel prices and the
rate of energy efficiency improvement.

9.2.3.2 Comparison of Technological Change among Scenarios

In order to maintain consistency across the MA scenarios, it
is necessary to assume some general trends in technological
change over the scenario period and to apply these general
trends to all scenario variables that are strongly influenced
by technological change. This section presents the general
assumptions made about technological development used to
select future trends in improvement in irrigation efficienc-
ies, crop yield improvements, improvements of water use
efficiency, improvement of energy use efficiency, costs re-
ductions of new energy technologies, and the rate of emis-
sion control technologies.

The assumed overall trend in ‘‘technological efficiency’’
for the four MA scenarios is given in Figure 9.1. We assume
the highest rates of technological development under
Global Orchestration because this scenario has several fea-
tures that are favorable to technology development (see
Table 9.8): high economic growth rates, which in principle
are consistent with new capital investments; large invest-
ments in education; low trade barriers, leading to relatively
rapid dispersal of knowledge and technologies; and an ac-
cent on entrepreneurship, possibly providing a stimulus to
human ingenuity. It should be noted, however, that it is
also assumed that the technology development under
Global Orchestration will not necessarily be environmen-
tally friendly. Fossil fuel–based technologies could develop
at the same rate as, for instance, solar or wind power. In
the example for irrigation efficiency, we assume that careful
market-oriented reform under Global Orchestration in the
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water sector (with coordinated government action) could
lead to greater water management investments in effi-
ciency-enhancing water and agricultural technology, partic-
ularly in Asia and sub-Saharan Africa.

Under TechnoGarden, a somewhat lower rate of tech-
nology development is expected than under Global Or-
chestration, given the fact that several of the factors just
mentioned are less dominant. A central tenet of this sce-
nario is that technology development is directed to reduce
(or at least mitigate) existing ecological problems. That im-
plies relatively high technological growth rates for environ-
mental technologies, but lower rates of development for
technologies in general. Later in the century, the technol-
ogy rate improvement could start to catch up with Global
Orchestration (as it is less close to the frontier). For the
example of irrigation efficiency, under the TechnoGarden
scenario technological innovations could help boost irriga-
tion efficiency levels across the world to previously unseen
levels. Gradual introduction of water price increases in
some agricultural areas induce farmers in these regions to
use water more efficiently. As a result, high efficiency levels
are reached, particularly in regions where little or no further
improvement had been expected, like the OECD and the
Middle East and Northern Africa.

Under Adapting Mosaic, regionalization and higher bar-
riers could be expected to slow economic growth and the
dispersion of technologies and to slow down overall tech-
nological development (2000–25). Increased (decentral-
ized) learning could at the same time build up a new basis
from which technologies can be developed. Therefore,
technologies under this scenario develop slowly at first but
speed up later in the century compared with the other sce-
narios. For the example of irrigation efficiency, local adap-
tations—including expansion of water harvesting and other
water conservation technologies as well as the increased ap-
plication of agro-ecological approaches—could help boost
efficiency levels in some regions and countries. Efficiency
increases are achieved but remain scattered in areas and re-
gions within countries, and the global and regional impacts
are smaller than under the TechnoGarden and Global Or-
chestration scenarios.

Finally, under the Order from Strength scenario, tech-
nology development will be relatively slow throughout the
whole period, especially in low-income countries. The
main reasons include the lack of international cooperation
and the low potential for investment. This is reflected in
the assumptions made for irrigation efficiency. Government
budgetary problems are assumed to worsen, resulting in
dramatic government cuts in irrigation system expenditures.
Water users strongly oppose price increases, and a high de-
gree of conflicts hinder local agreements among water users
for cost-sharing arrangements. Rapidly deteriorating infra-
structure and poor management reduce system- and basin-
level water use efficiency under this scenario. As a result,
efficiency levels are assumed to decline in both wealthy
countries and in poorer countries where efficiencies are al-
ready quite low.
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Figure 9.1. Global Trends of Technological Efficiencies in MA Scenarios. Depicted are the qualitative assumptions made for changes in
technological efficiency under the four MA scenarios. Technological Efficiency refers, for example, to the conversion efficiency of power plants,
or the yield of all crops per hectare. As a reference point for the scenarios, we designate the current rate of improvement of all technologies
as ‘‘medium.’’ Therefore, a ‘‘high’’ scenario implies an acceleration, and a ‘‘low’’ scenario implies a slowing of the current rate of improvement.
These qualitative assumptions are used for setting technology-related parameters in the models used for quantifying the scenarios (e.g., the
rate of increase of crop yield due to technological improvements in crops). For the TechnoGarden scenario, a faster rate of improvement than
shown in the curve was assigned to the technologies directly related to pollution control such as air pollution filtering devices. This is consistent
with the storyline of the scenario which specifies that the environmental orientation of TechnoGarden leads to a faster improvement in pollution
control technologies than under the Global Orchestration scenario, but a slower improvement in all other technologies.

Table 9.8. Qualitative Assumptions for Technology Development in MA Scenarios

Global
Variable Orchestration Order from Strength Adapting Mosaic TechnoGarden

Investments into new high industrial countries: medium; begins like Order from Strength, high
produced assets then increases in tempodeveloping countries: low

Investments into human high industrial countries: medium; begins like Order from Strength, medium
capital then increases in tempodeveloping countries: low

International relationships high low (medium among cultural low-medium high
(stimulating technology groups)
transfer)

Overall trend high low medium-low medium for technology in general;
high for environmental technology
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9.2.4 Social, Cultural, and Political Drivers

9.2.4.1 Methodology and Assumptions

Social, cultural, and political drivers are important indirect
drivers of ecosystem services. Assumptions about these driv-
ers influence the trends of the direct drivers of ecosystem
services, such as the trends in producing energy or consum-
ing food. Here we briefly review the trends of these impor-
tant indirect drivers, as they are implied by the storylines in
Chapter 8, and give some examples of their impact on the
direct drivers of ecosystem services. (See Table 9.9.)

9.2.4.2 Comparison of Social, Cultural, and Political Drivers
among Scenarios

Although it is difficult to represent social and cultural factors
in global scenarios, we have two preliminary examples of
including the influence of these factors on resource con-
sumption.

The scenarios differ in people’s attitude toward interna-
tional cooperation, and this leads to other assumptions for
drivers of ecosystem change in the scenarios. A positive atti-
tude toward international cooperation is assumed to lead to
a higher level of international trade in Global Orchestration
and TechnoGarden. Conversely, a more negative attitude
in Adapting Mosaic and Order from Strength is assumed
to inhibit the formulation of international environmental
policies, and, in particular, climate policies. Hence, these
two scenarios assume a low level of controls of greenhouse
gas emissions.

The scenarios also differ in people’s attitudes toward en-
vironmental policies, and this leads to other assumptions for
drivers of ecosystem change. The projected attitudes toward
environmental policies also lead to assumptions about other
variables. For instance, a generally reactive attitude with re-
gard to environmental policies is assumed in Global Or-
chestration. This is consistent with the scenario’s optimistic
view on the robustness of ecosystems and the abilities of
humans to deal with environmental problems when they
are observed, combined with a strong focus on improving
human well-being by means of social policies and economic
development. This was interpreted to mean that there will
be no incentive in the future to reduce the amount of meat
consumed per person (despite the connection between
meat consumption, livestock grazing, deforestation, and soil
degradation). Similarly, under Global Orchestration it was
assumed that society is not likely to subsidize use of renew-

Table 9.9. Assumed Changes for Selected Indirect Drivers in MA
Scenarios

Global Order from Adapting Techno-
Variable Orchestration Strength Mosaic Garden

International strong weak— Weak—focus strong
cooperation international on local

competition environment

Attitude toward reactive reactive proactive— proactive
environmental learning
policies
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able energy for environmental protection reasons. Figure
9.2 shows that Global Orchestration gets a much lower
share of energy use from renewable energy than the two
scenarios that emphasize proactive ecological policies,
TechnoGarden and Adapting Mosaic.

9.2.5 Energy Use and Production

9.2.5.1 Methodology and Assumptions

Energy use has many indirect effects on ecosystem services.
The use of fossil fuel determines the rate of air pollutant
emissions and therefore the load-on quality of the atmo-
sphere. The level of biofuel use affects the type and distribu-
tion of land cover and the services provided by forest and
other land cover types, while the magnitude of thermal-
generated electricity will influence water withdrawals. En-
ergy production is also one of the principal sources of
greenhouse gas emissions, which are the main determinants
of climate change, which itself is a direct driver of changes
in ecosystem services.

The amount of energy used in the different scenarios is
influenced by the demand for energy services (driven
mostly by economic and population growth) and by con-
tinuing improvements in the efficiency of energy use.

Wide-ranging ‘‘reference’’ and storyline-based energy
scenarios have recently been published, including the regu-
larly updated scenarios of the International Energy Agency
(IEA 2002), the U.S. Department of Energy (DOE 2004),
the Shell Oil Company, the IPCC SRES scenarios (Nakićen-
ović et al. 2000), and the World Energy Assessment (WEA
2000). Nakićenović et al. (2000) provide an extensive over-
view of the energy scenarios found in the literature. Almost
all scenarios show substantial increases in energy use in the
period from 2000 to 2050. While new energy carriers (such
as renewables) increase their market share, energy use con-
tinues to be dominated by fossil fuel use in nearly all scenar-
ios. After 2050, some scenarios indicate stabilizing or even
decreasing energy use, while others show continuous
growth. In the compilation of the MA scenarios, we have
combined assumptions of the IPCC SRES scenarios with
the drivers discussed earlier. (See Table 9.10.)

Figure 9.2. Share of Renewable Energy in Total Primary Energy
Consumption in MA Scenarios. Renewable Energy is defined
here as solar, wind hydropower, and the use of modern biofuels.
(IMAGE 2.2)
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Table 9.10. Main Assumptions about Energy in MA Scenarios

Variable Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Energy demand lifestyle assumptions and energy ef- regionalized assumptions regionalized assumptions lifestyle assumptions and energy ef-
ficiency investments based on current ficiency investments based on cur-
North American values rent Japanese and West European

values

Energy supply market liberalization; selects least- focus on domestic energy some preference for clean preference for renewable energy
cost options; rapid technology change resources energy resources resources and rapid technology

change

Climate policy no no no yes, aims at stabilization of CO2-
equivalent concentration at 550
ppmv

9.2.5.2 Comparison of Energy Use and Production among
Scenarios

The dominant themes in the Global Orchestration scenario
are a rapid increase in energy demand (driven by strong
economic growth), a minimization of energy costs, and
provision of a reliable energy production system. Environ-
mental considerations receive little attention, as society be-
lieves the environmental impacts of energy production to
be either small or manageable by future technological
change (if signals of severe environmental deterioration be-
come apparent). Based on these considerations, we have as-
sumed that there is no attempt to control greenhouse gas
emissions in the first decades of the scenario period. At the
same time, technology development in the energy sector is
relatively fast, which leads to indirect reductions in emis-
sions of greenhouse and other pollutant gases.

Since the effects of climate change are apparent later in
Global Orchestration, we assume that society responds by
adapting to impacts rather than reducing emissions (since by
that time a certain degree of climate change will be un-
avoidable). As a result of these assumptions, fossil fuel use
expands rapidly, in particular the use of gaseous fuels (for
households and electricity production) and liquid fuels (in
the transport sector, possibly replaced by hydrogen). Total
energy use increases up to 1,200 exajoules by 2050 (com-
pared with a current level of 400 exajoules) and levels off
toward the end of the century. (See Figure 9.3 in Appendix
A.) Trends are very similar to IPCC’s A1b scenario (Naki-
ćenović et al. 2000), while consumption levels are some-
what lower due to lower population and economic growth.
In the second half of the century, new (non-fossil) fuel op-
tions rapidly penetrate the market.

The TechnoGarden scenario assumes that society will be
convinced that environmental degradation decreases human
well-being and therefore supports long-term reductions of
greenhouse and other air pollutant emissions. To mitigate
climate change, the international community adopts a goal
of limiting global mean temperature increase to 2� Celsius
by 2100 over preindustrial levels (similar to the current tar-
get for climate policy in the EU and several European
countries). Assuming medium values for the relevant pa-
rameters in a simple climate model, the attainment of this
temperature goal implies that global emissions must fall
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below half the current emissions before 2100. Since emis-
sions stem mostly from energy use, this requires a reduction
in the use of fossil fuels, which is brought about by energy
efficiency, increasing use of ‘‘zero-carbon’’ energy sources
(modern biofuels and solar and wind energy, as examples),
and more low-carbon fuels (principally natural gas). As a
result, total energy use reaches a level of 510 exajoules in
2050 and slowly increases thereafter, despite relatively high
economic growth rates. This energy scenario is similar to
others that aim to achieve comparable climate goals, such as
those that aim to stabilize carbon dioxide at 450 parts per
million by volume or total greenhouse gas concentration at
550 parts per million CO2-equivalent (Morita et al. 2001;
van Vuuren and de Vries 2001).

A central theme of Order from Strength is securing reli-
able energy supplies, and this leads to a focus on developing
domestic energy sources. Slow diffusion of new technolo-
gies and increased barriers for global energy trade (particu-
larly important for natural gas and oil) also contribute to a
continued intensive use of domestic fossil fuels. For China
and India, this implies a continued reliance on coal. Total
energy use increases almost linearly throughout the century,
reaching about 800 exajoules in 2050. This is much lower
than Global Orchestration because the Order from Strength
scenario has lower economic growth, particularly in poorer
countries. Energy use is higher than in TechnoGarden be-
cause Order from Strength assumes slower improvements
in the efficiency of energy use. This scenario is similar in
character to IPCC’s A2 scenario.

Adapting Mosaic is similar to Order from Strength in
that it has lower economic growth rates than Global Or-
chestration and lacks global climate policies. Global energy
use in 2050 (880 exajoules) is between Global Orchestra-
tion and TechnoGarden. However, it differs from the Order
from Strength scenario in that there is great concern about
environmental degradation. Thus, local approaches are
adopted for improving efficiency of energy use and for ex-
ploiting environmentally friendly fuels. As a result, total en-
ergy use stabilizes soon after mid-century, and non-fossil
fuels play an increasing role in the energy economy.

9.2.6 Summing Up Trends in Indirect Drivers

Figure 9.4 provides a graphical overview of the global
trends for several crucial indirect drivers. As concluded by
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Figure 9.4. Impact of Trend in Crucial Indirect Drivers on Pressures on Ecosystems in MA Scenarios. Population and activity growth
lead to increased pressures; technology improvement and increased impact of increased environmental management to fewer pressures.

Nakićenović et al. (2000), it is not advisable to assume that
future indirect drivers, such as population and economic
growth, will be independent of one another. Their cou-
pling can be taken into account in scenario storylines and,
where possible, in the models used to produce quantitative
scenarios. In the MA scenario we have, for example, as-
sumed that there is a higher probability of high population
growth in poorer countries under low economic growth
scenarios (due to a slowdown of the demographic transi-
tion). We have also assumed that there is a higher likelihood
of faster technological development under higher economic
growth (because of higher investments in research and edu-
cation).

We note here that some assumed relationships between
indirect drivers tend to create compensating effects in the
scenarios. For example, since we combine the assumption
of highest population growth with the lowest economic
growth, and the lowest population growth with the highest
economic growth, we compute a narrower range of de-
mands for goods and services among the scenarios than the
range of assumptions of population growth and economic
growth.

9.3 Direct Drivers of Ecosystem Services
Direct drivers are mainly physical, biological, or chemical
processes that tend to directly influence changes in ecosys-
tem goods and services. In some cases it is difficult to distin-
guish between drivers and ecosystem services. An example
is the case of the ecosystem service ‘‘food provisioning,’’
which itself is a prime determinant of the direct driver ‘‘land
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use change’’ (discussed here as a direct driver). The direct
drivers discussed here are:
• greenhouse gas emissions,
• air pollution emissions,
• risk of acidification and excess nitrogen emissions,
• climate change,
• sea level rise,
• land use and land cover change,
• use of nitrogen fertilizers and nitrogen loading to rivers

and coastal marine systems, and
• disruption of landscape by mining and fossil fuel extrac-

tion.

9.3.1 Greenhouse Gas Emissions

9.3.1.1 Methodology and Assumptions

Greenhouse gas emissions determine to a large degree both
the rate and intensity of future climate change. The main
sources of these emissions are energy use, agricultural activ-
ity, industrial processes, and deforestation. The most impor-
tant greenhouse gas (in terms of the contribution to
increased forcing) is CO2. Emissions of methane and nitrous
oxide, stemming mainly from agricultural sources, account
for about one fifth of total greenhouse gas emissions (in
units of equivalent carbon dioxide).

In recent years, several long-term greenhouse gas sce-
narios have been published. Alcamo and Nakićenović
(1998) and Nakićenović et al. (2000) published extensive
overviews of available scenarios in the literature, showing
that the range covered by the IPCC SRES scenarios reason-
ably coincides with the range drawn up by ‘‘non-interven-
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tion’’ scenarios in the literature (that is, scenarios that do
not assume specific policies to reduce greenhouse gas emis-
sions or stimulate additional uptake of CO2 by the atmo-
sphere). Using the SRES scenarios or other reference
scenarios as departure points, researchers have developed
scenarios that incorporate climate policies (examples in-
clude Alcamo and Kreileman 1996; Hyman et al. 2003;
Manne and Richels 2001; Morita et al. 2001; Reilly et al.
1999; van Vuuren et al. 2003).

The greenhouse gas trends for the MA scenarios (see
Table 9.11) can be derived almost directly from the energy
and land use trends discussed elsewhere in this chapter.
Their range coincides well with those found in the litera-
ture, in particular the IPCC scenarios and, in the case of the
TechnoGarden scenario, the derived climate policy scenar-
ios. Obviously, the range presented is not exhaustive—for
instance, lower greenhouse emission pathways are possible,
but at relatively high costs.

9.3.1.2 Comparison of Greenhouse Gas Emissions among
Scenarios

Under Global Orchestration, greenhouse gas emissions
peak at mid- century just above 25 Gt C-eq, compared
with around 10 Gt C-eq in 2000.2 Emissions decline after-
wards because total energy use stabilizes and a greater per-
centage of low carbon fuels are used. (See Figure 9.5 in
Appendix A.) CO2 emissions are projected to grow some-
what faster than those of other important greenhouse gases
such as CH4 and N2O, since the drivers of CO2 (energy
production) grow somewhat faster than the drivers of the
other gases (agricultural variables).

The share of emissions coming from the OECD and
former Soviet Union regions declines from 48% to 30% as
a result of larger economic and population growth in the
other regions. In terms of emissions, Global Orchestration is
comparable to IPCC-SRES A1b scenario or other scenarios
with relatively high emissions.

The strong climate policies in TechnoGarden limit the
increase in fossil fuel consumption in that scenario. Hence
emissions grow much more slowly; they peak around 2020
at 12 GtC-eq and decline by 2050 to 30% below their level
in 2000. Several studies indicate that technical options exist
for such emission reductions (IPCC 2001). The economic
costs of these emission controls are much more uncertain

Table 9.11. Kyoto Greenhouse Gas Emissions in 1995 and Assumptions in MA Scenarios (IMAGE 2.2)

Emissions Global Order from Adapting Techno-
Greenhouse Gas in 1995 Orchestration Strength Mosaic Garden

(emissions in GtC-equivalenta)
CO2 7.3 20.1 15.4 13.3 4.7
CH4 1.8 3.7 3.3 3.2 1.6
N2O 0.7 1.1 1.1 0.9 0.6
Other GHG 0.0 0.7 0.5 0.6 0.2

(percent)
OECD and former Soviet Union
as share of total emissions 48 30 34 29 22

a GtC-equivalent emissions are the contribution of different greenhouse gases expressed in tons of carbon based on 100-year global warming potentials.
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and generally range from 1% to 4% of world GDP (IPCC
2001). Here, we use an implementation of a multigas re-
duction strategy calculated by IMAGE that aims to limit
global temperature increase to 2� Celsius above preindus-
trial levels. In the OECD and former Soviet Union regions,
emissions decline by 2050 to about 30% of emissions in
2000. In Asia and Latin America, emissions return to their
2000 values around 2050. For Africa and the MENA re-
gions, emissions growth (coming from low levels in 2000)
is reduced. The difference between the regions is caused by
the much faster increase in population and economic activi-
ties in developing regions. The emissions under this sce-
nario are representative of low emissions scenarios found in
the literature.

The trend in emissions under Order from Strength fol-
lows the linear increase in total global energy use of this
scenario. Emissions almost double between 2000 and 2050,
and again between 2050 and 2100. Up to 2050 the emis-
sions of all greenhouse gases increase, whereas afterwards
the only significant increase is from CO2 emissions. Order
from Strength is the only scenario where continuing defor-
estation implies that land use change will remain an impor-
tant source of CO2 emissions. Quantitatively, the emissions
in this scenario are similar to IPCC’s A2 scenario (which
implies that it compares well to relatively high emission sce-
narios in the second half of the century).

Emissions under Adapting Mosaic grow steadily to a
level of 18 Gt C-eq around mid-century. After 2050, emis-
sions gradually decline to a level slightly above 16 Gt C-eq
as energy growth slows and more low-carbon fuels are used.
This emission path is comparable to that of the IPCC-B2
scenario. The scenario is representative of the medium
range of scenarios found in the literature.

9.3.2 Air Pollution Emissions

9.3.2.1 Methodology and Assumptions

A large number of activities contribute to air pollution.
Burning of fossil fuels and biomass contribute to air pollut-
ants such as sulfur dioxide, carbon monoxide, nitrogen ox-
ides, particulate matter, volatile organic compounds, and
some heavy metals. In addition, industrial activities and agri-
culture also contribute to air pollution. In our assessment, we
concentrate on sulfur dioxide and nitrogen oxides. Emissions
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of these compounds lead to problems both near and far from
their source. In the vicinity of pollution sources, high emis-
sions (in particular, when combined with unfavorable mete-
orological conditions) can lead to the buildup of high
concentrations of SO2 , ozone, and other gases and pose a
threat to human health. The local level of SO2 and ozone
can be high enough to cause long-term damage to vegeta-
tion. SO2 and NOx emissions are also transported hundreds
of kilometers from their source and are then deposited via
precipitation and diffusion to vegetation and soils, where
they cause acidification of soils and freshwater systems (as
well as direct impacts on vegetation). Because of their impor-
tant role in many key air pollution-related problems, SO2

and NOx are good indicators of air pollution.
Trends of SO2 and NOx emissions are somewhat differ-

ent. SO2 emissions are relatively easy to control, either by
filtering them from smokestacks or reducing the sulfur con-
tent of fuels. As a result, SO2 emissions trends tend to follow
a pattern that is sometimes referred to as the Environmental
Kuznets Curve. First, emissions increase with growing en-
ergy use, but they eventually decrease as impacts of emis-
sions increase and society demands control of air pollution.
SO2 emissions are currently decreasing in most OECD
countries, but some researchers claim that emissions may
again increase with economic growth once the cheaper
measures for abating SO2 emissions are exploited. Measures
for reducing NOx emissions are usually more expensive. As
a result, NOx emissions have been less controlled than SO2

emissions and only in high-income countries.

9.3.2.2 Comparison of Sulfur Dioxide Emissions among
Scenarios

Most published scenarios of global SO2 emissions follow the
historical trends, showing declines in emissions in most
high-income countries and initially increasing emissions
followed by a decline in low-income countries (see, e.g.,
Mayerhofer et al. 2002; Bouwman et al. 2002). For NOx,

in general a similar pattern is noted, but later in time and
with less stringent reduction in emissions.

Based on the storylines of the MA scenarios (see Table
9.12), both the AIM and IMAGE modeling groups inde-
pendently made assumptions on the development of the
major drivers of emissions and emission control policies.
Both results are discussed in order to capture some of the
uncertainty of estimates. (If only one result is quoted, then
it refers to AIM model results.) While the scenarios have

Table 9.12. Main Assumptions about Air Pollution Emissions in MA Scenarios (IMAGE 2.2)

Variable Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

SO2 policies and environmental Kuznets environmental Kuznets proactive going beyond proactive going beyond
NOx policies type, thus decreasing type; low income growth environmental Kuznets environmental Kuznets type

after sufficient income slows down policies type; reduced income
growth slows policies
somewhat

Characteristic driving strong increases in coal dominant energy most drivers have medium climate policies have large
force energy use and carrier in Asia values co-benefits

transport
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been worked out at the regional scale, we concentrate here
on the global results.

Under Global Orchestration, the elaboration of both
models shows an initial increase followed by declining
emissions, which is a result of decreasing emissions in high-
income countries and initially increasing emissions in low-
income regions. The rate of decline after 2020, however, is
uncertain. As a result, estimates for 2050 emissions differ
between near-current emission levels (IMAGE) to a 45%
drop worldwide in AIM (compared with 2000). (See Figure
9.6.) The regional results (shown for AIM in Figure 9.7),
show that the reductions are much stronger in the OECD
and former Soviet regions, assuming a continuation of cur-
rent controls of SO2 emissions and a major shift to lower
sulfur fuels. Sulfur dioxide emissions in most other regions
initially grow, but by 2050 drop considerably. (See Figure
9.7.) In sub-Saharan Africa, in contrast, emissions more
than double because the economic level is still not high
enough to support sulfur emission controls.

Under TechnoGarden, both stricter environmental poli-
cies and the benefits of climate policies contribute to reduc-
ing sulphur emissions (high carbon fuels often also contain
high sulphur levels). The two models agree on very sub-
stantial drops in global sulphur emissions. Emission reduc-
tions in this scenario outside the OECD and former Soviet
region can also be impressive, such as for the MENA and
for Latin America. This is partly caused by the fact that the
assumed climate policies in TechnoGarden are effective in
all regions (possibly financed through emission trading
schemes). In sub-Saharan Africa, emissions still grow sig-
nificantly, resulting mainly from the low 2000 values.

For Adapting Mosaic, there is quite some difference be-
tween the AIM and IMAGE 2020 values, but in 2050 re-
ductions are in both cases 30–40%. Differences between the
models are mainly caused by different expectations of when
air pollution control policies will become important. In this
scenario, trends can differ widely in different regions. Re-
ductions are strong in the OECD, Latin America, and for-
mer Soviet region, but other regions show stable emissions
or even an increase.

Finally, elaboration of Order from Strength indicates
that this scenario has the highest emissions of the four MA
scenarios—in fact, showing a net increase of emissions in
2050. In this scenario, emissions reductions in OECD,
Latin America, and former Soviet regions are offset with
strong emission increases in sub-Saharan Africa and Asia.
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Figure 9.6. Trends in SO2 and NOx Emissions in MA Scenarios (IMAGE 2.2 and AIM)

9.3.2.3 Comparison of Nitrogen Oxides Emissions among
Scenarios

Globally, the trend of nitrogen oxides emissions differs from
that of sulfur dioxide. Global emissions of NOx increase
under every scenario except TechnoGarden.

Under Global Orchestration, worldwide emissions be-
tween now and 2050 increase by over 50%, following simi-
lar trends in IMAGE and AIM. At the same time, emissions
decrease by nearly 60% in OECD countries. (See Figure
9.8.) Elsewhere, emissions are driven upwards by the
expansion of energy use for transportation and power gen-
eration. The biggest increase is in Asia and the former So-
viet region (by a factor 2 to 3), owing to their high
economic growth rates. The increase in emissions is lower
in sub-Saharan Africa and the MENA because of their
lower economic growth, which leads to lower energy use.

In TechnoGarden, emissions tend to increase because of
rapidly expanding transportation energy use and to decrease
because of tighter controls and the co-benefits of climate
policies. The final balance can result in increasing emissions
in AIM and decreasing emissions in IMAGE (also depend-
ing on the type of climate action taken). In general, emis-
sions decrease in currently high-income countries and
increase in currently low-income countries. Increases in
sub-Saharan Africa and the MENA are about the same as in
Global Orchestration.

For Adapting Mosaic, the worldwide increase in emis-
sions up to 2050 in both models is about 20–30%. NOx

emissions drop by two thirds in OECD countries and by
over 40% in Latin America because of pollution controls.
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Increases in other regions are substantial because of ex-
panded transportation energy use (a factor of 2.8 increase in
Asia and the former Soviet Union).

In the Order from Strength scenario, emissions increase
worldwide by 38% between now and 2050. Slow economic
growth and other priorities for policy-making (poverty and
security) lead in IMAGE to a continuous increase in global
emissions (driven by low-income regions), while in AIM,
emissions peak. The lower economic growth (compared
with Global Orchestration) leads to a lower rate of emis-
sions, but the lack of pollution controls in most regions
leads to a higher rate. The growth of emissions is substantial
in other regions: about 50% in MENA and Latin America,
and about a factor of 2.6 in Asia and the former Soviet
region.

9.3.2.4 Summing Up Air Pollution Emissions

The following more general observations regarding emis-
sion trends can also be made:
• Under Global Orchestration, emission trends are bal-

anced between increasing sources of emissions and in-
creasing commitments to emission controls as a result of
increasing demand for clean air. Global SO2 emissions
are expected to stabilize while NOx emissions increase
between 2000 and 2050. Most of this increase occurs in
Asia, the former Soviet Union, Africa, and MENA.

• Under TechnoGarden, we expect strong reductions in
SO2 and NOx emissions as a result of strong investments
in emission controls and the co-benefits of climate
change policies.
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Figure 9.7. Emissions of Sulfur Dioxide in Different World Regions for MA Scenarios in 2050. Scenario names: GO: Global
Orchestration; TG: TechnoGarden; AM: Adapting Mosaic; OS: Order from Strength. (AIM)

• Under Adapting Mosaic, environmental awareness is
higher than under Global Orchestration, but lower eco-
nomic growth in developing regions implies less energy
use (and thus lower emissions) but also less investment
in emission control technology. The result is that sulfur-
related pollution declines in all regions except Asia,
where it has a slight net increase. Trends for NOx are
similar to those in the Global Orchestration scenario.

• The level of sulfur-related air pollution declines only
slightly worldwide under the Order from Strength sce-
nario. Emissions decline in OECD, the former Soviet
region, and Latin America. Asia and MENA have the
largest emission increases of all scenarios. There is a sig-
nificant decline in NOx-related pollution in OECD
countries, and a major increase elsewhere.

9.3.3 Risks of Acidification and Excess Nitrogen
Loading from Air Pollution

9.3.3.1 Methodology and Assumptions

Atmospheric deposition of nitrogen and sulphur can lead to
degradation of ecosystems as a result of the accumulation of
excess nitrogen (also called terrestrial eutrophication) and
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acidification. These have been prominent environmental
problems in North America and Europe for about 30 years.
Recently, they also have been recognized as potential
threats to ecosystems in other parts of the world. Excess
quantities of nitrogen can alter ecosystems by causing shifts
in species composition, increased productivity, decreased
species diversity, and altered tolerance to stress conditions
(Pitcairn 1994). Increases in sulfur and nitrogen input to
ecosystems can also cause acidification of soils and thereby
interfere with the growth processes of vegetation.

The risk to terrestrial ecosystems of the accumulation of
nitrogen has been mapped at both the regional and global
scale. For these estimates, the concept of ‘‘critical loads’’ has
been used. A critical load is defined as ‘‘a quantitative esti-
mate of an exposure to one or more pollutants below which
significant harmful effects on specified sensitive elements of
the environment do not occur according to present knowl-
edge’’ (Nilsson and Grennfelt 1988). Two types of critical
loads are evaluated here: the critical load for acidification,
which is an estimate of the threshold of impacts for acid
deposition (sulfur and nitrogen), and the critical load for
terrestrial eutrophication, which is a measure of the thresh-
old for the impacts of excess nitrogen deposition.
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Figure 9.8. Emissions of Nitrogen Oxides in Different World Regions for MA Scenarios in 2050. Scenario names: GO: Global
Orchestration; TG: TechnoGarden; AM: Adapting Mosaic; OS: Order from Strength (AIM)

In Europe, calculations with the RAINS model show
considerable areas to be exposed to deposition levels above
critical loads. The RAINS model has also been used in Asia
and found high risks of acidification in Eastern China that
were projected to increase in the future. Kuylenstierna et
al. (1998), Rhode et al. (2002), and Bouwman et al. (2002)
assessed acidification risks and nitrogen deposition risks at
the global scale by overlaying deposition maps of S and N
with critical loads maps. These studies indicate that current
acidification risks are, relatively speaking, most severe in
Europe and North America. Bouwman et al. (2002) evalu-
ated scenarios of sulfur and nitrogen deposition and con-
cluded that risks of acidification and nitrogen would
increase in parts of China, Latin America, Africa, and Si-
beria.

It is possible to obtain a first crude estimate of air pollu-
tion–related risks under the MA by scaling the map of
Bouwman et al. (2002) by the emission scenarios from the
MA scenarios. This assumes as a first rough approximation
that the deposition of SO2 and NOx in each region will
linearly change along with the change in emissions in each
region. The ratio between deposition and critical load is an
indication of risks of acidification and nitrogen deposition,
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with values above one indicating that the ‘‘local’’ critical
load for either acidification or excess nitrogen is exceeded
and indicates a high risk to ecosystems.

9.3.3.2 Comparison of Risks of Acidification and Excess
Nitrogen from Air Pollution among Scenarios

Figure 9.9 (see Appendix A) shows the results for acidifica-
tion risks for the Order from Strength and TechnoGarden
scenarios in 2050 (those with, respectively, the highest and
lowest global emissions). Under Order from Strength, acid-
ification risks decrease in OECD but increase in East Asia,
Africa, and Latin America. Under TechnoGarden, the risks
decrease markedly in North America, Europe, and East Asia
and remain at current levels in Africa and Latin America.
The low risk levels in this scenario are a consequence of both
stringent emission control policies and the co-benefits of
climate change policies (which reduce fossil fuel combustion).

The figure shows that similar trends occur for excess ni-
trogen deposition. In the Order from Strength scenario,
risks of excess nitrogen deposition increase, especially in
East and South Asia, while under TechnoGarden they de-
crease in OECD countries and stabilize in the rest of the
world. Compared with acidification, the risks of excess ni-
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trogen deposition occur farther away from industrial centers
or densely populated regions. An important reason is that
nitrogen emissions result from not only industrial activities
and transport but also agricultural emissions. Moreover, sev-
eral ecosystems are rather sensitive to excess nitrogen depo-
sition. As discussed earlier, in contrast to sulfur emissions
(which together with emissions of nitrogen oxides are the
main cause of acidification), nitrogen emissions are ex-
pected to increase in most scenarios.

9.3.4 Climate Change

9.3.4.1 Methodology and Assumptions

The Intergovernmental Panel on Climate Change con-
cluded in its latest assessment that there is new and stronger
evidence that most of the climate change observed over the
twentieth century is attributable to human activities (IPCC
2001). The report also indicates that future climate change
is to be expected, as a function of continuing and increasing
emissions of fossil fuel combustion products, changes in
land use (deforestation, change in agricultural practices),
and other factors (for example, variations in solar radiation).

Assessments of the potential influence of these factors
indicate that increased greenhouse gas concentrations
(caused by fossil fuel emissions and land use change) are the
dominant factor in both historic and future changes of
global mean temperature (IPCC 2001). The contribution of
land use change to the increase in global mean temperature
increase is assessed to be small compared with the fossil fuel
emissions. At the local scale, however, changes in biophysi-
cal factors (surface roughness, albedo) related to land use
change can be as important as changes in greenhouse gas
concentrations. Moreover, under particular circumstances
(for instance, in the case of a large-scale dieback of the Am-
azon), changes in land cover could also have a large contri-
bution globally (Cox et al. 2000; Cramer et al. 2004).

The emissions of the MA scenarios cover the range of
emission scenarios of the IPCC. The IPCC scenarios have
been assessed in terms of their possible climate change,
using both simple models (e.g., MAGICC; Wigley and
Raper 2001) as well as state-of-the art climate models.
IPCC (2001) concluded that the increase of greenhouse gas
concentrations under the IPCC scenarios could cause a
1.4–5.8� Celsius increase in global mean temperature (in
the absence of climate policies) between 1990 and 2100
(compared with preindustrial level, approximately 0.5� Cel-
sius needs to be added).

Here, the influence of the MA scenarios is assessed using
methods consistent with IPCC assessments and guidelines.
The results are based on estimates of regional change in
temperature and rainfall, made through an adapted version
of the IPCC pattern-scaling approach (Carter et al. 2001;
Schlessinger et al. 2000). This method combines global
mean temperature trends estimated from the global energy
balance model MAGICC (Wigley and Raper 2001) with
a normalized pattern of climate change from the general
circulation model HadCM3 (IPCC 1999).

Although trends in emissions vary considerably between
the MA scenarios, the differences in calculated global tem-
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peratures in 2050 are not very large. By 2050, the results of
the four scenarios ranges from a 1.6� Celsius (Techno-
Garden) to 2.0� Celsius (Global Orchestration) increase
(relative to pre-industrial levels) for a medium value for cli-
mate sensitivity (2.5� Celsius). This relatively small differ-
ence between scenarios is because of the lag time between
the buildup of emissions in the atmosphere and the response
of the climate system to this buildup. Moreover, low green-
house gas emissions scenarios usually also have low sulfur
dioxide emissions (as emissions stem from the same activ-
ity). While low greenhouse gas emissions lead to a slower
increase of radiative forcing (and thus global mean tempera-
ture increase), lower sulfur emissions lead to a reduced
cooling effect from sulfur aerosols.

Some recent studies have estimated climate policy sce-
narios that focus strongly on reduction of non-CO2 green-
house gases (e.g., Manne and Richels 2001; Hyman et al.
2003). Such studies generally find that costs savings can be
obtained from also reducing non-CO2 greenhouse gases.
The implementation of the TechnoGarden scenario is con-
sistent with the latest insights in emissions reduction of
these gases, optimizing the reduction of the different gases
on the basis of marginal costs (Delhotal et al. 2005; Schaefer
et al. 2005). More extreme scenarios have been published
(Hansen et al. 2000) in which even stronger reductions of
non-CO2 gases are achieved. Such scenarios can further re-
duce short- to medium-term climate change (to 2050), pro-
ducing important ecological benefits but also at (probably)
significant costs.

9.3.4.2 Comparison of Climate Change among the Scenarios

The calculated temperature increase in the 2000–50 period
in all scenarios (1.0–1.5� Celsius) exceeds the increase in
global mean temperature since 1850 (about 0.6� Celsius).
Differences between the scenarios are much sharper by the
end of the century. Under TechnoGarden, the increase in
global average surface temperature in 2100 is slightly over
2� Celsius (above preindustrial). The increase is nearly 3.5�
Celsius under the higher emissions growth of Global Or-
chestration. (See Figure 9.10.) Acknowledging the uncer-
tainty in climate sensitivity in accordance with the range
indicated by IPCC (1.5–4.5� Celsius) would lead to a wider
range of temperature increase. Both the upper and lower
end of this range would be shifted downward somewhat
compared with the range for the IPCC SRES scenarios de-
scribed earlier. This is because the TechnoGarden scenario
includes climate policies (while the IPCC scenarios did not
cover climate policies), and because the highest emissions
scenarios (Global Orchestration and Order from Strength)
show somewhat lower emissions than the highest of the
IPCC scenarios, as explained earlier.

Among the scenarios, there are sharp differences in their
decadal rate of temperature change. (See Figure 9.11.) This
is of particular importance from the point of view of climate
impacts because it is presumed that the faster the rate of
climate change, the more difficult the adaptation of society
and nature to the changes. Ecosystems differ greatly in their
ability to adapt to this expected temperature change. The
rate of temperature change during the 1990s was in the
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Figure 9.10. Change in Global Average Surface Temperature in MA Scenarios 1970–2100 (IMAGE 2.2)

Figure 9.11. Decadal Rate of Change of Global Temperature in MA Scenarios (IMAGE 2.2)

order of 0.2� Celsius. Projections of future climate change
are generally in the range of 0.1–0.4� Celsius per decade,
assuming no major regime shifts in the global climate sys-
tems (such as breakdown of the North Atlantic Oscillation).

The rate of temperature change under the Techno-
Garden scenario becomes slower and slower, reaching
about 0.1� Celsius per decade in the middle of the scenario
period. Meanwhile, the rate sharply increases under the
Global Orchestration scenario until mid-century, when it
reaches more than 0.4� Celsius per decade and then de-
clines. The rate in the Adapting Mosaic scenario lies be-
tween these two scenarios, leveling off at mid-century at
around 0.3� Celsius per decade and then declining. Mean-
while, at mid-century the rate in the Order from Strength
scenario is lower (around 0.25� Celsius per decade) than
that of Adapting Mosaic but is still increasing, so that it has
the highest value of all scenarios (0.3� Celsius) at the end of
the century.

Although these values may be uncertain, in each of the
MA scenarios climate change is expected to be very likely.
The benefits of assumed climate policies under Techno-
Garden will help to slow down the rate of climate change
during the 2000–50 period and will lead to much lower
temperature increases compared with the other scenarios by
the end of the century. The rate of climate change is likely
to increase to at least mid-century in three of the four sce-
narios (all except for TechnoGarden), as a result of the re-
duced sulfur cooling effect and increases in greenhouse gas
emissions. Likewise, it is likely that three out of four will
have a declining rate of temperature increase after mid-cen-
tury (all except Order from Strength).

While the computation of global mean temperature is
uncertain, the patterns of local temperature change are even
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more uncertain. In its comparison of temperature calcula-
tions from different climate models, IPCC (2001) noted
some areas of agreement (such as temperature increase likely
being higher at higher latitudes than near the equator) but
also many areas of disagreement. Disagreements, for exam-
ple, typically occur in areas with complex weather patterns.

9.3.4.2.1 The influence of biophysical factors on climate change

As noted, land use changes can affect various biophysical
factors that have a major impact on climate (and that form
a direct linkage between ecosystems and climate change).
With the MA scenarios, the impact of biophysical factors
will be most pronounced for the scenarios with the largest
land use changes. These include in particular Order from
Strength and TechnoGarden. In Order from Strength, a
continuously increasing population leads to a major expan-
sion of agricultural lands, causing further deforestation in
tropical areas. While impacts in tropical zones via albedo
changes are relatively small, other influences of large-scale
deforestation of tropical rain forests on (local) climate are
highly uncertain but may be significant. In contrast,
TechnoGarden is the scenario with the most reforestation
in temperate zones. An even higher rate of reforestation
might be expected under this scenario if reforestation is
used as a climate policy for sequestrating CO2. As indicated
by Betts (2000), this actually could lead to increased warm-
ing as a result of reduced albedo. Again, these effects are still
highly uncertain.

9.3.4.2.2 Precipitation changes

While future regional temperature is uncertain, still more
uncertain are the computations of precipitation patterns
within regions. Climate models can provide insight into
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overall global and regional trends but cannot provide accu-
rate estimates of future precipitation patterns when the
landscape plays an important role (as in the case of moun-
tainous or hilly areas). Recognizing this uncertainty, we use
a standard integrated assessment approach to estimate un-
certain but plausible future changes in precipitation. Figure
9.12 shows a typical spatial pattern of changes in precipita-
tion up to 2050 in Global Orchestration. According to this
scenario, approximately three quarters of the land surface
has increasing precipitation. This is a typical but not univer-
sal result from climate models. Some arid areas become
even drier according to Figure 9.12 (see Appendix A), in-
cluding the Middle East, parts of China, southern Europe,
the northeast of Brazil, and west of the Andes in Latin
America. This will increase water stress in these areas, as
described later.

Although climate models do not agree on the spatial pat-
terns of changes in precipitation, they do agree that global
average precipitation will increase over the twenty-first
century. This is consistent with the expectation that a war-
mer atmosphere will stimulate evaporation of surface water,
increase the humidity of the atmosphere and lead to higher
overall rates of precipitation. In general, climate models
give a more consistent picture for temperature change than
for precipitation.

9.3.4.2.3 Climate change impacts

Figure 9.13 (see Appendix A), from the IPCC assessment,
summarizes the findings from a large number of climate im-
pact studies. The main result is that risks of different types
increase with increasing temperature, but at different tem-
pos. Comparing the temperature increases from 2000 to
2100 with the risks indicated by the IPCC, the lowest tem-
perature increase scenario, TechnoGarden, will still have
high risks for unique and threatened systems and extreme
climate events. For aggregate impacts, the 2� Celsius tem-
perature increase experienced in this scenario falls in the
middle category; while the risks of large-scale discontinu-
ities (breakpoints in natural systems) are assessed to be low.
The higher temperature increase scenarios (Global Orches-
tration, Adapting Mosaic, and Order from Strength) reach
the range in which there are higher risks of large-scale
breakdowns in natural systems.

9.3.5 Sea Level Rise

9.3.5.1 Methodology and Assumptions

One of the major impacts of climate change will be a rise
in average global sea level as warmer temperatures melt cur-
rently permanent ice and snow and cause a thermal expan-
sion of ocean water. Furthermore, climate change may
cause stronger and more persistent winds in the landward
direction along some parts of the coastline, and this will also
contribute to rising sea level at these locations.

9.3.5.2 Comparison of Sea Level Rise among Scenarios

We have made a first-order estimate of the expected (global
average) sea level based on the climate change scenarios
corresponding to the four MA scenarios. The average rise
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up to 2100 ranges from 50 centimeters (in TechnoGarden)
to 70 centimeters (in Global Orchestration). (See Figure
9.14.) The actual increase in different regions might be
higher or lower, depending on changes in ocean currents,
prevailing winds, and land subsidence rates.

Note in Figure 9.14 that sea level still has a rising ten-
dency at the end of the century, even though Figure 9.10
indicated that air temperatures stabilize under three of the
four scenarios. The increase in sea level lags decades behind
the increase in temperature because there is a long delay in
heating the enormous volume of the world’s oceans. This
means that the temperature could stabilize over the course
of the scenario period while sea level continues to rise. For
example, the trends shown imply that sea level could fur-
ther rise by at least an additional 1m during the course of
the twenty-second century.

9.3.6 Change in Land Use or Land Cover

9.3.6.1 Methodology and Assumptions

Land use change and its consequences for the land cover
form an important component of global change (Turner et
al. 1995). The type of land use and land cover has direct
consequences for most ecosystem services, including provi-
sioning services for food, fiber, and water; regulating ser-
vices of carbon storage and erosion control; most cultural
services; and biodiversity. Historically, large areas of natural
ecosystems have been converted into agricultural areas;
since 1700, for instance, more than 41 million square kilo-
meters of ecosystems have come into production as either
cropland or pasture (30% of the non-ice-covered land area)
(Klein-Goldewijk 2004; Ramankutty and Foley 1999).

Land use changes, however, are not easy to capture in
large-scale environmental models. They often evolve from
diverse human activities that are heterogeneous in spatial
and temporal dimensions. They also strongly depend on
local environmental conditions and ecological processes. As
a result, global models tend to focus on a selected number
of major processes. The discussion here focuses on changes
in forestland and agricultural land (pasture plus cropland for
food, feed, and biofuel crops).3

It should be noted that comparisons with other land use
change scenarios are difficult, since many published scenar-
ios focus only on local and regional issues or on certain
aspects of land use such as the environmental consequences
of different agrosystems (e.g., Koruba et al. 1996), agricul-
tural policies (e.g., Moxey et al. 1995), and food security
(e.g., Penning de Vries et al. 1997).

Nevertheless, some typical trends can be observed in
published scenarios. First of all, most of them show in the
near-future a continuation of recent trends: that is, a steady
increase of agricultural land (cropland and pastureland) in
developing countries and constant or declining coverage of
agricultural land in industrial countries (e.g., FAO 2003;
IMAGE-team 2001). Crucial factors in existing scenarios
involve population change, changes in agricultural output
(mostly through intensification, but sometimes also extensi-
fication), changes in dietary practices, and agricultural trade.
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Figure 9.14. Sea Level Rise in MA Scenarios 1970–2100 (IMAGE 2.2)

In all published scenarios, increases in agricultural pro-
duction in low-income countries are mostly achieved
through increasing yields, but at the same time there is also
a further expansion of agricultural land. This increase in de-
sired production comes mainly from steep increases in food
demand, especially the demand for animal products. For ex-
ample, meat consumption in China increased yearly by 2.6
kilograms in the 1990s (FAO 2003). Such an increase is also
expected in other developing countries in the next decades.
Existing scenarios also show a further loss of forest cover in
developing countries and a net gain in forest cover in high-
income countries. Old-growth forest in industrial countries
can be further reduced for timber production, however, and
the net gain is achieved by an increase in new forest. In
terms of ecological functions, there are important differ-
ences between primary and secondary forests.

9.3.6.2 Comparison of Land Use or Land Cover among
Scenarios

In the twentieth century, major transformations in land use
and land cover have created a large downward pressure on
the potential of ecosystems to provide ecological services.4
Over the last decades, however, this trend has become
rather diverse, with increases in forest area in some regions
(industrial regions) and further decline in forest area in oth-
ers (developing regions). At the global level, this trend con-
tinues in the four MA scenarios.

In the first decades of the scenario period, all scenarios
show an ongoing expansion of agricultural land replacing
current forest and grassland. This expansion occurs mainly
in poorer countries, while agricultural land in the OECD
and former Soviet regions actually declines. (See Figure
9.15.) Despite the considerable differences in individual
driving forces among the scenarios, differences in land use
among them remain somewhat small. This is partly a result
of counteracting trends in the driving forces (low popula-
tion growth and high economic growth—so high caloric
diets for fewer people—versus higher population growth
but lower economic growth, which means more people
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eating less per capita). In addition, it is also a result of in-
creases in different kinds of land use (for instance, a strong
increase in land for fodder and grass under Global Orches-
tration to feed the animals versus a stronger increase in land
used for biofuels to meet the climate targets in Techno-
Garden).

Compared with the other three scenarios, Order from
Strength exhibits by far the fastest rate of deforestation at
the beginning of the scenario period. (See Figure 9.16.) The
rate of loss of ‘‘original’’ forests actually increases from the
historic rate (of about 0.4% annually between 1970 and
2000) to 0.6%. (See caption in Figure 9.16 for definition of
‘‘original’’ forest.) The estimation of annual historic loss of
‘‘original’’ forests is consistent with upper estimates in
Chapter 5 in the MA Current State and Trends volume but is
not strictly comparable because of different averaging peri-
ods and definitions of forests. This increase in the deforesta-
tion rate comes from the faster expansion of agricultural
land, resulting mainly from rapidly growing population
combined with slow improvements in crop yield in low-
income regions. Since crop yield remains low compared
with increasing demand for food products, more agricul-
tural land is needed (although many increases in crop pro-
duction are also achieved through intensification of existing
agricultural land). In the other scenarios, the rate of loss of
undisturbed forests is at the historic rate (Global Orchestra-
tion and Adapting Mosaic) or slightly below (Techno-
Garden).

In 2020, the Order from Strength scenario shows an in-
crease of arable land in poorer countries of almost 13% over
the 2000 figure. This is almost twice the figure in the FAO
prognosis for 2015 (a 6% increase) (FAO 2003). The in-
crease of arable land in the other three scenarios is close to
the FAO projection (5–6% increase). For pastureland, the
TechnoGarden scenario shows a decrease, which can be ex-
plained by the assumed decrease in meat consumption and
a shift toward high-efficient feed instead of grass for animals.
This trend, however, is offset by a larger demand for crop-
land. The other scenarios all show increases in the amount

................. 11411$ $CH9 10-27-05 08:44:30 PS



324 Ecosystems and Human Well-being: Scenarios

million km2

million km2

Forest Area

Agricultural Land

Industrial regions

Developing regions

Developing regions

Industrial regions

Figure 9.15. Changes in Global Forest Area and Agriculture Land for MA Scenarios. Agriculture land is defined as pasture and crop
land. (IMAGE 2.2)

of pastureland. These trends are well in line with the con-
stant prognosis of FAO (FAO 2003).

Figure 9.17 indicates the total land use in 2050 per re-
gion and scenario. While rapid depletion of forest area con-
tinues under the Order from Strength scenario, under
TechnoGarden we expect an increase in net forest cover.
Production of biofuels, particularly under the Techno-
Garden scenario, is an important category of land use, espe-
cially in former Soviet countries, OECD countries, and
Latin America. Although the coverage of energy crops re-
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mains relatively small, it actually has a large influence on the
trends in land use.

Under the Order from Strength scenario (see Figure
9.18 in Appendix A), there is a continuous increase of ag-
ricultural area in poorer countries, particularly in sub-
Saharan Africa and Latin America. Important factors include
a relatively fast population growth and a limited potential
to import food (particularly relevant for Africa). As a result,
the depletion of forest area continues worldwide at a rate
near the historic average, only to slow down after 2050 be-
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Figure 9.16. Trends in Forest Area by World Region in Two Scenarios. This figure distinguishes between ‘‘original’’ and ‘‘other’’ forests.
‘‘Original’’ forests are defined here as forests that were present in 1970 and have not changed their attributes through either expansion of
agricultural land, timber production or climate change since then. ‘‘Other’’ forests are those forests which have been grown from abandoned
agricultural or other land, or have been established from other types of land because of climate change. (IMAGE 2.2)

cause of slowing population growth. As a result, two thirds
of the Central African forest present in 1995 will have dis-
appeared by 2050. For Asia and Latin America, these num-
bers are 40% and 25%, respectively. In other regions the
rate of forest loss slows down.

The land use conversion in this scenario clearly exceeds
that of the FAO reference scenario in 2030 (FAO 2003).
This difference mainly comes from a considerably lower
improvement in agricultural yields that is expected under
the Order from Strength scenario than under the FAO sce-
nario. Fischer et al. (2002) also show a major increase of
total agricultural land in a scenario that assumes a regional-
ized world (increase of nearly 20% in the second half of the
twenty-first century for the IPCC A2 scenario compared
with 15% in Order from Strength). Similarly, Strengers et
al. (2004) report a similar result for the IPCC A2 scenario
(increase of 22% in 2050).

Agricultural area under the Global Orchestration scenario
also expands at a fast rate, but for other reasons than in Order
from Strength. Here, rapid income growth and stronger
preferences for meat result in growing demand for food and
feed, leading to a rapid expansion of crop area in all regions.
There is no net increase of pastureland, as low-input exten-
sive grazing systems are replaced by more intensive, crop-
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intake forms of grazing, a result that is comparable to the
FAO analysis for 2030 (FAO 2003). Undisturbed forests dis-
appear at a slower rate than in Order from Strength, but still
at near-current global rates. About 50% of the forests in sub-
Saharan Africa disappear between 2000 and 2050.

The TechnoGarden scenario results in the lowest con-
version of natural land to agricultural land. One important
factor is the assumed decrease in meat consumption, which
leads to lower land demands for feed crops and grazing.
This is partly offset, however, by a strong increase in food
demand in poorer countries. The improvement of yields (as
a result of a widely available technology) ultimately leads to
a slower expansion of agricultural land. In terms of total
land, the results for TechnoGarden are comparable with
those of FAO projections for 2030 (FAO 2003). Under
TechnoGarden there is a small decrease in pastureland and
a small increase in arable land or food production, mainly
in poorer regions. However, there is a large increase in land
for growing energy crops as part of climate policies for re-
ducing greenhouse gas emissions. Although this scenario has
the lowest rates of land conversion, the depletion of forest-
land is still significant in Africa and Southeast Asia. Global
deforestation rates, however, are far lower than in the other
scenarios.
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Figure 9.17. Land Use Patterns by Region in MA Scenarios in 2050. Scenario names: GO: Global Orchestration; TG: TechnoGarden;
AM: Adapting Mosaic; OS: Order from Strength. (IMAGE 2.2)
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The Adapting Mosaic scenario, like Order from Strength,
also assumes relatively slow yield improvement in the first
decades. However, a lower increase in population and lo-
cally successful experiments in innovative agricultural sys-
tems (translated into an increasing rate of improvement of
crop yields) mitigate a further expansion of agricultural land
in other regions after 2040. This is particularly important
for trends in Africa; in fact, Adapting Mosaic shows the
lowest deforestation rates for this region of all four scenar-
ios. In contrast, however, the relatively low yield improve-
ment causes a virtual depletion of forest areas in South Asia
up to 2100. Globally, the long-term deforestation rates in
this scenario are slightly above those of TechnoGarden.

The changes in land use just described will also have a
tremendous impact on the vulnerability of different regions.
Figure 9.19 shows the land use of each region in 2050 com-
pared with the total potential area of productive arable land
(that is, areas with potential productivity—based on soil and
climatic condition—that is more than 20% of the maximum
achievable yield of the best-growing crop). By 2050, under
Order from Strength, Africa and Asia have put virtually all
productive land under cultivation to fulfill the demand for
crops and animal products. This clearly indicates a high vul-
nerability to abrupt changes in the natural system. A similar

Figure 9.19. Ratio of Agricultural Land to Total Productive Arable Land in MA Scenarios (IMAGE 2.2)
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but less extreme situation occurs for Africa under the Global
Orchestration scenario, and for Asia and Africa under both
Global Orchestration and TechnoGarden. In these cases,
however, large-scale global trade could help overcome prob-
lems of suddenly declining production levels as a result of
abrupt ecological changes. The above-mentioned processes
result in a less vulnerable situation for Africa in Adapting
Mosaic.

Based on these results, we can conclude land use change
will continue to form a major pressure on ecosystem ser-
vices in the four MA scenarios. At the same time, all four
scenarios find the loss of natural forests to slow down com-
pared with historic rates. This mainly results from increases
in natural areas in industrial regions (consistent with trends
of the past few decades). In developing regions, the conver-
sion rates slow down in three out of four scenarios. In
Order from Strength, however, the rate of conversion con-
tinues at nearly the historic rate of the past three decades.

9.3.7 Use of Nitrogen Fertilizer and Nitrogen Loads
to Rivers and Coastal Marine Systems

The presence of excess nutrients in water can lead to eutro-
phication. This nutrient enrichment of waters can lead to
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algal blooms, changes in the organisms present, low oxygen
levels in the water, and generally lower water quality. Ni-
trogen and phosphorus are commonly the nutrients con-
tributing to eutrophication. In the context of the MA
scenarios, we concentrate on changes in nitrogen loading
given the presence of information that could be coupled to
the scenarios. There is ongoing concern about nitrate leach-
ing to waters because of eutrophication, about other envi-
ronmental effects associated with high nitrate levels, and
about the risk that high nitrate levels in drinking water may
present to human health.

9.3.7.1 Methodology and Assumptions

9.3.7.1.1 Trends in the use of nitrogen fertilizer

Projections of global nitrogen fertilizer use cover a range of
time horizons, scenarios, and underlying assumptions. Table
9.13 and Figure 9.20 (see Appendix A) summarize a set
of recent fertilizer use scenarios. The Figure shows that all
scenarios expect an increase of fertilizer use. The range
among the different scenarios is considerable, with the
highest scenarios indicating increases in N-fertilizer use of
80% or more until 2020, while the lowest show an increase
of less than 10%.

Based on current insights in changes in nitrogen effi-
ciency and agricultural scenarios, we expect the outcomes for
the Global Orchestration scenario to be near the Constant
Nitrogen Efficiency scenario of Wood et al. (2004) or the
A1b scenario of IMAGE-team (2001)—that is, around 110
million tons in 2020 and 120–140 million tons in 2050. The
TechnoGarden scenario is likely to correspond to the out-
comes of the Improved Nutrient Use efficiency scenario of
Wood et al. (2004), around 100 million tons in 2020 and
110–120 million tons in 2050. The Adapting Mosaic sce-
nario is likely to fall between these two extremes, while fer-
tilizer use under Order from Strength could be near the
outcomes for Global Orchestration. Clearly, there are impor-
tant uncertainties in projections, including the effective
potential for improving efficiency, the paucity of data on
crop-specific nutrient application rates, the area fertilized and
corresponding yield responses, and the lack of explicit incor-
poration of market prices of fertilizers (Wood et al. 2004).

9.3.7.1.2 Nitrogen loads to rivers and coastal marine systems

Anthropogenic disturbance of the global nitrogen cycle is
an important global environmental problem. On one hand,
production on some agricultural land is not as high as it can
be because of nitrogen deficiencies. On the other hand, the
runoff of excess nitrogen from agricultural land and from
other anthropogenic sources causes the eutrophication of
rivers and other freshwater systems. Nitrogen loads in rivers
eventually find their way to the coastal zone, where they
also cause eutrophication. Here, we focus on the nitrogen
loading to rivers and its routing to the coastal zone.

Several studies have estimated the past and current river
nitrogen transport to oceans (Green et al. 2004; Meybeck
1982; Seitzinger and Kroeze 1998; Seitzinger et al. 2002;
Turner et al. 2003; Van Drecht et al. 2003). Despite the fact
that scenarios of nitrogen fluxes are still under development,
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Table 9.13. Overview of Scenario Studies on Nitrogen Fertilizer
Use

Reference Method

Bumb and Projections of N fertilizer to 2000 and 2020 using three ap-
Baanante proaches—the Nutrient Removal Approach and the Cereal
1996 Production Method to assess N requirements to meet pro-

jected cereal needs in 2020 (Rosegrant et al. 1995) and the
Effective Fertilizer Demand Method projecting N use on the
basis of a range of economic, demographic, and other factors

Tilman et Projection based on linear regressions of N fertilizer usage
al. 2001 and time, population, and GDP for the period 1960 to 1999,

extrapolated mean values of N fertilizer use

Daberkow Projection built on crop area and yield projections developed
et al. 1999 by FAO in support of the Agriculture Towards 2015/30 study

(Bruinsma 2003) to assess corresponding fertilizer needs. The
authors used the Fertilizer Use By Crop database (FUBCD
IFA, IFDC, FAO 1999) to derive crop-specific nutrient applica-
tion and response rates for three scenarios: Baseline, Im-
proved Nutrient Use Efficiency, and Nitrogen Use on Cereals

Galloway Projection based on the Daberkow et al. (1999) ‘‘baseline’’
et al. 2004 scenario for 2030, and extrapolated an N fertilizer use of 135

million tons in 2050, assuming a constant N fertilizer growth
rate to 2050

Wood et Used the newest FUBCD data—Trend Analysis was based on
al. 2004 an update of the Bumb and Baanante (1996) Effective De-

mand Approach and assumed that N fertilizer applications
would be higher in areas of significant soil degradation be-
tween 2020 and 2050 as part of a broader strategy of soil
fertility restoration; given the conservative assumptions about
constant nitrogen use efficiency and the goal of soil rehabilita-
tion embedded in this analysis, results likely present an upper
bound on N fertilizer needs

The Future Food Need Scenario used two scenarios, one as-
suming constant nitrogen use efficiency, based on the Nitro-
gen Use on Cereals approach of Daberkow et al. (1999), and
the second based on the Improved Nutrient Use Efficiency
approach of Daberkow et al. (1999), but with region-specific
nitrogen use efficiencies

IMAGE- Scenarios based on expansion of crop area and assumed
team 2001 changes in fertilizer used per hectare for the four IPCC sce-

narios

there is a growing interest in the potential threat of further
increases of nitrogen loading on aquatic systems. More quali-
tative work on nitrogen fluxes was published earlier as part
of UNEP’s Global Environment Outlook (UNEP 2002).

In order to assess changes in nitrogen fluxes from rivers
to oceans in the context of the MA, we used a global model
developed by Van Drecht et al. (2003). This model de-
scribes the fate of nitrogen in the hydrological system up to
river mouths, at a spatial resolution of 0.5 by 0.5 degree and
an annual temporal resolution. This model was used earlier
to describe the development of river nitrogen fluxes based
on the Agriculture Towards 2030 projection of the FAO
(hereinafter referred to as AT 2030) (Bruinsma 2003), and a
projection for sewage effluents (Bouwman et al. 2005b).
We used these results as a reference to estimate the change
in river nitrogen export on the basis of the four MA sce-
narios.
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9.3.7.2 Comparison of Nitrogen Fertilizer and Nitrogen Loads
to Rivers among Scenarios

On the basis of projections for food production and waste-
water effluents, the global river nitrogen flux to coastal ma-
rine systems may increase by 10–20% in the coming three
decades. While the river nitrogen flux will not change in
most wealthy countries, a 20–30% increase is projected for
poorer countries, which is a continuation of the trend ob-
served in the past decades. This is a consequence of increas-
ing nitrogen inputs to surface water associated with
urbanization, sanitation, development of sewerage systems,
and lagging wastewater treatment, as well as increasing food
production and associated inputs of nitrogen fertilizer, ani-
mal manure, atmospheric nitrogen deposition, and biologi-
cal nitrogen fixation in agricultural systems. Growing river
nitrogen loads may lead to increased incidence of problems
associated with eutrophication in coastal seas.

Regarding the oceans receiving nitrogen inputs from
river systems, our results indicate that strong increases in the
1970–95 period occurred in the Pacific (42%), Indian
(35%), and Atlantic Oceans (18%) and in the Mediterranean
and Black Seas (35%), with a global increase of 29%. (See
Table 9.14.) For the coming three decades, the increase will
be even faster in the Indian Ocean (50%), while the increase
for the Pacific (31%) and Atlantic Oceans (8%) is slower
than in the 1970–95 period. For the Mediterranean and
Black Seas (at �5%), a slow decrease of river nitrogen ex-
port is estimated.

It is possible to estimate the nitrogen fluxes of each MA
scenario by assessing their relative differences for the various
nitrogen-emission sources with respect to the AT 2030 pro-
jection.5 This is possible because there are firm relationships
between the total inputs of nitrogen in terrestrial systems

Table 9.14. River Nitrogen Export to Atlantic, Indian, and Pacific Oceans and to Mediterranean and Black Seas and Contributions
from Natural Ecosystems, Agriculture, and Sewage for 1970, 1995, and 2030. Columns may not add up due to separate rounding.
(IMAGE 2.2)

River Export Atlantic Indian Pacific Mediterranean and
by Source Ocean Ocean Ocean Arctic Black Seas World

(million tons per year)
In 1970
Natural 15 3 5 1 1 25
Agriculture 4 1 2 0 1 7
Sewage 1 0 1 0 0 2
Total 19 4 7 1 2 34

In 1995
Natural 16 4 4 2 1 28
Agriculture 5 2 4 0 1 13
Sewage 1 0 1 0 1 3
Total 23 6 10 2 3 44

In 2030a

Natural 16 5 5 1 1 28
Agriculture 6 3 6 0 1 17
Sewage 1 1 1 0 1 4
Total 24 9 13 2 3 50

a Results for 2030 are based on the AT 2030 projection (Bruinsma 2003) and presented by Bouwman et al. (2005b).
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(deposition, biological fixation, fertilizers, and animal ma-
nure) and the river transport of nitrogen.

Changes in the inputs from natural ecosystems to total
river transport were assessed on the basis of estimates for
nitrogen deposition for each scenario. The river transport
from agricultural systems was assessed for each scenario on
the basis of total nitrogen fertilizer use and animal manure
production. Fertilizer use was assumed to be correlated with
total crop production in dry matter, while animal manure
production was assumed to be related to total livestock pro-
duction in dry matter. The river nitrogen load from sewage
effluents was assumed to be related to total population,
whereby the human emissions and wastewater treatment
were assumed to be related to GDP. Finally, the number of
people connected to sewerage systems was held the same
for each scenario, as we assumed development of sewerage
systems has a high priority for human health reasons in all
scenarios (although this could be seen as relatively optimis-
tic in the case of Order from Strength).

The results of this comparison show considerable differ-
ences between the scenarios. (See Figure 9.21.) In Global
Orchestration, fast economic development causes a shift
toward more protein-rich food consumption and higher
human-waste production. At the same time, the nitrogen
removal in wastewater treatment will be higher than in the
AT 2030 scenario. Agricultural production is not much dif-
ferent from the AT 2030 scenario, so that the river loads
stemming from fertilizers and animal manure are similar.
However, atmospheric nitrogen deposition rates in Global
Orchestration are much higher than in any of the other
scenarios, causing higher river nitrogen loads.

In TechnoGarden, a proactive attitude with regard to
ecological management is assumed to lead to lower per cap-
ita meat consumption, while wastewater treatment has a
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high policy priority for the prevention of eutrophication of
surface water. Atmospheric deposition is much less than in
the Global Orchestration scenario, causing a reduction of
the nitrogen load in the coming three decades.

The river nitrogen loads in 2030 for the other scenarios
will be lower than for Global Orchestration but higher than
for TechnoGarden. Although the river nitrogen load stem-
ming from agricultural sources and deposition levels are
comparable between the scenarios, there is a difference in
the inputs from sewage effluents. The population for 2030
is not different between Order from Strength and Adapting
Mosaic, but in Order from Strength economic growth is
slower, leading to a slower growth in removal during waste-
water treatment than in Adapting Mosaic.

The results indicate that in three of the four scenarios,
there is a further increase in nitrogen transport in rivers.
The increase is in particular large under the Global Orches-
tration and Adapting Mosaic scenarios. Only Techno-
Garden shows a decrease in nitrogen transport by rivers.
The major drivers of increased nitrogen loading are agricul-
ture and sewerage systems. Nitrogen deposition (from at-
mospheric emissions) increases less—or is even reduced.

Assuming similar regional patterns of increase among the
different scenarios, it can be concluded on the basis of these
global differences that the increase in nitrogen inputs to the
Indian Ocean and Pacific Ocean will be faster in Global
Orchestration than in the AT 2030 projection and slower
in the TechnoGarden scenario. The development for the
other two scenarios is comparable to that in the AT 2030
scenario. Although there are large uncertainties in such sce-
narios and there may be important regional differences be-
tween them, the global trends and expected changes for
oceans and seas as a whole may be more robust.

9.3.8 Disruption of Landscape by Mining and Fossil
Fuel Extraction

One factor affecting the degree of disruption of landscape
will be the intensity and type of mineral exploitation. The
MA scenarios only focused on energy production, but it
can be assumed that extraction of other key resources will
follow a similar trend. From the scenarios we can deduce
that the biggest disruption by far will be caused by Order
from Strength, where total fossil fuel use increases by more
than a factor of 2.5 by 2100 compared with 2000. Not only

Figure 9.21. Global River Nitrogen Export Stemming from
Natural Ecosystems, Agricultural Systems, and Sewage
Effluence for 1970 and 1995 with Projections for 2030 and Model
Results for MA Scenarios (FAO; IMAGE 2.2)
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is the magnitude of fossil fuel use large, but in this scenario
society gives environmental protection low priority. This
combination of factors suggests that mineral exploitation
will have the largest impacts on the landscape under this
scenario.

The Global Orchestration scenario will have the next
largest impact, with fossil fuel use increases of about a factor
of two over the same period and environmental manage-
ment also largely neglected. The impact is likely to be the
smallest under the TechnoGarden scenario, because fossil
fuel use substantially declines up to 2100 and because envi-
ronmental management is given high priority. An interme-
diate case is Adapting Mosaic, which also gives priority to
environmental protection, but fossil fuel use nearly doubles
up to 2100.

9.4 Provisioning Ecosystem Services
Provisioning ecosystem services include services that di-
rectly produce goods that are consumed by humans. The
conceptual framework of the MA lists the following provi-
sioning services:
• food (including a vast range of food products derived

from plants, animals, and microbes);
• fiber (including materials such as wood, jute, hemp, silk,

and several other products);
• fuel or biofuel (including wood, dung, and other biolog-

ical material that serves as a source of energy);
• fresh water;
• genetic resources (including the different aspects of ge-

netic information used for animal and plant breeding and
biotechnology);

• biochemicals, natural medicines, and pharmaceuticals;
and

• ornamental resources.
This section describes some of the possible changes in

these services under the four MA scenarios. It focuses on
the services where adequate differentiation between the
scenarios can be achieved, based on model calculations,
qualitative interpretation of the scenario storylines (see
Chapter 8), assessment of recent literature, and interpreta-
tion of changes in possible drivers of these services. The
services for which a sufficient assessment can be made in-
clude food, fiber, fuel, and fresh water. A short concluding
section discusses possible changes for other provisioning
services.

Overall, considerable differences in the pressure on eco-
systems to produce provisioning ecosystem services can be
found across the scenarios. An important factor here is that
the (strongly) increasing demand for provisioning services is
driven by population growth, economic growth, and con-
sumption changes. Increases in demand are on a global scale
particularly large in Global Orchestration (with increased
welfare being an important driver), but also in Order from
Strength (with lower welfare but higher population growth).
Increases in demand for services are partly offset by increases
in the efficiency at which these services are provided (for
example, agricultural yields). However, they will also lead
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to increased pressures on the ecosystems that are providing
these services or on service quality.

Another important factor in the relationship between
provision of ecosystem services and pressure on ecosystems
is the human attitude toward ecosystem management.
Under Global Orchestration, ecosystem management is re-
active, driven primarily by response to environmental crises.
Consequently, vulnerability of provisioning ecosystem ser-
vices grows as demands on ecosystems grow due to popula-
tion growth, economic expansion, and other factors. In
Order from Strength, vulnerabilities of provisioning ecosys-
tem services also increase. In wealthy countries, ecosystem
services are vulnerable because of the vulnerability of small
patches to disturbance and climate change. In poorer coun-
tries, services are vulnerable due to these same factors, exac-
erbated by overexploitation, degradation of ecosystems, and
expanding poverty.

In Adapting Mosaic, ecosystem management is often di-
rected at reducing vulnerability; in many regions, decentral-
ization and a focus on adaptive change allow ecosystem
services to adjust smoothly to changes in climate and other
environmental drivers. In TechnoGarden, the emphasis is
on efficiency, which often increases the supply of provision-
ing ecosystem services at the cost of also increasing their
vulnerability. The drive for efficiency leads to dependence
on a narrow range of production systems that successfully
produce high levels of ecosystem services but are vulnerable
to unexpected change. Thus there is a generally high per-
formance of provisioning ecosystem services, but with some
surprising, dangerous disruptions that are difficult to repair.

9.4.1 Food

9.4.1.1 Methodology and Assumptions

The ecosystem services provided by agriculture are assessed
in two ways: the services delivered by agriculture, using
total food production as a measure of the services, and the
services ‘‘delivered’’ to each person or the outcomes of
these services, using per capita food availability and the
number of malnourished children as a measure. Both are
equally important: total food production is related to the
amount of agricultural land, water, and other ecosystem re-
sources required to deliver food services, while per capita
food consumption and kilocalorie availability establishes a
connection between ecosystem services and human well-
being.

9.4.1.2 Comparison of Food Production among Scenarios

Various factors determine the global and regional food pro-
duction in the MA scenarios. The most general drivers have
been discussed in sections 9.2 and 9.3. Some more-specific
drivers are discussed in Appendix 9.1. In addition, Appen-
dix 9.2 indicates some of the assumptions of modeling di-
etary preferences and yield increases. All four MA scenarios
result in increased global food production, both total and
per capita, by 2050 compared with the base year. (See Fig-
ures 9.22 to 9.25.) Yet different means are used to achieve
production increases, and—most important—outcomes
vary for the food-insecure.
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Under Global Orchestration, rapid income growth in all
countries, increasing trade liberalization, and urbanization
fuel growth in food demand. Global cereal and meat de-
mand grow fastest among the four scenarios, with cereals
being used increasingly as livestock feed. Grain production
growth is driven by growth in yield as a result of large in-
vestments in the areas of agricultural research and support-
ing infrastructure, making large crop area expansion
unnecessary; rapid growth in food demand is also met
through increased trade. By 2050, international food prices
are lower for livestock products and rice, whereas pressure
on maize from demands for animal feed and wheat as a di-
rect food item leads to increased prices for these commodi-
ties. Per capita calorie availability under this scenario in
2050 is highest among the four scenarios, and the number
of malnourished children drops to just under 40% of current
levels.

Under Order from Strength, economic growth in
wealthy countries is somewhat lower and in poorer coun-
tries is much reduced, protectionist trade policies prevail,
and total population in 2050 is highest among the four sce-
narios. Per capita food availability in 2050 is also higher, on
average, but reaches only 83% of Global Orchestration lev-
els. Moreover, production growth is achieved through sig-
nificant expansion in crop-harvested area, as reduced
investments in yield improvement are insufficient to keep
up with demand levels. A second reason for crop area
expansion lies in remaining trade protection levels , such
as import tariffs and quotas, or trade-distorting subsidies,
implemented by trading partners, which increase the cost of
procuring food, particularly for poor people in low-income
countries, at the same time that elites in wealthy as well
as poorer countries continue to expand and diversify their
diets.

As food production levels cannot keep pace with (albeit
somewhat depressed) food demand, international food
prices for major crops increase significantly. (Depressed
livestock demand from slow income growth results in re-
duced livestock prices, on the other hand.) As high levels
of crop prices surpass the cost of protection, food-deficit
countries resort to food imports. As a result, trade levels are
not much reduced under the Order from Strength scenario,
compared with Global Orchestration, but the cost of pro-
curing food is much higher. Calorie consumption levels im-
prove only very slowly up to 2050, and the number of
malnourished children by 2050 under Order from Strength
is the highest among the four scenarios.

Under the TechnoGarden scenario, growing incomes in
all countries are combined with medium-level population
growth, increasing trade liberalization, and a drive for inno-
vations in all sectors, including food production. Techno-
Garden operates somewhat similarly to Global Orchestration,
with substantial improvements in crop yields but here com-
bined with a lower preference for meaty diets, both of
which reduce pressure on crop area expansion. Increased
food demand is also met through exchange of goods and
technologies. Both calorie consumption levels and the re-
duction in the number of malnourished children are similar
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Figure 9.22. Cereal Production by World Region in MA Scenarios in 2050. Scenario Names: GO: Global Orchestration; OS: Order from
Strength: AM: Adapting Mosaic; TG: TechnoGarden. (IMPACT)

to, albeit somewhat lower than, the Global Orchestration
scenario.

Finally, under the Adapting Mosaic scenario, the focus is
on the adaptation of local approaches to the improvement
of ecosystem services. Incomes grow slowly, while popula-
tions continue to grow steadily up to 2050. Food produc-
tion outcomes are achieved in ways similar to the Order
from Strength scenario. Food is produced locally, on ex-
panded crop areas, with little attention to yield growth; but
expansion is insufficient to meet effective demand at cur-
rent price levels in many areas of poorer countries; as a re-
sult, pressure on both food prices and demand for net
imports increases. While calorie availability improves only
very slowly, the number of malnourished children is re-
duced slightly more than under Order from Strength due
to a focus on social investments under this scenario.

9.4.1.2.1 Food supply and demand to 2050

Under the Global Orchestration scenario, demand for food
crops (including cereals, roots and tubers, soybean, sugar
crops, vegetables, and fruit crops) is projected to increase by
3,321 megatons to 7,227 megatons in 2050; cereal produc-
tion alone is expected to increase by 73% by 2050, the
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largest increase across the four scenarios, while global de-
mand for livestock products is expected to grow by 357
megatons or 63%. Globally, average per capita demand for
cereals as food is projected to increase slightly by 10 kilo-
grams to reach 172 kilograms in 2050. While the relatively
low OECD cereal consumption levels indicate highly di-
versified diets, Asia’s and MENA’s much higher cereal con-
sumption levels are characteristic of far less diversified diets.
In sub-Saharan Africa, low cereal consumption levels indi-
cate gaps in food availability rather than diets diversified
away from staple cereals, but also reflect the more root- and
tuber-oriented diets of the region.

Per capita demand for livestock products is likely (with
high certainty) to increase much more rapidly worldwide,
driven by strong income growth and increasing preference
for livestock products. Globally, annual per capita con-
sumption is expected to increase from 36 kilograms in 1997
to 70 kilograms by 2050; with large increases in Asia, the
former Soviet Union, and OECD. However, sub-Saharan
Africa and MENA are unlikely to experience significant in-
creases in per capita meat consumption, reaching levels of
only 27 and 34 kilograms, respectively, by 2050.

Under the Order from Strength scenario, assumptions
about how the world will respond to growing food produc-
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Figure 9.23. Cereal Consumption (as Food) by World Region in MA Scenarios in 2050. Scenario Names: GO: Global Orchestration;
OS: Order from Strength; AM: Adapting Mosaic; TG: TechnoGarden. (IMPACT)

tion challenges play out in depressed demand for meat and
grains in poorer countries. Food production in all categories
increases substantially compared with today, but grain and
particularly meat production levels are far below those
achieved under Global Orchestration. By 2050, sub-
Saharan Africa only achieves 20% of OECD’s 1997 meat
consumption level of 88 kilograms, and even Latin
America, a region well known for meat consumption with
54 kilograms per capita in 1997, only increases consump-
tion levels to 65 kilograms by 2050. Moreover, global aver-
age per capita cereal consumption as food declines by 10
kilograms by 2050.

Under the TechnoGarden scenario, total food crop de-
mand increases by 3,017 megatons up to 2050; cereal de-
mand goes up by 1,070 megatons; and meat demand, by
166 megatons. Per capita cereal as food demand is expected
to increase by 9 kilograms overall, with the largest increases
in South Asia (23 kilograms), the OECD, and the former
Soviet regions (10 kilograms). Preference for meat products
is lower under TechnoGarden than under Global Orches-
tration. As a result, per capita demand for livestock products
grows by only 6 kilograms globally during 1997–2050. The
increase is largest in Asia, at 12 kilograms, followed by Latin
America, with 11 kilograms.
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Under the Adapting Mosaic scenario, by 2050 demand
for all food products is somewhat depressed as people can-
not afford higher-value foods and focus on locally adapted
production methods and consumption. Total food crop de-
mand grows by 2,797 megatons to reach 6,704 megatons
by 2050. Cereal demand increases by 994 megatons, and
demand for meat products grows by 179 megatons. Average
per capita cereal food demand decreases by 10 kilograms to
151 kilograms in 2050. The former Soviet region and Asia
experience the sharpest declines, at 15 kilograms and 14
kilograms. Per capita meat consumption levels under
Adapting Mosaic only increase significantly for the OECD
region, by 24 kilograms.

9.4.1.2.2 Extensification versus intensification of agriculture

Under the Global Orchestration scenario, the rapid rate of
technology development and investments in agricultural re-
search will lead to substantial yield increases, rendering large
expansion in new crop areas unnecessary. (See Figure 9.26.)
Globally, harvested area for grains is projected to expand at
0.01% annually from 1997 to 2050 and then to contract at
0.28% annually up to 2100. Only in sub-Saharan Africa will
a large expansion of cropland be necessary for increasing
production.
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Figure 9.24. Meat Production by World Region in MA Scenarios in 2050. Scenario Names: GO: Global Orchestration; OS: Order from
Strength; AM: Adapting Mosaic; TG: TechnoGarden. (IMPACT)

Although total cropland will not greatly expand, much
more of it will be irrigated in 2050 then is today. Irrigated
area will grow under Global Orchestration from 239 mil-
lion to 262 million hectares (the largest increase among all
four MA scenarios) spurred by large investments in irriga-
tion systems. (See Figure 9.27.) The growth of irrigation is
one of the main factors explaining productivity increases.
The growth rate differs among the four MA scenarios based
on the quantification of the storylines. (See Box 9.1.) Fur-
thermore, total agricultural land will grow because of the
demand for pastureland and biofuels, as described earlier.

Under Order from Strength, society invests relatively
little in crop technology and supporting infrastructure. As a
result, expansion in area will need to carry the brunt of food
supply increases. Globally, crop area is projected to increase
by 137 million hectares to reach 823 million hectares to
supply future food needs, equivalent to an annual rate of
0.34%, before slowing to 0.25% per year from 2050 to
2100. Area expansion for cereals will be spread out among
the poorer regions, with Latin America, sub-Saharan Africa,
and MENA all experiencing harvested area expansion in the
order of more than 40%. Expansion will be slightly lower in
the former soviet and OECD regions and lowest in Asia. At
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the same time, irrigated area is expected to contract by 1
million hectares from 1997 to 2050 and a further 7 million
hectares from 2050 to 2100, with area declines in Asia and
the former Soviet Union more than offsetting net increases
in the other regions.

The TechnoGarden scenario, characterized by innova-
tions in agricultural technology and crop productivity but
also less meat-based diets, requires even less area expansion
than Global Orchestration. Up to 2050, irrigated area grows
substantially, but less so than in Global Orchestration. In
later periods, growth in irrigated area slows considerably
due to slowing pressure on ecosystem services and food
production. Globally, cereal harvested area contracts by
0.01% annually from 1997 to 2050 and a further 0.14% an-
nually from 2050 to 2100, to 637 million hectares. How-
ever, total food crop area is expected to increase by 0.11%
annually during 1997–2050 before contracting by a similar
rate from 2050 to 2100. Although most regions will achieve
production growth by intensification of existing cropland,
expansion of cultivated land will still be important in sub-
Saharan Africa, (accounting for 30% of total production
growth up to 2050) and Latin America and MENA (ac-
counting for about 11% of total production growth).
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Figure 9.25. Meat Consumption by World Region in MA Scenarios in 2050. World regions: LAM: Latin America; FSU: Former Soviet
Union; MENA: Middle East and Northern Africa; SSA: Sub-Saharan Africa. (IMPACT)

The Adapting Mosaic scenario postulates a combination
of slow growth in food demand, low investments in food
production technologies, and no breakthroughs in yield-
enhancing technologies. Globally, irrigated area is expected
to grow very slowly up to 2050, and then decline slightly.
It will increase however in sub-Saharan Africa and Latin
America. Depressed food demand under the Adapting Mo-
saic scenario will not be able to compensate for stagnant
crop yields. As a result, crop harvested area is expected to
increase at 0.16% per year for cereals and at 0.23% annually
for all food crops, from 1997 to 2050, before contracting at
�0.06% and �0.04% annually, respectively. Similar to the
other MA scenarios, most cereal harvested area will be
added in sub-Saharan Africa, at 39 million hectares, fol-
lowed by Latin America (10 million hectares) and MENA
(7 million hectares).

9.4.1.2.3 The potential impact of climate change on future agricultural
yields

The impacts of climate change on crop yields have been
assessed by IPCC (2001) in its Third Assessment Report. In
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fact, two combined effects have to be accounted for: the
impacts of climate change and those of a rising atmospheric
CO2 concentration. The latter (also referred to as carbon
fertilization) can increase yields and make plants more
stress-resistant against warmer temperatures and drought.
Climate change can lead to both increases and decreases in
yields, depending on the location of changes of temperature
and precipitation (climate patterns) and the crop type.
IPCC concluded, with medium confidence, that a few de-
grees of projected warming will lead to general increases in
temperate crop yields, with some regional variation. At high
amounts of projected warming, however, most temperate
crop yield responses could become negative. In the tropics,
where some crops are already near their maximum temper-
ature tolerance, yields could, depending on the region and
the exact pattern of climate change, become adversely af-
fected. Adaptation could mitigate these impacts.

Studies indicate that taking into account the carbon fer-
tilization impact could be very important for final out-
comes. For example, from studies in Montana in the United
States it was concluded that climate change only decreases
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Figure 9.26. Factors Affecting Growth of Cereal Production in MA Scenarios, 1997–2050 (IMPACT)

Figure 9.27. Global Irrigated Area in MA Scenarios, 1997–2100
(IMPACT)

the wheat yield from around �50 to �70%, while CO2

fertilization leads to yield increases of �17 to �55%. The
combination of both factors returns changes in wheat yield
from �30% to �30% (Antle et al. 1999; Paustian et al.
1999). Parry et al. (1999) also conclude that the changes
in crop yield range from negative impacts (–10% in North
America, Latin America, Asia, and Africa) to positive im-
pacts (�10% in Latin America) when both climate change
and CO2 fertilization are taken into account.

Because temperature increase enhances photo-respira-
tion in C3 species,6 such as wheat, rice, and soybean, the
positive effects of CO3 enrichment on photosynthetic pro-
ductivity usually are greater when temperature rises (Bowes
et al. 1996; Casella et al. 1996). However, the grain yield of
CO2-enriched rice shows about a 10% decline for each 1�
Celsius rise above 26� Celsius. This decline is caused by a
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BOX 9.1

Rate of Irrigated Area Growth among Scenarios

Among the four scenarios, effective growth in irrigated area is largest
for Global Orchestration, at 0.18 percent per year during 1997–2050,
followed by TechnoGarden, with growth of 0.11 percent annually.

Annual growth in irrigated area is much lower under Adapting Mo-
saic, at 0.06 percent per year, and under the Order from Strength
scenario (0.01 percent annually). During 2050–2100, irrigated area de-
clines under all but the Global Orchestration scenario.

Up to 2050, under Global Orchestration area expands most rapidly
in Latin America, at 0.5 percent per year, followed by sub-Saharan
Africa, at 0.3 percent annually. In the TechnoGarden scenario, growth
in Latin America, sub-Saharan Africa, West Asia, and North Africa is
similar to Global Orchestration, but growth slows in Asia, the former
Soviet Union, and the OECD region.

Under the Adapting Mosaic scenario, area actually contracts in the
former Soviet Union at 0.1 percent per year (by 0.8 million hectares)
and in Asia at 0.03 percent per year (by 2.3 million hectares). Growth
in sub-Saharan Africa and Latin America remains strong, however.
Finally, under the Order from Strength scenario, irrigated area reduc-
tions in Asia and the former Soviet Union are even larger, at 3.3 million
and 1.7 million hectares, respectively, whereas irrigated area growth
remains strong in Latin America and sub-Saharan Africa.

shortening of growth duration. Similar scenarios have been
reported for soybean and wheat (Mitchell et al. 1993;
Bowes et al. 1996). With rice, the effects of elevated CO2

on yield may even become negative at extremely high tem-
peratures (above 36.5� Celsius) during flowering (Horie et
al. 2000).
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For the MA scenarios, we have used the calculations of
the IMAGE model to assess the impacts of yields. These
impacts are fully included in the land use and food results
shown in this chapter. It should be noted that the regional
impacts are very uncertain, as the patterns of climate change
are uncertain. Some signals, however, are visible across most
models. In Figure 9.28 (see Appendix A), this is shown for
selected regions in the Order from Strength scenario (the
other scenarios show, in general, a smaller climate change
impact). Regions that are positively affected in terms of
yield changes include the United States and the former So-
viet Union. In other regions, however, the impacts will
clearly be negative—including, in particular, South Asia
(that is, India), which in turn will have a strong negative
impact on two very important crop types, rice and temper-
ate cereals. On top of already existing difficulties feeding
growing populations, this type of stress could have signifi-
cant consequences. Other negatively affected regions under
this climate change pattern include OECD Europe and
Japan. These impacts are taken into account in the produc-
tion levels discussed in this chapter.

9.4.1.2.4 The role of trade and international food prices

Under the Global Orchestration scenario, trade liberaliza-
tion and economic opening helps fuel rapid increases in
food trade. Total trade in grain and livestock products in-
creases from 196 megatons to 670 megatons by 2050, the
largest increase among the MA scenarios. (See Figure 9.29.)
Net grain trade increases more than 200% from 1997 to
2050. The OECD region, in particular, responds to the in-
creasing cereal demands in Asia and MENA with an in-
crease in net cereal exports of 89 megatons. Moreover, the
very rapid yield and area increases projected for the sub-
Saharan Africa region turn the region from net cereal im-
porter at present to net grain exporter by 2050. Net trade
in meat products increases 674%, albeit from presently low
levels. Net exports will increase particularly in Latin
America, by 23 megatons, while the OECD region and
Asia are projected to increase net imports by 15 megatons
and 10 megatons, respectively.

Large investments in agricultural research and infrastruc-
ture, particularly in poorer countries, help bring down in-
ternational food prices for livestock products and rice. Over

Figure 9.29. International Trade in Cereals and Meat Production
in MA Scenarios in 2050 (IMPACT)
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the 1997–2050 period, livestock prices decline by 9–13%
and rice prices drop by 31%, whereas maize and wheat
prices increase by 14% and 39%, respectively, because of
demand for animal feed. (See Figure 9.30.)

Under Order from Strength, countries maintain current
protection levels. At the same time, food production stalls
because of low investments in technology and infrastruc-
ture, and this puts pressure on countries to import food.
Finally, low income growth dampens food demand some-
what in poorer countries. Hence, even though this is a sce-
nario in which trade is not encouraged, total trade in food
commodities more than doubles relative to 1997. The com-
bination of population growth and lagging food production
leads Asia to import from the OECD, despite existing barri-
ers to trade. Meanwhile, sub-Saharan Africa is a net im-
porter, albeit at reduced levels, due to higher costs of trading
and depressed demand. Net trade in meat products is much
lower than in the Global Orchestration scenario, reaching
41 megatons by 2050, but most trade is carried out intra-
regionally.

Depressed demand from lower income levels cannot
compensate for even lower investments in food production
and supporting infrastructure and for high population
growth. As a result, prices for all cereals are projected to
increase over the coming decades: with price increases
ranging from 19% (maize) to 46% (rice). Meat prices, on
the other hand, continue to decline by 3–12%.

Under the TechnoGarden scenario, trade liberalization
continues apace. Pressure on trade is somewhat reduced due
to the preference for a diet with less meat, relatively good
production conditions in the various countries and regions,
and somewhat lower income growth than in Global Or-
chestration. Total trade for grains and meat products grows
to 543 megatons by 2050. Net cereal trade is dominated by
Asian net imports of 124 megatons and OECD net exports
of 159 megatons, followed by net imports in MENA of 70
megatons. Net meat trade is dominated by net imports in
the OECD region (17 megatons in 2050), supplied through
net exports from Latin America, sub-Saharan Africa, and
Asia. Growth in production and trade will more than com-
pensate for increased demand, resulting in declines for in-
ternational food prices across the board. By 2050, prices for
wheat, rice, and maize are projected to decline by 11–26%
and prices for beef, pork, and poultry by 6–23%.

Under Adapting Mosaic, the focus is on local food pro-
duction and conservation strategies, with limited exchange
of goods and services. Low income growth depresses food
demand, but the large increase in population puts upward
pressure on food, which is being produced without techno-
logical breakthroughs or enhancements due to lack of in-
vestment in this area. Total grain and meat trade increases
to 560 megatons by 2050. Cereal trade increases by 175%
over 1997 levels, most of which is accounted for by in-
creased net imports in Asia and MENA and increased net
exports of the OECD region. Similarly to the other MA
scenarios, the former Soviet Union can improve its net ex-
port position. Appropriate technologies and conservation
strategies help sub-Saharan Africa become a small net cereal
exporter by 2050. Total net meat trade increases by 31
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Figure 9.30. International Cereal Prices in MA Scenarios in 2050 (IMPACT)

megatons, the smallest increase among the MA scenarios.
By 2050, Asia is projected to supply about 20 megatons of
livestock products to all other regions except Latin
America.

Insufficient food production causes international cereal
prices to increase by 52–56% for wheat, maize, and rice,
whereas livestock prices decline by 2% (beef and pork) and
15% (poultry).

9.4.1.2.5 Outcomes for calorie availability and child malnutrition

Although total food production levels by 2050 are similar
across scenarios, outcomes for calorie availability and child
malnutrition levels in poorer countries vary considerably.
The increase in global average caloric availability is largest
under Global Orchestration, at 818 kilocalories per capita
per day between 1997 and 2050, followed by Techno-
Garden at 507 kcal/cap/day, whereas increases are only 207
kcal/cap/day and 250 kcal/cap/day, respectively, under the
Adapting Mosaic and Order from Strength scenarios. Under
Global Orchestration, all regions experience large increases
in calorie availability, led by Asia with an increase in 1,035
kcal/cap/day.

Under the Order from Strength scenario, on the other
hand, the increase in per capita calories is largest in the
OECD region, at 616 kcal/cap/day. Under TechnoGarden,
caloric availability in all regions but sub-Saharan Africa sur-
passes 3,000 kilocalories. Under Adapting Mosaic, increases
in calorie availability are very low. Similar to the Order
from Strength scenario, by 2050 improvements in caloric
availability in sub-Saharan Africa and Asia, particularly
South Asia, are slow. The kilocalorie availability remains
particularly low in sub-Saharan Africa, at less than 2,500
kcal/cap/day, and only reaches 3,000 kcal/cap/day in two
regions, Latin America and MENA.

Food consumption together with the quality of maternal
and child care and of health and sanitation are important
determinants for child malnutrition outcomes. Three out of
the four MA scenarios result in reduced child malnutrition
by 2050. Under the Order from Strength scenario, there
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are 18 million more malnourished children in 2050 than in
1997. (See Figure 9.31.)

Today, South Asia accounts for slightly more than half
of all malnourished children in developing countries, fol-
lowed by sub-Saharan Africa, home to 20% of all malnour-
ished children. Under the Global Orchestration scenario,
the number of malnourished children is projected to decline
by 50 million children in South Asia and by 15 million in
sub-Saharan Africa. Under Order from Strength, on the
other hand, the number of malnourished children is pro-
jected to increase by 18 million in sub-Saharan Africa and
by 6 million children in South Asia as a result of depressed
food supplies, higher food prices, and low investments in
social services. Under the Adapting Mosaic scenario, the
number of malnourished children would still increase by 6
million children in sub-Saharan Africa, but it would decline
by 14 million in South Asia. Finally, under TechnoGarden,
the number of malnourished children declines by 5 million
in sub-Saharan Africa and by 32 million in South Asia.

9.4.2 Fish for Food Consumption

9.4.2.1 Methodology and Assumptions on Fish Consumption

Aquatic ecosystems of the world provide an important pro-
visioning service in the form of fish and seafood. Fish are
an important source of micronutrients, minerals, essential
fatty acids, and proteins, making a significant contribution
to the diets of many communities. Globally, 1 billion people
rely on fish as their main source of animal proteins, and
some small island nations depend on fish almost exclusively.
Currently, 79% of fish products are harvested from marine
sources (FAO 2000).

To assess future production of world fisheries, it is im-
portant to understand the different interpretations of trends
in the last decades. Since 1970, total fisheries production
has more than doubled, to more than 90 million tons, with
most of the increase in the last 20 years from aquaculture.
Global capture food fisheries, however, have been stagnant
at around 60 million tons since the mid-1980s, as most of
the world’s capture fisheries stocks are fully or overex-
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million

Figure 9.31. Number of Malnourished Children in Developing Countries in MA Scenarios in 2020 and 2050 (IMPACT)

ploited (Delgado et al. 2003; FAO 2000). In fact, some ex-
perts indicate that marine capture fisheries might actually
have been declining for more than a decade if statistics are
corrected for overreporting (Watson and Pauly 2001; Lu
1998). At the same time, developing countries have become
major exporters of marine fish products. Developing-country
aquaculture production rose from less than 2 million tons
in 1973 to more than 25 million tons by 1997.

Yet aquaculture production relies partly on the supply of
fish meal and fish oil. While some experts indicate that
growth in aquaculture production could lead to greater
pressure on stocks of fish used for feed (Naylor et al. 2000),
others report instead that efficiencies in the use of fish feeds
are improving and that substitute products based on plant
matter are being developed (Delgado et al. 2003; Wada,
N., personal communication, May 2004). This controversy
plays a crucial role in the future of global fisheries. Other
adverse impacts of rapid increases in aquaculture production
could include the destruction of coastal ecosystems, like
mangroves, and increased pollution levels in the form of
effluent, chemicals, and escaped farm fish (Goldburg and
Triplett 1997). Socioeconomic impacts include loss of
property rights and declining incomes for local fishers who
rely on capture fisheries (Alder and Watson submitted).

Based on the above, most experts agree that most un-
managed fisheries are near maximum sustainable exploita-
tion levels and that their production will only grow slowly
until 2020 (see, for example, FAO 2003 or Delgado et al.
2003) or will even decline (Watson and Pauly 2001). More-
over, there might be important trade-offs between produc-
tion levels and other ecological services provided by marine
ecosystems (such as biodiversity). Large fisheries collapses
cannot be ruled out, as observed historically for specific
coastal systems (Jackson et al. 2001). As a substitute for ma-
rine fishery production, aquaculture (including marine cul-
ture) has the greatest potential for satisfying future
production increases (FAO 2003). Emerging land, water,
and input constraints, however, will place additional pres-
sure on technology to find alternative ways to increase pro-
ductivity levels.
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The forecast of fisheries outcomes needs to be based on
stock assessment, on fish population dynamics, on biophysi-
cal modeling, on market interactions among producers,
consumers, and traders, and on interactions with outcomes
for other foods and feeds. Future trends in fish demand have
been analyzed from an economic point of view by the In-
ternational Food Policy Research Institute using the IM-
PACT model (Delgado et al. 2003, see Chapter 6 for
discussion of methodology), as well as from an ecological
point of view for various marine fisheries by Pauly et al.
(2003) and others. Both perspectives are crucial for an un-
derstanding of the prospects of future world fisheries, but as
of yet they have not been combined in a single consistent
quantitative framework. Hence here we draw on results
from both perspectives and combine them in a preliminary
way. We first present computed trends of changing fish de-
mand, and then draw on ecological modeling results to as-
sess whether these future demands can be met from the
ecological point of view. The assumptions used in the eco-
logical modeling exercise are discussed in Appendix 9.2.

9.4.2.2 Comparison of Fish Consumption among Scenarios

For our estimations of future fish supply and demand we
draw on a series of scenarios already available or especially
prepared for the MA scenario analysis. (See Table 9.15.)
Under the IMPACT baseline scenario, global fish produc-
tion will increase slightly faster than global population
through 2020, to 130 million tons (40% increase) with an
increasingly tight supply situation indicated by jumps in real
fish prices of 4–16% (livestock product prices, in contrast,
are expected to decline). Aquaculture is projected to ac-
count for 41% of total production by 2020.

A scenario projecting even faster aquaculture expansion
(which might fit well with Global Orchestration and
TechnoGarden) suggests that despite short-term tendencies
in the opposite direction, over the long run lower food fish
prices resulting from more rapid aquaculture expansion
could possibly reduce pressure on capture fishing efforts and
generally benefit the health of fish stocks (see also Bene et
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Table 9.15. Scenario Description for Alternative Outcomes in
Future Fisheries

Scenario Description

IMPACT based on IFPRI/WorldFish most plausible set of assumptions
Baseline

Faster production growth trends for 4 aquaculture output aggregate
aquaculture commodities are increased by 50 percent relative to the

baseline scenario

Lower China Chinese capture fisheries production is reduced by 4.6
production million tons for the base year; income demand elasticities,

production growth trends, and feed conversion ratios are
adjusted downward, consistent with the view that actual
growth in production and consumption over the past two
decades is slower than reported

Ecological a contraction by 1 percent annually in production for all
collapse capture fisheries commodities

MA based on MA macroeconomic drivers, but without specific
scenarios changes to fish parameters

al. 2000; Clayton and Gordon 1999; Anderson 1985; Ye
and Beddington 1996; Pascoe et al. 1999; and similar supply
elasticity assumptions made by Chan et al. 2002). Total food
fish production under this scenario is projected to increase
to 145 million tons.

Experts do have different visions on whether such pro-
duction levels are attainable, as it requires considerable
technology advances in aquaculture. If the Watson and
Pauly (2001) values of overestimated fish catch (mainly in
China) are incorporated into IMPACT, then fish produc-
tion in 2020 would be 7 million tons lower than the IM-
PACT baseline, and annual per capita consumption would
decline by 1–16 kilograms. An additional scenario explor-
ing the outcomes of potential large fisheries collapses results
in production declines of 17%, with shortfalls mitigated by
production responses to major output price increases of 26–
70% in both capture food fisheries and aquaculture. Under
this scenario, per capita food fish consumption would drop
to 14 kilograms by 2020.

For the MA scenarios, rapid increases in urbanization
and income growth result in the highest per capita demand
levels for the Global Orchestration scenario (17.3 kilo-
grams), and production of 128 million tons by 2020. Under
Order from Strength, on the other hand, rapid population
growth combined with slower economic progress result in
the lowest production increases, at 117 millions tons in
2020, corresponding with depressed per capita demand lev-
els of 14.8 kilograms. (See Table 9.16.). The values of the
other MA scenarios fall between these two extremes.

9.4.2.3 Methodology and Assumptions on Fish Landings

The future of wild capture fisheries depends on several fac-
tors, such as changes in average climate and climate variabil-
ity causing shifts in species distributions and abundance
(increase of species at some locations, decline at others), fish-
ing subsidies that will affect the catch at the fisheries level,
the danger of overfishing due to the absence or failure of
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Table 9.16. Projected Per Capita Food Fish Production in 2020,
Alternative Scenarios. The first four scenarios are based on
Delgado et al. 2003. Outcomes for fish supply, demand, and trade
are reported for 2020 only. For the MA scenarios, no specific changes
to fish parameters have been introduced. However, drivers, such as
economic growth, population growth, and changes in the various
substitutes and complements of fish products do, indirectly, affect
outcomes for fish supply and demand.

Scenario Food Fish Production, 2020

(kilograms per person per year)

Actual in 1997 (MA) 15.7
IMPACT Baseline 17.1
Faster aquaculture 19.0
Lower China production 16.1
Ecological collapse 14.2
Global Orchestration 17.3
Order from Strength 14.8
Adapting Mosaic 15.1
TechnoGarden 16.0

fisheries management, and factors such as population growth
and food preferences affecting the demand for marine prod-
ucts. In this section and in Figure 9.32, we describe changes
in the fisheries of three marine ecosystems—the Gulf of
Thailand, Central North Pacific, and North Benguela—for
the four MA scenarios.7 These case studies were selected be-
cause they represent a variety of fishery conditions. The
qualitative assumptions for the three case studies under the
MA scenarios are summarized in Table 9.17.

9.4.2.4 Comparison of Fish Landings Among Scenarios

All four scenarios maintain the weight and value of current
landings in the Gulf of Thailand. However, the conse-
quence of this is a severe decline in the diversity of landings
(see Chapter 10), which could increase the vulnerability of
the fishery to disease, climate change, and other stresses. In
Global Orchestration, the weight of landings (primarily
high-valued invertebrates) remains stable until 2010, while
profits are increased. The policy focus changes in 2010 to
a balance between increasing profits, jobs, and ecosystem
structure (where ‘‘increasing ecosystem structure’’ means
rebuilding the trophic structure of the fishery). This policy
results in a temporary and slight decline in the weight of
landings until the system responds and stabilizes to a level
similar to the year 2000. In 2030, the policy focus changes
to a balance between increasing profits and ecosystem struc-
ture resulting in a slight increase in the weight of landings
and a substantial increase in their value.

Order from Strength has high weight and value of land-
ings until 2010, when policies are reoriented to optimizing
profits and jobs. Under this policy there is a slow and steady
increase in the weight of landings and their value. After
2030, the policy is to rebuild demersal species as well as
optimizing jobs rather than profits, with the system re-
sponding and then stabilizing at a slightly higher level of
weight and substantially higher value.

In the TechnoGarden scenario, landings in the Gulf of
Thailand are initially stable. In 2010 the weight and value
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Figure 9.32. Comparison of Fish Landings in Three Specific Regions for MA Scenarios. Scenario names: AM: Adapting Mosaic; GO:
Global Orchestration; OS: Order from Strength; TG: TechnoGarden. (Ecopath/Ecosim)

of landings decline until the fish industry is reoriented from
optimizing the catch for small pelagic species to support of
the growing aquaculture industry. The system responds
quickly, and the weight of landings soon stabilizes until the
next policy change, which aims to further optimize small
pelagics directly or as bycatch from the invertebrate fisher-
ies. The value of the landings has a similar trend.

There is an overall decline in the weight of landings to
25% of the 2000 level in the Adapting Mosaic scenario, but
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this trend is reversed in 2030 when levels begin to increase.
In this scenario, profits are maximized first and jobs have a
minor focus. However, by 2010 the policy focus changes to
a rebuilding of the ecosystem, including demersal species,
and therefore there is a detectable decline in landings and
substantial decline in profits. The ecosystem continues to
rebuild and demersal stocks and their value increase. How-
ever, landings do not recover, and by 2050 they are the
lowest level of any scenario.
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Table 9.17. Qualitative Assumptions for Case Studies of Regional Marine Fisheries in MA Scenarios (EcoSim/EcoPath)

Assumption Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Objective for fisheries optimize profits (mostly) optimize profits; also some mixed focus among profits, optimize profits and jobs
production and jobs—later in the attention to ecosystem jobs, and ecosystems (more mixed)

scenario, also attention to preservation
preserving ecosystems

Climate change GoT: medium—high GoT: med GoT: high GoT: high

NB: Medium—Low NB: low-med NB: low to high NB: med

CNP: Low CNP: low CNP: low CNP: low

Specific additional jobs less important in the concentration on fishing for assumes that CNP increased fishing efforts
assumptions CNP because much of the fishmeal for aquaculture continues to have a from more distant (high-

fishing is done by distant significant distant water income countries) that aim
water fleets fleet while GoT and NB for food security

fleets are primarily
domestic

Key: GoT � Gulf of Thailand, NB � North Benguela, and CNP � Central North Pacific.

None of the four scenarios are able to increase or even
maintain current landing levels in the Central North Pacific.
In Global Orchestration, the weight of landings declines
well below the 2000 level and remains low. The value of
landings follows a similar trend because fishery policy fo-
cuses primarily on profits, followed by jobs, until 2030.
After 2030 the focus changes to a balance between maxim-
izing profits and ecosystem structure, which is reflected in
the decline in landings in 2030.

Under Order from Strength, the weight and value of
landings significantly decline over the scenario period with
brief intervals of recovery. The weight of landings declines
under TechnoGarden and Adapting Mosaic, but the value
of landings increases slightly. The value of landings is main-
tained under the TechnoGarden scenario because of the de-
velopment of a highly profitable aquaculture industry that
uses fish feed from sources not based on small pelagic fish-
eries.

The North Benguela ecosystem landings and profits can
be maintained under the four scenarios. In the Global Or-
chestration scenario the North Benguela system initially in-
creases slightly from the 2000 level. When policies shift
after 2010 from a balance between profits and jobs to a
focus on jobs followed by profits, some fisheries begin to
harvest small pelagic fish as feed for a growing aquaculture
industry. In response, the weight of landings declines until
2030, when landings again increase to a level slightly higher
than in 2000. The value of landings follows a similar trend,
with the weight of landings peaking in 2010, declining until
2030, and then increasing again to a higher level in 2050.

Order from Strength results in an overall increase in the
weight and value of landings as profits and jobs are maxi-
mized. Rebuilding of ecosystem structure starts in 2025 but
jobs remain the priority until 2030, when profits are first
maximized, followed by jobs.

Under TechnoGarden, landings initially increase as
profits and jobs are optimized. When the focus of policy
changes to maximizing profits followed by jobs, landings
decline to levels slightly higher than in 2000. The trend
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continues until 2030, when policies are again changed, this
time to the simultaneous optimization of profits, jobs, and
ecosystem structure. As part of this policy shift, fisheries
focus on harvesting small pelagic fish to supply the aquacul-
ture industry. The net effect of this policy shift is a substan-
tial decline in the weight and value of landings. There is an
overall increase in landings and value in Adapting Mosaic
from 2000, peaking in 2030 but declining to a stable level
within about eight years. Initially, the policy focus is on
jobs, followed by profits, until 2010.

Very dynamic changes are found for the weight and
value of landings for the different scenarios under all case
studies. Not only total fish landings change but also the type
of species. (See Chapter 10.) Overall, no single scenario was
superior in its performance across the three modeled ecosys-
tems for landings or landed value. The pattern that does
emerge is that to maintain or improve the provisioning ser-
vices or the economic value of these three ecosystems, there
is a trade-off between the magnitude of production and the
diversity of the landings, especially in the Gulf of Thailand.
(See Chapter 10.) In some ecosystems, there is a trade-off
between increasing the number of landings (food provision-
ing) and the economic value of the landings (profits), as
seen in the Central North Pacific model, where landings
declined in the TechnoGarden scenario while profits im-
proved.

The conclusions of these three case studies can be sum-
marized as follows: Policies that focus on maximizing profits
do not necessarily maintain diversity or support employ-
ment. Similarly, policies that focus on employment do not
necessarily maximize profits or maintain ecosystem struc-
tures. The diversity of the stocks exploited can be enhanced
if policy favors maximizing the ecosystem or rebuilding
stocks. Diversity, however, is lost if the sole objective of
management is to maintain or increase profits.

9.4.2.5 Comparing Two Approaches to Model Fish
Consumption and Production

Two different approaches have been used to explore the
possible development of the provisioning service of fish for
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food consumption under the four MA scenarios—an eco-
nomic modeling approach and an ecological modeling ap-
proach. The two highlight different results. The IMPACT
modeling framework shows that total demand for food fish
will continue to increase under the MA scenarios. The im-
portant question, however, is whether it is feasible to in-
crease production to meet this demand. As shown in our
assessment, aquaculture may play an important role here,
but it is constrained by its current dependence on marine
fish as a major feed source. This dependence must be re-
duced by advances in, for example, feed efficiency and al-
ternative, plant-based sources of feed.

The ecological modeling of three regional fisheries show
that maintaining or increasing current levels of landings will
lead to the depletion of predators at the top of the food
web, and ecosystems could become dominated by short-
lived species at lower trophic levels. This development can
compromise the diversity of the ecosystem and make it
more vulnerable to external perturbations (such as those
stemming from the variability of climate, nutrient availabil-
ity, or demand). Diversity is also lost if the sole objective of
management is to maintain or increase profits. The diversity
of the exploited stocks can only be enhanced if policy favors
maximizing the ecosystem structure or rebuilding stocks.

9.4.3 Uncertainty of Agricultural Estimates and
Ecological Feedbacks to Agriculture

As a whole, the quantified scenarios show a confident pic-
ture of the future—both food supply and demand increase
into the future along with economic development, while
global food trade smoothes out the differences in food-
growing ability among nations, assuming that importing
countries find the financial resources to do so. But the
Order from Strength scenario shows that unfavorable de-
velopments in the food sector could threaten this relatively
positive global picture. Moreover, the global picture masks
significant regional problems. Although average food avail-
ability continues to increase, access to sufficient food will
continue to remain out of reach for many people in poorer
countries, particularly in sub-Saharan Africa and South Asia,
leading to a continuing substantial level of child malnutri-
tion in these regions. Moreover, it is uncertain whether the
global growth projected in these scenarios is feasible from
the standpoint of ecological sustainability.

On the one hand, this confident view of the future is
not unlike our experience over the last 100 years, in which
food production and consumption have steadily increased
as countries have gotten richer, despite temporary setbacks
due to political crises, poor planning, or the occasional
drought. On the other hand, we should not assume that the
global agricultural system will remain as robust as it appar-
ently is now. Several in particular could pose increasing risks
to the agricultural production computed in these scenarios.

First, scarcity of water is a concern. Many of the areas
where crop and fish production will intensify or expand are
also areas currently in the ‘‘severe water stress category,’’ as
described later, and are expected to have an increasing level
of water stress across all scenarios (such as the Middle East,
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sub-Saharan Africa, parts of China, and India). This is par-
ticularly important because irrigation will continue to play
an important role in the agriculture of these regions. It is
also shown that wastewater discharges are likely to double
over much of this area, also endangering the source of fresh-
water fish not coming from aquaculture. Unfortunately, the
model results for agricultural production do not take water
scarcity into account in their calculations. While solutions
for water scarcity may be found, this should not be taken as
a given. Therefore, the role of water as a limiting resource
should be kept in mind when interpreting the food produc-
tion scenarios.

Intensification of agricultural inputs is a second factor
to consider. Nearly all scenarios assume improvements in
efficiency of agricultural input use, including increased ef-
ficiency of land use through yield increases and multiple
cropping, increased efficiency of irrigation water use, and
increased uses of agricultural machinery, fertilizers, and pest
control. However, whereas some of these drivers were ex-
plicitly varied across scenarios, like yield growth or effi-
ciency of irrigation, others, like fertilizer applications or
changes in nitrogen-use efficiency, were not quantified or
changed. We also have not evaluated the long-term risks of
intensive agricultural inputs on pest outbreaks, groundwater
contamination, soil degradation, and other ecological im-
pacts. We expect these risks to be of greatest concern in
Global Orchestration, which has the highest level of ag-
ricultural inputs and a low level of environmental protec-
tion. Next in line could be either Order from Strength,
because of its low environmental consciousness, or Techno-
Garden, because of the possibility of technological failure.
Perhaps the Adapting Mosaic scenario would have the low-
est level of risk because of its lower level of agricultural
inputs and higher level of actions to protect the environ-
ment.

Sustainability of marine fisheries must be considered as
well. The scenarios show a medium to large increase in fish
production and consumption in all regions of the world.
But we have not yet analyzed in detail the ability of the
world’s marine fisheries to sustain the computed fish pro-
duction.

The fourth factor of concern is food insecurity and the
affordability of food. In the model calculations, rising food
demand will be met through increased production and food
trade. If production levels are below food demand, then
prices adjust upwards until a lower or depressed effective
demand can be met. Moreover, higher food prices induce
additional small supply expansion. As of yet we have not
analyzed in detail the affordability of increased food prices
for income groups. We have noted, however, that lack of
technological development under the Order from Strength
and Adapting Mosaic scenarios will force lower-income
countries to import cereals at prices substantially above
those of today. Cereals at these prices may not be within
easy reach of lower-income groups, as indicated by the large
number of malnourished children under these two sce-
narios.

The outcomes for food production do not vary signifi-
cantly across scenarios at the global level, with cereal pro-
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duction in 2050 projected to be 50% larger under all four
scenarios and with basic staple production projected to stag-
nate or decline in MENA and increase very little in sub-
Saharan Africa by 2050. However, scenario outcomes do
vary by region and within regions, particularly for the poor.
Moreover, the means by which food production levels are
increased vary significantly by scenario, with some focusing
on area expansion and local production, whereas others rely
on yield improvements and enhanced trade.

Differing means of increasing production could have an
impact on pressure on ecosystems due to agricultural pro-
duction. In the Order from Strength and Adapting Mosaic
scenarios, protectionist policies, together with lack of in-
vestments in agricultural research and agriculture-related
infrastructure, result in increased food prices, depressed
food demands, and slow improvements in food consump-
tion on a caloric basis. Moreover, under Order from
Strength, the number of malnourished children will be
higher by 2050 than today. The outcome is different for the
Global Orchestration and TechnoGarden scenarios, where
more food is produced by boosting crop yield and increas-
ing the international exchange of goods, services, and
knowledge. In these scenarios, crop area can be conserved,
food prices increase much less, per capita food consumption
increases faster, and the number of malnourished children
declines.

9.4.4 Fuel

9.4.4.1 Methodology and Assumptions

The biosphere provides humanity with both traditional fu-
elwood and so-called modern biofuels, a category that in-
cludes alcohol derived from fermenting maize and sugar
cane, fuel oil coming from rape seed, fast-growing tree spe-
cies that provide fuel for power-generating turbines, and
agricultural wastes, also burned to generate power. While
fuelwood has been steadily replaced by other energy carri-
ers, it still accounts for a large percentage of total energy use
in some places. At the same time, the current use of modern
biofuels is quite modest, although it could greatly expand,
according to some energy scenarios (as described earlier).
An important advantage of these is that in terms of green-
house gas emissions they are neutral (the CO2 emitted by
burning biofuels has been absorbed first by plant growth).
For this reason they play a significant role in the Techno-
Garden energy scenario, where climate policy is given high
priority. In the MA scenarios, biofuels play a role both for
electricity production and as transport fuel. While many ex-
isting scenarios agree on an increase in modern biofuel use,
major uncertainties exist regarding where the biofuels are
produced and consumed and when the major penetration
of biofuels into the energy mix will occur.

9.4.4.2 Comparison of Fuels among Scenarios

Under Global Orchestration, the global production of bio-
fuels increases from its current level by a factor of six—
mainly driven by cost increases for fossil fuels. (See Figure
9.33.) The regions making the biggest contribution to this
increase are Asia (factor of eight), followed by the MENA
countries (nearly a factor of six), and sub-Saharan Africa
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(about a factor of 4.5). There are two main factors leading
to this large expansion in biofuel use. First, good land is
available for biofuel production because competition from
food production is low—food crops are grown very effi-
ciently on existing crop areas in most regions (because of
the high crop yield achieved from investments in agricul-
tural research and fertilizer and other inputs). Second, the
demand for electricity is high because of strong economic
growth. Hence there is a large demand in general for energy
and for biofuel electricity in particular because biofuels can
be grown on relatively cheap and productive land. How-
ever, one unwelcome consequence of this intense use of
biofuels is a high rate of deforestation in the regions com-
mitted to biofuel production.

Global production of biofuels under TechnoGarden in-
creases by about a factor of four, mainly driven by climate
policy. Production lags behind that scenario, however, be-
cause income (and therefore energy demand) is lower in the
TechnoGarden scenario.

The level of investment in agricultural technology is low
in the Order from Strength scenario, and as a result crop
productivity is also relatively low. At the same time, popula-
tion growth is larger than the other scenarios, and food de-
mand is proportionately large. Since productivity is low on
existing cropland, the increased demand for food has to
come at least partly from new croplands. Energy crops must
compete with food crops for land, and this makes land and
biofuels more expensive. In addition, slower economic
growth leads to lower growth in energy demands. These
factors result in the slowest growth of biofuel production
among all the MA scenarios. Nevertheless, global biofuel
production still grows by more than a factor of two to fulfill
the needs of the growing population.

The Adapting Mosaic scenario is an intermediate case
compared to the others. Economic growth and crop pro-
ductivity are higher than in Order from Strength but lower
than in the others. As a result, energy demand is somewhat
higher and competition with food production somewhat
lower than in Order from Strength, and biofuel production
is also somewhat higher. Globally, biofuel production in-
creases by a factor of 2.8 over today, led by the MENA
countries (factor of six), sub-Saharan Africa (factor of four),
and Asia (factor of three).

9.4.4.3 Major Uncertainties of Fuel Estimates

Although calculation of the land requirement of energy
crops takes into account current productivity of soils, it does
not factor in the degradation that will result from these
crops. Biofuel crops tend to degrade soils faster than many
other crop varieties because they have high productivities
and require large amounts of fertilizer and other inputs.
Therefore, it is important to keep in mind that because of
soil degradation, energy cropping is ecologically damaging
over the long term and may thus be less economical.

9.4.5 Freshwater Resources

9.4.5.1 Methodology and Assumptions

The ecosystem services provided by freshwater systems
have many dimensions. This section looks especially at
water supply for households, industry, and agriculture and

................. 11411$ $CH9 10-27-05 08:45:23 PS



345Changes in Ecosystem Services and Their Drivers across the Scenarios

Figure 9.33. Total Biofuel Production by World Region in MA Scenarios in 2050. Scenario names: GO: Global Orchestration; TG:
TechnoGarden; AM: Adapting Mosaic; OS: Order from Strength. (AIM)

at habitat for freshwater ecosystems, including fisheries. As
indicators of these services, we describe the changing state
of water availability, water withdrawals, water stress, and
return flows. Each of these topics is useful for describing a
different aspect of the ecosystem services delivered by fresh-
water. The end of the section summarize their conse-
quences for the different MA scenarios.

9.4.5.2 Comparison of Water Availability among Scenarios

‘‘Water availability’’ is used here to mean the sum of aver-
age annual surface runoff and groundwater recharge. This
is the total volume of water that is annually renewed by
precipitation and theoretically available to support society’s
water uses and the needs of freshwater ecosystems. As used
here, the term does not refer to availability in a technical or
economic sense. In reality, society can exploit only a small
fraction of this volume because water-rich areas are not
necessarily near high population areas, because water is
‘‘unusable’’ as it rushes past cities in the form of floods, or
because society cannot afford adequate water storage facili-
ties. One estimate is that only about 30–60% of typical river
basin water resources are ‘‘modifiable’’ (Falkenmark and
Lindh 1993). On the other hand, water availability may be

PAGE 345

underestimated in the sense that we do not take into ac-
count the possible availability of water from desalination
or waste recycling in the future. Despite its drawbacks, we
believe that the concept of water availability used here gives
a useful estimate of the total quantity of water available to
meet the freshwater needs of society and ecosystems.

Since estimates of current water availability vary greatly,
two independent estimates (from the WaterGAP and AIM
models described in Chapter 6) are presented in Figure
9.34. Current global availability is estimated to be from
42,600–55,300 cubic kilometers per year.

The differences between scenarios are not as large as the
differences between regions. By 2050, global water avail-
ability increases by 5–7% (depending on the scenario), with
Latin America having the smallest increase (around 2%, de-
pending on the scenario), and countries from the former
Soviet Union the largest (16–22%). The changes in avail-
ability are small up to 2050 because of two compensating
effects: increasing precipitation tends to increase runoff
while warmer temperatures intensify evaporation and tran-
spiration, which tends to decrease runoff. Hence, the direc-
tion of change of runoff does not correspond exactly to the
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Figure 9.34. Water Availability in MA Scenarios in 2100. Scenario names: GO: Global Orchestration; OS: Order from Strength; AM:
Adapting Mosaic; TG: TechnoGarden. (WaterGAP; AIM)

direction of change of precipitation shown earlier in Figure
9.12.

By 2100, the effect of increasing precipitation becomes
more important, and runoff increases over most land areas.
Still, the differences between scenarios are not as large as
the differences between regions. Large areas on each conti-
nent have 25% or more runoff by 2100 (relative to the cur-
rent climate period). Although availability increases in most
areas, there are important arid regions where availability
drops 50% or more under all scenarios, including Southern
Europe, parts of the Middle East, and Southern Africa.

The largest increase in water availability occurs under
the Global Orchestration scenario (17%) because it has the
fastest rate of climate change through most of the scenario
period. The smallest change occurs under TechnoGarden
(7%) because it has the lowest rate of climate change. For
these scenarios, the water availability in the already-arid
MENA countries sinks by 1.5% under Global Orchestration
and 3.5% under TechnoGarden scenario. Results for the
Order from Strength and Adapting Mosaic scenarios fall be-
tween these figures (except for the MENA countries, in
which the decrease is 4% in both cases).

While the increase in availability makes more water
available for water supply, an increase in runoff can also
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correspond to more frequent flooding. We estimate that re-
gions with the largest increases in water availability will also
have more frequent high runoff events. We did not analyze
this effect because no validated model is currently available
in the literature for making worldwide calculations of
flooding.

9.4.5.3 Comparison of Water Withdrawals and Use among
Scenarios

While water availability indicates the amount of water the-
oretically exploitable, water withdrawals give an estimate of
the water abstracted by society to meet its domestic, indus-
trial, and agricultural needs. Hence it is a useful indicator of
ecosystem services. (The water requirements for supporting
a freshwater fishery are discussed later.) Compared with
availability, water withdrawals show large changes over time
and between scenarios up to 2050. Worldwide withdrawals
in 1995 are estimated to have been about 3,600–3,700
cubic kilometers per year, or approximately 7–8% of esti-
mated water availability, depending on the model used for
calculations. While this does not seem like much, the inten-
sity of withdrawals is high relative to water availability in
several regions of the world.
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Under Global Orchestration, strong economic growth
coupled with an increase of population leads to a worldwide
increase in withdrawals of around 40%. (See Figure 9.35.)
But the changes are only slight in OECD, MENA, and for-
mer Soviet countries because of compensating effects—
continuing improvements in water efficiency and stabilization
or decrease of irrigated land tend to lower water use, while
economic and population growth tend to increase water
use. Although the efficiency of water use also improves
over time in other regions, the effect of increasing popula-
tion and economic growth leads to fulfillment of pent-up
demands in the domestic and industrial sectors and to very
large increases between 1995 and 2050 in sub-Saharan Af-
rica, Latin America, and Asia. According to this scenario,
many more people gain access to a water supply, as domestic
water use substantially increases in nearly all regions. (See
Figure 9.36.) The only exception is OECD, where domes-
tic water use declines because nearly the entire population
already has access to an adequate water supply and because
the efficiency of water use continues to improve.

In TechnoGarden, strong structural changes in the do-
mestic and industrial sectors and improvements in the effi-
ciency of water use in all sectors lead to decreases in water
withdrawals in OECD (10%) and the former Soviet Union

Figure 9.35. Water Withdrawals in MA Scenarios in 2050. Scenario names: GO: Global Orchestration; TG: TechnoGarden; AM: Adapting
Mosaic; OS: Order from Strength. (WaterGAP)
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countries (23%). The same factors lead to a slowdown in
the growth of withdrawals in the rest of the world. Never-
theless, water withdrawals grow by a factor of 2.4 in sub-
Saharan Africa because of pent-up demand for household
water use and growing industrial water requirements.

Although Adapting Mosaic and Order from Strength do
not have the largest economic growth, they have the largest
water withdrawals because of slower improvement of the
efficiency of water use and faster population growth. With-
drawals increase substantially worldwide (52–82%) and
moderately in the OECD (7–34%) (under Adapting Mosaic
and Order from Strength, respectively). In the former So-
viet countries, withdrawals decrease under Adapting Mosaic
(9%) and level off under the Order from Strength scenario.
Increases in withdrawals are very substantial in sub-Saharan
Africa (a factor of 3 under both scenarios), in Latin America
(factor of 2.5–3), and Asia (60–100%), while they are more
moderate in the arid climate of the MENA countries (28–
46%).

9.4.5.4 Comparison of Water Scarcity and Water Stress among
Scenarios

The changes in water availability and withdrawals just de-
scribed have consequences on water stress in freshwater sys-
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Figure 9.36. Domestic Water Use in MA Scenarios in 2050. Scenario names: GO: Global Orchestration; TG: TechnoGarden; AM: Adapting
Mosaic; OS: Order from Strength. (WaterGAP)

tems. The concept of ‘‘water stress’’ is used in many water
assessments to obtain a first estimate of the extent of soci-
ety’s pressure on water resources (Alcamo et al. 2000 and
2003; Cosgrove and Rijsberman 2000; Vörösmarty et al.
2000). It is assumed that the higher the level of water stress,
the greater the limitations to freshwater ecosystems, and the
more likely that chronic or acute shortages of water supply
will occur. A common indicator of water stress is the with-
drawals-to-availability ratio, or wta. This indicator implies
that future water stress will tend to decrease in general be-
cause of growing water availability, but increase because of
increased withdrawals. An often used approximate thresh-
old of ‘‘severe water stress’’ is a wta of 0.4 (Alcamo et al.
2000 and 2003; Cosgrove and Rijsberman 2000; Vörösm-
arty et al. 2000). River basins exceeding this threshold, es-
pecially in developing countries, are presumed to have a
higher risk of chronic water shortages and thus greater
threats to freshwater ecosystems.

Figure 9.37 depicts the area of the world in the ‘‘severe
water stress’’ category in 1995. Much of northern and
southern Africa, as well as central and southern Asia, is in-
cluded. In total, about 18% of the world’s river basin area
falls into this category. About 2.3 billion people live in these
areas.

The area in the severe water stress category under the
Global Orchestration scenario in 2050 is shown in the bot-
tom half of Figure 9.37. Some areas, especially in OECD,
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fall out of the severe stress category because of stabilizing
withdrawals and increasing water availability due to higher
precipitation under climate change. The areas of severe
water stress expand slightly in the rest of the world. A total
of about 4.9 billion people live in these areas. Over most of
these areas, increasing withdrawals tend to increase the level
of water stress over today’s level.

Under TechnoGarden, water withdrawals up to 2050
drop in OECD and the former Soviet Union and grow
more slowly in other regions. Water stress follows these
trends and declines in many parts of these two regions,
while increasing more slowly than the other scenarios in
other parts of the world.

Under the Adapting Mosaic and Order from Strength
scenarios, water withdrawals increase sharply as just de-
scribed, and the area under severe water stress in 2050 cov-
ers about 17–18% of the total watershed area. Water stress
increases over all these areas. About 5.3–5.5 billion people
live in river basins with severe water stress—some 60% of
the world’s population.

9.4.5.5 Comparison of Water Quality and Return Flow among
Scenarios

The concept of ‘‘return flows’’ is used here to assess changes
in water quality. Return flows are the difference between
withdrawals and consumption and therefore provide a
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Figure 9.37. Areas under Severe Water Stress in the Global Orchestration Scenario in 1995 and 2050 (WaterGAP)

rough estimate of the magnitude of wastewater discharged
into the receiving water in a watershed. Depending on the
type of return flows, high rates of these flows could corre-
spond (with medium certainty) to low water quality and high
levels of water contamination and pressure on freshwater
ecosystems. We use return flows as a surrogate variable for
water quality because it is not possible at this time to com-
pute worldwide changes in water quality for the different
scenarios.

Since irrigation usually consumes more water than do-
mestic or industrial uses, the return flows for irrigation are
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also usually a smaller fraction of its withdrawals. Another
important point is that the type and concentration of water
pollutants is quite different from different sources. The
wastewater discharged by a power plant after it is used for
turbine cooling is hot but relatively clean compared with
wastewater discharged by a typical municipality. Untreated
municipal wastewater contains pathogens, organic wastes,
and toxic materials that typically contaminate a receiving
water; only the simplest of aquatic ecosystems can survive
and the contaminated water cannot be used for human con-
tact or water supply.

................. 11411$ $CH9 10-27-05 08:47:51 PS



350 Ecosystems and Human Well-being: Scenarios

Irrigation return flows are normally not returned to riv-
ers in a single large discharge pipe as a typical municipal or
industrial source, but they enter the river in a diffuse way
along many kilometers. These return flows are an important
source of herbicides and pesticides that are bio-concen-
trated in aquatic ecosystems and can interfere with or poi-
son various organisms in the ecosystem, as well as of
nutrients that promote eutrophication of natural waters.
Hence, the impact of irrigation return flows will not be the
same as the impact of return flows from a city or industry.

Perhaps the most important factor to take into account
in assessing the impact of return flows is whether they will
be treated or not. In OECD, the partial treatment of waste-
water (removal of organic wastes and pathogens) is very
common, and the trend is toward at least partially treating
nearly all municipal and industrial wastewater discharges. It
is much more uncertain whether agricultural return flows
will be collected and treated (because of the high costs of
collecting and treating high volumes of diffuse wastewater
sources). Wastewater treatment elsewhere, however, is now
quite uncommon except in some cities, and it is difficult
to anticipate the future coverage of wastewater treatment
(except perhaps that there is a trend toward disinfecting
wastewater before discharge.)

Under Global Orchestration, by 2050 worldwide return
flows increase by 42%. The magnitude of these flows fol-
lows that of withdrawals, meaning the larger the volume of
withdrawn water, the larger the size of wastewater dis-
charges. Return flows decrease on the average in OECD
and the former Soviet countries because of leveling off pop-
ulation and improving efficiency of water use. These factors
tend to decrease withdrawals and hence return flows. Fur-
thermore, even though low priority is given to environ-
mental protection, the richer societies in this scenario
maintain their current efforts at environmental manage-
ment. Hence it is reasonable to assume that the level of
wastewater treatment in OECD countries will remain at
least at its current level.

Because of the rapidly increasing water withdrawals
under Global Orchestration, return flows also substantially
increase between 2000 and 2050 in sub-Saharan Africa (fac-
tor of 3.7), Latin America (factor of 2), and Asia (49%), and
more moderately in the MENA countries (24%). Figure
9.38 illustrates the large area where return flows are esti-
mated to at least double under this scenario between now
and 2050. Over 78% of the watershed area of sub-Saharan
Africa is in this category, as is substantial parts of MENA
(37%), Asia (26%), and Latin America (38%). (See Table
9.18.) Consistent with the storylines of this scenario, low
priority will be given to environmental management in the
world’s poorer regions. Therefore, it is likely that wastewa-
ter will remain untreated in many areas and that the level of
water contamination and degradation of freshwater ecosys-
tems may increase. Since much of this return flow will
come from agricultural areas, under this scenario we expect
a large increase in nitrogen loading to rivers and subse-
quently to coastal areas, as described earlier.

We estimate that 4.4 billion people or nearly 55% of the
world will live in these areas in 2050. (See Table 9.19.) We
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emphasize, however, that return flows will cause major
problems only if they remain untreated.

Under TechnoGarden, the trends up to 2050 are in the
same direction as Global Orchestration, but the stronger
emphasis on improving water efficiency and somewhat
lower economic growth rates lead to a stronger decrease in
return flows between now and 2050 in OECD (18%) and
the former Soviet countries (43%). The same factors lead to
slower growth of return flows in sub-Saharan Africa (factor
of 3.5), MENA (17%), and Asia (nearly 20%). The change
in Latin America is the same as in Global Orchestration
(increase by a factor of two). Similarly, large areas will have
increases of 100% or more return flows, and a total of 3.9
billion people will live in these areas. Since the emphasis in
this scenario is on environmental management, and since
return flows do not increase too much in MENA or Asia,
it may be that most of the wastewater flows in these regions
will be treated. It is less likely that the enormously increas-
ing return flows of sub-Saharan Africa and Latin America
will be fully treated.

In Adapting Mosaic, return flows decrease in the former
Soviet Union between now and 2050 because withdrawals
decrease. In all other regions, return flows increase much
more than in Global Orchestration or TechnoGarden be-
cause of the lower level of water use efficiency and the
larger population, which leads to higher withdrawals and
more return flows. Return flows increase very substantially
in sub-Saharan Africa (factor of 5.5), Latin America (factor
of 2.6), Asia (76%), and the MENA countries (56%) and
increase slightly in OECD (4%). The area of watersheds
with at least a 100% increase in return flows between now
and 2050 is considerably larger than in Global Orchestration
or TechnoGarden, and 6.4 billion people—67% of the
world’s population in 2050—live in these areas. Since
Adapting Mosaic puts a strong emphasis on local environ-
mental protection, and since wastewater treatment technol-
ogy is simple and can be applied easily on the local level,
we expect (with medium certainty) a high level of wastewater
treatment.

As noted, Order from Strength has the largest withdraw-
als because of its slower improvement of the efficiency of
water use and faster population growth. Accordingly, it also
has the largest return flows, with a doubling of worldwide
total flows between now and 2050. The smallest increase is
in former Soviet countries (9%), followed by OECD, with
a nearly 40% increase. All other regions experience much
larger increases—Asia and MENA countries (approximately
a doubling), Latin America (more than a factor of 3), and
sub-Saharan Africa (a factor of 4.7). The area with a dou-
bling of return flows is somewhat larger than in Adapting
Mosaic, and 6.7 billion people live in these areas (70% of
global population). The level of environmental concern
here is much lower than in Adapting Mosaic, and therefore
the expected level of wastewater treatment is also much
lower. The combination of exploding wastewater dis-
charges and negligence of the environment could lead to
large risks to freshwater ecosystems and water contamina-
tion. An additional dimension of this scenario is that return
flows continue to increase rapidly after 2050. For example,
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Figure 9.38. Areas Where Return Flows Increase at Least 100% in the Global Orchestration Scenario, Present–2050
(WaterGAP)

Table 9.18. Total Area of River Basins, by Region, Where Return Flows Increase at Least 100% between Now and 2050 in MA
Scenarios (WaterGAP)

Region Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

(thousand square kimometers)

Former Soviet Union 4,810 6,103 7,009 5,092
Latin America 7,798 18,441 17,286 10,814
Middle East and North Africa 4,306 9,148 8,798 4,856
OECD 7,271 8,837 13,699 7,230
Asia 5,375 10,220 7,244 4,587
Sub-Saharan Africa 18,724 22,299 22,215 17,661

World 48,284 75,047 76,251 50,239

Table 9.19. Total Number of People, by Region, Living in Areas Where Return Flows Increase at Least 100% between Now and 2050
in MA Scenarios (WaterGAP)

Region Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

(million)

Former Soviet Union 1.5 32.8 70.4 5.8
Latin America 719.1 926.1 908.2 701.9
Middle East and North Africa 327.8 633.9 684.2 333.2
OECD 13.9 31.5 66.3 12.4
Asia 2,156.2 3,582.0 3,238.3 1,689.5
Sub-Saharan Africa 1,222.5 1,518.8 1,445.7 1,196.6

World 4,440.9 6,725.0 6,413.1 3,939.4

return flows increase in sub-Saharan Africa by a factor of
4.6 between 1995 and 2050, and double again between
2050 and 2100.

9.4.5.6 Uncertainty of Freshwater Estimates

The concept of ‘‘water availability’’ used in this section does
not refer to the freshwater resource available to water users
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in an economic or technical sense, but only to the total
theoretical volume of water annually available in each wa-
tershed due to precipitation. It is currently not possible to
estimate water availability more precisely on a global basis.

Return flows are used as an indicator of water quality,
but it would be more desirable to have a direct indicator of
future water quality so there is a more certain connection
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with the state of freshwater ecosystems and risk of water
contamination. This is not yet possible globally.

An important source of uncertainty in estimating return
flows is the uncertainty of the ratio of consumption to with-
drawals in different water use sectors. In addition, the tools
used to estimate the indicators of ecosystem services of fresh
water are too aggregated to include the role of local water
policies and management.

9.4.5.7 Summary: Freshwater Services

In the Global Orchestration scenario, water availability in-
creases in most countries because of climate change, but it
decreases in some important arid regions, especially in
poorer countries. Water withdrawals and domestic water
use level off in wealthy countries but increase substantially
in poorer ones that are providing access to adequate water
supply for many needy people. Water stress and the volume
of return flows go down in the rich countries because of
climate change and stabilization of water withdrawals.
Water-related problems (eutrophication, for instance, and
competition between human and environmental water re-
quirements) continue in these nations but do not intensify
greatly.

Water stress goes up in poorer countries under Global
Orchestration because of a massive increase in withdrawals
and return flows. Wastewater discharges are left mostly un-
treated because the priority is given to expanding economic
and industrial capacity without incurring extra costs for en-
vironmental protection. This leads to an intensification and
expansion of water resource problems in poorer countries,
including more frequent water shortages during low flow
periods, as well as deterioration of aquatic ecosystems. The
increased wealth in poorer countries allows society to deal
with some of these problems on a case-by-case basis, and
luckily there are no major ecological collapses, such as
water-related disease outbreaks, or hunger shortages be-
cause of the disappearance of freshwater fisheries.

Under the TechnoGarden scenario, the water availabil-
ity situation is similar to Global Orchestration except the
changes are not as great because the rate of climate change
is not as great. Water withdrawals and domestic water use
decrease in wealthy countries and slowly grow in poorer
ones except in Africa, where they increase very rapidly. Al-
though per capita domestic water use does not increase as
rapidly as in Global Orchestration, a greater emphasis is put
in TechnoGarden on providing minimum adequate water
supply to those needing it.

Water stress goes down in wealthy countries in Techno-
Garden because precipitation increases and withdrawals de-
crease. Return flows decrease there too and therefore
society can afford advanced treatment of municipal and in-
dustrial wastes, as well as the collection and control of ag-
ricultural runoff. These actions greatly reduce the load of
nutrients and toxic substances to freshwater systems. Fur-
thermore, wealthy countries intervene to physically restore
natural habitat in freshwater systems. As a result, there is a
significant restoration of aquatic ecosystems. At the same
time, the overconfidence of society that it can engineer so-
lutions to water resource problems leads it to overlook con-

PAGE 352

tinuing problems. For example, heavy storm runoff
overloads wastewater treatment plants, and contaminated
sediments of riverbeds continue to leach toxic materials ac-
cumulated during the twentieth century.

The increase in withdrawals and return flows is slower
than in Global Orchestration but still very fast, especially in
Africa and Latin America. Society puts a heavy emphasis on
bringing wastewater treatment up to current OECD stan-
dards (secondary treatment of municipal wastes, control of
toxic discharges from industry). But agricultural sources are
not controlled, and a resulting rapid increase in nutrient
and pesticide discharges causes eutrophication, toxicity, and
other water quality problems. Furthermore, Africa and
Latin America cannot keep up with the increase in return
flows and are not able to achieve OECD standards.

In Adapting Mosaic, changes in climate change and
hence water availability are similar to Global Orchestration
and TechnoGarden scenarios, but intermediate in intensity.
Water withdrawals and domestic water use stabilize in
wealthy countries and are moderate to large in poorer na-
tions. While per capita domestic water use is lower than in
Global Orchestration and TechnoGarden, more local effort
is invested in providing people with a minimum amount of
household water supply. Water stress goes down in rich na-
tions because of increased precipitation and stabilization of
withdrawals, and the amount of return flows stabilizes.
Local authorities and communities in these countries do not
have to deal with increasing wastewater loadings and there-
fore have time to find local solutions to the competition for
water resources between water use sectors and human and
ecosystem requirements.

The level of water stress and volume of return flows
explodes in poorer countries under Adapting Mosaic, but in
many cases local solutions are found for allocating water
supply to different sectors (integrated watershed manage-
ment) and for preserving the viability of many aquatic eco-
systems. But it is difficult to find local solutions fast enough
in Latin America and Africa, where return flows increase by
a factor of 3.6 and 5.5, respectively. Hence water problems
in these regions increase over the first half of the twenty-
first century. One advantage of the local or watershed ap-
proach to water management everywhere is that it is usually
well tailored to local ecosystems, and thus failures in water
management can be easily corrected. Hence, under this sce-
nario there is slow but steady progress in protecting or
restoring aquatic ecosystems and providing freshwater eco-
system services.

The water availability situation under Order from
Strength is similar to that of Adapting Mosaic. Water with-
drawals and domestic water use moderately increase or level
off in wealthy countries and are moderate to large in poorer
ones. There is much lower access to adequate water supply
than in the other scenarios, and it is likely that the Millen-
nium Development Goal for access to adequate water sup-
ply would not be met under Order from Strength. The
level of water stress stabilizes in wealthy countries but in-
creases substantially in poorer ones. The volume of return
flows also has a massive increase in the first half of the
twenty-first century (in Latin America a factor of 4, and in
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Africa a factor of 5.6). Three quarters of the world lives
where return flows double in the first half of century. Envi-
ronmental management is not given a priority, and the
technology and capacity for ecological management are not
built up. Ignorance of the implications of the large increase
in water stress and return flows in poorer countries leads to
severe regional water quality crises, with widespread de-
struction of aquatic ecosystems, the contamination of water
supply, and widespread water shortages. Poorer countries
fall behind in development.

9.4.6 Other Provisioning Ecosystem Services

9.4.6.1 Methodology and Assumptions

Although the future states of genetic resources, biochemi-
cals, and ornamental resources were not directly evaluated
by model calculations, we examine here the trends of some
related indicators. These include the extent of natural versus
agricultural land, since these resources usually require un-
disturbed habitat; the rate of change of this habitat as indi-
cated by the rate of deforestation and the rate of climate
change, since the faster the change, the more doubtful that
plants and animals can adapt to these changes; and the level
of water stress in freshwater resources, which indicates the
pressure on aquatic and riparian species. Moreover, the sto-
rylines in Chapter 8 also indicate certain trends in human
behavior and policies that will affect these services. By ex-
amining the trends of these variables we make some prelim-
inary judgments about the future trends of genetic
resources, biochemicals, and ornamental resources. (Note
that these are only a few of the many important factors that
will influence the state of genetic resources, biochemicals,
and ornamental resources in the future; for example, these
do not include an indicator for the marine environment.)

9.4.6.2 Comparison of Genetic Resources among Scenarios

UUnder the Global Orchestration scenario, pressures grow
on remaining undisturbed terrestrial and aquatic ecosys-
tems. Throughout the twenty-first century, existing forests
disappear at rates comparable to the last few decades. The
decadal rate of temperature change is much higher than at
present, and ranks as the highest among the four MA sce-
narios throughout most of the period. As a result of chang-
ing temperature (and precipitation), the type and viability
of current vegetation also changes over extensive areas, es-
pecially in wealthy countries. To meet growing food de-
mand due to higher incomes and population, the level of
agricultural production on existing cultivated land is inten-
sified in poorer countries by increasing the application of
fertilizer and other inputs, and these chemicals also contam-
inate nearby protected natural areas. In freshwater ecosys-
tems, the level of water stress increases over wide areas,
especially in poorer countries, because of rapidly increasing
withdrawals. In addition to these pressures, society is also
not particularly mindful of the connection between its ac-
tivities and the state of ecosystem services. In sum, it is pos-
sible that genetic resources may severely decline under this
scenario.
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Under the TechnoGarden scenario, global climate pro-
tection policies lead to lower rates of temperature change
(compared with the first decades of the twenty-first cen-
tury), but vegetation areas still change extensively, especially
in richer countries. Stabilizing water demands and effi-
ciency improvements lead to decreases in water withdrawals
and reduced stress on freshwater ecosystems. In wealthy
countries, the drive for efficiency narrows the range of ge-
netic resources used by people. This offsets the effects of
reduced water stress, conservation, and genetic technology,
leading to little net change in genetic resources.

Under TechnoGarden, the rate of deforestation in
poorer countries is high, but it eventually drops below cur-
rent rates. Efficient water use leads to lower growth in
water withdrawals and slower increases in stress on freshwa-
ter ecosystems. However, high levels of fertilizer and pesti-
cides are used on agricultural land to boost crop yields,
which leads to contamination of natural areas. Counter to
these trends, genetic diversity is enhanced in poorer coun-
tries by intensified efforts to preserve landraces. Under this
scenario, we also expect that ecological engineering of
plants and animals will have an influence on overall genetic
resources. But at this time we cannot estimate what this
influence will be. Finally, we also expect (with low certainty)
only a small change in genetic diversity in poorer countries.

Under the Order from Strength scenario, the rate of for-
est disappearance in poorer countries is even greater than
under Global Orchestration (because of more inefficient ag-
ricultural production). Also, growing population and inef-
ficient water use in these countries leads to rapid growth in
water withdrawals and stress on freshwater ecosystems. A
side effect of the lower level of wealth in this scenario is
that farmers in poorer countries cannot afford to apply as
many pesticides and fertilizer to cropland, meaning that the
loading of these chemicals onto nearby natural areas is
somewhat lower than under Global Orchestration. On the
other hand, climate change is not as great overall; therefore,
while climate-related changes in vegetation still occur in
wealthy countries, they are not as extensive as in Global
Orchestration. Society in this scenario also gives low prior-
ity to environmental protection. Summing up the different
factors, we expect (with low certainty) that genetic resources
could decline at around the same rate as in the Global Or-
chestration scenario.

In Adapting Mosaic, the rate of climate change is not as
high as in Global Orchestration, nor as low as in Techno-
Garden. Therefore, the extent of area with changed vegeta-
tion in wealthy countries due to climate change is also
between these two scenarios. The rate of forest disappear-
ance in poorer countries under Adapting Mosaic drops
below current rates but is still high. Water withdrawals sig-
nificantly increase in these countries, but not as much as
under Order from Strength because water is used more ef-
ficiently. Under this scenario, society is mindful of the con-
nection between its activities and ecosystem services.
Therefore, the use of fertilizer and other inputs on agricul-
tural land is somewhat lower than in Order from Strength.
Moreover, genetic diversity used by people is increased by
the greater spatial heterogeneity of ecosystem management
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in all countries. Considering the different factors, we expect
(with low certainty) that genetic diversity could either remain
about the same or slightly increase under this scenario.

9.4.6.3 Comparison of Biochemical Discoveries and Ornamental
Resources among Scenarios

The trends just described for Global Orchestration—high
deforestation rates, steadily increasing temperature and cli-
mate-related changes in vegetation, intensification of ag-
ricultural land, increasing water withdrawals and water
stress—tend to threaten ecosystems in poorer countries and
eventually to decrease biodiversity. This is somewhat com-
pensated for by increasing investments in biochemical ex-
ploration, so that the net rate of biochemical discoveries is
roughly constant in poorer countries up to 2050. At the
same time, the sum of ornamental resources declines (with
low certainty) along with biodiversity.

While these trends pertain especially to poorer coun-
tries, pressures on biodiversity also increase elsewhere be-
cause of intensification of agriculture and a failure to devise
policies to deal with current threats to biodiversity. We ex-
pect (with low certainty) that the decline in biodiversity will
be accompanied by a decline in biochemical discoveries and
ornamental resources.

As noted, the pressures on ecosystems under Techno-
Garden—climate change, rate of increase of water with-
drawals, deforestation—will be somewhat lower than under
the other scenarios. Moreover, biochemical innovation is
also a high priority for society. Hence, we expect (with low
certainty) that biochemical discoveries will increase in all
countries up to 2050. At the same time, the TechnoGarden
scenario emphasizes the utilitarian uses of ecosystems.
Therefore, we estimate (with low certainty) that ornamental
resources receive no special attention and remain about the
same as today.

Pressures on ecosystems, as noted above, are relatively
high in Order from Strength in all countries, with a result-
ing decrease in biodiversity. In addition, conflict and a poor
security situation will hamper biochemical exploration in
some parts of the world. In sum, we expect (with low cer-
tainty) that biochemical discoveries and the availability of
ornamental resources will decline up to 2050 under the
Order from Strength scenario.

In Adapting Mosaic, there are lower pressures on ecosys-
tems as compared with Global Orchestration and Techno-
Garden, and biodiversity is conserved. Because of the
scenario’s focus on local and regional development, how-
ever, there is relatively low impetus for the international
development and trade in biochemicals. Hence we estimate
(with low certainty) that both the level of biodiversity and
the rate of biochemical discovery are maintained at roughly
today’s levels. Since this scenario emphasizes the local indi-
viduality of ecosystem management, we estimate (with low
certainty) that the availability of ornamental resources will
increase.

9.5 Regulating Ecosystem Services
Regulating ecosystem services are defined as the benefits
obtained from regulation of environmental conditions
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through ecosystem processes. The conceptual framework of
the MA lists the following clusters of regulating services:
• air quality maintenance (through contribution to or ex-

traction of chemicals from the atmosphere, as a result of
ecosystem function);

• climate regulation (through the influence of ecosystems
on the energy, water, and carbon balance of the atmo-
sphere);

• water regulation, erosion control, and water purification
(through the effect of ecosystems on runoff, flooding,
aquifer recharge, and water quality);

• human disease control (through the effect of ecosystems
on human pathogens, such as disease vectors);

• biological pest and disease control (through the influ-
ence of ecosystems on the abundance of animal and
plant pathogens);

• pollination (through influences of ecosystems on the
abundance and distribution of pollinators); and

• coastal protection (through the protecting effect of eco-
systems such as coral reefs and mangroves on coastal
structures).
On the basis of the analyses in the MA Current State

and Trends volume, this section describes the impact of MA
scenarios on some of these services. The presentation fo-
cuses on services where differentiation between scenarios
can be achieved, based on either calculations with numeri-
cal models or on an assessment of recent scientific literature
or both. The impacts of ecosystems on human disease con-
trol are treated in Chapter 11. Additional information on
changes in regulating services can be found in Chapter 8.

Overall, the vulnerability of most regulating services
contrasts clearly across the scenarios. In Global Orchestra-
tion, a predominantly reactive approach to ecosystem man-
agement rarely addresses regulating ecosystem services. The
net result is greater vulnerability of regulating ecosystem
services, especially in poorer countries. The exceptions are
a few cases in which the connection between ecosystem
services and human welfare is direct and clearly understood.
In Order from Strength, the vulnerability of regulating eco-
system services generally increases as the availability of regu-
lating ecosystem services declines. The wealth of richer
countries sometimes allows adaptations that conserve regu-
lating ecosystem services, but in poorer countries the regu-
lating ecosystem services become much more vulnerable
due to the effects of population growth, conflict, slow eco-
nomic growth, and expanding poverty.

In Adapting Mosaic, society emphasizes local or regional
ecosystem management. Maintenance or expansion of reg-
ulating ecosystem services will often be the goal of this eco-
system management, leading to declines in the vulnerability
of these services. However, the primary focus is local or
regional ecosystem issues. Global regulating services, such
as those related to climate or marine fisheries, could become
more vulnerable during Adapting Mosaic. In Techno-
Garden, society emphasizes engineering of ecosystems to
provide regulating ecosystem services. While this approach
is successful for some ecosystem services in some places, in
other cases oversimplification of ecosystems increases the
system’s vulnerability to change and disturbance. Impacts of

................. 11411$ $CH9 10-27-05 08:48:04 PS



355Changes in Ecosystem Services and Their Drivers across the Scenarios

unforeseen disturbance create the need for new technologi-
cal innovations. In some cases, this leads to a spiral of in-
creasing vulnerability.

9.5.1 Climate Regulation/Carbon Storage

9.5.1.1 Methodology and Assumptions

The biosphere, and the ecosystems it consists of, plays a key
role in the climate system, for example, by respiring and
taking up CO2, by emitting other trace gases such as CH4,

and by reflecting and absorbing solar energy. On the global
scale, the biosphere currently helps ‘‘regulate’’ climate by
capturing carbon due to increased growth, thereby reduc-
ing the concentration of CO2 in the atmosphere and slow-
ing down climate change (Schimel et al. 2001).

For the theoretical case of a biosphere/atmosphere equi-
librium, the biosphere takes up as much CO2 for plant
growth as it emits by plant and soil respiration. But under
most circumstances, one or the other of these fluxes domi-
nates, with frequent oscillations due to temporal and spatial
environmental variability. Overall, the land biosphere cur-
rently takes up 2.3 gigatons per year (
 1.3 gigatons) more
carbon than it emits (Bolin et al. 2000). Contributing fac-
tors to this important global service are increasing forest area
in some regions and the stimulation of plant productivity
through increasing temperature or atmospheric CO2. The
result is that warming, and other climate change, occurs at
a slower rate than would be expected in the absence of the
carbon sink.

9.5.1.2 Comparison of Climate Regulation among Scenarios

As described earlier, climate policy is not assumed to be a
priority under Global Orchestration. Nevertheless, being a
relatively low-cost measure, climate regulation by ecosys-
tems could be a focus of global policy during Global Or-
chestration, being implemented through the protection of
old-growth forests for their soil carbon stocks and through
other measures that avoid unnecessary release of carbon
from the biosphere. Consequently, the role of ecosystems
in climate regulation becomes more important in all coun-
tries. It is, however, not clear how much the carbon seques-
tration capacity of ecosystems could increase in wealthy
nations during Global Orchestration, nor how long this ef-
fect might last.

During Order from Strength, the capacity to regulate
climate is expected to decline in both rich and poorer coun-
tries due to lack of international coordination. Global issues
are not a primary focus of ecosystem management in Adapt-
ing Mosaic. However, climate regulation would be a sec-
ondary consequence of improving ecosystem management
in many regions. On balance, we expect little change in
climate regulation by ecosystems during Adapting Mosaic.
During TechnoGarden, great strides are made in all coun-
tries in engineering ecosystems to regulate climate. It is un-
clear, however, whether biospheric carbon storage can be
much enhanced beyond what is already achieved by protec-
tive measures in Global Orchestration.

It is outside the scope of this analysis to assess the effect
of vegetation on local climate, but we use model simula-
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tions to estimate here the effectiveness of the land biosphere
in taking up CO2 from the atmosphere. Net primary pro-
ductivity of the land biosphere has been used as an indicator
for a change in this service—however, since NPP is mostly
balanced by soil respiration processes and the results of nat-
ural disturbance (fire, windstorms, and so on), it does not
in itself allow for the direct estimation of climate regulation.
At the local scale, for example, high NPP occurring after a
clear-cut during regrowth of quickly growing trees and
their understory can be more than balanced by the respira-
tion flux from decaying organic material in the soil, thereby
turning the ecosystem into a carbon source for some time
(WBGU 1998). At the broader scale, however, NPP
changes, such as those estimated by the IMAGE model, may
give at least a hint at the changing regulating capacity of the
land biosphere, because there is, at any point in time, only
a small percentage of the land in early successional stages.

NPP was estimated in 2000 by IMAGE to be about 61.4
gigatons of carbon per year (within the typical range of
other estimates; cf. Cramer et al. 1999). Based on IMAGE
calculations, NPP increases across all scenarios and regions
because of increasing temperature and atmospheric CO2.

Global estimates for 2050 range from 70.4–74.6 gigatons.
Global Orchestration has the largest increase because it has
the fastest pace of increasing temperature and atmospheric
CO2. Conversely, the TechnoGarden scenario has the
smallest carbon uptake because it has the lowest tempera-
ture and CO2 levels. The largest uptakes of CO2 occur in
regions with extensive forests, such as Russia and Canada.

On one hand, these estimates give a realistic representa-
tion of the future climate regulation function of the bio-
sphere because they take into account the effect of
deforestation in reducing the area of the biosphere, as well
as shifts in vegetation zones caused by climate change. On
the other hand, they may be overly optimistic because they
do not factor in possible changes in soil processes that may
lead to a net release rather than uptake of CO2 by the bio-
sphere (cf. the conflicting findings of Cox et al. 2000 and
Friedlingstein et al. 2001). Moreover, the processes by
which higher CO2 stimulates greater carbon uptake by
plants are not yet sufficiently understood and may be incor-
rectly represented in current models. Finally, the estimates
of CO2 uptake presented here do not take into account
the future establishment of large-scale forest plantations for
storing CO2 from the atmosphere.

In conclusion, therefore, no scenario can count on a
great effectiveness of the land biosphere as a climate-regulating
factor independent of management. If an additional mitiga-
tion effect is achieved, then this will be due to favorable
circumstances and probably not last much longer than for
the twenty-first century (Cramer et al. 2001).

9.5.2 Risk of Soil Degradation

9.5.2.1 Methodology and Assumptions

The world’s land resources play an important role in the
production of food. The capacity of soils to perform this
function can be seriously impaired by soil degradation (such
as wind or water erosion), chemical degradation (such as
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salinization), and physical deterioration (such as soil com-
paction). Water erosion, as one of the degradation processes
occurring most extensively at global level, has been singled
out for this study. It is influenced by natural conditions,
but also in the way that soil is used. Important factors that
influence the rate of soil erosion (in the future) include ag-
ricultural practices, land use change (in particular loss of
vegetative cover), and changes in precipitation as a result of
climate change.

9.5.2.2 Comparison of Erosion Risk among Scenarios

Historical trends in cropland degradation rates have been
reported in UNEP’s Global Assessment of Soil Degradation
study (Oldeman et al. 1991; GRID/UNEP 1991) and in
other studies (e.g., Kendall and Pimentel 1994). At present,
the global hot spots of soil erosion by water are China, the
Himalayan Tibetan ecosystem, the Andean region, the Ca-
ribbean (Haiti), the highlands of East Africa and Central
America, southeastern Nigeria, and the Maghreb region.
Similarly, the global hot spots of wind erosion are West and
Central Asia, North Africa, China, sub-Saharan Africa,
Australia, and the southwestern United States. Asia and Af-
rica are the worse off regions in terms of land areas affected
by at least moderate erosion. Anthropogenic causes respon-
sible for erosion in these regions are deforestation, overex-
ploitation of natural vegetation, overgrazing, and extension
of agricultural activities to marginal land (such as steep
land).

Changes in the risk of water-induced erosion from land
use and climate change can be assessed with a methodology
used for UNEP’s Global Environmental Outlook (Hoots-
man et al. 2001; Potting and Bakkes 2004).8 Here, water
erosion risks are calculated by combining three indices: ter-
rain erodibility, rainfall erosivity, and land cover:
• The terrain erodibility index is based on soil (bulk den-

sity, texture, soil depth) and terrain properties (slope
angle), both of which are assumed to be constant in
time.

• The rainfall erosivity index is determined by changes in
monthly precipitation.

• The land cover pressure expresses the type of land cover.
It is large for most agricultural crops, and small for natu-
ral land cover types such as forests.
The resulting index is a measure of the potential risk of

water erosion, but it does not capture management prac-
tices. Such practices can make an enormous difference in
actual erosion. Susceptibility to erosion is exacerbated by
soil tillage and other mechanical disturbance. However,
mechanical conservation measures (such as contour plow-
ing, deviation ditches, and terracing and agronomic soil
conservation practices) will prevent much water erosion in
the real world.

Current climate models expect global precipitation to
increase as a result of climate change (as described in the
section on climate change). As a result, rainfall erosivity will
also increase. Precipitation increase is likely to be strongest
under the Global Orchestration scenario (see Table 9.20),
but as noted before, in the comparatively short period until
2050 differences among the scenarios are still relatively
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Table 9.20. Overview of Trends for Water-induced Erosion in MA
Scenarios (IMAGE 2.2)

Order
Global from Adapting Techno-

Variable Orchestration Strength Mosaic Garden

Precipitation
increase �� � � �

Land use
change � �� � �

Agricultural
practices O O/� � �

Key: � � Increased pressure on erosion control; O � neutral impact;
� � decreasing pressure on erosion control.

small. The risk of water erosion is largest in agricultural
areas, independent of the soil and climatic conditions. In
the section on land use change, it was found that the largest
increase in agricultural land will occur for the Order from
Strength scenario. In the other scenarios, however, agricul-
tural land also increases, particularly in poorer countries.

Combining trends in climate and land use change and
the erosibility index allows a calculation of the water ero-
sion risk index. Compared with the present situation, the
soil area with a high water erosion risk more than doubles
by 2050 in all scenarios. (See Figure 9.39.) Differences
among the scenarios up to 2050 are relatively small, with
risks under TechnoGarden and Global Orchestration being
somewhat less than under the other scenarios. Increases in
risk areas occur in nearly all regions, with the exception of
parts of the OECD region (Central Europe, Australia, and
New Zealand) ). Here, the area with a high erosion risk
decreases, mainly as a result of gradually decreasing grazing
areas. Areas with the most apparent increases in risk include
North America (OECD region), Latin America, sub-Sa-
haran Africa, and parts of Asia. (See Figure 9.40.) Increases
are largest under Order from Strength, mainly due to higher
larger food demand (due to larger population growth) com-
bined with slower technological improvements. These two
trends lead to the most rapid expansion of agricultural land.

In terms of potential agricultural practices that could miti-
gate the changes in the risk factors just calculated, we expect
under Global Orchestration mainly a continuation of today’s
practices. Reforming socioeconomic policies in poorer
countries could, however, lead to a much higher awareness
of soil degradation. In Order from Strength, degradation
rates in non-OECD regions for land owned by the poor
could be more rapid, as they work low-quality land with
insufficient resources, while the most productive agricultural
land is managed by the elite. Here, changes in agricultural
practices are not likely to reduce erosion risks. In Adapting
Mosaic, local objectives on prevention of soil erosion could
somewhat reduce erosion rates, slowing degradation on ac-
tive agricultural land and significantly restoring currently de-
graded land. Under TechnoGarden, finally, the relatively low
population levels and more ecologically proactive agricul-
tural practices could in fact lead to a decline in net cropland
degradation rates over the course of the scenario.
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Figure 9.39. Global Area of Soils with High Water Erosion Risk in MA Scenarios (IMAGE 2.2)

Figure 9.40. Global Area of Soils with High Water Erosion Risk in MA Scenarios in 2050 (IMAGE 2.2)

9.5.2.2.1 Regional trends

As indicated, soil erosion risks will be exacerbated in
densely populated countries of the tropics and sub-tropics,
where natural resources are already under great stress. The
projected increase in soil erodibility is attributed to the de-
crease in soil organic matter content, reduction in the mag-
nitude and stability of aggregates, and increase in the
proportion of rainfall lost as surface runoff. The problem of
soil erosion by water will be exacerbated in China, South
Asia, Central Asia, the midwestern United States, East Afri-
can highlands, the Andean region, the Caribbean, northern
Africa, and the Maghreb. It should be noted that, in contrast
to water erosion, the wind erosion hazard may not increase
with the projected climate change. It may either stay the
same or decrease slightly, because the projected increase in
rainfall may improve the vegetative cover and decrease
wind erosion.

9.5.2.2.2 Soil erosion and climate change

Soil erosion is not only influenced by climate change, it also
contributes to greenhouse gas emissions. Soil organic matter
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(that is, carbon) is preferentially removed by both water and
wind erosion. The fate of this matter is determined by a
series of complex processes. Of the 4.0–6.0 gigatons of car-
bon per year translocated by water erosion, 2.8–4.2 giga-
tons are redistributed over the landscape, 0.4–0.6 gigatons
are transported into the ocean and may be buried with sedi-
ments, and 0.8–1.2 gigatons are emitted into the atmo-
sphere (Lal 2003). As this is a relatively large flux (cf. the 6
gigatons of carbon per year emitted from fossil fuel burn-
ing), changes in erosion can be relevant. Increases in soil
erosion risks under each of the scenarios could lead to an
increasing contribution of soil erosion to climate change.

9.5.2.2.3 Soil erosion and world food security

Productivity loss by soil erosion is attributed to the decline
in effective rooting depth, reduction in available water-
holding capacity, decline in nutrient reserves, and other
short-term and long-term adverse effects on soil quality. Al-
though no estimates of future yield losses are available, we
can get some indication of potential losses by looking at
review studies on current impacts on agricultural yields. Es-
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timates on global productivity losses, in different periods,
range from about 0.5% to 12.7% (Crosson 1994; Oldeman
1998; Den Biggelaar et al. 2001, 2004a, 2004b).

There are several regions where the productivity im-
pacts are much higher, up to 20% per year or more (Dregne
1990, 1992, 1995; Lal 1995, 1998). For instance, Oldeman
(1998) indicates impacts of 25% for Africa, 36.8% for Cen-
tral America, 12.8% for Asia, and 13.9% for South America.
Lal (1995) estimated that the reduction in crop yield due to
past erosion was 8.2% for the African continent. In terms of
future change, Lal (1995) estimated that if the accelerated
erosion continues unabated, yield reductions in Africa by
2020 may double (to 16.5%). In our scenarios, this situation
could especially occur under Order from Strength and
Global Orchestration. In the other two scenarios, the im-
pacts might increase for some time, although improvements
might be possible later on.

9.5.2.2.4 Summary

All four scenarios are likely to experience an increased risk
of water-induced erosion due to increased precipitation and
further conversion of forest areas into cropland or pasture-
land. Changing agricultural practices, and other types of
measures, will determine whether this will also result in in-
creased erosion levels. Such measures could include adapting
to climate change, taking soil conservation practices, and
preventing further expansion of agricultural land, for instance
by intensifying livestock production where possible.

9.5.3 Water Purification and Waste Treatment

9.5.3.1 Methodology and Assumptions

‘‘Water purification’’ and ‘‘water regulation’’ refer to ser-
vices provided by freshwater ecosystems, including wet-
lands, that help break down and remove substances harmful
to humans and ecosystems. ‘‘Waste processing’’ is a more
general term applied to all wastes and ecosystems. Here we
focus on the ecosystem service of ‘‘water purification’’ al-
though we believe (with medium certainty) that outcomes for
‘‘waste processing’’ are similar.

Although changes in water purification and waste proc-
essing depend on many factors, we can only quantify (and
in an approximate manner) a few of these factors:
• Dilution capacity of receiving waters. Wastewater discharged

into receiving waters is diluted and dispersed, although
not necessarily below harmful concentrations in the vi-
cinity of the wastewater discharge. Nor does dilution
necessarily protect society or ecosystems from down-
stream impacts of these substances or the bio-concentra-
tion of harmful substances. As a surrogate of this dilution
capacity we use runoff (see earlier description). In prin-
ciple, an increase in runoff (outside of flooding periods)
also increases dilution capacity.

• State and areal extent of wetlands. Wetland processes re-
move undesirable substances and treat and detoxify a va-
riety of waste products (see MA Current State and Trends,
Chapter 15). Denitrification processes convert nitrogen
from the form that promotes eutrophication (nitrate) to
nitrogen gas. Concentrations of easily degraded chemi-
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cals are reduced by the long residence time of water in
wetlands. More persistent metals and organic chemicals
in water are adsorbed to wetland sediments and there-
fore removed from the water column, but this can create
hot spots of contamination in sediments. While we do
not compute the state or extent of wetlands, we use two
surrogate variables for this information: runoff and land
encroachment. First, a large enough reduction in runoff
can reduce the area and effectiveness of wetlands for
processing wastes; the larger the reduction, the higher
the risk to the waste processing ability of wetlands. Sec-
ond, wetlands are drained and occupied because of the
expansion of agricultural or urban land; the larger the
expansion of agricultural land and population, the
greater the risk of disappearing wetlands.

• Magnitude of wastewater load. The ability of wetlands and
other aquatic ecosystems to detoxify wastewater can be
overwhelmed by high waste loading rates (see MA Cur-
rent State and Trends, Chapter 15). For freshwater ecosys-
tems, this means the higher the loads of wastewater, the
higher the risk that the ecosystem’s waste processing
ability will be overloaded.

9.5.3.2 Comparison of Water Purification Capacity among
Scenarios

Under Global Orchestration, geographically we expect lit-
tle net change in water purification capacity in wealthy
countries. Dilution capacity of most rivers increases because
higher precipitation leads to increases in runoff in most river
basins. However, some smaller regions have decreasing pre-
cipitation and hence their rivers have decreasing runoff and
dilution capacity. Wetland areas decrease because of the
expansion of population and agricultural land, but this is a
small change compared with in the other scenarios.

Under this scenario, wastewater flows increase by 40%
(and hence increase the risk of overloading the detoxifica-
tion ability of freshwater systems), but this is the second
lowest increase among the scenarios. These factors may lead
to a reduction in the ability of freshwater systems to handle
wastewater loadings, but the reduction may be lower than
in Order from Strength and Adapting Mosaic. Moreover,
under this scenario the wealth of rich countries is used to
repair breakdowns in water purification as they occur. In
poorer countries, however, there are net losses in water pu-
rification by ecosystems. The pace of ecosystem degrada-
tion, the overtaxing of ecosystems by high waste loads, the
decline of wetland area because of the expansion of popula-
tion and agricultural land all tend to drive a deterioration of
water purification.

Water purification declines in all countries under Order
from Strength. In this scenario, the expansion of agricultural
land and population is the largest of all the scenarios and
poses the greatest risk to the state and extent of wetlands
(and hence their capacity to process wastes). Likewise, the
magnitude of wastewater discharges is the largest. In
wealthy countries, lack of international coordination com-
plicates the management of transnational watersheds, lead-
ing to further deterioration of water purification. In poorer
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countries, losses of water regulation capacity of ecosystems
are more severe than during Global Orchestration.

The expansion of agricultural land and population (and
risk to wetlands) is large under Adapting Mosaic, but not as
large as in Order from Strength. The magnitude of waste-
water discharges is second largest among the scenarios. Al-
though these factors tend to reduce the ability of freshwater
ecosystems to purify water, society gives local water man-
agement special priority and therefore ensures that wetlands
are protected and wastewater discharges are treated. Hence
in all countries we expect an improvement in the water
purification capacity of ecosystems.

Under TechnoGarden, re-engineering advances in
wealthy countries are slow because of existing ecological
problems, such as the high levels of nutrients in soils and
lags in ecosystem regrowth and turnover of infrastructure.
On the other hand, this scenario has the smallest increase in
pressure on the environment (smallest expansion of popula-
tion and agricultural land, and smallest increase in volume
of wastewater discharges). The net result is little change in
water regulation by 2050. In poorer countries, there are
improvements by 2050 because the time lags for ecosystem
engineering are shorter, and in some cases the countries
learn from, and avoid, errors made earlier rich countries.

9.5.4 Coastal Protection

9.5.4.1 Methodology and Assumptions

‘‘Storm protection’’ describes the role of ecosystems in pro-
tecting society from storm damage. Here we focus on the
ecosystem service of coastal protection. Although many dif-
ferent factors influence the level of coastal protection in a
particular scenario, we take into account the adaptive ca-
pacity of nature, the adaptive capacity of society, and the
extent of sea level rise.

The adaptive capacity of nature depends largely on the
existence of natural buffers against storms such as coral reefs,
mangrove forests, and sand bars (see MA Current State and
Trends, Chapter 16). Meanwhile, the adaptive capacity of
society (in the sense of coastal protection) is a function of
many economic, social, and political factors, including the
priority society gives to preserving or restoring natural buff-
ers. The extent of sea level rise will depend on various tec-
tonic processes over geologic time, but more so on climate
change over the time horizon of the MA scenarios.

9.5.4.2 Comparison of Coastal Protection among Scenarios

Coastal protection remains about the same in wealthy
countries during Global Orchestration. Under the reactive
ecosystem management that prevails in this scenario, it is
thought to be more cost-effective to address storm damage
after it occurs than to maintain ecosystem configurations
that mitigate storm damage. In poorer countries, coastal
protection declines due to degradation of ecosystems. A
similar viewpoint leads to little change in coastal protection
by ecosystems in wealthy countries during Order from
Strength. In poorer countries, ecosystem degradation leads
to extensive losses of coastal protection during Order from
Strength.
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Under Adapting Mosaic, society emphasizes a configu-
ration of ecosystems to meet regional goals. Storm protection
is likely to be one of those goals, leading to improvements
under this scenario. In TechnoGarden, ecosystems are de-
liberately engineered to provide ecosystem services such as
coastal protection. This leads to improved coastal protec-
tion in wealthy countries. In poorer countries, improve-
ments are sometimes offset by unforeseen responses of
ecosystems. The net result is little overall change in coastal
protection from ecosystems.

Earlier in this chapter we described the sea level rise that
is expected (with high certainty) to accompany climate change
in the MA scenarios. IPCC assessments indicate that sea
level will rise under climate change because warmer air
temperatures will cause ocean water to expand, and warmer
air temperatures will melt the ice and snow that now persist
on the ice caps and glaciers from year to year. Furthermore,
climate change may cause stronger and more persistent
winds in the landward direction along some parts of the
coastline, and this will also contribute to rising sea level at
these locations. In the four scenarios (given a medium cli-
mate sensitivity), the global-mean sea level is expected to
increase in the range of 50 centimeters (in TechnoGarden)
to 70 centimeters (in Global Orchestration) between 1995
and 2100 (but there is a considerable uncertainty attached
to these numbers).

While the precise impact of sea level rise on reducing
coastal protection is difficult to assess, we estimate (with me-
dium to high certainty) that populated coastal areas under all
scenarios will require new coastal protection measures such
as stronger and higher dikes or flood gates in estuaries.
These are all expensive undertakings and they might be af-
fordable only in the world’s richer countries. Hence, for all
scenarios we expect (with medium certainty) a higher storm
risk to coastal populations because of sea level rise and a
relatively higher risk in poorer than in wealthy countries.

9.5.5 Other Regulating Ecosystem Services

Here we briefly address the trends of two other processes
that fit in the category Regulating Ecosystem Services.

9.5.5.1 Comparison of Pollination among Scenarios

The MA Current State and Trends volume describes the dete-
rioration of pollination due to species losses, use of biocides,
climate change, and diseases of pollinators. This trend will
continue during the Global Orchestration, Order from
Strength, and TechnoGarden scenarios. In addition, the
continuing deforestation and urbanization in these scenarios
is likely to be accompanied by landscape fragmentation (that
is, the degree to which natural landscapes are broken up by
different land uses of society), which will further reduce
the effectiveness of pollinators. In TechnoGarden, there are
some successful efforts to engineer pollination and produce
crops that do not need pollinators—for example, develop-
ment of self-pollinated strains.

During Adapting Mosaic, maintenance of pollinators is a
goal of some regional ecosystem management programs.
Some of these succeed in maintaining populations of polli-
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nators or in adapting to shifting ranges of pollinators as the
climate changes. Thus in some regions the pollination ca-
pacity is maintained or even improves. On balance, pollina-
tion is maintained during Adapting Mosaic.

9.5.5.2 Comparison of Biological Pest and Disease Control
among Scenarios

Biological control is expected to change little in wealthy
countries during Global Orchestration, since increased
wealth should improve biological control research and
practices, but the spread of invasive species will present new
challenges. In poorer countries, losses of biodiversity during
Global Orchestration will compromise the capacity for bio-
logical control. In Order from Strength, biological control
is expected to deteriorate in all countries due to the decline
in local ecosystems and biodiversity. In Adapting Mosaic,
there is emphasis on adjusting ecological feedbacks to meet
local goals for ecosystem management. This is likely to lead
to improvements in biological control in at least some re-
gions of both rich and poorer countries. In TechnoGarden,
society invests in engineering of biological controls, but as
ecosystems are simplified the biological controls become
more difficult to implement. On balance, there is little net
change in the capacity of ecosystems to provide biological
control in this scenario.

9.6 Supporting Ecosystem Services
Supporting ecosystem services are those that are necessary
for the production of all other ecosystem services. Their
impacts on people are indirect or occur over a long time
frame. Examples of supporting ecosystem services are soil
formation, primary production, nutrient cycling, and provi-
sioning of habitat. Since the impacts of these services occur
over such a long time period, management does affect many
of them in a time period relevant for 50-year scenarios.
However, even small changes in the provision of these ser-
vices will eventually affect all other types of ecosystem ser-
vices.

In general, the scenarios in which people handle envi-
ronmental problems in a reactive manner more often than
not—Global Orchestration and Order from Strength—do
not focus on maintaining supporting services. The short-
term approach to fixing the most immediate problems does
not allow for full consideration of long-term services like
the ones in this category. Thus supporting services undergo
a slight, gradual decline in these two scenarios. This decline
is likely to go unnoticed until it causes major surprises. On
the other hand, the two scenarios in which some environ-
mental actions are proactive, Adapting Mosaic and Techno-
Garden, may give some consideration to the management
of certain supporting services, causing them to remain
steady throughout these scenarios.

9.7 Cultural Ecosystem Services
Cultural ecosystem services are nonmaterial benefits ob-
tained from ecosystems. The conceptual framework of the
MA lists the following clusters of cultural services:
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• cultural heritage and diversity,
• spiritual and religious,
• knowledge systems (diversity and memory),
• educational and aesthetic values,
• inspiration,
• sense of place, and
• recreation and ecotourism.

This section describes some of the possible changes in
these services under the four MA scenarios on the basis of
the qualitative assessment. (See Table 9.21.) The presenta-
tion focuses on the services where differentiation between
scenarios can be achieved, based on either calculations with
numerical models or on our best qualitative assessment de-
rived from the scenarios and an assessment of recent scien-
tific literature. In general, global models have been less
successful at quantitatively estimating changes in cultural
ecosystem services (see Chapters 4 and 12); therefore, most
of the discussion here will focus on a qualitative assessment
of changes in cultural ecosystem services across the four sce-
narios.

Overall, cultural services decline slightly in Global Or-
chestration. People have less contact with nature and there-
fore have less personal familiarity with it. This lack of
personal experience generally reduces the benefits of cul-
tural services. The world in this scenario experiences some
loss of indigenous knowledge systems and other cultural di-
versity, but recreation possibilities do increase, particularly
in poorer countries. On the other hand, cultural services
generally decline in Order from Strength, especially in
poorer countries. People in wealthy countries have far less
contact with nature and less familiarity with it. Adapting
Mosaic shows a different pattern: an increase in basically all
cultural services. This scenario, with its focus on preserva-
tion of local knowledge and innovation, prizes cultural eco-
system services and emphasizes retaining or improving
them. TechnoGarden is focused on education and knowl-
edge but ignores local or traditional knowledge in favor of
global technologies. Thus, the results for cultural ecosystem
services under this scenario are mixed. Knowledge shifts
away from traditional knowledge to technological informa-
tion, leading to a loss of cultural diversity.

When we consider the many particular types of cultural
ecosystem services, it seems that each scenario offers a dif-
ferent mix, so that there are no really strong consistent pat-
terns of decline or improvement in cultural services across
all scenarios. Overall, it appears that the details of each par-
ticular path into the future have a considerable, but path-
specific, impact on the provision of cultural ecosystem ser-
vices.

The cultural services associated with a sense of place—
inspiration, aesthetic values, cultural heritage, social rela-
tions, knowledge systems, and sense of place itself—follow
approximately the same pattern across the scenarios. These
cultural services stay the same as they were in the year 2000
in Global Orchestration, mostly stay the same in wealthy
countries in Order from Strength, improve in Adapting
Mosaic, and stay the same or decline somewhat in Techno-
Garden. The declines in poorer countries in Order from
Strength are largely due to the difficulty of simply meeting
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Table 9.21. Qualitative Expectations for Cultural Ecosystem Services in MA Scenarios. Ecosystem services are defined in the MA
conceptual framework volume (MA 2003: 56–59). ‘‘Industrialized Countries’’ stands for nations that are relatively developed and wealthy in
2000; ‘‘Developing Countries’’ stands for nations that are relatively underdeveloped and poor in 2000. Note that any particular nation could
switch categories between 2000 and 2050. Scores pertain to the endpoint of the scenarios, 2050. A score of �1 means that the ecosystem
service is in better condition than in 2000. A score of 0 means that the ecosystem service is in about the same condition as in 2000. A score
of �1 means that the ecosystem service is in worse condition than in 2000.

Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Ecosystem Industrial Developing Industrial Developing Industrial Developing Industrial Developing
Service Countries Countries Countries Countries Countries Countries Countries Countries

Cultural diversity �1 �1 �1 �1 �1 �1 �1 �1

Spiritual and religious 0 0 0 �1 �1 �1 �1 �1
values

Knowledge systems 0 �1 �1 �1 �1 �1 0 0
(diversity and memory)

Educational values 0 0 �1 �1 �1 �1 �1 �1

Inspiration 0 0 0 �1 �1 �1 0 0

Aesthetic values 0 0 0 �1 �1 �1 0 0

Social relations 0 0 0 �1 �1 �1 �1 �1

Sense of place �1 0 0 �1 �1 �1 �1 �1

Cultural heritage values 0 0 �1 �1 �1 �1 0 0

Recreation and �1 �1 �1 �1 �1 �1 �1 �1
ecotourism

Comment on cultural loss of some indigenous loss of many indigenous emphasis on preservation shift of knowledge from
services knowledge systems; peo- knowledge systems; em- of local knowledge for eco- traditional forms of techno-

ple have less contact with phasis on security inhibits system management, and logical information; chang-
nature and therefore less innovation in ecosystem innovation of new ways of ing knowledge through
personal familiarity with it management; ecotourism managing ecosystems spiral of technical innova-

is less safe in the develop- tion; tourism in engineered
ing countries; especially in ecosystems is fundamen-
industrial countries, people tally different from that in
have less contact with na- wilderness; designer eco-
ture and therefore less systems should increase
personal familiarity with it; perceived value of nature;
there is an increase in fun- people have less contact
damentalism with respect with nature and therefore
to spiritual and religious less personal familiarity
values with it

basic needs in these areas. The declines in TechnoGarden,
on the other hand, are due to the tendency in this scenario
to engineer ecosystems that are similar despite differences in
location.

Other types of services follow different patterns across
the scenarios. For example, cultural diversity declines under
all scenarios except Adapting Mosaic, where it improves.

9.8 Cross-cutting Synthesis
The MA scenarios about the future of ecosystem services,
as presented in this chapter, have been developed using
multiple quantitative and qualitative methods, each of
which comes with its own assumptions and uncertainties.
In most cases, a rigorous assessment of this uncertainty is
not yet possible. Here, we provide a synthetic analysis of
ecosystem change based on a comparison of results across
the four scenarios.

PAGE 361

9.8.1 What Drives the MA Scenarios?

The key driving forces of the MA scenarios include popula-
tion, income, technological development, changes in con-
sumption patterns, land use change, and climate change.
(Other driving forces are described in the early part of this
chapter.) The future trends of these driving forces are quite
different under the storylines of the four scenarios.

Change in population is important because population
size directly influences the demand for future ecosystem
services. Global population estimates for 2050 range from
approximately 8 billion (Global Orchestration) to 9 billion
(Order from Strength). Assumptions about future income
affect the amount of ecosystem services required or con-
sumed per person. The low estimate (Order from Strength)
implies that global annual average income levels per person
(as measured on market exchange basis) increase by a factor
of two between now and 2050. Under the high estimate
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(Global Orchestration), the increase is more than a factor of
four during the same period. The income gap between the
richest and the poorest world regions remains about the
same under Order from Strength but narrows under the
other three scenarios.

The rate of technological change affects the efficiency
by which ecosystem services are produced or used. For ex-
ample, a higher rate of technological change leads to more-
rapid increase in the yield of crops per hectare or in the
efficiency of water use by power plants. The rate of techno-
logical change in general is highest under the Global Or-
chestration scenario and lowest under the Order from
Strength scenario. With respect to environmental technol-
ogy (such as control of emissions, efficiency of water use)
developments under TechnoGarden are as rapid as under
Global Orchestration.

Consumption patterns also form an important driver de-
termining the provision of ecosystem services. Consump-
tion patterns are strongly affected by development pathways
(and therefore, all other factors being equal, by economic
growth). Relative to the overall trends, however, consump-
tion patterns can be assumed to be more oriented toward
low ecological impacts in the two environmentally proac-
tive scenarios, TechnoGarden and Adapting Mosaic, and to
be more material-intensive under the other two scenarios.
One example of this is the consumption of meat products.

For land use change, results critically depend on the sce-
nario results for food production and trade. The amount of
land used by humans has been increasing significantly at the
expense of natural biomes (such as forest and grasslands). In
the MA scenarios, expansion of agricultural land slows
down and even stabilizes in TechnoGarden, but continues
to grow under Order from Strength. Critical factors include
population size, diets (in particular consumption of meat
products), and development of agricultural yields. Climate
change, finally, takes place in all four scenarios. The increase
of global mean temperature ranges from 1.6� to 2.0� Celsius
in 2050, and from 2.0� to 3.5� Celsius in 2100.

9.8.2 Patterns in Provisioning and Regulating
Ecosystem Services across the Scenarios

In the world of Global Orchestration, outcomes for ecosys-
tem services are mixed. There is a very rapid increase in
demand for provisioning services, such as food and water.
As the means for investments exists, it can be expected that
there is a simultaneous improvement in the provisioning
services for food, fiber, and fuel. However, there is also deg-
radation of ecosystem services related to biodiversity, such
as biochemical discoveries and biological control. The ad
hoc approach to the management of ecological issues that
comes from addressing each issue as it becomes important
leads to neglect of the underlying causes of watershed deg-
radation. Degradation of watersheds leads to breakdowns
in freshwater availability, water regulation, erosion control,
water purification, and storm protection. Particularly in
poorer countries, there is degradation of regulating ecosys-
tem services. In general, the tendency to neglect the under-
lying processes that provide ecosystem services creates
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vulnerability during Global Orchestration. Probably one of
the most important threats to sustainability under this sce-
nario is climate change. The increase of global mean tem-
perature is the largest of the four scenarios.

Under Order from Strength, there is a major risk of col-
lapsing ecosystem services. These are maintained only for
a few cases in wealthy countries. In poorer countries, all
provisioning and regulating ecosystem services are in worse
condition in 2050 than they were in 2000. Nationalism and
lack of international cooperation make it difficult to address
transnational ecosystem problems. Overarching concerns
about security push ecosystem issues into the background
for policy-makers, except for times when ecosystem ser-
vices such as food or freshwater supply fail catastrophically.
These failures have greatest impact in poorer countries. In
rich countries, disaster-relief efforts address the short-term
consequences of ecosystem breakdowns but rarely tackle
underlying causes or reduce vulnerabilities. In all countries,
the vulnerability of ecosystem services is greater in 2050
than it was in 2000.

There will be a strong focus under the Adapting Mosaic
and TechnoGarden scenarios to maintain (or even improve)
provisioning and regulating ecosystem services.

In Adapting Mosaic, ecosystem management focuses on
comanagement of local or regional resources. People at-
tempt to reduce vulnerability of ecosystem services using
approaches that ‘‘design with nature.’’ These attempt to
achieve an optimal balance among local social, ecologic,
and economic needs. They involve ongoing adjustments of
management practices to changing conditions and opportu-
nities. The adjustments sometimes require experiments that
are inconsistent with management for maximizing the pro-
duction of desired ecosystem services. The approaches of
Adapting Mosaic tend to maintain or increase both genetic
resources and the diversity of landscapes. They decrease
vulnerability of ecosystem services, particularly those related
to food and fresh water. Moreover, the lack of focus on
global ecological change means a great risk of leaving these
unaddressed. For instance, under this scenario a consider-
able increase in global mean temperature is expected to
occur.

In TechnoGarden, the prevailing approach to ecosystem
management seeks innovative environmental technologies
that allow the supply of desired ecosystem services to be
increased. This approach enables the production of more
food and fiber per unit land area, thereby reducing the foot-
print on wild lands of agriculture and forestry. The techno-
logical emphasis also provides advances in manipulating
genetic resources, utilizing natural biochemicals, and intro-
ducing ecological engineering of air quality, fresh water, and
climate. These approaches are efficient, but they create vul-
nerabilities because they neglect the ecological infrastruc-
ture and diversity that ensure production of ecosystem
services. Some of the vulnerabilities are discovered only
when they trigger breakdowns. Some of the breakdowns
are catastrophic and require expensive re-engineering of
ecosystem service systems. Only under this scenario have
we assumed climate policies to be implemented. As a result,
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global mean temperature increase is limited to 2� Celsius
above preindustrial levels.

9.8.3 Hotspot Regions with Particularly Rapid
Changes in Ecosystem Services

In three regions, several different pressures on ecosystems
and human well-being seem to be relatively high under all
the scenarios.
• Central Africa—The African region sees a rapidly increas-

ing population in all four MA scenarios. As a result, the
demand for provisioning services such as food and water
also increases rapidly, in fact in some cases even beyond
the potential of this region to supply these services. In-
creased food imports will be an important strategy to
deal with these problems. Nevertheless, in most of the
MA scenarios the area for natural biomes will be strongly
reduced. Moreover, to meet its needs for development,
the central part of Africa will need to rapidly expand its
withdrawal of water, and this will require an unprece-
dented investment in new water infrastructure. Under
some scenarios, this rapid increase in withdrawals could
also cause a similarly rapid increase in untreated return
flows to the freshwater systems, which could endanger
public health and aquatic ecosystems. The further
expansion of agriculture would lead to losses of ecosys-
tem services provided by forests in this region and to
undesirable side effects of agricultural intensification,
such as contamination of surface and groundwaters.

• Middle East—The MA scenarios tend to indicate that
rapid increases in population and (secondary) rising in-
comes in MENA countries will lead to greater demand
for food (including meat), which could lead to a still
higher level of dependence on food imports. Rising in-
comes will also put further pressures on limited water
resources, which will either stimulate innovative ap-
proaches to water conservation or possibly limit devel-
opment.

• South Asia—The MA scenarios point toward continuing
deforestation in these areas, increasingly intensive indus-
trial-type agriculture, rapidly increasing water with-
drawals and return flows, and further intensive water
stress. This may be a region where the pressure on eco-
systems causes breakdowns in these ecosystems, and
these breakdowns could interfere with the well-being of
the population and its further economic development.

9.8.4 Trade-offs between Ecosystem Services

A robust preliminary conclusion is that all scenarios in gen-
eral depict an intensification of the trade-offs already ob-
served between different ecosystem services. In particular,
the demand for services increases rapidly under each of the
four scenarios (but with a wide range across them). This
increase in demand could place significant pressure on eco-
systems.

9.8.4.1 Possible Gains in Provisioning Services

• World agricultural production increases. For example,
world total production of grains increases around 50%
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for all scenarios, with larger differences between scenar-
ios for poorer regions. However, per capita consump-
tion of grain (for food and feed) remains near its current
level of around 300 kilograms per year. Consumption in
the sub-Saharan region does not substantially increase
under any scenario.

• Domestic water use per person per year grows in the
sub-Saharan and other poorer regions by a factor of five
or more (depending on the scenario and region), and
this implies increased access of the population in these
regions to fresh water. In OECD countries, there is a
decline in domestic water use per person because of
more-efficient usage. Because of stabilization of food
consumption and gains in access to water supply and
other factors, the percentage of malnourished children
falls by 40% in sub-Saharan Africa under the Global Or-
chestration scenario. The decline is much smaller under
the Order from Strength scenario.

• The amount of wood extracted from remaining forests
for fuelwood and fuel products is likely to increase
greatly up to 2050 (despite a loss of land) under all sce-
narios. The sustainability of this wood extraction has not
been analyzed.

• The demand for the provisioning service of fish produc-
tion increases under all scenarios. Whether this demand
can be met depends critically on assumptions on the sus-
tainability of aquaculture.

9.8.4.2 Possible Losses in Provisioning Services

• Some of the gains in agriculture will be achieved
through expansion of agricultural land and at the ex-
pense of uncultivated natural land. This applies to all
scenarios. A rough estimate is that, by 2050, 10–20% of
current grassland and forestland will be lost, mainly due
to the expansion of agriculture (and secondarily because
of the expansion of cities and infrastructure). The provi-
sioning services associated with this land (genetic re-
sources, wood production, habitat for terrestrial biota
and fauna) will also be lost. The loss of wood production
on this land might be compensated for by more-inten-
sive production elsewhere.

• Although gains are made in access to fresh water, all sce-
narios also indicate a likely increase in the volume of
polluted fresh water (especially in poorer countries if the
capacity of wastewater treatment is not greatly ex-
panded). Moreover, the expansion of irrigated land
(which contributes to the increased production of
grains) leads to substantial increases in the volume of
water consumed in arid regions of Africa and Asia.
These and other changes in the freshwater system are
likely to cause a reduction in the provisioning services
now provided by freshwater systems in developing
countries (such as genetic resources, fish production, and
habitat for other aquatic and riparian animals).

9.8.4.3 Uncertain Changes in Regulating Services

• It is not clear whether climate regulation will be in-
creased or decreased under the scenarios. On one hand,
the warmer, moister climate will, on average, increase
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primary productivity and the uptake of CO2 in the at-
mosphere. On the other hand, the depletion of natural
forest and grassland may lead to a decrease in standing
biomass on Earth. Uncertain factors are the longer-term
direct influence of CO2 on plant growth and soil carbon
pools, as well as the uncertainty of rainfall changes in
water-limited regions. This question must be further an-
alyzed.

9.8.4.4 Possible Changes in Regulating Services

• All scenarios assume an increase in per capita income
and imply an increase in material well-being. This is
likely to lead to higher consumption of electricity and
fuel for transport, as well as to a higher production of
industrial products. The result will be a decline in air
quality maintenance, as indicated by a substantial rise in
the emissions of SO2 and NOx, especially in poorer
countries. While wealthy countries are expected to
maintain or expand their control of local and regional
air pollution, the same is not expected for poorer re-
gions. The loss of natural land will also affect the regulat-
ing services it provided (erosion control, regulation of
human diseases, and water regulation).

• Reduction in the size of natural ecosystems might have
strong repercussions for regulation services associated
with these ecosystems (such as erosion control, regula-
tion of human diseases, and water regulation).

9.8.5 Uncertainty

Uncertainty in the assessment of this chapter arises from
two principal sources: the methods being applied (primarily
numerical models, expressing currently available under-
standing in mathematical formalisms), and the scenario sto-
rylines themselves.

9.8.5.1 How Certain Are the Model Results Used to Quantify
the Scenarios?

As discussed in Chapter 6, all model results transport uncer-
tainty since they make assertions about complex ecosystems
over several decades into the future. A typical problem
arises when output from one model is used as input for
another model, and the uncertainty of the models propa-
gates and multiplies. However, this problem can be lessened
by interpreting modeling results in a conservative way.9 An-
other drawback with current modeling approaches for eco-
system services is the lack of connections and feedbacks
between human and environmental systems.

Despite these uncertainties, numerical models are a use-
ful tool that allows us to combine complex ideas and data
from the social and natural sciences in a consistent way. It is
evident that this combination provides useful information
to supplement the storylines presented in Chapters 5 and 8.
Indeed, the modeling results show certain tendencies that
can help us anticipate coming risks to ecosystem services.
Moreover, they can provide information that is useful for
developing policies to lessen these risks. In many areas,
qualitative assessment methods can supply further valuable
information.
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9.8.5.2 Do the Scenarios Cover the Entire Range of Possible
Futures?

The quantitative scenarios do not cover the entire range of
possible futures because they do not include major surprises
that we know from history will have a profound effect on
ecosystem services (such as breakthroughs in technology,
unexpected migration movements, and major industrial ac-
cidents). The models used to quantify the scenarios also
rarely generate plausible ‘‘breaking points’’ in which eco-
logical thresholds are exceeded (such as rapid changes in
water quality or pest outbreaks over large agricultural areas).
Exceeding these thresholds could have important conse-
quences on the future of the world’s ecosystems. Models do
not generate breaking points because they poorly represent
global feedbacks and linkages. This reflects the state of the
art of global modeling, which needs to be improved to ad-
dress urgent MA-relevant questions. On the other hand,
the scenario storylines do include many examples of sur-
prises and breaking points.

9.8.5.3 Likelihood of Surprises in Different Scenarios

Each scenario carries a certain risk of surprising distur-
bances. The level of risk is based on the pressures on ecosys-
tems and on society’s concern for learning about how
ecosystems work and understanding threshold behaviors in
ecosystems. Societies also have different vulnerabilities to
these surprises based on aspects of well-being, including
social networks, education, flexibility, and economic well-
being. (The risk of extreme events is discussed in more de-
tail in Chapter 5.)

For most services, the pressure on ecosystems is greatest
from the Order from Strength scenario because of the com-
bination of slow, unrelenting growth of population, slower
development of new technologies, and a lack of interest in
environmental management. Consequences include in-
creases in global energy use throughout the century and an
acceleration of current deforestation rates, with near deple-
tion of forests in Africa and parts of Asia and the Amazon
by the end of the century. High demand for ecosystem ser-
vices, combined with a lack of concern for the ecosystems
providing these services, leads to a high likelihood of situa-
tions in which society is surprised by sudden changes in
ecosystems.

In Global Orchestration, the world may be confronted
with major unexpected consequences of climate change,
since here the average rate of change of temperature and
precipitation is likely to be the fastest in the first half of the
century. Of all the scenarios, this world could see the great-
est consequences of climate change on water resources,
changing natural vegetation, and crop yield. Intensification
of agriculture is also extreme. Fast economic growth and a
focus on reducing poverty lead to high levels of consump-
tion of ecosystem services. This, combined with a lack of
concern for understanding the ecosystems that provide
these services, again leads to a high likelihood of surprise.
This is offset by a high potential to respond to surprise due
to higher incomes and economic well-being.
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TechnoGarden also has a high risk of surprise. Techno-
Garden’s focus on new technologies leads to a high risk of
technological failure. The risk is that each new technology
can lead to a new and unexpected problem, which is then
solved by another new technology. People in the Techno-
Garden scenario are able to reduce their risk through a focus
on understanding ecosystems and maintaining supporting
and regulating ecosystem services. This scenario features
high levels of agricultural intensification, which may yield
unexpected outcomes for ecosystem services. Moreover,
the assumptions on climate change policy in this scenario
rely on strong technological development and continuous
support to bear the costs that are associated with these poli-
cies. There is a risk that one of these conditions might not
be met.

The Adapting Mosaic scenario has the lowest risk of sur-
prising events. Moreover, expansion of agricultural land in
poorer countries is lowest in this scenario. Nevertheless, the
major risk factor in this scenario is represented by major
ecological changes that occur at the global scale, as environ-
mental management is oriented at the local scale. The most
obvious example is climate change (we have not assumed
climate policies under this scenario), but other examples
could include disturbance of the global nitrogen cycle.

9.8.6 Outlook

Using four major storylines and a set of numerical models
to investigate the potential risks for the future provision of
ecosystem services may appear an impossible task under
conditions of scientific rigor and quality standards. How-
ever, it must be noted that uncertainty in itself is not a factor
disqualifying systematic analysis. Advances in global ecolog-
ical research can only be achieved on the basis of searching
for the limits of our understanding. Areas for improvement,
in fact, could include the following: better coverage of pro-
visioning, regulating, and supporting ecological services;
better coverage of the feedbacks for ecosystem change on
human development; better insights into the sustainability
of some provisioning services, such as water supply and
wood production; and further disaggregation of the analysis,
for instance by using local-scale models within the global
context laid out by the tools used in this chapter.

Appendix 9.1. Selected Drivers of the Ecosystem

Crop Area and Livestock Numbers Growth

Exogenous assumptions were made for crop area and live-
stock number development by scenario. Crop area and live-
stock numbers are then further adjusted endogenously
based on other parameters (yield growth, population, in-
come growth, and so on) to meet effective food demands.
The ranking resulting from effective crop area growth over
the projections period is (1) Order from Strength, (2)
Adapting Mosaic, (3) TechnoGarden, and (4) Global Or-
chestration, where crop area expansion is largest under
Order from Strength and lowest under Global Orchestra-
tion. Total livestock population is a function of the live-
stock’s own price and the price of competing commodities,

PAGE 365

the prices of intermediate (feed) inputs, and a trend variable
reflecting growth in the number of livestock slaughtered.
Numbers and weight growth for the group of livestock
products is heavily influenced by the increasing share of
chicken (low weight, large numbers) in total livestock pro-
duction and the correspondingly declining share of beef and
pig (larger weight and relatively lower numbers) in total
production. Whereas for crop production, yield growth is
the major contributor to future production increases, for
livestock products, growth in numbers will remain domi-
nant for production increases into the future.

Crop area expansion under the Order from Strength
scenario is driven by a combination of high population
growth and low yield improvements. Increased food de-
mand coupled with low output per unit area induces farm-
ers to expand cultivation on marginal lands. In terms of
regional implications, between the base year and 2050 sub-
Saharan Africa sees the largest expansion, with an overall
increase in harvested cereal area of 70%, followed by Latin
America with an increase of 36%, and MENA at 30%. Ce-
real area is projected to increase in Asia by 8%, in the former
Soviet Union by 17%, and in the OECD region by 11%.
The evolution is similar for livestock numbers. Over the
1997–2050 period, the number of slaughtered cattle is ex-
pected to increase by 75%, that of pigs by 34%, and that
chicken by 100%, with numbers growth accounting for
78%, 74%, and 83% of total production growth respectively.

Similarly, under the Adapting Mosaic scenario, high
population and relatively low crop yield growth also lead to
substantial crop area expansion, led by sub-Saharan Africa,
with 50%, followed by Latin America, 21%; MENA, 16%;
former Soviet countries, 2.8%; and Asia, 1.5%. Area is pro-
jected to slightly decline in the OECD region, however
(�0.1%). Livestock numbers growth under Adapting Mo-
saic is much slower compared with the Order from
Strength scenario, with the slaughtered cattle numbers in-
creasing by 47%, pigs by 29%, and chicken by 104%, with
numbers growth accounting for 66%, 67%, and 80% of pro-
duction growth, respectively.

Rather than expanding in all MA regions, as in the case
of Order from Strength, crop areas in TechnoGarden and
Global Orchestration are projected to contract considerably
in certain countries and regions. The decline under
TechnoGarden is mainly due to an increase in conservation
programs to retire land for biodiversity, improved land use
through improved technology applications on existing
areas, and sufficient yield enhancements making expansion
into marginal areas unnecessary. By 2050, cereal crop areas
are expected to decline in the OECD region by 10%, in the
former Soviet Union by 7%, and in Asia by 6%. On the
other hand, harvested areas are set to rise 37% in sub-
Saharan Africa, 9% in Latin America, and 7% in MENA.
Under the TechnoGarden scenario, the global number of
buffaloes and other cattle increases by 48%, the number of
pigs rises by 26%, and the number of chickens goes up by
73% from 1997–2050. Numbers growth is projected to ac-
count for 65%, 61%, and 73% of livestock production
growth, respectively.
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Under the Global Orchestration scenario, cereal areas
also decline in some regions, but less so than under Techno-
Garden, due to higher income growth in poorer regions
and more demand for meatier diets. Globally, cereal-harvested
area still expands slightly. By 2050, cereal-harvested area in
the OECD and former Soviet regions is 10% and 6% lower
than in the base year, and in Asia, it is 6% lower. On the
other hand, expansion in cereal-harvested area in sub-
Saharan Africa will still be considerable, at 45%. The area in
Latin America is projected to expand by 12% and in MENA
by 2%. Driven by rapid increase in demand for livestock
products, the number of buffaloes and other cattle is pro-
jected to expand by 101%, the number of pigs by 71%, and
the number of chickens by 172%, with growth in numbers
accounting for 72% (beef ), 74% (pigs), and 80% (poultry)
of production growth.

Crop Yield Improvement

In IMPACT, crop yield is a function of the commodity
price, the prices of labor and capital, and a projected non-
price exogenous trend factor reflecting technology im-
provements. The non-price trend reflecting technological
change is affected by a number of indirect determinants.
These include public and private R&D, agricultural exten-
sion and farmers’ schooling, development of infrastructure
and markets, and irrigation capacity. The MA storylines
provide different descriptions for the development of indi-
vidual components of these technological trends depending
on the scenario, with the two major determinants of the
trend being changes in (agricultural) investment levels and
water and energy use efficiency.

In Global Orchestration, crop yield improvement over
time is assumed to range from medium to high for both
rich and poorer countries. Improvements in water use effi-
ciency and energy use efficiency, as well as large invest-
ments in agricultural research and supporting infrastructure,
particularly in poorer countries, are major drivers behind
the crop yield improvement for Global Orchestration. The
greatest yield increases are seen in sub-Saharan Africa, with
increases of 159% over the base levels, followed by Latin
America at 114%, Asia at 84%, and MENA at 74%, com-
pared with 49% for the former Soviet states and 47% for the
OECD region.

Under TechnoGarden, crop yield improvement over
time is assumed to be lower in the wealthy world due to a
greater focus on organic farming. However, investments in
biotechnology and other crop innovations are sufficient
enough to bring about significant crop yield growth. Under
TechnoGarden, the OECD and former Soviet Union are
expected to experience cereal yield growth up to 2050 of
about 45%; Asia, 72%; Latin America, 93%; sub-Saharan
Africa, 106%; and MENA, 70%.

For Order from Strength, crop yield improvement is as-
sumed low in all countries, as are improvements in water
use and energy use efficiency, resulting from low invest-
ments in these sectors. In the OECD and former Soviet
countries, yield improvements are only 20% and 24% over
base levels, respectively. In sub-Saharan Africa, by 2050 ce-
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real yield levels are still below 2 tons per hectare, after yield
increases of 90% over base levels. In Latin America, yield
levels are 54% higher; in MENA, 40%; and in Asia, 36%.

For Adapting Mosaic, crop yield improvement is as-
sumed to start out at a medium level and then decrease
over time in the rich world due to the adoption of organic
farming. In the OECD and former Soviet countries, cereal
crop yields increase by 38% and 34%, respectively. In
poorer countries, crop yield improvements are somewhat
larger, due to successful local adaptation mechanisms. Re-
gionally, sub-Saharan Africa will lead with improvement in
cereal yields of 103% by 2050. Latin America, Asia, and
MENA follow with 69%, 49%, and 50% improvements re-
spectively over base year cereal yields.

Average final cereal crop yields by 2050 are highest for
Global Orchestration (4.7 tons per hectare), followed by
TechnoGarden (4.3 tons), Adapting Mosaic (3.8 tons), and
Order from Strength (3.5 tons).

Changes in Livestock Slaughtered Weight

Livestock slaughtered weight in the model is affected
mainly by expected changes in technological development,
without additional price effects. The assumptions made in
terms of technological change in this case are along the same
lines as those made with respect to crop yield changes, and
the same ranking of scenarios is observed as a result.

Livestock slaughtered weight improves most under
Global Orchestration and least under the Order from
Strength scenario. For example, by 2050 slaughtered weight
of cattle is projected to reach 260 kilograms per head under
Global Orchestration compared with 229 kilograms per
head under Order from Strength, 242 kilograms under
Adapting Mosaic, and 245 kilograms under TechnoGarden.
Among regions, growth in slaughtered weight for cattle
under Global Orchestration is projected to be particularly
high in Asia, followed by sub-Saharan Africa and MENA.

Under TechnoGarden, livestock weight improvement
over time is assumed to be low in wealthy countries due to
the already high level of weights achieved and relatively
lower demand for livestock products, while it will be me-
dium to high in poorer nations due to innovations in live-
stock breeding.

In Order from Strength, yield improvement for live-
stock is assumed low in all countries. Finally, for Adapting
Mosaic livestock yield improvement is assumed to start at a
medium level and to decline in the wealthy world, and to
start out from medium-low to reach a medium level in
poorer nations, driven by locally adapted breeding and a
lack of investments in modern techniques in both rich and
poor countries.

Basin-level Irrigation Efficiency

Under the Order from Strength scenario, government
budgetary problems are assumed to worsen, resulting in
dramatic government cuts on irrigation system expendi-
tures. Water users fight price increases, and a high degree of
conflicts results in lack of local water-user cooperation for
cost-sharing arrangements. The turnover of irrigation sys-
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tems to farmers and farmer groups is accelerated but not
accompanied by the necessary reform of water rights and
necessary funding. Rapidly deteriorating infrastructure and
poor management reduce system- and basin-level water use
efficiency under this scenario. As a result, efficiency levels,
which are already quite low in most of Asia, drop by 23–
28% to reach levels of only 0.25–0.30 by 2050. In East and
South Africa, levels decline slightly less, by about 20%, to
reach 0.44 by 2050. Declines are similar in Latin America,
to reach 0.32–0.34 by 2050. In MENA, where efficiency
levels were very high in 2000, at 0.6–0.7, levels are ex-
pected to decline to 0.56 by 2050. Efficiencies are more
resilient in wealthy countries as elites concentrate resources
on some systems to maintain minimum food self-sufficiency
levels. As a result, levels decline by about 8% in the OECD
and slightly more, about 15%, in the former Soviet nations.

Under the Global Orchestration scenario, careful market-
oriented reform in the water sector and more comprehen-
sive and coordinated government action will lead to greater
water management investments in efficiency-enhancing
water and agricultural technology. The effective price of
water for the agricultural sector is assumed to increase more
rapidly to induce water conservation as well as to free up
agricultural water for other environmental, domestic, and
industrial uses. Large investments in poorer countries lead
to rapid increases in efficiency levels in Asia and sub-Saharan
Africa, where levels increase to as high as 0.4–0.5 and 0.56–
0.74, respectively. Selected—economically viable—invest-
ments also enhance efficiency levels in those countries and
regions, where relatively high efficiency had been achieved
by 2000, including the OECD and MENA, although in-
creases are small. The highest irrigation efficiency level is
achieved in the region facing the greatest water scarcity,
North Africa, at 0.8.

Under TechnoGarden, technological innovations for
on-farm efficiency increases help boost irrigation efficiency
levels across the world to previously unseen levels. More-
over, river basins make progress toward more integrated
basin management through real-time measuring and man-
agement of water resources. Gradual introduction of water
price increases in some agricultural areas induce farmers in
these regions to use water more efficiently. As a result, high
efficiency levels are reached, particularly in regions where
little or no further improvement had been expected, like
the OECD and MENA. There, levels increase to 0.75–0.9
by 2050. Advances are also significant in Asia, reaching 0.5
by 2050, and in sub-Saharan Africa, where levels of 0.75
can be reached.

Under the Adapting Mosaic scenario, local adaptations,
including expansion of water harvesting and other water
conservation technologies, as well as the increased applica-
tion of agro-ecological approaches, help boost efficiency
levels in some regions and countries. Successful efficiency
increases—although important—remain scattered in areas
and regions within countries, and the global and regional
impacts are smaller than under TechnoGarden and Global
Orchestration. In Asia, the results are mixed, with increases
in efficiency in East Asia balanced by declines in South Asia.
In sub-Saharan Africa, the outcomes are more favorable,
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with conservation strategies boosting efficiency levels by 2–
11%. The former Soviet Union is less successful with effi-
ciency-enhancing methods, experiencing a slight decline in
efficiency levels. The OECD region, as a whole, does suc-
cessfully apply locally developed methods to enhance irriga-
tion efficiency, with increased efficiency levels in some
countries more than balancing declines in other ones.

Appendix 9.2. Additional Description of the
Modeling Done for Chapter 9

Productivity Increase

Agricultural productivity growth can be due to area expan-
sion or yield growth for crops and to an increasing number
of animals slaughtered or improvement in slaughtered
weight per head for livestock. In IMPACT, the factors in-
fluencing productivity growth include management re-
search, conventional (plant) breeding, wide-crossing and
hybridization breeding, and biotechnology and transgenic
breeding. Other sources of growth considered include pri-
vate-sector agricultural research and development, agricul-
tural extension and education, markets, and infrastructure.
In short, productivity drivers include greater public/private
investment, better management practices, and improved
technologies. Drivers were not further subdivided among
technology, management, and infrastructure because the
outcomes on the drivers are a function of all three of these
factors. Area/numbers and yield/slaughtered weight
growth were differentiated by scenario as deviations from
our best estimates of future productivity and area increases
for the 45 IMPACT countries and regions. Results from
IMAGE on yield reduction factors from climate change
were incorporated into IMPACT production growth as-
sumptions for the four MA scenarios.

Dietary Preferences

Food demand is a function of the price of the commodity
and the prices of other competing commodities, per capita
income, and total population. Per capita income and popu-
lation increase annually according to country-specific pop-
ulation and income growth rates by scenario.

Price elasticities of demand, which govern sensitivity of
food consumption to a change in prices, are one important
factor relating to price effects. The impact of changes in
income on food demand is captured by the income elasticit-
ies of demand.

Price elasticities of demand are assumed to stay the same
across the four MA scenarios. Income elasticities of de-
mand, on the other hand, do vary by scenario. In general,
income elasticities are considerably higher for high-valued
commodities such as meat, milk, fruits, and vegetables com-
pared with the elasticities for basic staple crops such as rice
and wheat. With increasing incomes, the elasticity of de-
mand for rice actually turns negative in some countries. In
IMPACT, income elasticities of demand for meat and fish
for wealthy countries is assumed to be lower than for poorer
ones; as incomes increase, the elasticity of demand with re-
spect to income declines.
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The scenarios vary in their assumed income elasticities
of demand for meat. (Income elasticities of demand for fish
are not varied across scenario.) Among wealthy countries,
demand for meat is assumed to be less sensitive to income
changes for non-Global Orchestration scenarios. Between
TechnoGarden and Order from Strength, income elasticit-
ies of demand are more inelastic for TechnoGarden in rich
countries whereas they are similar for poorer countries.
Adapting Mosaic is assumed to have the most inelastic in-
come elasticities of demand for all countries.

Drivers Affecting Rates of Malnutrition in Addition
to Caloric Consumption

IMPACT generates projections of the percentage and num-
ber of malnourished preschool children (0 to 5 years old) in
poorer countries. Projections for the proportion and num-
ber of malnourished children are derived from an estimate
of the functional relationship between the percentage of
malnourished children, the projected average per capita
kilocalorie availability of food, and non-food determinants
of child malnutrition, including the quality of maternal and
child care (proxied by the status of women relative to men
as captured by the ratio of female to male life expectancy at
birth), education (proxied by the share of females undertak-
ing secondary schooling), and health and sanitation (proxied
by the percentage of the population with access to safe
drinking water). The equations used to project the percent-
age and numbers of malnourished children are as follows:

%MALt � �25.24 * ln(KCALt)
� 71.76 LFEXPRATt � 0.22 SCHt (1)

� 0.08 WATERt
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and

NMALt � %MALt � POP5t (2)

where %MAL is the percentage of malnourished children,
KCAL is per capita kilocalorie availability estimated in IM-
PACT, LFEXPRAT is the ratio of female to male life ex-
pectancy at birth, SCH is the percentage of females with
secondary education, WATER is the percentage of the pop-
ulation with access to safe water, NMAL is the number of
malnourished children, and POP5 is number of children
below five years of age.

Average per capita consumption per day is determined
for the four different MA scenarios from IMPACT runs up
to 2050 incorporating quantified parameters from the four
storylines, including assumptions on area and yield growth,
population and income growth, food preferences, invest-
ment levels, and assumptions regarding openness to trade.
The non-food determinants of child malnutrition are syn-
thesized from the storylines and assumed to improve the
least under the Order from Strength scenario and the most
under the TechnoGarden scenario.

Detailed Assumptions of the EwE Models for
Fisheries Calculations

Appendix Table 9.1 shows the detailed assumptions that
were made in the driving forces in each case study under
the four MA scenarios.
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Appendix Table A9.1. Summary of Harmonizing Storylines and Case Studies of Regional Marine Fisheries. Numbers in parentheses
represent ratio of optimizing two or more policy options (EcoSim/EcoPath)

Time Gulf of Thailand North Benguela Central North Pacific

Global Orchestration
2000–10 optimize profits from shrimp and jobs (70/ optimize profits and jobs (50/50); climate optimize profits from tuna and jobs (80/20);

30); climate change medium-high change medium climate change low

2010–30 optimize profits, jobs, and then ecosystems optimize profits and jobs (30/70); climate optimize profits from tuna and jobs (70/30);
(50/30/20); climate change impact reducing change medium-low; increase catch of fish climate change stable

for fish food

2030–50 optimize profits and ecosystem (biomass) optimize profits, jobs, and ecosystems (50/ optimize profits and ecosystems (50/50)
(50/50) 20/30); increase the catch of small pelagics through building of bigeye tuna

Order from Strength
2000–10 optimize profits of the invertebrate fishery optimize profits and jobs (50/50) of high optimize profits from the tuna fishery as well

and jobs (50/50) value fisheries; DWF increases effort (mod– as jobs (75/25); DWF effort remains stable
high of current species as EU pushes for since countries focused on national issues
food security and African debts mount)

2010–30 optimization mix continues (50/50) but effort climate change starts low with build up over optimize profit and jobs (85/15); Japan re-
increasing since Thailand feels the effects this decade to medium impact; rebuilding of turns to drift netting; DWF has moderate in-
of national EEZs and despite agreements it biomass starts late in this period but there crease as United States secures food and
has no room to expand DWF which is now is still concern with maintaining jobs (30 increases presence in Pacific for security
concentrated in the Gulf profits/50 jobs/20 ecosystem)

2030–50 climate change has significant impact (high mix of profit and job optimization (60/40) profit optimization not as important but jobs
impact) and ecosystem severely destabi- are (60/40); Japan stops drift netting byincreased fishing effort with switch through
lized; rebuilding stocks of demersal species 2040, DWF effort remains stabletime to fish meal species for domestic and
continues with objective of optimizing jobs international aquaculture operations and
rather than profits also internal food security

Adapting Mosaic
2000–10 optimize profits of the invertebrate fishery optimize profits and jobs (40/60) and main- optimize profits from the tuna fishery; turtle

and jobs (70/30) tain food and fish meal fisheries exploitation ceases

2010–30 climate change starts in earnest (medium- climate change starts low with build up over climate change minimal if any impact; se-
high impact); optimize for profits; shift to re- this decade to medium impact; rebuilding of vere exploitation of bigeye tuna until close
building stocks of demersal species starts biomass starts late in this period but there to 2030 when stock rebuilding commences

is still concern with maintaining jobs (30/50/ at the same time as shift to optimizing for
20) jobs with profit (70 profit/30 jobs)

2030–50 climate change has significant impact (high climate change continues to have high im- climate change has a low impact, bigeye
impact) and ecosystem severely destabi- pact with some destabilization of the sys- tuna rebuilding continues; optimize for eco-
lized; rebuilding stocks of demersal species tem; food security becomes an issue and system, especially for top predators; inter-
continues with objective of optimizing jobs therefore focus is on maximizing biomass national MPA to rebuild stocks (50 profits/
rather than profits for fish feed since it goes to aquaculture 50 jobs)

that ensures a stable supply of food (0
profits/100 jobs /0 ecosystems)

TechnoGarden
2000–10 optimize profit optimize profit optimize profit

2010–30 optimize pelagic catch (cost of fishing optimize profits while increasing pelagics optimize profit, but with costs lowered since
lower) followed by ecosystem optimization (50/50)for fish food since technology makes technology improves; possible to have more
(since impacts can be engineered) aquaculture widespread and demand for tuna caught younger for ranching (2015–

fish meal up despite artificial feed improve- 2030)
ments

2030–50 optimize pelagic catch—by 2040 ecosystem optimize profits from fish used in fishmeal; optimize profits, but fish changes to species
irrelevant due to technology advances— basically supplies European demand for for fishmeal since technology cracks tuna
profits maximized by using Gulf to produce aquaculture hatchery technology
quality fishmeal for prawn aquaculture

Key: DWF � Distant Water Fleet; EEZ � Exclusive Economic Zone; MPA � Marine Protected Area
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Notes
1. The WorldScan economic model has been set up to reproduce the GDP

per capita numbers of the IPCC SRES scenarios at the level of the four aggre-
gated IPCC regions, thus providing detailed information on a consistent macro-
economic trajectory for 12 WorldScan regions (Bollen 2004). In a next step,
this information was further disaggregated into 17 IMAGE regions using simple
desaggregation rules (See IMAGE-team 2001).

2. Gt C-eq is gigatons (thousand million tons) of greenhouse gas emissions,
expressed in equivalent carbon dioxide emissions (in units of carbon). The con-
version of different gases is done on the basis of ‘‘global warming potential’’
reported for 100 years, which measures the contribution of the different green-
house gases over a 100-year-time period relative to carbon dioxide. The other
greenhouse gases included in the numbers above are methane, nitrous oxides,
HFCs, PFCs, and SF6.

3. In assessing trends in land use and land cover change under the MA sce-
narios, we have used the IMAGE 2.2 model, with scenarios starting in 1970. For
the historic 1970–95 period, land use (size of agricultural area) trends of IMAGE
have been calibrated against FAO data. The size of 14 natural biomes (including
ice, a large number of forest types, grasslands, desert, etc.) have been determined
on the basis of the BIOME model that is included in IMAGE using climate and
soil data. While the BIOME model represents overall patterns in existing land
cover maps very well, the area of each biome type does not match exactly to
available databases on land cover (typically, differences can be the order of 10–
20% on the level of continents).

4. Here, we use the land use-change scenarios as calculated by IMAGE 2.2
under the MA storylines to assess the possible changes in land use. The changes
in agricultural demand and agricultural management are derived from IMPACT
as described in the section on provisioning of food. In addition, timber demand
and demand for biofuels are taken into account. Climatic changes have been
taken into account, as they drive changes in natural vegetation but also influence
crop growth and thus yields.

5. Data on agricultural production for 1970–95 (FAO 2001) and for 2030
according to the AT 2030 projection (Bruinsma 2003) were implemented by
Bouwman et al. (2005a) in the Integrated Model to Assess the Global Environ-
ment model (IMAGE-team 2001) to generate 0.5 by 0.5 degree global land
cover maps. These were used to allocate fertilizer and animal manure inputs,
ammonia volatilization, and crop nitrogen export. Country data on sanitation
coverage, connection to sewerage systems, and wastewater treatment were taken
from several sources (EEA 1998; EEA 2003; WHO/UNICEF 2000, 2001a,
2001b). For countries where data were lacking, the percentage of the population
with connection to sewerage systems was estimated on the basis of the fraction
of the urban population with improved sanitation and the degree of urbaniza-
tion. In combination with the AT 2030 projection, target values for the year
2030 for the connection to sewerage systems and wastewater treatment were
modified from WHO/UNICEF (2000) with adjustments for many countries on
the basis of past developments or trends observed in other countries.

6. During the first steps in CO2 assimilation, C3 plants form a pair of three
carbon-atom molecules. C4 plants, on the other hand, initially form four car-
bon-atom molecules. An important difference between C3 and C4 species for
rising CO2 levels is that C3 species continue to increase photosynthesis with
rising CO2, while C4 species do not. So C3 plants can respond readily to higher
CO2 levels, and C4 plants can make only limited responses. C3 plants include
more than 95 percent of the plant species on Earth. (Trees, for example, are C3
plants.) C4 plants include such crop plants as sugarcane and corn. They are the
second most prevalent photosynthetic type.

7. The Gulf of Thailand is a shallow, tropical coastal shelf system that has
been heavily exploited since the 1960s. This has caused the system to change
from a highly diverse ecosystem with a number of large long-lived species (such
as sharks and rays) to one that is now dominated by small, short-lived species
that support a high-valued invertebrate fishery (Pauly and Chuenpagdee 2003).
In the Central North Pacific, tuna fishing is one of the major economic activities.
Recent assessments of the tuna fisheries indicate that top predators such as blue
marlin and swordfish declined since the 1950s while small tunas, their prey, have
increased (Cox et al. 2000). The North Benguella Current is an upwelling sys-
tem off the west coast of Southern Africa. This system is highly productive,
resulting in a rich living marine resource system that supports small, medium,
and large pelagic fisheries (Heymans et al. 2004).

8. The water erosion index of Hootsman et al. (2001) can be compared with
the erosion severity classes of GLASOD (Oldeman et al. 1991). The modeled
estimates for the global land area for 1990 corresponded for approximately 85%
with the GLASOD inventory.

9. For example, results from a simple climate model are input to a global
water model to compute changes in runoff due to climate change. In this case,
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the uncertainties of the climate model are propagated to the water model. This
problem can be reduced by recognizing that the uncertainty of the climate
model is relatively high for computed spatial patterns of temperature and precipi-
tation, but much less for the magnitude and direction of these changes. There-
fore, statements about the changes in runoff at particular locations will be highly
uncertain and should be avoided, whereas statements about the size of the area
in a large region affected by increasing or decreasing runoff have a lower level
of uncertainty and are appropriate for the MA scenario analysis. The key is
to aggregate results either spatially or temporally because uncertainties that are
important on the fine scale partly cancel out when data are aggregated.
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Main Messages

This chapter discusses the consequences of the four scenarios devel-
oped by the Millennium Ecosystem Assessment for biodiversity and fo-
cuses on two different aspects of biodiversity—losses of local
populations and global species extinctions. In this assessment, local ex-
tinctions occur from a reduction in habitat availability. On a longer time scale,
global extinctions may occur when species reach equilibrium with the altered
habitat. Global and local extinctions occur on a time scale that we cannot
accurately anticipate.

Habitat loss in terrestrial environments will lead, with high certainty, to a
sharp decline in local diversity and the ecosystem services it provides
(very certain) in all four MA scenarios during the 2000–50 time period.
Scenario analysis demonstrated a decline of habitat availability by 2050 that
ranged from 20% in Order from Strength to 13% in TechnoGarden (medium
certainty) relative to habitat availability in the year 1970.

Habitat loss in terrestrial environments will lead (with high certainty) in
all four MA scenarios to global species extinctions and associated losses
of ecosystem services (such as the development of new drugs). Analyses
using the well-established species-area relationship and a state-of-the-art
model of land use change indicate that 12–16% (low certainty) of species will
potentially be lost at ecological equilibrium with the altered habitat. Also, sig-
nificant loss of ecosystem services will occur long before a species becomes
globally extinct.

Order from Strength is the scenario (with high certainty) with the largest
losses of habitat and local plant populations, whereas TechnoGarden and
Adapting Mosaic had the smallest losses. The Order from Strength scenario
showed the highest expansion of cropland resulting from slow rates of yield
improvement and higher population growth. The Adapting Mosaic scenario
showed a relatively low rate of habitat losses in part because of the slow
development rate in developing countries, which reduced the demand for food
and the change in land use. Scenarios that showed the largest losses of habi-
tat also put the largest number of species in trajectories that may lead to global
extinctions (medium certainty), although the time lags from habitat reduction to
extinction are unknown.

Scenario results showed that the different terrestrial biomes of Earth will
lose habitat and local plant species populations at different rates (high
certainty) during the 2000–50 period. The biomes with the higher rates of
habitat and local species diversity losses are warm mixed forests, savannas,
scrub, tropical forests, and tropical woodlands. Biomes that lose species at the
lowest rate include those with low human impact as well as those where land
use changes and human intervention have already occurred.

It is unlikely that the Convention on Biological Diversity target for reduc-
ing the rate of biodiversity loss by 2010 will be met for terrestrial ecosys-
tems under the explored scenarios. The two scenarios that take a more
proactive approach to the environment (TechnoGarden and Adapting Mosaic)
have more success in reducing loss rates of terrestrial biodiversity than the two
that take a reactive approach (Global Orchestration and Order from Strength)
(medium certainty).

For the three drivers tested globally across scenarios, land use change
was the dominant driver of biodiversity change in terrestrial ecosystems,
followed by changes in climate and nitrogen deposition (medium cer-
tainty). Some individual biomes showed different patterns. For example, cli-
mate change was the dominant driver of biodiversity change in tundra, boreal
and cool conifer forest, savanna, and deserts. Nitrogen deposition was found
to be a particularly important driver in warm mixed forests and temperate
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deciduous forest (ecosystems that are sensitive to deposition and relatively
close to densely populated areas). In addition, the impact of other drivers, such
as invasive species, could not be assessed as fully and may therefore be
underestimated.

Under all scenarios, 70% of the world’s rivers, especially those at higher
latitudes, will increase in water availability, raising the potential for pro-
duction of fishes adapted to higher flow habitats, which would likely be
nonindigenous species (low certainty). No quantitative models exist that
allow estimation of any additional consequences of increased discharge on
biodiversity.

Under all scenarios, 30% of the modeled river basins will decrease in
water availability from the combined effects of climate change and water
withdrawal. Based on established but incomplete scientific understanding, this
will result in eventual losses (at equilibrium) of 1–55% (by 2050; 1–65% by
2100) of fish species from these basins (low certainty). Climate change rather
than water withdrawal was the major driver for the species losses from most
(�80%) basins, with projected losses from climate change alone of about
1–30% (by 2050; 1–65% by 2100). Differences among scenarios were minor
relative to the average magnitude of projected losses of freshwater biodiversity.

Losses of biodiversity of fishes predicted only on the basis of drying are
underestimates. Drivers other than loss of water availability will cause
additional losses that are likely to be greater than losses from declining
water. Many of the rivers and lakes in drying regions will also experience
increased temperatures, eutrophication, acidification, and increased invasions
by nonindigenous species. These factors all increased losses of native bio-
diversity in rivers and lakes that are drying and caused losses of fishes and
other freshwater taxa in other rivers and lakes. No algorithms exist for estimat-
ing the numbers of riverine and lake species lost from these drivers, but recent
experience suggests that they cause losses greater than those caused by
climate change and water withdrawal.

Rivers that are forecast to lose fish species are concentrated in poor
tropical and sub-tropical countries, where the needs for human adapta-
tion are most likely to exceed governmental and societal capacity to
cope. The current average GDP in drying countries is about 20% lower than
that in countries whose rivers are not drying.

Diversity of marine biomass was quite sensitive to changes in regional
policy. Scenarios with policies that focused on maintaining or increasing the
value of fisheries resulted in declining biomass diversity, while the scenarios
with policy that focused on maintaining the ecosystem responded with increas-
ing biomass diversity. However, rebuilding selected stocks did not necessarily
increase biomass diversity as effectively as an ecosystem-focused policy.

Diversity of commercial fisheries showed large differences among sce-
narios until 2030, but all scenarios converge into a common value by
2050. Policy changes after 2030 generally included increasing the value of
the fisheries by lowering costs, focusing on high-value species, substituting
technology for ecosystem services, or a combination of the three approaches.
However, no approach was optimal, since the approaches used in the scenar-
ios reduced biomass diversity to a common level in each ecosystem.

As global trade increases, the numbers of intentional and unintentional
introductions will increase in terrestrial, freshwater, and marine biomes.
Unless greater management steps are taken to prevent harmful introductions
that accompany increased trade, invasive species will cause increased ecologi-
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cal changes and losses of ecosystem services in all scenarios. Because of
differences among scenarios in economic growth and openness to foreign
trade, invasive species increase most in Global Orchestration, followed in order
by TechnoGarden, Adapting Mosaic, and Order from Strength.

Lag times in species extinctions provide a window of opportunity for
humans to deploy aggressive restoration practices that may rescue spe-
cies that otherwise may be lost. Many actions that can be taken by policy-
makers (such as habitat restoration and establishment of protected areas) may
change the fate of a species that would otherwise become extinct in a few
generations.

Ecosystem services provided mostly by species in the upper trophic lev-
els, such as biological control, tend to be lost first with increasing habitat
loss (low certainty). Ecosystem services provided by species in the lower
trophic levels, such as provisioning of food, fiber, and clean water, tend to be
lost only after severe habitat loss has occurred. The relationship between habi-
tat loss, biodiversity loss, and the provisioning ecosystem services depends on
the notion that all species in an ecosystem do not have the same probability
of extinction and all the ecosystem services are not provided by the same type
of species. Increasing habitat loss leads first to the loss of species in the higher
trophic levels (top predators), while only extreme losses of habitat result in the
extinction of species in the lower trophic levels (plants and microorganisms).

10.1 Introduction
The four scenarios developed by the Millennium Ecosys-
tem Assessment explore a broad set of possible socioeco-
nomic trajectories for human society. Each scenario will
have different consequences for biodiversity and the provi-
sioning of ecosystem services. In this chapter, we consider
the future of biodiversity under each scenario.

Since biodiversity forms the basis for ecosystem services,
the current decline of global biodiversity is of great con-
cern. Despite the ongoing conservation efforts of the inter-
national community, biodiversity loss continues to occur at
an unprecedented rate of up to 100–10,000 times the back-
ground rate in the fossil record of the Cenozoic (Reid 1992;
Barbault and Sastrapradja 1995; May et al. 1995; Pimm et
al. 1995; Foote and Raup 1996). Changes in land use are
expected to be the major driver of biodiversity change in
this century, followed in importance by changes in climate,
nitrogen deposition, biotic exchange (accidental or deliber-
ate introduction of a species into an ecosystem), and atmo-
spheric CO2 levels (Sala et al. 2000). Depending on the
assumptions that are made, the precise ranking of some
drivers may vary; for instance, Thomas et al. (2004) have
suggested that climate change may be as important as land
use change in driving biodiversity loss over the next 50
years. In any case, it is clear that all these drivers will have
major impacts on biodiversity.

Biodiversity is a composite measure of the number of
species (species richness) and the number of individuals of
different species (relative abundance). Most ecosystem ser-
vices, such as the provisioning of food or clean water, de-
pend on the presence of sufficient numbers of individuals
of each species. These services will decline locally with the
local extirpation or reduction of populations, long before
global extinctions take place. For other ecosystem services,
and in particular those that rely on genetic diversity, the
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central issue is species richness. For example, the provision-
ing of new pharmaceutical drugs to cure current and future
diseases and the maintenance of genetic resources to im-
prove current crop varieties are not directly related to the
abundance of individuals within a species. In these in-
stances, the provision of services only ceases after global ex-
tinction.

For terrestrial ecosystems, we considered changes in
both local and global biodiversity. Local losses of biodiver-
sity are important because they may anticipate global losses
and because they affect local people who benefited from
the services provided by the species that became extinct. In
addition, local extinctions affect the global provisioning of
ecosystem services that depend on the abundance of indi-
viduals, as noted. Global biodiversity changes are important
because they are irreversible; species that go extinct globally
will never reappear. Losses of global biodiversity affect the
provisioning of both types of ecosystem services—those
that depend on abundance and those that depend on the
maintenance of unique genetic combinations.

The freshwater biodiversity exercise focused on local
extinctions because freshwater communities are organized
around watersheds, which means that extinctions are water-
shed-specific. The marine biodiversity assessment focused
on the diversity of commercial fish species, both because
these species are directly relevant to humans and because
more comprehensive data sets were unavailable.

In all three cases, the assessment focused on species di-
versity because of the availability of published information.
We note that diversity within species (genetic diversity)
could be equally affected by human activity, with poten-
tially large consequences for the provisioning of ecosystem
services.

We used different approaches to assess changes in bio-
diversity in terrestrial, freshwater, and marine environments
because the drivers of biodiversity change and our level of
scientific understanding, as reflected in the available models,
are different in the three different environments. We used
the species-area relationship to assess the global impact of
land use change on terrestrial ecosystems. The species-area
relationship has been documented in more than 150 articles
for many taxa and many systems, ranging from oceanic is-
lands to isolated habitat patches in terrestrial landscapes. We
estimated the area of habitat lost (and the ensuing local loss
of species diversity) as a function of local changes in land
use, as assessed by the IMAGE model. (See Chapters 6 and
9.)

The temporal aspect of the species-area relationship
must be considered carefully, because extinctions do not
occur immediately after a reduction in the area of available
habitat (Tilman et al. 1994; Magsalay et al. 1995; Brooks
and Balmford 1996). The scenarios for future biodiversity
based on the species-area relationship in this chapter refer
to the number of species that would be expected to go ex-
tinct when populations relax to an equilibrium in a reduced
area of habitat. In our models, habitat reductions result from
either land use or climate change. Determining the relax-
ation times for entire communities is particularly difficult
because it requires tracking the species composition of habi-
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tat remnants through time. Furthermore, the time lag will
depend on the life history of the species concerned; relax-
ation to an equilibrium may occur faster in species with
shorter generation times (Brook et al. 2003).

Recent studies have placed some bounds on relaxation
times. Brooks et al. (1999) fitted exponential decay curves
to estimated bird species losses in forest fragments in Kenya
(100–10,000 hectares) and found half-lives (the time to lose
50% of species predicted to go extinct at equilibrium) to be
in a range of 23–80 years. Ferraz et al. (2003) used bird
occurrence data taken during 14 years in Amazon forest
fragments to show that half-lives where shorter for smaller
fragments, with fragments in the size range 10–100 hectares
having half-lives of about a decade. Finally, Leach and Giv-
nish (1996) studied Wisconsin prairie remnants (0.2–6
hectares) and found that 8–60% of the original plant species
had gone locally extinct over 32–52 years.

Overall, these results suggest that about half of the spe-
cies losses predicted in this chapter may occur over a period
of decades to 100 years. Our assessment yields estimates of
the number of vascular plant species that are expected to go
extinct when populations reach equilibrium with the re-
duced habitat. From a policy perspective, time lags between
habitat reduction and species extinction provide a precious
opportunity for humans to deploy aggressive restoration
practices to rescue those species that would otherwise be-
come extinct, although habitat restoration measures will not
save the most sensitive species that go extinct soon after
habitat loss. The time lags between habitat reduction and
extinction can also mask serious problems; for example,
long-lived tree species that have lost their pollinators may
linger for hundreds of years before extinction finally occurs.

In addition to land use change, we considered climate
change and nitrogen deposition as major influences on ter-
restrial biodiversity. Several other factors, including elevated
CO2, species invasions, and patterns of habitat fragmenta-
tion, are potentially important but were not included in this
assessment because of a lack of appropriate data and models
at the global scale. We used three complementary, published
approaches to explore the effects of climate change on ter-
restrial biodiversity. These included analysis of changes in
the locations of the boundaries of entire biomes, in poten-
tial biodiversity as a response to climate, and in tick diversity
in Africa based on the summed predictions of models for
individual species. We assessed the potential impacts of ni-
trogen deposition by estimating nitrogen loads in different
regions and applying the concept of a critical load below
which no damage occurs.

Freshwater ecosystems are among the most threatened
on Earth. Consequently, understanding the relationships
between aquatic species diversity and environmental drivers
is of critical importance. Compared with terrestrial eco-
systems, however, the patterns and determinants of bio-
diversity in freshwater ecosystems are poorly known.
Quantitative information on species richness patterns and
responses to anthropogenic environmental changes is
largely lacking for freshwater taxa. This lack of information
is particularly acute at large spatial and temporal scales.
Freshwater taxa occupy the first four places in the IUCN
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list of the proportion of U.S. species at risk of extinction:
freshwater mussels, crayfishes, amphibians, and freshwater
fish. Globally, the best evidence suggests that freshwater
biodiversity is more threatened than terrestrial taxa are by
global changes (Ricciardi and Rasmussen 1999). This is
partly because humans are drawn to riparian habitats, lead-
ing to a concentration of anthropogenic impacts near
coastal and freshwater habitats. Furthermore, human con-
sumption of water is reducing available habitat for fresh-
water organisms (see MA Current State and Trends, Chapter
8; Lodge 2001; Poff et al. 2001).

It is difficult to make quantitative predictions for how
freshwater and marine biodiversity will be affected by future
global changes. In addition to the rarity of freshwater bio-
diversity data (see MA Current State and Trends, Chapter 5),
many of the statistical and conceptual tools available for use
in conservation planning for terrestrial biodiversity are not
readily transferable to analyses of freshwater biodiversity.
Species-area curves, for example, cannot realistically be
used to predict species loss in lakes. While dramatic exam-
ples of loss of lake habitat area exist (such as the drying of
the Aral Sea from irrigation withdrawals), the biodiversity
of lakes is in general more affected by a reduction in the
quality than the quantity of water.

We examine four of the five most globally important,
proximate drivers of biodiversity loss in lakes and rivers
(Sala et al. 2000): eutrophication/land use change, acidifi-
cation, climate change, and water withdrawal. The impact
of climate change and water withdrawal on riverine fauna is
addressed quantitatively using previously published species-
river discharge relationships (Oberdorff et al. 1995). We
focus on fishes and river discharge because those are the
only previously published data and models that exist with
suitably global coverage. (See MA Current State and Trends,
Chapter 5.) The results for fish are of general importance
because fish are an important controller of aquatic food
webs and are often the taxa providing the most direct eco-
system goods to humans.

The biodiversity of marine systems is not as well de-
scribed as that of terrestrial systems for a number of reasons.
(See MA Current State and Trends, Chapter 18.) While there
is a solid understanding of biodiversity changes in commer-
cial fisheries, other areas such as the deep sea, the mid-water
column, seamounts, and thermal vents are poorly described.
We used a quantitative modeling approach to investigate
how the diversity of fisheries and the biomass of different
species might change under different MA scenarios in the
three regions of the world for which we had good modeling
tools.

This chapter describes the outcomes of the four MA sce-
narios for biodiversity in each of the three environments—
terrestrial, freshwater, and marine. In the case of terrestrial
ecosystems, we also assess the feasibility of achieving the
Convention on Biodiversity target of significantly reducing
the rate of biodiversity loss by the year 2010. Finally, we
explore the uncertainties associated with our analysis and
the regional differences in biodiversity changes across sce-
narios.
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10.2 Terrestrial Biodiversity

10.2.1 The Approach

Our assessment of global changes in terrestrial biodiversity
is based on the implementation of the MA scenarios in the
IMAGE model, describing changes in native habitat cover,
climate change, and nitrogen deposition over time. This
section explains the calculation of native habitat cover using
the IMAGE model, how the species-area relationship links
changes in habitat area to global species extinctions, the dif-
ferent approaches used to estimate the effect of climate
change, and how we estimated the effect of nitrogen depo-
sition.

10.2.1.1 The IMAGE 2.2 Modeling Framework

The IMAGE 2.2 integrated assessment modeling frame-
work consists of a set of linked and integrated models that
together describe important elements of the cause-response
chain of global environmental change. The framework and
its submodels have been described in detail in several publi-
cations (Alcamo et al. 1998; IMAGE-team, 2001). Impor-
tant elements include the description of emissions of
greenhouse gases and regional air pollutants, climate
change, and land use change. In the model, socioeconomic
processes are mostly modeled at the level of 17 world re-
gions, while climate, land use, and several environmental
parameters are modeled at a 0.5x0.5 degree resolution.

The land cover model of IMAGE simulates the change
in land use and land cover in each region driven by de-
mands for food, forage, grass, timber, and biofuels and by
changes in climate. It also includes a modified version of
the BIOME model of Prentice et al. (1992) that is used to
compute (changes in) potential vegetation. The potential
vegetation is the equilibrium vegetation that should eventu-
ally develop under a given climate. The shifts in vegetation
zones, however, do not occur instantaneously. In IMAGE
2.2, such dynamic adaptation is modeled explicitly accord-
ing to the algorithms developed by Van Minnen and Ihle
(2000).

10.2.1.2 The Species-Area Relationship Approach and
Limitations

The relationship between species numbers and area is ubiq-
uitous in nature (Rosenzweig 1995; Lomolino and Weiser
2001): the larger the area sampled, the larger the number of
species found. The SAR is well described by the power law
S� cAz, where c is species local density and depends on the
taxon and region being studied and z is the slope of the
relationship and depends primarily on the type of SAR
(oceanic islands, nested areas in a region, or different bio-
logical provinces). The value of z is also influenced by other
factors, such as the scale of sampling (Crawley and Harral
2001). The strengths and weaknesses of using the SAR to
forecast biodiversity loss are discussed in Chapter 4. Here,
we briefly review those strengths and weaknesses and our
theoretical understanding of the SAR.

Several factors contribute to the increase in species with
area (Rosenzweig 1995). First, larger areas have a larger
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number of habitats, and therefore they will contain more
specialized species. Second, when comparing among iso-
lated units such as islands, habitat fragments, or biogeo-
graphic provinces, larger units will have lower extinction
rates and, to a lesser extent, higher immigration rates.
Third, at a geological time scale, larger units will have
higher speciation rates. Fourth, there is a sampling issue;
larger areas have a larger number of individuals and a higher
probability of including rare species than smaller units. The
second type of explanation, extinction versus immigration,
is the basis for the theory of biogeography (Mac Arthur and
Wilson 1967), which explains the variation of species diver-
sity among islands of an oceanic archipelago.

Decrease in area of a habitat will lead to biodiversity loss
through all four mechanisms just mentioned, but the loss of
specialized species and the increase in extinction rates will
be the first impacts felt (Rosenzweig 2001). The precise
shape of the relationship describing the loss of species from
an original habitat as a function of the remaining habitat
area after conversion to agriculture is still an open question.
There are three associated issues. First, many species are not
restricted to their native habitat and can live in the agricul-
tural landscape (Pereira et al. 2004). Second, the slope of
the species-area relationship used for the loss of total area of
a biome is still uncertain. Third, it is not clear how the
SAR can account for the effect of habitat fragmentation.
Although there is high certainty of the overall shape of the
species-area relationship, there is uncertainty in the z pa-
rameter determining the exact slope of the relationship. We
established bounds for the slope of the species-area relation-
ship (z-value) based on an extensive literature search. The
distribution of the values reported in the literature for the
slope of the species-area relationship was the basis for a sta-
tistical analysis that provided confidence intervals for some
of the estimates.

It is also uncertain whether the biodiversity loss associ-
ated with the decrease in biome area caused by climate
change is well described by the SAR approach. Thomas et
al. (2004) used this approach to forecast the impact of cli-
mate change for animal and plant species in six regions of
the world. Here, we applied the SAR approach to assess the
effect on biodiversity of biome-area decreases caused both
by land use change and by climate change.

As discussed in the introduction, it is important to note
that the extinctions predicted by SAR do not occur instan-
taneously because there is a time lag between habitat loss
and species extinctions (Brooks et al. 1999; Tilman et al.
2002). We do not know precisely how long this is, and it
will vary according to the life history of individual species.
A few studies have suggested that many species extinctions
would occur during the first 100 years after habitat reduc-
tion (Wilson 1992). In this chapter we estimate, for each
scenario, the number of species that would go extinct when
populations reach equilibrium with a reduced habitat result-
ing from either land use or climate change.

The number of endemic species is another source of un-
certainty associated with the use of SARs to calculate spe-
cies losses based on changes in habitat area. Species
extinctions due to reductions in area represent global ex-
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tinctions only for species that are endemic and do not exist
outside this area. The proportion of endemic species is re-
lated to the level of disaggregation of vegetation units. If
the vegetation of the world were lumped in a small number
of large units, these would be quite different from each
other in environmental conditions and species composition,
and they would have very few species in common. In this
case, the abundance of endemic species in each unit would
be large. But if the vegetation of Earth were partitioned in
a large number of small units, these would be similar to each
other in environmental space and they may contain larger
numbers of species in common and fewer endemic species.
A large degree of disaggregation, consequently, would result
in an overestimation of species losses estimated with the
species-area approach. Here, we minimized this error by
using large vegetation units.

Our units of analysis for the terrestrial biodiversity loss
are the intersection of the 17 IMAGE biomes and the six
biogeographic realms of Olson et al. (2001). These units
were chosen to ensure that units were not too large as to
miss regional patterns but at the same time not too small as
to have a low percentage of endemics in each unit.

10.2.1.3 Estimating Original Biodiversity of Vascular Plants

Ideally, we would like to have species counts of vascular
plants for each realm-biome unit, but with the exception of
North America (Kartesz and Meacham 1999) these data are
not available at the regional scale. Therefore, we used an
indirect estimate of the diversity of vascular plants by scaling
up the species-area relationship from local diversity of vas-
cular plants to the realm-biome units. Using the SAR to
estimate regional species counts based on local data is a
common practice (e.g., Groombridge and Jenkins 2002),
but it has limitations (Crawley and Harral 2001). In order
to perform this scaling, we did an assessment of the species
local density and z-values to be used for each realm-biome
unit.

Data on the local species density, the c value of the SAR
(which represents the intrinsic diversity of each system for
a unity size, in our case 10,000 square kilometers), were
obtained for each set of realm-biome combination by com-
paring the 1995 IMAGE land cover map to a map of the
local diversity of vascular plants (Barthlott et al. 1999). Be-
cause each realm-biome combination spanned a range of
classes of local diversities of vascular plants (the c-values),
mean values of the local diversity in each realm-biome were
calculated using a Geographic Information System. While
in general each realm-biome unit is only moderately het-
erogeneous in diversity; this averaging may underestimate
the diversity of species in cases where both species-rich and
species-poor areas are found within a unit.

The slope of the SAR, the z-value, depends on the type
(Rosenzweig 1995) and scale (Crawley and Harral 2001) of
the sampling, and it has been hypothesized to depend on
other variables as well, such as latitude/biome and taxon
(Preston 1962; Connor and McCoy 1979). We compiled
82 values of z reported in the literature for species-area rela-
tionship of vascular plants. For each study, we recorded the
author and the original data source, the location, the biome,
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the z-value, the c-value, the scale of the study (minimum
and maximum area sampled), and the type of sampling. We
considered three types of sampling units: continental, is-
lands, and provinces. The continental SAR was obtained by
sampling nested areas within a region. The island SAR was
obtained by sampling the number of species of each island
of an archipelago, where islands and archipelago included
not only oceanic islands but also mountaintops. The pro-
vincial SARs were obtained from sampling the number of
species in different biogeographic regions.

In our database, the most important variable in deter-
mining the z-value was the type of sampling. (See Figure
10.1, ANOVA p�0.001, r2�0.52.) Continental SARs pro-
duced the lowest z-values, intermediate z-values were ob-
tained for islands SARs, and the highest z-values came from
provincial SARs. After accounting for the effect of the SAR
type, the minimum area and the maximum area sampled
did not have significant effects on the z-value (ANCOVA,
p�0.05; see also Table 10.1).

To calculate the number of actual species in each biome/
region, we needed to scale up from the unit area of 10,000
square kilometers of Barthlott’s map (1999) to the total area
of the biome-region. To compute future loss of biodiver-
sity, we scaled down from the original biome area to the
smaller biome area remaining after habitat conversion. It
could be argued that the continental SAR is the most ap-
propriate to scale up, whereas the island SAR is the most

Figure 10.1. Z-Values Reported in Studies of the Species-Area
Relationship in Vascular Plants. Each point corresponds to a
study and is labeled with the biome category of the studied area:
T-tropical forest and tropical woodland; F-temperate deciduous for-
est; C-boreal forest, coniferous forest, wooded tundra, and tundra;
S-warm mixed forest, scrubland, and savanna; D-grassland and
desert; N-no specific biome. The line joins the means in each type,
and the error bars are standard errors.
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Table 10.1. Mean and Standard Deviation of Z-Values and of the
Natural Logarithm of Z-Values in Studies of Species-Area
Relationships in Vascular Plants. Values for a dataset restricted to
studies where the minimum area sampled was greater than 1 square
kilometer are in parentheses.

Natural
Standard Logarithm of

Area Mean Deviation z-Values

N (�z) (�z) (�Ln(z)) (�Ln(z))

Continental 47 (5) 0.253 (0.265) 0.079 �1.417 0.299
Islands 26 (7) 0.338 (0.308) 0.144 �1.186 0.480
Provinces 3 0.810 0.148 �0.222 0.180

appropriate to scale down. Several studies have used the
island SAR to predict biodiversity loss (May et al. 1995;
Pimm et al. 1995; Brooks et al. 1999), based on the argu-
ment that habitat conversion results in islands of native
habitat in a sea of human-modified habitat. However, Ro-
senzweig (2001) has suggested the use of the provincial
SAR, arguing that in the long term each native habitat frag-
ment will behave as an isolated province. At the other ex-
treme, it could be argued that in the short term the species
that go extinct are the ones endemic to the area of lost
habitat, and that is best described by the continental SAR
(Kinzig et al. 2001; Rosenzweig 2001). In order to give the
full range of possibilities, we made our calculations using
the three types of SAR.

Finally, we found that tropical forest and tropical wood-
land had higher z-values than other biomes. Therefore, for
those biomes and for each type of SAR we used z-values
20% higher than the means reported in Table 10.1. At the
other extreme, for the tundra biome, we used z-values 20%
lower than the mean.

10.2.1.4 Estimating Global Species Losses

We estimated changes in global biodiversity by calculating
the change in area as a result of both habitat loss (due to
agricultural expansion) and climate change. We assumed
that the SAR could be applied independently for each
realm-biome combination—thus assuming that the overlap
in numbers of species was minimal (relative to the number
of species that are endemic to each realm-biome combina-
tion). Furthermore, we assumed that diversity loss would
occur as a result of the transformation of natural vegetation
into a human-dominated land cover unit and that human-
dominated vegetation had a diversity of zero endemic na-
tive species.

In our calculations, we did not assume any extinction
rate with time, but simply assumed that at some point in
time, the number of species will reach the level as indicated
by the SAR. This means that our results should not be in-
terpreted in terms of an immediate loss of number of species
but in terms of species that may go extinct when popula-
tions eventually reach equilibrium with the reduced habitat.

We also applied SAR in only one direction: habitat loss
leads to extinctions of species, but subsequent increase in
area of a habitat would not lead to a similar increase. We
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did so because the processes of extinction and speciation
occur in different time scales, with losses occurring much
faster than the evolution of new species.

Finally, in IMAGE 2.2 fast climate change can lead to a
difference between actual and potential vegetation. Areas
where the colonization of the potential vegetation has not
yet occurred can be assumed to have a significantly reduced
biodiversity (Leemans and Eickhout 2004). Here, we as-
sumed a loss of 50% of the species in the grid cells where
adaptation of the vegetation lags. Our estimates of species
losses at equilibrium have low certainty because they are
based on a series of models that are linked sequentially, with
the output of one being the input to the next. Moreover,
each of them has its own assumptions and uncertainties.

10.2.1.5 Estimating Local Species Losses

We estimated local losses of biodiversity as a direct function
of habitat loss. Species inhabiting a patch of native vegeta-
tion go locally extinct as the patch is converted into habitats
such as agricultural land or urban patches in which they
cannot survive. Losses of species are directly proportional to
losses in native habitat. Moreover, in contrast to the SAR
calculations for global biodiversity, this indicator is assumed
to be fully reversible under the time scales considered. This
difference from the global losses calculated in the previous
section is based on the fact that species that go locally ex-
tinct in one patch may survive in other patches.

Local and global losses of biodiversity are important for
different reasons. Global extinctions are particularly impor-
tant for humans because they are irreversible and they elim-
inate some ecosystem services, such as the maintenance of
the genetic library. This type of ecosystem service depends
on the existence of unique genetic combinations that can
be used to develop new pharmaceutical drugs as well as
new varieties of plants and animals that may cope with new
diseases or climate change. Local extinctions are important
because they affect local human populations and global pro-
visioning of ecosystem services that depend on the abun-
dance of individual species.

Local species losses were estimated as a function of the
transformation of native habitat into another category such
as several agricultural categories and urban patches. We re-
port changes in native habitat availability for 2050 relative
to habitat availability for 1970 for the four MA scenarios
and disaggregated by biome and biological realm.

10.2.2 Uncertainties in Extinction Predictions

As explained, one important source of uncertainty in our
predictions is the slope of the species-area relationship. This
results both from not knowing which type of SAR is more
appropriate to describe biodiversity loss and also from the
wide range of the z-values for a given type of SAR. To
quantify the uncertainty associated with the type of SAR
used, we present results for the three types. To quantify the
uncertainty associated with the wide range of z-values, we
use Monte Carlo simulations based on the distribution of
z-values in the literature.
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The z-values for the continental SAR follow a lognor-
mal distribution. (See Figure 10.2; Kolmogorov-Smirnov,
p�0.764.) A similar pattern is observed for the island SAR
(Kolmogorov-Smirnov, p�0.994). We used Monte Carlo
simulations to convert this probability distribution of the
z-values into confidence intervals for the extinctions. In
each Monte Carlo simulation, a random z-value was drawn
from the lognormal distribution and used for all region/
biome combinations (except tropical forest/woodland, with
a value 20% higher than the drawn value, and tundra, with
a value 20% lower). Then, using IMAGE, we calculated the
number of extinctions per biome and region and also the
total number of extinctions. Five hundred Monte Carlo
simulations were performed. The mean, the standard devia-
tions, and the range of the predicted extinctions are re-
ported.

Our biodiversity loss estimates assume a low overlap in
the species composition of the different biomes. In order to
examine this assumption, we studied the distribution of
North American plants, using the database of Kartesz and
Meacham (1999), which lists for each state in the United
States and for each Canadian province the composition of
vascular plants. We selected for each biome a set of states
that were covered only by that biome, based on the 1995
IMAGE land cover map. (See Table 10.2.)

The matrix of vascular plant species overlap between the
different biomes is shown in Table 10.3. The matrix is
asymmetric around the diagonal. For instance, although
73% of the plant species in tundra and ice are also present
in the boreal forest and cool conifer biomes, only about
12% of the latter biomes’ species are present in tundra and
ice. This asymmetry is caused by forest and cool conifer
biomes being more spacious than tundra and ice.

Overlaps vary widely, but the general pattern is that the
bigger the distance between the biomes, the smaller the spe-
cies overlap. On average, the maximum overlap with a

Figure 10.2. Histogram of Z-Values of the Species-Area
Relationship in Continental Studies of Vascular Plants, Fitted
with a Log-normal Distribution
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Table 10.2. States or Provinces Selected as Representatives of
Each Biome in Order to Analyze Species Overlap

Biome State or Province

Tundra and ice Franklin

Warm mixed forest South Carolina, Mississippi, Louisiana,
Alabama

Temperate deciduous forest Virginia, Kentucky, West Virginia

Temperate mixed forest Nova Scotia, Maine, Vermont, New
York, Michigan, Iowa, Wisconsin

Scrubland, grassland, and hot California, Arizona, New Mexico
desert

Tropical forest Puerto Rico, Virgin Islands

Boreal forest, cool conifer Newfoundland, Manitoba

neighbor biome is about 60%. Thus, assuming the extreme
and unlikely case of one biome disappearing and the other
remaining intact, we would predict a little more than twice
the extinctions that would in fact occur. One possible ap-
proach to avoid this problem would be to consider only the
species endemic to each biome. However, it has been found
(Borges personal communication) that restricted range spe-
cies may follow a SAR with a higher z-value than broadly
distributed species. Therefore the problem of not having a
very large proportion of endemics to each biome may be
smaller than what Table 10.3 could suggest.

Our approach focused primarily on vascular plants be-
cause of the numerous studies of SARs and the availability
of global data sets of species density. How representative are
scenarios based on vascular plants of the patterns expected
in other taxa? Can we extrapolate results obtained with vas-
cular plants to other taxa? The answers to these questions
are related to another one. How related are richness patterns
among taxa? In order to address these questions, we under-
took an assessment of the literature within the MA frame-
work.

The review on richness correlations among taxa was
largely based on the literature published over the last dec-
ade, but some earlier works have also been included. Of the
more than 100 publications reviewed, only 48 were appro-
priate for extracting data. The attention paid to richness
correlations is strongly different for different groups, with
mammals (10 publications), vascular plants (13), beetles
(12), butterflies (19), and birds (26) being the best-
represented taxa.

Most of the authors of the literature focused on a certain
continent or country or even on smaller regions. Some
claimed that certain groups such as tiger beetles and large
moths can serve as reliable predictors of the richness of
other taxa at the global level, but these conclusions seem to
be driven by the wish to make generalizations from a few
charismatic groups rather than by detailed analyses of com-
plex assemblies. The diversity of trees and shrubs as well as
that of butterflies, birds, and mammals showed a compara-
tively high share of correlations with other taxa that were
significantly positive. More than 50% of the total amount
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Table 10.3. Overlap in Vascular Plant Composition between Different Biomes in North America and the Caribbean

Temperate Scrubland, Boreal Forest
Warm Mixed Deciduous Temperate Grassland, and and Cool

Biome Tundra and Ice Forest Forest Mixed Forest Hot Desert Conifer Tropical Forest

(percent)

Tundra and ice 4.6 11.8 40.2 30.0 73.2 0.8

Warm mixed forest 0.3 63.6 50.1 28.9 17.3 14.1

Temperate deciduous
forest 1.1 76.6 73.8 32.9 29.6 9.1

Temperate mixed forest 3.2 52.5 64.1 37.8 40.1 6.0

Scrubland, grassland, and
hot desert 1.2 15.2 14.3 19.0 12.4 4.1

Boreal forest, cool conifer 12.1 37.9 53.6 83.7 51.5 3.9

Tropical forest 0.1 21.2 11.3 8.5 11.5 2.7

of the significant positive correlations reported focused on
birds, mammals, and vascular plants. Significant negative
correlations, in contrast, have been recorded with species
richness of lichens, ants, and beetles (only one case available
for each group). Unfortunately, most authors do not pro-
vide the complete results of regression analyses but only
mention correlation coefficients. Thus, the list of regression
equations that could be used for modeling exercises only
includes four studies covering four pairs of taxa.

Correlation between identical taxa can be different in
grids of different size. Significant positive correlations for
butterflies, birds, and mammals prevail at the low-resolution
scales, while correlation results for vascular plants and bee-
tles are more randomly distributed across scales. For vascular
plants, resolution scale distribution is much more scattered
than for all other groups. In the size class used in the MA
model (100–999 square kilometers), six correlations were
discovered but no promising results on correlations of vas-
cular plants with other groups could be found. Similar
checks could not be made for large moths and tiger beetles
(the groups assumed to be good indicators for global biodiv-
ersity) (Pearsson and Cassola 1992).

The current state of knowledge generally indicates that
we cannot generalize spatially explicit estimates of changes
in global biodiversity based on diversity changes of particu-
lar focal taxa. Prendergast et al. (1993) showed that coinci-
dence of biodiversity hotspots for several taxa is rare,
suggesting the difficulties of extrapolating data from one
taxa to others.

10.2.3 Terrestrial Biodiversity Change across
Scenarios

10.2.3.1 Local Loss of Species through Loss of Habitat

Conversion of a patch of native vegetation into a cropland
or part of the urban landscape results in the immediate
extirpation of populations. In the case of the shift to agricul-
ture, a simple community made up of one or a few culti-
vated species and a reduced number of cosmopolitan weeds
replaces a diverse ecosystem. Conversion may involve log-
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ging of the forest, burning remnants with no commercial
value, plowing the soil, and planting of a monospecific
crop. The losses of the local populations with the conver-
sion of a unit of native vegetation into a human-dominated
patch are rapid and directly proportional to habitat loss.

Local losses are very important because without ade-
quate conservation efforts they can lead to global losses of
species. Furthermore, local losses affect the provisioning of
ecosystem services derived from biodiversity to local people
and after some time affect the global services provided by
ecosystems.

Habitat losses by 2050 relative to habitat availability in
the year 1970, and the corresponding extirpation of popula-
tion and local losses of species, increase dramatically in all
scenarios, ranging between 13 and 20%. (See Figure 10.3.)
Order from Strength had the largest losses (20%) as a result
of the relatively large increase in food demand due to the
high population growth rate and the relatively slow increase
in yield. The latter resulted from the relatively low transfer
of technology to regions far from the centers of technology
development, where the highest population growth is also
expected. This means that under this scenario, increasing

Figure 10.3. Losses of Habitat in 2050 Relative to Habitat
Availability in 1970 for the MA Scenarios
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the crop area was the necessary response to meet the in-
creasing food demand. Finally, the increase in agricultural
area occurred at the expense of a reduction of native habi-
tat, with the consequent extirpation of local population and
the local losses of species.

TechnoGarden was the scenario with the lowest loss of
habitat (13%), mostly as a result of optimistic estimates in
the increase in crop yield resulting from fast technological
progress. Adapting Mosaic and Global Orchestration
yielded intermediate results resulting from the relatively
slow increase in food demand in the former and relatively
low human population growth in the latter. It should be
noted that in these calculations, losses have been assumed
to be fully reversible.

Habitat loss was not uniformly distributed across the dif-
ferent biomes of the world. (See Table 10.4 and Figure
10.4.) Warm mixed forests and savannas in the Order from
Strength scenario were the biomes with the highest losses.
These biomes are located in areas such as Africa with the
highest growth in human population and corresponding
growth in food demand. Order from Strength constrained
the trade of food and consequently most of the food de-
mand had to be met locally, resulting in a large-scale trans-
formation of native habitat into agricultural land and large
losses of local populations. Adapting Mosaic showed the
largest losses of habitat for warm mixed forests in addition
to large losses in temperate deciduous forests due to similar
mechanisms as those described for Order from Strength.

Habitat availability increased slightly in some biomes,
such as the temperate mixed forest, mostly as a result of
abandonment of pastures. A large fraction of the temperate
mixed forest is located in the industrial world, where most
of the land use changes have already occurred. In addition,
in the Order from Strength and Adapting Mosaic scenarios,
which emphasize regionalization (as opposed to globaliza-
tion), demands for food and agricultural land in the temper-
ate mixed forest region are stable.

Table 10.4. Change in Land Cover in 2050 in Four Scenarios

Category of Land 2000 GO OS AM TG GO OS AM TG

(million hectares) (percent change)
Agricultural land 3,357 3,646 4,162 3,580 3,660 109 124 107 109
Extensive grassland 1,711 1,700 1,704 1,704 1,707 99 100 100 100
Regrowth forests 446 630 523 550 462 141 117 123 103
Ice 231 224 225 222 221 97 97 96 96
Tundra 768 727 727 726 724 95 95 95 94
Wooded tundra 106 84 83 86 89 79 78 81 83
Boreal forest 1,509 1,554 1,551 1,556 1,553 103 103 103 103
Cool conifer 168 196 188 192 194 117 112 114 116
Temperate mixed forest 201 262 236 250 287 130 117 124 143
Temperate deciduous forest 145 133 110 119 155 91 76 82 107
Warm mixed forest 95 79 62 76 109 83 65 80 115
Steppe 804 750 692 749 730 93 86 93 91
Desert 1,678 1,643 1,637 1,660 1,665 98 98 99 99
Scrubland 207 170 122 183 182 82 59 88 88
Savanna 705 404 316 511 450 57 45 73 64
Tropical woodland 483 517 426 524 503 107 88 109 104
Tropical forest 670 568 520 597 594 85 78 89 89

Key: GO�Global Orchestration; OS�Order from Strength; AM� Adapting Mosaic; TG� TechnoGarden
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Local and global losses of biodiversity differ in reversibil-
ity. Local losses could be reversed as a result of abandon-
ment of agricultural land or active conservation practices.
Populations can invade from adjacent patches naturally or
with human intervention. Ecosystem services derived from
local diversity can therefore increase or decrease as a result
of gains and losses of habitat. Habitat and population losses
can occur very rapidly, but gains in habitat from abandon-
ment take longer periods of time, depending on the ecosys-
tem of interest.

10.2.3.2 Global Loss of Vascular Plant Species through Loss of
Habitat

The loss of vascular plant species that would occur when
they reach equilibrium in 2050 differs among the four MA
scenarios because of differences in expansion of agricultural
area. (See Figure 10.5.) Worldwide, the changes in habitat
availability experienced during the 1970–2050 period may
result in a decrease of 12–16% in biodiversity at equilib-
rium. By far the strongest decrease occurred for the Order
from Strength scenario (which had the largest expansion of
cropland due to slow yield improvement and high popula-
tion growth). In fact, by 2050 the changes in habitat and
consequent species losses of this scenario had hardly slowed
down compared with historical rates.

The TechnoGarden and Adapting Mosaic scenarios, in
contrast, showed the slowest losses—on the order of 12%
of species lost at equilibrium compared with current biodiv-
ersity. In TechnoGarden, the lower species decline rate was
mainly due to much higher yield improvements in develop-
ing countries and a stabilizing population. Consistent with
the storyline of the scenario, the assumptions of this sce-
nario are relatively optimistic. In Adapting Mosaic, slower
development rates in developing countries slowed down
increases in food demand. Global Orchestration fell in be-
tween the other three scenarios, with a 13% loss of species
at equilibrium with 2050 land use changes.
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Figure 10.4. Losses of Habitat in 2050 Relative to 1970 for Different Biomes and Realms for Two Scenarios (Negative values indicate
net increase.)

There are major differences in the species loss trends
among the different biomes. Figure 10.6 shows the relative
losses by major biome type and ecological realm for Order
from Strength and Adapting Mosaic. The results indicate
that warm mixed forests, savanna, scrub, tropical forests,
woodlands, and temperate deciduous forests seem to suffer
most from biodiversity losses through loss of habitat. In par-
ticular, tropical forest, tropical woodland, savanna, and
warm mixed forest account for 80% of all species lost (in
total, nearly 30,000 species).

While all biomes show lower habitat and species losses
under Adapting Mosaic than under Order from Strength, this
is particularly so for the tropical biomes. When comparing
both scenarios, there are also differences in the time frames
in which the different biomes suffer habitat losses. In Order
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from Strength, it can be seen that for the temperate biomes
and warm mixed forests almost all habitat losses occur before
2020, while for the tropical habitats the 2020–50 period sees
almost similar habitat losses as the 2000–20 period. In con-
trast, under Adapting Mosaic a considerably different time
dynamic is seen, with most of the habitat losses in warm
mixed forest occurring in the second period.

The largest relative habitat and species losses occur in
the Afrotropic region, which has the largest expansion of
agricultural land (driven jointly by a rapidly increasing pop-
ulation and strong increases in per capita food consumption)
under all scenarios. The second most important region in
terms of relative losses is the Indo-Malayan region. The
Paleartic region, in contrast, sees the lowest losses in biodiv-
ersity through loss of habitat.
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Figure 10.5. Relative Losses of Global Vascular Plant Biodiver-
sity when Populations Reach Equilibrium with Reduced Habitat
for MA Scenarios

A major uncertainty in the analysis is represented by the
z value used in the SAR equation. To analyze the uncer-
tainty of z, two experiments were conducted: a Monte
Carlo analysis sampling z’s from the distribution indicated
earlier and replacement of the z’s from the studies on the
island scale by the provincial scale. The analysis indicates
that a 16% loss of vascular plant species for the Order from
Strength scenario falls within a range of plus and minus the
standard deviation of 10–20%. (See Figure 10.7.) The high-
est and lowest runs (within the total set of 500 runs) show
a 6% and 29% loss, respectively.

Replacing the z’s from the island scale to those estab-
lished for provinces resulted in an increase of forecast losses.
For Order from Strength, losses increased from 16% to
26%. On the other hand, using the z values as established
for the continental scale decreased losses to 13%. The rela-
tive results and the changes over time, however, remain the
same. The left-hand side of Figure 10.7 shows the results
of a Monte Carlo analysis sampling from the log-normal
distribution of island scale z-values for vascular plants as
shown in Figure 10.5 (from a set of 500 runs). The right-
hand side of Figure 10.7 compares the results of using z
values from studies at the continent, island, and provincial
scale for Adapting Mosaic and Order from Strength.

The level of aggregation (in terms of the total number
of biomes in which the terrestrial vegetation was divided)
represents an uncertainty within the analysis. In our analysis,
we assumed that regions have a high proportion of ende-
mism. Increasing the number of regions under this assump-
tion will increase the global number of species lost. Having
too few regions would underestimate species loss, since it
would not take into account different ecological regions.
Alternatively, having too many regions would overestimate
species loss, as it would double count too many species
when aggregating from local to global extinction.

The influence of the regional definitions was analyzed
by varying the number of regions in the analysis from 4 to
75 (versus 65 in standard run). (See Figure 10.8.) The high-
est aggregated regional definition used in this analysis cor-
responded to the highest aggregation level in Bailey’s map
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of global ecoregions (four domains: arctic, humid temper-
ate, dry tropic, and humid tropical). The next level corre-
sponds to the 14 biomes recognized in IMAGE at the global
level (loosely corresponding to the level of divisions in the
Bailey set). The third level combines the four domains of
the Bailey set with the realms of the WWF ecoregion map,
creating a total set of 24 regions. The fourth level corres-
ponded to the standard regional definitions used in this
analysis, while the fifth level adds an additional 10 regions
by assuming that East Asia and Japan can be identified as
separate realms (which can be concluded from the province
level map of the Bailey ecoregion definitions). The results
indicate that indeed our results do vary for these different
definitions, with a larger species loss with increasing disag-
gregation of vegetation units. The number of species lost
increased with the number of units in which Earth vegeta-
tion was partitioned.

10.2.3.3 Convention on Biological Diversity Target

The target of the Convention on Biological Diversity is to
bring the rate of loss of biodiversity by 2010 significantly
lower than the current rate. To test this, we assumed that
the current rate should be interpreted as the historic average
of the last two decades as calculated using the SAR ap-
proach on the basis of the IMAGE global change data. First,
we calculated the habitat loss that occurred during the last
two decades and estimated its effect on species diversity
when populations reach equilibrium with the reduced habi-
tat. Second, we calculated the average rate of change in
habitat loss and the consequent change in the number of
equilibrium species for each of the four scenarios for the
period 2000–20, centered in the year 2010. In order to esti-
mate the probability that each scenario meets the CBD tar-
get, we plotted the loss of equilibrium species relative to
historic rates. (See Figure 10.9.)

It is unlikely that the CBD target will be met for terres-
trial ecosystems under the scenarios explored by the MA.
Order from Strength and Global Orchestration would
probably not meet the target because the estimated rates of
habitat loss and the consequent losses of species at equilib-
rium exceeded those of the previous 20 years. Order from
Strength presented a rate of loss that was considerably
higher than the historic rate, mostly as a result of the rela-
tively slow improvement of agricultural efficiency in com-
bination with a sharp increase in food demand. Global
Orchestration also showed relative rates of loss that were
somewhat higher than the historic rates, resulting from an
improvement of the historic rate of food consumption (and
therefore agricultural expansion). TechnoGarden and
Adapting Mosaic have more success at reducing the loss
rates of terrestrial biodiversity relative to the historical rates.
However, we expect with high certainty that our analysis is
underestimating losses of the different scenarios because it
does not take into account other pressures on biodiversity
such as climate change and nitrogen loading, which are ex-
pected to increase.

10.2.3.4 Loss of Terrestrial Biodiversity through Climate
Change
Climate change will certainly influence several aspects of
ecosystems. Grabherr et al. (1994) were among the first to
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Figure 10.6. Relative Losses of Biodiversity of Vascular Plants through Habitat Loss for Different Biomes and Realms for Two
Scenarios. Losses would occur when populations reach equilibrium with habitat available in 2050 and are relative to 1970 values.

report that ecosystems are already changing as a result of
climate change. They used long-term observations from al-
pine vegetation and demonstrated that the distributions of
many species had increased in altitude. Parmesan and Yohe
(2003) analyzed the response of more than 1,560 plant and
animal species in both marine and terrestrial environments
and reported a clear effect of climate change on their distri-
bution. Their analysis documented an average range shift of
6 kilometers per decade toward the poles or meters per dec-
ade upward. Other similar observations have been made of
the impacts of climate change on the distribution of several
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plant and animal species (Both and Visser 2001; Root et al.
2003).

One of the most common ways to study the impact of
climate change on the distribution of ecosystems is to de-
scribe their climatic envelope and compare them against cli-
mate-change scenarios provided by global circulation
models (e.g., Prentice et al. 1992; Cramer and Leemans
1993; Malcolm and Markham 2000). Van Minnen and Ihle
(2000) have attempted to add some form of transient im-
pacts to the ‘‘climate envelope’’ approach by modeling the
migration process of total biomes as a function of distance,
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Figure 10.7. Uncertainty Analysis for Different Z Estimates. Influence of using different estimates of z calculated using a Monte Carlo
technique on relative species loss for the Order from Strength Scenario shown left. Influence of using z-values for continents, islands, and
provinces on the estimate of biodiversity change for two Scenarios shown right.
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Figure 10.8. Influence of Using Different Regional Definition on
Loss of Vascular Plant Estimates at Equilibrium for Order from
Strength Scenario

migration rates, and original and new vegetation types. Real
changes could be much more complex because individual
species are the units that will respond to climate change.
Solomon and Leemans (1990) concluded that future climate
change could lead to large-scale synchronization of distur-
bance regimes, leading to the emergence of early-phase suc-
cession vegetation, with opportunistic generalist species
dominating over large areas.

The decline of individual plant species due to climate
change results from either competitive exclusion or the di-
rect effect of climate change through increased drought
frequency. Species changes resulting from competitive ex-
clusion occur much more slowly than the response due to
increased drought occurrence. Therefore, the fastest im-
pacts might be expected in areas that show increased
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drought as a result of climate change. A comparison of
global circulation models identified Central America,
Southern Africa, Southern Europe, and Northern Australia
as areas where all models agree that water availability will
decline.

To test the impacts of climate change on biodiversity
under the MA scenarios, we used three different ap-
proaches. First, we used a process-based model developed
by Kleidon and Mooney (2000) that simulates the response
of randomly chosen parameter combinations (‘‘species’’) to
climate processes. The model mimics the current distribu-
tion of biodiversity under current climate, and modeled
‘‘species’’ can be grouped into categories that closely match
currently recognized biomes. Second, we used a model of
African tick species diversity to show possible changes in
species ranges as result of climate change. Finally, we con-

Figure 10.9. Potential Species Loss for MA Scenarios
Compared with Historic Rates
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sidered the possible impact of climate change at the level of
biomes as calculated by IMAGE.

10.2.3.4.1 Climate change and potential biodiversity change

A warmer climate with altered hydrological regimes will
affect plant functioning and the distribution of plant species.
The impact of these changes on the potential distribution
of plant diversity within the context of the MA scenarios
was estimated by using the simulation modeling approach
of Kleidon and Mooney (2000). Using the monthly mean
temperature and precipitation anomalies of the Global Or-
chestration scenario, we altered the climatic forcing of the
model. Light use efficiency was increased by 23%, consis-
tent with the simulated increase of NPP by the IMAGE
model. Modeling results indicated (with low certainty) that
global environmental changes would lead to an increased
environmental capacity for plant diversity in most regions
of the world. (See Figure 10.10 in Appendix A.) These
higher levels are mainly attributable to the increase in light
use efficiency. Since the evolution of new species is unlikely
to happen in this time frame, the increased capacity might
increase the vulnerability of ecosystems to invasions.

Note that the magnitude of change is especially sensitive
to the assumed increase in light use efficiency. If, for in-
stance, the increase of productivity with elevated CO2 were
less, the increase would be less or counteracted by the de-
crease in precipitation. In this sense, Figure 10.10 mainly
illustrates the point that biodiversity—the c in the species-
area curves—is likely to be affected by global climatic
change.

10.2.3.4.2 Climate change and tick diversity in Africa

We used a well-documented set of tick distribution data
(Cumming 1998, 1999, 2000, 2002) to develop multivari-
ate logistic regression models of the pan-African occur-
rences of individual tick species from climate data at 0.5-
degree resolution. We used ticks as a model organism for
invertebrates as their distributions are tightly linked to cli-
mate. Ticks are also significant to the public because they
can be vectors of diseases. Maps for 73 species (from a fauna
of about 240 species) were stacked to produce species-
richness estimates under current (see Figure 10.11 in Ap-
pendix A) and projected conditions. The most severe im-
pacts of climate change are likely to be on species that are
highly specialized, including those with small species ranges
and limited physiological tolerances. Although some Afri-
can ticks probably fall into this category, insufficient data
were available to model the distributions of rare ticks or
those with limited species ranges. Consequently, the analysis
should be interpreted as giving insight into how hardy,
long-lived invertebrates with relatively high dispersal ability
may respond to climate change.

Although the analysis predicted no extinctions among
the 73 tick species considered in this analysis, changes in
local tick species richness as a consequence of expansion
and contraction of species ranges are likely to occur in all
scenarios. (See Figure 10.12 in Appendix A.) The differ-
ences among scenarios are subtle and reflect the spatial na-
ture of changes in weather patterns. Local biodiversity
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increased sharply in some areas and decreased sharply in
others. TechnoGarden is the scenario in which the least
expansion of tick species ranges occurs; the most expansion
occurs in Order from Strength, although tick species rich-
ness in this scenario is reduced in areas of Angola and Tan-
zania. The dominant trend across all scenarios is an increase
in local tick species richness (probably accompanied by in-
creased tick burdens on livestock), with reductions in a
smaller subset of locations.

10.2.3.4.3 Climate change and biome shifts

In many cases, biomes will shift geographically along with
changes in climate. In general, the edges of current ecologi-
cal zones are affected the most. It should be noted that each
species would respond independently because each of them
has different environmental requirements and a different ca-
pacity to adapt. However, our current understanding and
models do not allow us to model shifts at the species level.

This exercise has modeled shifts with climate of vegeta-
tion types, which may have some structural similarity with
current vegetation types but likely will not have the same
species composition. The loss of species belonging to vege-
tation types that lost area as a result of climate change was
calculated using the SAR approach described earlier. In-
creases in area of vegetation types did not result in increases
in diversity. Vegetation types that would not have enough
time to shift along the rate of climate change will result in
degradation of remaining systems. In this assessment, we
assumed that areas that shifted to new potential vegetation
have lost all the endemic species of the original vegetation
type but that those areas where species did not have time to
adjust to the new climatic conditions lost only 50% of the
original species. Figure 10.13 in Appendix A indicates these
different categories according to IMAGE calculations.

The number of affected ecosystems increases with time,
given increasing climate change. Only in the Techno-
Garden scenario, after 2050, does the number of ecosystems
without adaptation decrease because of the stabilization of
GHG concentrations and the lower rate of temperature
change. In the four scenarios, about 5–20% of the ecosys-
tems will be seriously affected by climate change—without
possible adaptation, the worst would be Global Orchestra-
tion. Focusing on protected areas only reveals similar num-
bers. Under Global Orchestration, in 20% of the protected
areas the originally protected ecosystem will have been ei-
ther replaced or severely damaged as a result of climate
change. In the case of protected areas, any change (with and
without adaptation) can be assumed to be negative, as in
most cases they were selected because of the uniqueness of
the ecosystems.

Figure 10.14 summarizes the results by biome for the
two extreme climate change scenarios, Order from Strength
and TechnoGarden. It shows that climate change is going
to have an impact on biodiversity under both scenarios. The
impacts, however, are more severe in Order from Strength.
The Figure shows that most heavily affected biomes (in
terms of percent change) include cool conifer forests, tun-
dra, shrubland, savanna, and boreal forest.
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Hot Hot

Figure 10.14. Impact of Climate Change in 2100 on Area of Different Biomes in Order from Strength and TechnoGarden Scenarios

Thomas et al. (2004) performed a similar analysis of the
potential effect of climate change by 2050 on global extinc-
tions for selected regions of the world, which accounted
for 20% of the area of terrestrial ecosystems. The authors
evaluated three rates of climate change and two hypotheti-
cal cases with or without dispersal limitations. Results of
this analysis encompass the results of the four MA scenarios
reported in Figure 10.14. Maximum extinction due to cli-
mate change, as reported by Thomas et al. (2004), was
100% of the plant species in Amazonia, assuming no dis-
persal capabilities and maximum rate of climate change;
there was a minimum value of 3% for Europe, assuming
no dispersal constraints and minimum climate change. On
average, across regions and taxa, the Thomas et al. (2004)
exercise yielded losses of species at equilibrium with re-
duced habitat that ranged between 15% and 37%.

10.2.3.5 Loss of Terrestrial Biodiversity through Changes in
Atmospheric Deposition

Atmospheric deposition of nitrogen can lead to change of
ecosystems as a result of nitrogen excess (also called terres-
trial eutrophication). Nitrogen excess can be an important
cause of ecosystem degradation as it is the primary nutrient
limiting plant production in many terrestrial environments.
Increases in nitrogen input can therefore alter these ecosys-
tems and lead to shifts in species composition, increased
productivity, decreased species diversity, and altered toler-
ance to stress conditions (Pitcairn 1994). The most impor-
tant anthropogenic sources of nitrogen emissions are fossil
fuel burning and industrial and agriculture activities. Excess
nitrogen deposition has been a prominent environmental
problem in North America and Europe since 1970.

PAGE 391

Bouwman et al. (2002) made a global assessment of acid-
ification and excess nitrogen deposition effects on natural
ecosystems by overlaying current and future deposition
maps of sulfur and nitrogen with sensitivity maps for both
acidification and nitrogen deposition (at 0.5x0.5 degrees).
These sensitivity maps are expressed in so-called critical
load values below which no damage is assumed to be negli-
gible. They are calculated on the basis of soil, ecosystem,
and climate data and on soil dust deposition. For future
emissions, they used deposition maps calculated by the
STOCHEM environmental chemistry and transport model
based on the IPCC IS92a scenario.

To estimate excess nitrogen deposition risks under the
MA scenarios, we followed the approach of Bouwman et
al. (2002) and scaled their deposition map on the basis of
changes in nitrogen emissions in each of the 17 global re-
gions of the IMAGE 2.2 model (on their turn, based on
changes in energy use, agriculture, and environmental pol-
icy). At a 0.5x0.5 degree map, we calculated the deposition
of nitrogen and compared it to critical loads of these grid
cells. The ratio between deposition and critical load was
used as an indication of risks of nitrogen deposition. A ratio
below 1 implies limited risks (at least based on the average
grid cell; obviously within the grid cell many ecosystems
will occur that are more sensitive than the average, and this
approach will therefore result in an underestimation of the
actual risk); a high ratio indicates a very high-risk level of
disturbance.

Bobbink (2004) reported biodiversity losses for different
levels of nitrogen loading for a large number of different
ecosystems, and these results were summarized in a large
number of ecosystem-specific relationships. Wedin (1996)
(see also Tilman et al. 1996; Haddad et al. 2000) showed
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changes in plant biodiversity for grasslands for different lev-
els of nitrogen loading. (See Figure 10.15.) These studies
indicated a 25% reduction of diversity for a ratio of three
times critical load, a 50% reduction for eight times the criti-
cal load, and a 60% reduction for 25 times the critical load.
We used those numbers to calculate our overall threat indi-
cators—and aggregated our results to the level of the
IMAGE 2.2 biomes (by WWF region). The numbers show
the average reduction in diversity by biome. (See Figure
10.16 in Appendix A.)

10.2.3.6 Integrating Different Environmental Pressures on
Biodiversity

On the basis of the indicators calculated above, it is possible
to compare the impact of different drivers of biodiversity
loss. (See Figure 10.17.) For habitat loss, we used the SAR
approach described earlier, but accounting only for changes
due to agricultural expansion and timber production. For
climate change and excess nitrogen, we also used the SAR
approach to aggregate grid-level effects at the level of com-
plete biomes. Figure 10.18 shows the impacts at the global
level of the combination of habitat loss, climate change, and
nitrogen deposition under the four MA scenarios in 2050.

Earlier, Sala et al. (2000) performed an exercise in which
they developed the same kind of graphs on the basis of ex-
pert judgment, supported by selected modeling results. In
general, the current calculations confirmed the findings of
Sala et al. (2000), with some exceptions. As in the earlier
study, habitat loss was found to be the most important
driver of future biodiversity loss. However, in some biomes
climate change was identified as the major cause of biodiv-
ersity loss, including tundra and deserts and to some degree
boreal forests. The overall impacts of climate change (and
other drivers) on boreal forests was assessed to be higher by
Sala et al. (2000), which might be due to the limitations of
the present method (focusing mainly on the total size of the
different biomes) but also to the assessment year (2050 ver-

Figure 10.15. Effect of Ratio of Nitrogen Deposition to the
Critical Load on Plant-Species Diversity
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sus 2100). Deposition of nitrogen has been identified as a
major driver of species loss in temperate forests, warm
mixed forest (particularly in Asia), and, to a lesser degree,
savanna. This is consistent with the earlier assessment. Hab-
itat loss, finally, was found to be particularly important for
species loss in temperate forests, warm mixed forests, sa-
vanna, and tropical forest.

The differences among the scenarios are relatively small
due to delays within the system and counteracting assump-
tions. The 50-year modeling window chosen for this exer-
cise may not be enough for the different climate change
scenarios to unfold fully. In addition to delays in the drivers,
there are important delays in the response of biodiversity.
Losses of species at the global level do not occur immedi-
ately after the loss of habitat or alteration of the environ-
ment. For example, reduction of habitat lowers the number
of individuals in a population and puts this species on an
extinction trajectory. However, the species extinction
would not effectively occur for quite some time, depending
on the life cycle of the species and the characteristics of the
ecosystem.

The four MA scenarios have assumptions about effects
on biodiversity that compensate each other. The compensa-
tory nature of the different assumptions reduces the differ-
ences in biodiversity effects among scenarios. For example,
one scenario assumes lower food demand and other assumes
higher demand but also higher yield. The end result is that
the differences in land use change and biodiversity loss be-
tween these two scenarios were relatively small. Similarly,
in different scenarios the increase in pastureland is compen-
sated by the decrease in cropland and vice versa. In general,
TechnoGarden results in the least amount of pressure on
biodiversity—although the difference with Adapting Mo-
saic is small, and mainly due to lower pressure from climate
change. In contrast, the highest pressures were found for
Order from Strength—in particular, for land use change and
deposition.

10.3 Freshwater Biodiversity

10.3.1 The Approach

Species-discharge curves are similar to species-area curves
for terrestrial biota in the sense that richness numbers in-
crease logarithmically with discharge (Oberdorff et al.
1995). They are subject to some of the same hypotheses
to explain their occurrence, including the theory of island
biogeography and the dependence of species immigration
and extinction on river size and the theory on the increase
types of resources and habitats, certainly including more
open-water, floodplains, backwater, and high-flow habitats
that only high discharges provide.

Although a positive relationship exists between riverine
species richness and catchment size for fish, mussels, and
aquatic invertebrates (Sepkoski and Rex 1974; Welcomme
1979; Livingstone et al. 1982; Strayer 1983; Brönmark et
al. 1984; Eadie et al. 1986; Angermeier and Schlosser 1989;
Hugueny 1989; Oberdorff et al. 1993), discharge and other
indices of habitat volume are better predictors of species
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X-axis indicates relative loss 1970–2050 (%)

Figure 10.17. Comparison of Effects of Agriculture Expansion, Climate Change, and Nitrogen Deposition on Relative Biodiversity
Loss in Four Scenarios for Different Biomes and the World
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Figure 10.18. Relative Losses of Global Vascular Plant
Biodiversity when Populations Reach Equilibrium with Reduced
Habitat, Taking into Account Agricultural Expansion, Climate
Change, and Nitrogen Deposition for Four Scenarios

richness than area (Livingstone et al. 1982; Angermeier and
Schlosser 1989). Thus we address the effects of reductions
in water discharge (an index of habitat type and amount)
on fish species number. We address only fishes because no
regional or global data sets exist for other taxa. Reductions
in discharge result not only from climate change, but also
from consumption of water for agriculture and other
human uses.

To forecast the impact of drivers in addition to climate
and water withdrawal (eutrophication/land use, acidifica-
tion) on rivers and for all drivers on lakes, we rely exclu-
sively on semi-quantitative or qualitative algorithms, such
as previously published experimental or regional studies
summarized for lakes by Lodge (2001) and for rivers by Poff
et al. (2001). The only top driver (Sala et al. 2000; Brön-
mark and Hansson 2002) that we are largely unable to ad-
dress is nonindigenous species; we address these only in the
most qualitative way because no rigorous algorithms exist
to forecast changes in the occurrence or impact of such spe-
cies.

10.3.1.1 Quantitative Algorithms for Forecasting Biodiversity
Loss

We used a species-discharge regression published in Ober-
dorff et al. (1995) to forecast loss of riverine fish. We ob-
tained fish species numbers for 344 global rivers from
Oberdorff et al. (1995) and from FishBase (www.fishbase
.org). This quantitative approach should be regarded as
speculative because this is the first application to forecasting
of existing fish species-discharge relationships. For many
rivers, fish species numbers include native and established
nonindigenous species because most data sets (e.g., Ober-
dorff et al. 1995) did not distinguish between them. For
rivers where it was possible to distinguish native from non-
indigenous species, the percentage of nonindigenous species
was low (� 5%) and simply added a minor amount of un-
certainty to the species-discharge model. Although some
human influence may be incorporated in the data (such as
dams and nonindigenous species), we assume that such ef-
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fects are minimal and that our species-discharge model re-
flects evolutionary and ecological outcomes roughly in
equilibrium with natural discharge.

We used the Water Global Assessment and Prognosis
model (Alcamo et al. 2003) to compute current and future
discharge. The effects of climate change and water con-
sumption are calculated separately in WaterGAP (global hy-
drology model and global water use model), thus allowing
us to assess their independent impacts on discharge and
hence on fish biodiversity. Briefly, in the global hydrology,
model river discharge is computed by performing a grid-
based water balance of the vegetation canopy and soil,
driven by precipitation and other climate data. Water with-
drawal and consumptive water use are computed in the
global water use model using national estimates of domestic
and industrial use in addition to estimates of irrigated areas
and livestock. Additional details are available in Alcamo et
al. (2003) and in Chapter 9.

We calibrated the discharge values used in the published
model (Oberdorff et al. 1995) against the baseline discharge
values used by WaterGAP in order to obtain a relationship
that we could use to forecast future biodiversity with the
WaterGAP output for the scenarios. Discharges from Ober-
dorff et al.(1995) and WaterGAP were highly correlated (r2

� 0.84). The final species discharge regression we used was
constructed for rivers located between 42� N and 42� S, the
latitudinal band within which reduced discharge is pre-
dicted to occur under the scenarios (see Figure 10.19):

log fish species number �
0.4*(log WaterGAP discharge, m3 s�1) � 0.6242

Discharge values (annual means) were obtained at the
river mouth and represent discharge during the baseline cli-
mate period. This regression explained slightly more of the
variance in fish species number (r2�0.57) than the regres-
sion originally published by Oberdorff et al. (1995) (log fish
species number � 0.3311*(log discharge, m3 s�1) � 0.83,
r2�0.52). We assessed the relative contribution to fish bio-
diversity of loss of climate and water withdrawal by com-
paring fish species numbers based first on discharge with

Figure 10.19 Fish Species Discharge Curve Used to Build
Scenarios of Fish Loss. The regression was modeled with rivers
found between 42N and 42S, where reduced discharge is predicted
to occur.
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only climate change in the scenario and then on discharge
affected by both climate and human withdrawals of water.
We calculated fish loss in this order because humans are
more likely to manage water than climate; the incentives
for a country or region to manage water withdrawal are
stronger than the ones to reduce greenhouse gases. In other
words, calculating fish loss in this way treats climate change
as a given (because it is beyond the control of individual
countries or regions) and water withdrawal as a driver that
is more likely to be managed effectively.

As a consequence of this order of calculations, the fore-
cast impact of water withdrawal on fish loss is maximized
because of the nonlinear relationship of species with dis-
charge (that is, the loss of species per unit discharge reduc-
tion increases as discharge is reduced). Forecasts of fish loss
from water withdrawal include the effects of current and
past water use in addition to any additional consumption
that occurs in the scenarios. Confidence intervals (95%)
were calculated from the critical values of the t distribution
using the standard deviation of the predicted fish species
number to which we added the uncertainty (slope * stan-
dard deviation of predicted discharge) generated from
WaterGAP for the future discharge. (See Chapter 9.)

We selected for analysis the two scenarios for 2100 that
produced the most fish losses (Global Orchestration) and
the least (TechnoGarden), plus one intermediate scenario
(Order from Strength); we also conducted fish loss analyses
for 2050 on Global Orchestration and Order from Strength.

Because change in the magnitude of extreme discharge
events could have strong biological consequences (Poff et
al. 2001), we also tested whether the WaterGAP index of
the magnitude of low flow (Q90 � the discharge exceeded
by 90% of monthly averages) changed from the 1995 base-
line. Q90 correlated strongly and positively with 2100 an-
nual discharge by river basin for all scenarios (r2�0.94).
Furthermore, the slope of this relationship for each scenario
did not differ from the slope for 1995. Thus, this index of
flow did not change from baseline conditions in any sce-
nario. However, other features of the hydrograph important
to fishes and other aquatic biota (such as the timing and
duration of low or high flows) may change under future
climate and other drivers. We could not, however, assess
those potential impacts in this analysis.

Even in the absence of any mitigation or conservation
measures, the forecast loss of species would not, of course,
occur instantaneously; rather, the expectation would be that
these species would be likely to become extinct on a sched-
ule that we cannot accurately anticipate (Minckley et al.
2003; see also MA Current State and Trends for a discussion
about the difficulty of accurately calculating extinctions).
The slow pace of many extinctions would provide time to
plan and implement measures to prevent some losses in bio-
diversity. In North America, spacious river basins are also
rich in endemics, and this pattern likely holds for other con-
tinents (Oberdorff et al. 1999). However, endemic species
lists are unavailable for most rivers, especially those in the
parts of the world that dry in the scenarios (see description
of results that follows). Therefore, our fish richness data in-
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clude both species endemic to each basin and those that
occur in multiple basins.

Potential fish losses that we calculate here are thus a
combination of extinctions at equilibrium for that river
basin (local biodiversity losses) and global losses. In terms of
ecosystem services provided by fisheries, local extinctions
are a more relevant metric than global extinctions.

We believe that all plausible biases in this species-
discharge approach are likely to underestimate long-term
species losses at equilibrium, because this method does not
account for interactions between the effects of discharge
and the effects of other habitat features that will no doubt
be affected simultaneously by decreases in discharge and by
other drivers (eutrophication, acidification, dams, and so
on), which we can only address qualitatively (see following
description).

Increases in discharge (which occur for 60–70% of the
world’s river basins in all four scenarios) would not neces-
sarily lead to increases in fish richness on the time scale of
the scenarios, even on a local scale, because species migra-
tion from other river basins might happen only slowly or at
least at rates that we cannot model in this context. At the
global scale, species richness would not increase appreciably
in 100 years because evolution typically happens more
slowly. Thus we assumed no discharge-related change in
fish species richness for river basins that experience increases
in discharge, although many of these river basins will be
strongly affected by other drivers (anthropogenic intro-
ductions of nonindigenous fish species). While increases in
discharge may increase the production of fishes, nonindige-
nous species would probably be favored as a result of the
habitat changes that come with increased discharge.

Overall, then, we consider these regression analyses to
be a speculative guide to plausible outcomes for biodiversity
of fishes. They provide a conservative index of river system-
specific extirpation of fish species as a function of the drivers
that affect discharge in the WaterGAP model (climate and
water withdrawals), assuming steps to prevent such extinc-
tions are not taken.

10.3.1.2 Qualitative Approaches to Forecasting Biodiversity
Change

To supplement the quantitative fish species-discharge ap-
proach to riverine fish species number, we also provide
qualitative analyses of the potential impact of other impor-
tant drivers. We rely on qualitative scenarios of these other
drivers because no quantitative algorithms exist to relate
them to biodiversity. Our scenarios of impact on biodiver-
sity, community structure, and ecosystem productivity are
thus qualitative.

10.3.1.2.1 Eutrophication

We used WaterGAP’s return flow (see Chapter 9) as an
index of poor water quality derived from human water use.
We interpreted this as an index of eutrophication in rivers,
lakes, and wetlands, because human use is likely to result in
increases in the nitrogen and phosphorus content of waters,
especially in countries where water treatment capacities are
poor or lacking. In more industrialized countries, where
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water treatment exists, return flow may be a poor indicator
of eutrophication, and we put less emphasis on this for those
areas. In some regions, return flow is likely to be laden with
industrial pollutants, but this will depend on what types of
local industry exist, which is beyond the scope of the pres-
ent analysis. As an index of aerial deposition of N, we use
the same approach as described earlier for terrestrial ecosys-
tems: we combine estimates of N deposition from IMAGE
with spatially explicit estimates of sensitivity to N based on
soils (Bouwman et al. 2002). Abundant literature (at least
for selected regions) on the biological impacts of eutrophi-
cation provides a basis for assessing potential biological
impacts. Because the productivity of many freshwater eco-
systems is limited more by P than by N (Elser et al. 1990;
see also MA Current State and Trends), our conclusions about
eutrophication of freshwaters remain highly speculative.

10.3.1.2.2 Acidification

As an index of SOx aerial deposition, we use the same ap-
proach as for aerial deposition of N: we combine estimates
of S deposition from IMAGE with spatially explicit esti-
mates of sensitivity to acidification based on soils (Bouw-
man et al. 2002; see also Chapter 9). Because acidification
sensitivity as estimated globally by Bouwman et al. (2002)
is consistent with more local studies on the biological im-
pacts of acidification (e.g., Schindler et al. 1985; Brezonik
et al. 1993b; Frost et al. 1995; Vinebrooke et al. 2003),
these data provide a basis for assessing potential biological
impacts in different scenarios.

10.3.1.2.3 Temperature

The direct effects of temperature per se on biodiversity are
difficult to assess. Many previous studies, especially of fishes
in lakes and streams, have illustrated that relative distribu-
tions and abundance of fish species are likely to change
within a basin or within a lake as a result of temperature
increases; likewise, the edges of geographic ranges of fishes
will move toward higher latitudes (e.g., Lodge (2001);
Rahel (2002)). More specific scenarios of the impact of
temperature increases at a global scale are currently impossi-
ble and we do not attempt to construct any here.

10.3.2 Quantitative Results for Fish Biodiversity
Based on River Discharge

The major patterns of discharge changes from baseline con-
ditions are very similar across scenarios. Under all scenarios,
approximately 70% of the world’s rivers have increased dis-
charge. Fish production may increase and could benefit hu-
mans. There is little basis on which to forecast consequences
of increasing discharge for freshwater biodiversity. Some
native species would no doubt decline as conditions change.
If nonindigenous species are introduced, they would have
an increased probability of success as new habitats appear to
which native species are not adapted. Because of the highly
uncertain consequences of increased discharge on fish and
other aquatic biota, we do not consider these river basins
further.
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In contrast, under all scenarios, approximately 30% of
the world’s rivers have decreased discharge and decreased
fish species diversity, resulting largely from climate change
and, to a lesser extent, from increasing water withdrawal by
humans. Basin-specific reductions in fish species numbers
differ much more widely between basins than between sce-
narios. By 2050, for the 110 modeled river basins that are
drying, the basin-specific percentage of fish species likely to
face extinction ranges from about 1% to about 60%; for
2100, analogous values range from about 1% to about 65%.
(See Figure 10.20 here and Figure 10.21 in Appendix A
for 23 representative rivers.) Water withdrawal contributed
little (generally an additional 1–5%) to potential fish species
loss in most (�80%) rivers. In some regions, however, in-
cluding India, Australia, and parts of Eastern Europe, water
withdrawal was a substantial driver. In the Middle East and
India especially, water withdrawal caused most of the ex-
tinctions. Considering both climate and water withdrawal,
Global Orchestration resulted in the highest fish species
losses overall, Order from Strength marginally lower losses,
and TechnoGarden produced the fewest species losses.
(Adapting Mosaic was not modeled.)

Losses of fish biodiversity were concentrated in southern
Africa, northern Africa, eastern Europe and the Middle
East, India, Australia, south-central South America, north-
ern South America, and southern Central America. In many
of these countries, fishes are an important indigenous source
of protein, and governments and society have less capacity
to cope with losses of such ecosystem services than in coun-
tries experiencing lower losses of fish biodiversity (see MA
Current State and Trends). As documented by the IPCC,
areas predicted to experience drying differ under different
global climate models. However, most of the rivers pre-
dicted by WaterGAP to lose discharge are in areas predicted
to dry by most general circulation models (see Figure 3.3 in
the Third IPCC Assessment). Thus these patterns are robust
for most areas of the world.

10.3.3 Qualitative Results for Fish Biodiversity

10.3.3.1 Eutrophication

Increases in return flows (estimated by WaterGAP) differ
across scenarios (see Chapter 9), with the greatest increases
over baseline conditions in Global Orchestration, followed
by Order from Strength and TechnoGarden. Almost all
areas with large increases in return flows are also areas with
decreased discharge. This is especially true for central and
southern Africa, the Middle East, India and neighboring
states, Central America, and eastern and southern South
America. For freshwater taxa in these areas, habitat quality
will be declining simultaneously with habitat volume, as
pollution by nutrients and other chemicals increases. Under
Global Orchestration and Order from Strength (but less for
TechnoGarden), most of these same areas experience in-
creased atmospheric deposition of nitrogen, further increas-
ing the potential for eutrophication in water bodies that are
N-limited. Many other regions also experience increased
atmospheric deposition of N. Thus even in areas of steady
or increasing freshwater habitat, nitrogen enrichment is
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Figure 10.20. Percentage Losses of Fish Species Predicted from Decreases of River Discharge Resulting from Climate Change and
Water Withdrawal by Humans for Two Scenarios in 2050 and Three Scenarios in 2100. The 22 rivers depicted are representative of the
110 modeled rivers that experience losses of discharge under the scenarios. Percentage loss is 
 95% confidence intervals. Gray indicates
discharge resulting from climate change; black indicates discharge resulting from water withdrawals by humans.

likely to reduce freshwater biodiversity and change species
composition of freshwater taxa. Of the three scenarios we
examined closely, only under TechnoGarden were there re-
gions of steady or declining N deposition.

In general, for the majority of the world under both
Global Orchestration and Order from Strength, the symp-
toms of eutrophication (including both P and N enrich-
ment) can potentially be strong. These include increased
concentration of noxious algal blooms (while decreasing
total species richness of all taxa) (Schindler 1977), decreases
in oxygen, water quality, and aesthetic value, and severe
reduction of fish populations and species (see MA Current
States and Trends).

10.3.3.2 Acidification

Acidification increased in some parts of the world in all
three scenarios considered and was especially severe in

PAGE 397

Global Orchestration and Order from Strength. Some re-
gions affected by water loss and eutrophication also experi-
enced increasing acid deposition—for instance, the Middle
East in all three scenarios. Likely consequences of acidifica-
tion are well established from many previous observations
and experiments. We know from the acidification of many
waterways in North America and Europe that substantial
ecological and biological changes have occurred. Entire
food webs have been affected, with most species disappear-
ing while others increased (Vinebrooke et al. 2003). Fish are
particularly vulnerable to decreases in pH and can disappear
completely from acidified systems (Schindler et al. 1985;
Brezonik et al. 1993a; Frost et al. 1995).

10.3.3.3 Hotspots of Freshwater Biodiversity and Ramsar Sites

According to Groombridge and Jenkins (2002), the major
global hotspots for fishes are the Amazon basin and neigh-
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boring parts of South America and the basins of central Af-
rica. Although the cores of these areas do not experience
drying, some of the edges of these large hotspots do, espe-
cially in northern South America. In these scenarios, the
global fish hotspots did not experience large increases in
eutrophication and acidification. Other freshwater taxa suf-
fered more from one or more drivers. For example, one of
the two major hotspots for crayfish, southeastern Australia,
will suffer extreme drying. In contrast, two of the major
hotspots of freshwater crab diversity occur in Central
America/northern South America and India, where drying
and water pollution increase greatly in Global Orchestration
(both regions) and Order from Strength (Central America/
northern South America). The major global hotspot for
fairy shrimp, which inhabit wetlands, is southern Africa
(Groombridge and Jenkins 2002), where drying, eutrophi-
cation, and acidification are all increasing.

Because wetland ecosystems are by definition low-
volume aquatic ecosystems and are often seasonally absent
under current conditions, they are particularly vulnerable
to changing conditions of climate, human water use, and
pollution (Revenga and Kura 2003). These scenarios pres-
ent severe threats to wetlands. For example, in many drying
river basins of the world, a large proportion of the basin
area is currently wetland: Orinoco 15%, Parana 11%, Gan-
ges 18%, Fly 42%, Sepik 33%, Krishna 16%, and Brahmapu-
tra 21%. Multiple Ramsar wetlands occur in the following
river basins that dry and suffer strongly from other drivers
in the scenarios: Senegal (4 sites), Parana (7), Indus (10),
Ganges (4), and Murray-Darling (10) (Revenga et al. 1998).

10.3.3.4 Multiple Drivers and Interactions

Data on the global distribution of freshwater biodiversity
are fragmentary at best, but it is clear from existing informa-
tion that some taxonomic groups are likely to continue to
experience very high extinction rates as a result of combina-
tions of drivers (Jenkins 2003). Other anthropogenic influ-
ences are likely to increase freshwater species loss above
what is reflected in the species-discharge model. Increased
water temperatures would further exacerbate the stress ex-
perienced by fish and other taxa (Matthews and Zimmer-
man 1990; Casselman 2002). Secondary infections of fishes
may increase in areas of low water flow (Steedman 1991;
Chappel 1995; Janovy et al. 1997).

Overfishing, particularly in poor developing countries,
will continue to reduce fish populations (see MA Current
State and Trends; Bradford and Irvine 2000; Odada et al.
2004). Xenobiotics (human-made organic chemicals) that
may alter survival, reproduction, and growth for aquatic
biota are forecast to increase (Brönmark and Hansson
2002). Salinity can increase in highly irrigated rivers and
lakes, with subsequent negative effects on many freshwater
taxa (Williams 2001). Dams may significantly reduce popu-
lations of migratory fish (see MA Current State and Trends)
and negatively affect species richness in general (Cumming
in press). Additional dams are planned for some rivers that
are forecast to lose discharge and thus potentially lose fish,
which may further reduce fishes. For example, there are six
new dams planned in the Tigris and Euphrates basins, seven
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in the Ganges Basin, and two in the Orange River (Re-
venga et al. 1998). These river basins all have high numbers
of endemic fish (see MA Current State and Trends).

All these changes and their interactions are likely to de-
crease habitat for native species and favor the survival of any
nonindigenous species that are introduced (Kolar and
Lodge 2000). And the likelihood of introduction of nonin-
digenous species will increase where human population and
trade increases (Levine and D’Antonio 2003). Trade differs
among scenarios (see later section), but history suggests in
general that we should expect increases in freshwater non-
indigenous species in all scenarios in the absence of new
prevention and control efforts. The fish fauna of the United
States, for example, has been largely homogenized over the
last decades (Rahel 2000), while dams and other anthro-
pogenic drivers increase the occurrence and impact of
nonindigenous species (Marchetti and Moyle 2001). Thus
without major efforts to prevent the introduction of nonin-
digenous species, and without additional conservation ef-
forts to reduce the impact of other drivers, much greater
declines in freshwater biodiversity than those implied by
our quantitative and qualitative models are likely to result
from multiple, interactive, cumulative, and long-term ef-
fects in rivers that experience decreasing or increasing dis-
charge.

10.3.3.5 Aggregated Effects of Drivers and Human Well-being

In all the scenarios, but especially in Global Orchestration
and Order from Strength, freshwater ecosystems in some
parts of the world changed in major ways. In many parts of
the world, declining water quantity and quality occurred
simultaneously in all scenarios. While this caused human
hardship directly, it also caused large losses of ecosystem ser-
vices in the form of harvest of freshwater fishes, fiber from
freshwater wetlands, and other freshwater taxa. The most
negative combinations of drivers coincide with geopolitical
regions where the capacity of governments and society to
cope with the loss of biodiversity and ecosystem services is
low. For example, GDP per capita (CIA 2003) in drying
countries is about 20% lower than in countries that do not
get dryer in the scenarios.

10.4 Marine Biodiversity

10.4.1 The Approach

A global ecological model of marine systems does not exist
yet, but there are more than 100 ecosystem models of vari-
ous ecosystems throughout the world based on the Ecopath
with Ecosim software, which is described in Chapter 6.
Ecopath with Ecosim uses a combination of trophic levels
(functional groups) and species to describe the ecosystems
rather than complex webs of individual species, which lim-
its how well it can describe ‘‘biodiversity’’ changes. How-
ever, changes in the diversity of the system based on the
various functional groups can be described using Kempton’s
Q for the biomass of groups with a trophic level of 3 or
more. Three models—the Gulf of Thailand (shallow coastal
shelf system), Benguela Current (coastal upwelling system),
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and the Central North Pacific (pelagic system)—were mod-
eled using the four MA scenarios. These three systems are
described in detail in Chapter 6, while changes in their bio-
mass diversity are described here.

Kempton’s Q is a relative index of biomass diversity
and is based on a modified version of Kempton’s Q75
index originally developed for expressing species diversity
(Kempton 2002). The index is estimated as Q75 � S/(2
log(N0.25	S/N0.75	S)), where S is the number of species
(here functional groups) and N times i	S is the number of
individuals (here biomass) in the sample of the (i	S) most
common species (or of a weighted average of the species
closest if i	S is not an integer). The Q75 index thus describes
the slope of the cumulative species-abundance curve be-
tween the lowest and highest quartiles. A sample with high
diversity will have a low slope, so an increase in diversity
will manifest itself through a lower Q75 index. To reverse
this relationship, and to make the Q75 index relative to the
baseline run in the ECOPATH with ECOSIM simulations,
we expressed the biodiversity index as (2 – Qrun/Qbas-
erun), truncating the index at zero in the unlikely case that
the Q75 index should more than double.

The Q75 index and the inverse diversity index are sensi-
tive to the number of species (functional groups), and have
merit mainly for expressing relative changes for a given
model or for models with the same group structure. To
focus the index on the exploited part of the ecosystem—
that is, the part for which there is the most information and
where human impact is most likely to be seen—the analysis
is limited to groups with a trophic level of 3 or more. This
excluded from the index the primary producers and groups
that are primarily herbivores or detritivores (such as zoo-
plankton and most benthos groups). In the analysis here, a
high biomass diversity index refers to an ecosystem of
greater evenness (that is, even distribution of biomass
among a number of species), and a low index value refers
to an ecosystem where one or two species are much more
abundant among a small number of species.

The number of studies focused on the future of marine
biodiversity is limited compared with ones on terrestrial sys-
tems. Field et al. (2002) examined the future of the world’s
oceans to 2020, but biodiversity was not a significant focus
of their study. Culotta (1994) noted that studies of marine
biodiversity were in their infancy. Progress has been made
since then, albeit slowly, especially in less accessible envi-
ronments and in assessing future changes in ecosystems such
as the deep sea (Glover and Smith 2003), polar seas (Clark
and Harris 2003), and vents and seamounts (Koslow et al.
2001). Potential climate change impacts on coastal marine
biodiversity have also been the focus of recent studies (e.g.,
Kennedy et al. 2002).

However, none of these studies has quantitatively exam-
ined changes in biodiversity; they have all been qualitative,
based on projections of current trends. The lack of quantita-
tive methods for examining changes in marine biodiversity
at the ecosystem scale is limited by methods and robust,
broad-scale information. The species-area curves and other
species-specific methods are of limited use in marine eco-
systems because species extinctions are rarely observed and
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because information at the species level is not available for
many systems.

10.4.2 Marine Biodiversity Change across Scenarios

10.4.2.1 The Gulf of Thailand Model

The results of the modeling of the Gulf of Thailand using
the four scenarios are illustrated in Figure 10.22. By 2050,
all four scenarios approached a similar Kempton Q index
(biomass diversity index) that was less than the value for
2000. Initially, in the TechnoGarden scenario the biomass
diversity index declined slightly as the Gulf of Thailand
ecosystem was managed so that the profits from the high-
value fisheries were increased. This resulted in the number
of species and the biomass of some species declining more

Figure 10.22. Changes in Biomass Diversity by 2050 in Four MA
Scenarios in Three Specific Regions. Diversity is for groups with a
trophic level equal to or higher than three.
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relative to other species. In 2010, the policy shifted to re-
building the ecosystem, which accounted for the increasing
biomass diversity index as the number of species increased
and the biomass was more evenly distributed among these
species. This resulted in a more stable ecosystem structure.
As technology developed and was able to provide some
ecosystem services, the policy focus turned to providing fish
that were used to produce fishmeal for the aquaculture sec-
tor, which had taken over the role of food provisioning.
This resulted in the biomass diversity index declining rap-
idly when the ecosystem changed from an even distribution
of species and associated biomass to an ecosystem domi-
nated by a few functional groups.

The Gulf of Thailand responded to the Global Orches-
tration scenario in a similar manner to the TechnoGarden,
but the changes in the biomass diversity index (number of
species and abundance) were relatively lower. The Adapting
Mosaic scenario also commenced with a focus on increasing
the profits of high-value fisheries and as a consequence the
biomass diversity index declined slowly, with some species
and species abundance within functional groups declining.
In 2010, attempts to rebuild the ecosystem experiencing cli-
mate change within a policy that still had increasing profits
as a priority were of limited success since the biomass diver-
sity increase was much less than in the TechnoGarden and
Global Orchestration scenarios. In this case, changes in the
number of species and abundance were small relative to the
above scenarios. Despite policies that included rebuilding
selected high-value stocks, the biomass diversity index de-
clined rapidly to a system with a few functional groups
dominating the ecosystems. The Order from Strength sce-
nario, which had a focus on increasing the value of the
fisheries throughout the 50 years of the scenario, resulted in
a steady decline in the biomass diversity index.

The results of the four scenarios suggest that it is (mod-
erately) likely that the Gulf of Thailand would lose biomass
diversity—that is, the number of species will decline. For
those species that remain, a few of them will dominate (in
abundance) the ecosystem.

10.4.2.2 Benguela Current Model

The results of the modeling of the North Benguela Current
system using the four scenarios are also presented in Figure
10.22. The biomass diversity index for the four scenarios
changed very little over the 50 years of modeled results.
In Adapting Mosaic, the biomass diversity index increased
consistently, as the management policy was a mix of in-
creasing profits from food fisheries and maintaining em-
ployment opportunities. This could be achieved if a
number of fisheries were maintained and fisheries that em-
ployed a number of fishers were also maintained. In the
North Benguela ecosystem, this resulted in a diversity of
fisheries, with the abundance of species more evenly dis-
tributed as well as the number of species, but not necessarily
increasing (biomass diversity index relatively stable).

In the Order from Strength scenario, the focus was also
on maintaining profits and employment opportunities;
however, in this scenario high-value fisheries were targeted
initially and therefore there was little change in the biomass
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diversity index in the first 10 years. In 2010, ecosystem re-
building commenced, and in response the biomass diversity
index also increased to a level similar to the Adapting Mo-
saic scenario. This was not surprising, since this phase of the
scenario also tried to maintain employment opportunities
and value. In this case, it was likely the species that were
maintained were not identical to those in the Adapting Mo-
saic scenario, but biomass abundance was similar.

The TechnoGarden and Global Orchestration scenarios
behaved similarly in this ecosystem: both scenarios had food
security as a component as well as maintaining or increasing
the value of the fisheries. Neither scenario had a focus on
ecosystems rebuilding except Global Orchestration after
2030, which accounted for the increasing biomass diversity
index. The increasing biomass diversity index in the
TechnoGarden scenario was due to a policy shift to main-
tain fisheries for fishmeal, which encompassed many of the
species found in the Benguela system.

The differences between scenarios for the North Ben-
guela ecosystem were not as dramatic as in the Gulf of Thai-
land, possibly due to different ecosystems and different
states. The Benguela and Central North Pacific ecosystems
were not as disturbed as the Gulf of Thailand.

10.4.2.3 The Central North Pacific Model

In the North Pacific ecosystem, current diversity was main-
tained (low to moderate certainty) under the four scenarios (see
Figure 10.22). However, if increasing value or employment
opportunities were the policy imperatives, biomass diversity
could not be sustained. In the Central North Pacific, the
Order from Strength scenario did not maintain biomass di-
versity compared with the other three scenarios. The bio-
mass diversity index in the Order through Strength scenario
declined for the first 20 years as the value of the fisheries
increased. The slight decline in evenness reflected the slight
lowering of biomass abundance for some species as distant
water fleets continued to fish in the area. After 2010, drift
net fishing resumed as companies continued to improve the
value of the fisheries. This resulted in a lowered biomass
diversity index until around 2040, when drift net fishing
was banned again. This was reflected in an increasing bio-
mass diversity index as more fisheries are sustained.

The Adapting Mosaic scenario, in the Central North Pa-
cific, governments closed the turtle fisheries and focused on
increasing the value of the tuna fisheries, which resulted in
a slight increase in the biomass diversity index as species
abundance increased in evenness until 2030. After 2030, the
focus was on rebuilding bigeye tuna stocks, one of the most
valuable species, and therefore increasing the value of the
fisheries. This resulted in declining biomass diversity index
as species abundance for some species decreased. The bio-
mass diversity index was maintained in the TechnoGarden
and Global Orchestration scenarios despite the initial diver-
gence between them.

The biomass diversity index in TechnoGarden increased
initially as the status quo was maintained and the biomass
abundance was distributed more evenly among the species.
After 2010, fishing costs declined as technology overcame
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several cost issues associated with catching the fish. Conse-
quently, the biomass diversity index declined, with some
species declining in abundance. Ocean ranching continued
to develop in the open sea, resulting in younger tuna being
caught for this sector. This resulted in a minimal change in
the biodiversity diversity index until around 2030, when
the technology for hatchery production of valuable species
such as tuna was developed. However, this change in target
species did not affect the biomass diversity index since the
species abundance did not change overall but instead was
redistributed in different functional groups.

The Adapting Mosaic scenario also maintained the Cen-
tral North Pacific’s diversity with little change over the 50
years of modeled results. The focus throughout this scenario
was the continued optimizing of the value of the fisheries,
which was dominated by large pelagic species. This model-
ing suggested that waiting until 2040 to rebuild bigeye
stocks would have had no impact on the biomass diversity.

It was likely that biomass diversity could have been
maintained in the Central North Pacific across all four sce-
narios; however, diversity was not improved unless the
management imperatives for increasing the value of fisheries
were substantially reduced.

10.5 Invasive Species across Biomes and
Scenarios
Human-caused invasions by non-native species are a major
cause of reductions in native biodiversity and consequent
changes in ecosystem structure, ecosystem services, and
human well-being (Mack et al. 2000; see also MA Current
State and Trends, Chapters 4, 5, and 23). Although quantita-
tive evidence for invasion-caused extinctions is poor for
some ecosystems (Gurevitch and Padilla 2004), the dramatic
impact of invasions on ecosystem functioning and ecosys-
tem goods and services is well established (Mack et al.
2000). This section briefly explains the scale of the current
problem, the major impacts of anthropogenic species intro-
ductions, and the worrying outlook for the impacts of non-
native species on ecosystems.

While most non-native species do not cause harm, a
small proportion do (harmful non-native species are termed
‘‘invasive’’) (Mack et al. 2000). Nonnative species are per-
vasive; the number of species introductions being discov-
ered is accelerating over time (Cohen and Newman 1991;
Ricciardi 2001). Anthropogenic species introductions with
severe effects on ecosystems have occurred in terrestrial,
freshwater, and marine systems (Mack 2000). Approxi-
mately half of the currently threatened or endangered spe-
cies in the United States are affected by invasive species
(Wilcove and Chen 1998), and some of the largest verte-
brate extinctions in recent times have been driven in large
part by invasives (Witte et al. 2000). A conservative esti-
mate of the annual cost of invasive species to the U.S. econ-
omy is $137 billion (Pimentel et al. 2000). While intended
introductions in agriculture, aquaculture, and other sectors
can have great net benefits to society (for example, most
crop plants in most parts of the world are non-native), the
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number of unintended and harmful introductions is increas-
ing as trade increases (Levine and D’Antonio 2003; Drake
and Lodge 2004).

Species are transported intentionally and unintentionally
into every country by every conceivable conveyance. Most
nations have few safeguards to prevent the escape of non-
native species into natural environments (Invasive Species
Advisory Committee 2003). Virtually no economic incen-
tive structure exists for limiting species invasions because
the unintended costs of harmful invasions are usually borne
by all citizens while the benefits of importation of species
are concentrated in commercial interests (Perrings et al.
2002).

Unless steps are taken to reduce the unintended trans-
port of species, the numbers of non-native species estab-
lished in most countries are expected to continue to
increase with increasing trade (Levine and D’Antonio 2003;
Drake and Lodge 2004). For example, because of extensive
trade between northern Europe and the North American
Great Lakes region over the last two to three centuries, a
high proportion of the roughly 100 non-native species in
the Baltic Sea are native to the Great Lakes, and 75% of the
recent arrivals of the about 170 non-native species in the
Great Lakes derive from the Baltic Sea (some by way of
earlier trade between the Ponto-Caspian region and the
Baltic region) (Ricciardi and MacIsaac 2000). In recent
decades, this species exchange has been driven largely by
the unintentional release of organisms from the ballast tanks
of ships.

Nonnative species are also introduced deliberately into
many ecosystems to enhance food production, provide aes-
thetic services, or reduce disease (Mack and Lonsdale 2001).
Such introductions may involve either the direct release of
a non-native species into the wild or its secondary release
from a captive environment. For example, the Nile perch
was introduced into Lake Victoria as a food species; African
grasses have been introduced to many parts of the United
States and Latin America as forage for cattle; pigs and goats
introduced for food and milk have a history of causing ero-
sion and ecological degradation on islands; rabbits and cats
introduced for aesthetic purposes and pest control, respec-
tively, have reduced biodiversity in Australia; black wattle
trees (Acacia mearnsii ) were originally introduced to south-
ern Africa for use in the leather industry and have now be-
come a target for biocontrol using gall-forming wasps
introduced from Australia; and releases of unwanted aquar-
ium specimens have been the source of numerous harmful
introductions of invasive species into freshwater systems, in-
cluding water hyacinth (Padilla and Williams 2004).

Introductions of species that are perceived as economi-
cally valuable and ecologically benign are likely to increase
with increasing globalization—for example, as farmers be-
come more aware of food production methods in other
countries and consumer demand for a greater variety of
produce increases. Such introductions carry a substantial
risk. Although many non-native species introductions are
not harmful, the impacts of the small percentage of non-
native species that become invasive may be severe in both
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environmental and financial terms (Leung et al. 2002; Pi-
mentel 2002).

With even the most conservative forecast of the rela-
tionship between trade and species introductions, it is likely
that between 2000 and 2020 some 115 new insect species
and five new plant pathogen species will become established
in the United States (Levine and D’Antonio 2003). Experi-
ences in North America with the introduction and spread
of chestnut blight, Dutch elm disease, and, more recently,
sudden oak death (Phytopthora ramorum) illustrate how eco-
logically and economically damaging single-plant pathogen
species can be. Early in the twentieth century, for example,
the American chestnut was the dominant overstory tree in
the deciduous forests of the North American Appalachian
Mountains. Not only was it ecologically important, but it
provided many large ecosystem services, especially nuts and
lumber. Since the mid-twentieth century, those ecosystem
services completely disappeared and were replaced only in
part, if at all. (See MA Current State and Trends, Chapter 4.)
It is now possible that sudden oak death could have a similar
effect on many oak species in North America.

As commerce develops or grows between countries not
previously linked strongly by trade, especially those with
similar terrestrial or aquatic climates, whole new sets of spe-
cies will become established. For example, imports from
China into the United States have increased about sixfold
over the last decade; over this period a subset of the Chinese
species discovered in the United States have become very
damaging, including snakehead fishes (Channa spp.), the
Asian longhorned beetle (Anoplophora glabripennis), and the
emerald ash borer beetle (Agrilus planipennis). Thus, scenar-
ios about the impact of changes in trade need to consider
not just changing volumes of trade, but also which coun-
tries are linked by new trading patterns.

While the MA scenarios do not specify trading partners
or quantify levels of trade, they do allow the assessment of
differences in overall trade volume based on calculations of
GDP and openness to trade in the scenario storylines. (See
Table 10.5.) Global Orchestration and TechnoGarden both
assume relatively rapid income growth and further global-
ization leading to a strong increase in global trade. This in-
crease will be greatest under Global Orchestration. The
TechnoGarden scenario also emphasizes increased use of

Table 10.5. Scenario Characteristics Relevant to Estimating
Relative Magnitude of International Trade

Global Order from Adapting Techno-
Characteristic Orchestration Strength Mosaic Garden

GDP (annual
growth rate of
real total GDP) 3.5% 2.0% 2.6% 3.0%

Economic
openness �� �� � ��

Rank of
magnitude of
species
transport 1 4 3 2
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GMOs and other forms of human intervention in ecosys-
tems, which could increase the risks of escape of intention-
ally introduced species into natural ecosystems. On the
other hand, the higher awareness of ecosystem functioning
under TechnoGarden might be reflected in tighter manage-
ment of non-native species.

According to the storylines, global trade will be much
smaller under Order from Strength because of lower
growth rates and protective trade policies. In Adapting Mo-
saic, trade levels will be lower than in Global Orchestration
and TechnoGarden, but probably higher than in Order
from Strength. Nevertheless, global trade levels in both
cases could still be similar to those of today as a consequence
of net expansion of the global economy. Assuming that the
positive relationship between imports and non-native spe-
cies that exists for the United States (Levine and D’Antonio
2003) applies globally, invasive species would cause the
severest ecological changes and losses of ecosystem services
in Global Orchestration, followed in order by Techno-
Garden, Adapting Mosaic, and Order from Strength. Effects
of invasive species could, in fact, play a much larger role in
environmental changes than other drivers (such as climate,
land use, or water consumption) that we have been able
to assess more quantitatively. They will certainly interact
strongly with other drivers (Mooney and Hobbs 2000).

10.6 Opportunities for Intervention
This assessment focused on losses of biodiversity at local and
global scales. These two scales represent different opportu-
nities for intervention. Local species losses can be reverted
by a series of active management actions that range from
abandonment and natural colonization to artificially in-
creasing immigration rates. Ecosystem services provided by
species in the original ecosystem would be restored with
different delays, depending on the ecosystem service and
the ecosystem.

Global extinctions are irreversible, and no human action
can reverse this loss for future generations. However, major
time lags occur between a reduction in habitat availability
(as described in the Introduction) and the global extinction
of species. Changes in habitat availability beyond a certain
threshold may reduce the size of populations to a point that
in a number of generations they would not be able to sus-
tain themselves. These lags provide a wonderful opportu-
nity for policy-makers to react and deploy actions that may
reverse the trend that could have led to the global extinc-
tion of species. Many actions may change the trajectory of
a species that was bound to become extinct in a few genera-
tions, including the location of protected areas, establishing
corridors connecting small patches, and other steps that fall
within the realm of the discipline of habitat restoration.

10.7 Ecosystem Services Derived from
Biodiversity
The study of the effects of biodiversity on the functioning
of ecosystems and their ability to provide goods and services
has recently attracted a lot of attention from theoreticians
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and experimentalists. Ecologists predict a negative relation-
ship between decreasing biodiversity and functioning of
ecosystems and provisioning of services (Chapin et al.
2000). The exact shape of this relationship depends on the
ecosystem process and service as well as the order in which
species are lost or added (Mikkelson 1993; Sala et al. 1996;
Petchey et al. 1999; Petchey and Gaston 2002).

Two kinds of ecosystem services can be identified, de-
pending on their dependence or not on the abundance of
individuals. This classification of ecosystem services has im-
portant consequences for the relationship with biodiversity
and has broad policy implications. Type-I ecosystem ser-
vices depend on the abundance of individuals and include
provisioning services such as food and fiber production,
regulating services such air quality maintenance and erosion
control, and cultural services such as aesthetic values. Bio-
diversity affects the rate of these ecosystem services at a local
scale, and the provisioning depends on the abundance of
each species.

Type-I ecosystem services are related to the disappear-
ance of species at the local scale and the extirpation of pop-
ulations. A decline in habitat availability and in the presence
of a species results in a proportional decline in the service.
For example, a 50% decline in the abundance of a fruit-tree
species determines a proportional decline in the provision-
ing of that food type. Biodiversity declines affect the provi-
sioning of this kind of ecosystem service before global
extinctions occur. Habitat loss and local extinctions provide
good estimates of the loss of this type of ecosystem services.
Another important characteristic of Type-I ecosystem ser-
vices is that changes in their availability are reversible. A
reduction in the abundance of one species and the services
that it provided could be reversed as a result of reduced
pressure or active conservation practices.

Type-II ecosystem services are independent of the abun-
dance of individuals of a given species. This service type
includes the provisioning of genetic resources, which are
the basis for animal and plant breeding and biotechnology.
Another example of Type-II ecosystem service is the provi-
sioning pharmaceuticals that modern medicine depends on
heavily. The service is provided by the unique genetic
combination resident in native populations and not by the
number of copies of this combination. The availability of
Type-II services is affected by global extinctions because
local extinctions do not affect the availability of the genetic
code. Consequently, changes in the provisioning of type-II
ecosystem services are completely irreversible. Species that
become globally extinct are lost forever. Global losses of
species also result in the irreversible loss of the ecosystem
service that the species was providing or was going to pro-
vide. Global extinctions are the best way of estimating losses
in the provisioning of Type-II ecosystem services.

In this assessment, we discussed provisioning of Type-I
ecosystem services earlier in the chapter when we analyzed
patterns of habitat loss and local extinctions in the different
MA scenarios. The loss of this type of ecosystem services
was estimated as directly proportional to the loss of habitat.
Type-II ecosystem services were covered when we dis-
cussed global extinctions in the different scenarios. Global
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extinctions are important beyond the Type-II ecosystem
services that they affect.

Empirical support of the relationship between biodiver-
sity and ecosystem functioning and provisioning of ecosys-
tem services is currently lagging behind the development of
models. The first group of experiments on this topic fo-
cused on aboveground primary production and plant-
species diversity. Large-scale manipulative experiments
using grassland species in different regions of the world
showed a similar pattern, with the first species losses result-
ing in small decreases in primary production while further
reductions in species diversity resulted in an accelerated de-
crease in production (Tilman et al. 1996, 1997; Hector et
al. 1999). Empirical evidence of the effects of biodiversity
on other services and for other ecosystem types is still not
available.

A number of possible functional forms have been sug-
gested for the relationships that couple biological diversity
to the rate with which different types of ecosystem proc-
esses are undertaken (Sala et al. 1996; Tilman et al. 1996;
Kinzig et al. 2001). Central to all of these is the argument
that there is some asymptotic maximum rate at which the
activity is undertaken that declines to zero as species diver-
sity and abundance are reduced (Mikkelson 1993; Tilman
et al. 1997; Loreau 1998; Crawley et al. 1999; Loreau et al.
2001). (See Figure 10.23.) The shape of this relationship
depends on the service under consideration.

The allocation of ecosystem services to these different
shapes of the relationship depends on two basic assump-
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Figure 10.23. Relationship between Species Abundance and
Ecosystem Function for Resilient and Brittle Ecosystem
Services. In some cases decline may be rapid as the abundance of
the species undertaking the activity declines (for example, population
regulation of herbivores by top carnivores). In others, there may be
considerable redundancy, and the relative efficiency with which any
function is undertaken declines only slowly with loss of species
diversity and abundance declines. Arguably, this is the case for
nutrient cycling and water cleansing, though it is worth noting that the
net amount of nutrients and water processed will remain dependent
upon the net area (and quality) of land available.
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tions: species at different trophic levels perform different
ecosystem services, and species at higher trophic levels will
be lost more rapidly than those at lower trophic levels. A
number of examples of faunal collapse support our conten-
tion that species at higher trophic levels are lost more rap-
idly than those at lower trophic levels. (See Figure 10.24.)
The classic studies of John Terborgh and colleagues at Lago
Guri illustrate that the loss of top predators first and then
mesopredators in fragmented natural systems lead to cascad-
ing effects that sequentially disrupt regulatory processes at
lower trophic levels (Terborgh et al. 1997). Recent studies
of a variety of organisms also suggest that species on higher
trophic levels are more sensitive to climate-induced pertur-
bations (Voight et al. 2003).

Each of these cases provides an example of faunal col-
lapse following either a change in habitat quality or in re-
sponse to exploitation that has removed species from the
higher trophic levels. Although there are no studies that
explicitly explore the change in trophic structure as a habi-
tat is fragmented and reduced in size, a number of studies
suggest that food-chain length is a function of habitat size
(Cohen and Newman 1991; Post et al. 2000; Post 2002)
and that species at higher trophic levels have steeper slopes
in their species-area curves (Holt et al. 1999). All these em-
pirical studies suggest that declines in habitat quality or
quantity will lead to decreases in the length of food chains
and hence a more rapid loss of services provided by species
at higher trophic levels.

Using expert opinion, we assigned the different MA
ecosystem services as belonging to one of the many differ-
ent shapes of the biodiversity-ecosystem service relation-
ship. Higher numbers reflect services that are brittle and are
mostly performed by species in upper trophic levels. Lower
numbers indicate ecosystem services that are quite resilient
and performed by species in lower trophic levels. The cen-
tral criterion to allocate services to a particular shape was
that functions undertaken by species at higher trophic levels
are more brittle than those at lower ones. (See Table 10.6.)

Different ecosystem services tend to be undertaken by
species at different trophic levels. While top carnivores such
as tigers and wolves provide a heightened spiritual quality
to ecosystems, species such as nematodes, mites, beetles,
fungi, and bacteria undertake many of the processes that
cleanse air and water. At intermediate trophic levels, auto-
trophs (plants) provide not only structure and buffering
against erosion but also most of the nutrients that are then
passed up the food chain by primary and secondary con-
sumers. Because species at the top of the food chain tend to
be lost from declining habitats before those lower in the
food web, it is likely that ecosystem services supplied by
these species will be lost before those supplied by species at
the base of the food chain. We would thus expect to see an
initial sequential reduction in economic goods and services
as natural systems are degraded, followed by a more rapid
sequential collapse of goods and services. This implies that
the sequence of ecosystem service loss is likely to be pre-
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Figure 10.24. Annual Species Loss in Response to Gradual
Experimental Acidification in Two North Temperate Lakes. Loss
is measured as percent of pre-acidification species number. A) Four
lower trophic levels in Little Rock Lake, Wisconsin, United States:
primary producers (initial N�51phytoplankton species); primary con-
sumers (initial N�36 primarily herbivorous zooplankton species);
secondary consumers (initial N�9 omnivorous zooplankton species);
and tertiary consumers (initial N�9 primary carnivorous zooplankton
Species). B) Quaternary consumers in Lake 223, Ontario, Canada:
(initial N�7 fish species). For A, initial pH�5.59, final pH�4.75;
unavailable for B. For B. the cessation of recruitment (absence of
young-of-the-year) was treated as species extirpation. Additional
experimental details are available. Additional experimental details
are available for A) in Brezonik et al. (1993) and B) in Schindler et
al. (1985).

dictable; the relative position of the thresholds at which ser-
vices breakdown requires further attention.

This chapter has distinguished between two types of bi-
odiversity losses: extirpations of local populations (local ex-
tinctions) and global extinctions. We concluded with high
certainty that under all scenarios in the near future there will
be important losses of habitat and consequently losses of
local populations. Global extinctions will occur at uncertain
times because of lags between environmental change and
the occurrence of global extinctions. This last section of the
chapter links the two types of biodiversity losses with two
types of ecosystem services. Furthermore, we suggested a
relationship between the rate of decrease of an ecosystem
service with species losses and the location in the trophic
hierarchy of the species associated with that particular ser-
vice.
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Table 10.6. Response of Different Ecosystem Services in Different Ecosystem Types to Changes in Biodiversity. Responsiveness is
described in an arbitrary scale of 1–5, with higher values describing services and ecosystems that are performed by species in upper trophic
levels and therefore are brittle in comparison with services and ecosystems with lower values that are performed by species in lower trophic
levels and are resilient.

Ecosystem Urban Forest and Inland Water
Service Systems Cultivated Drylands Woodlands Coastal Systems Island Mountain Polar Marine

Provisioning
Food 1 1 1 5 1 5 1 1 5 5

Biochemicals and
pharmaceuticals 0 1 3 3 5 3 3 3 5 5

Genetic resources 0 5 3 3 5 3 3 3 3 3

Fuelwood 1 5 1 1 5 0 1 1 5 5

Fiber 1 1 1 1 1 5 1 1 5 1

Ornamental resources 0 1 5 5 5 5 5 5 3 5

Fresh water 1 5 1 1 0 3 1 1 1 0

Regulating
Air quality 2 1 1 1 1 1 1 1 1 1

Climate regulation 3 1 1 1 1 1 1 1 1 1

Erosion control 3 1 1 1 5 5 1 1 1 0

Water purification and
waste treatment 3 1 2 2 5 1 3 3 1 1

Regulation of human
diseases 5 5 2 3 0 4 3 3 1 1

Biological control 4 5 4 4 5 5 3 3 1 5

Detoxification 3 1 3 3 5 1 3 3 5 1

Storm protection 1 1 1 3 5 3 1 1 1 0

Cultural
Cultural diversity and
identity 3 1 4 4 3 5 5 5 3 3

Recreation and
ecotourism 5 1 4 4 3 5 5 5 3 3

Supporting
Primary production 1 1 1 1 1 1 1 1 1 1

O2 production 1 1 1 1 1 1 1 1 1 1

Pollination 3 5 3 3 1 0 3 3 5 0

Soil formation and
retention 1 1 1 1 5 1 1 1 1 0

Nutrient cycling 3 5 3 3 3 1 3 3 5 1

Provision of habitat 4 5 3 3 5 4 3 3 1 5
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Main Messages

Human well-being is considered to have five main components: the basic
materials needed for a good life, health, good social relations, security,
and freedom of choice and action. Human well-being is a context-dependent,
multidimensional continuum—from extreme deprivation, or poverty, to a high
attainment or experience of well-being. Ecosystems underpin human well-
being through supporting, provisioning, regulating, and cultural services. Well-
being also depends on the supply and quality of human services, technology,
and institutions. Technological and social changes cannot fully substitute for
ecosystem services.

Adverse effects to human well-being occur when ecosystem service loss
exceeds certain thresholds. The scenarios have different implications for
ecosystem services, institutional evolution, and other determinants of human
well-being. Together, the storylines and the model results provide a foundation
for estimating future human well-being. However, models cannot yet predict
critical turning points in the relationship between supply and human demand
for ecosystem services. Beyond such points, the scenarios themselves may
transform in ways that are difficult to predict.

Social and ecological systems are characterized by threshold points and
alternative states, which are qualitatively and quantitatively different from
their pre-threshold condition, often in unpredictable ways. Such systems
produce surprises when system states change in ways that are counterintu-
itive, unexpected, difficult to reverse, or disproportionate to the magnitude of
external forcing. Surprises may be beneficial or adverse. The magnitude, sign,
and significance of future surprises for the socioecological system are intensely
contested.

A bi-directional causal relationship exists between some adverse ecologi-
cal and social surprises. Such interactions may occur, for example, between
runaway climate change, desertification, fisheries collapse, eutrophication, new
diseases, major violent conflict, governance failure, and increased fundamen-
talism and nationalism. Feedbacks between ecological and social surprise may
generate new, comparatively durable social conditions that are harmful to
human well-being.

The vulnerability of human well-being to adverse ecological and social
surprises varies among the scenarios. High levels of human and other
forms of capital do not always guarantee preparedness for adverse surprise
and in some cases may even generate complacency. The vulnerability of
human well-being to adverse surprise in each scenario is determined by inter-
actions among the likelihood of, social preparedness for, resilience to, and
magnitude of adverse surprise. These qualities vary among the scenarios.

Scenarios vary in their assumed rate and direction of economic, social,
and institutional change. Scenarios characterized by socially beneficial insti-
tutional change may inadvertently undermine human well-being by increasing
the vulnerability to adverse ecological feedbacks. However, scenarios that
stress high ecological protection may prove unexpectedly vulnerable to ad-
verse social change. The degree of improvement for human well-being, though
uncertain, is probably positive in three of the scenarios but negative in Order
from Strength, which has the highest vulnerability to social and ecological
change.

Scenarios exchange impenetrable complexity for simpler but less realis-
tic conceptualizations. The future is likely to include elements from all four
scenarios, as well as others both undescribed and unimagined. Given sufficient
cooperation, information flow, preparedness, and adaptiveness, the human fu-
ture may respond to a dynamic interchange between various scenarios, at
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varying temporal and geographic scales, in ways that lead toward sustain-
ability.

11.1 Introduction
This chapter describes the implications for human well-
being across the four Millennium Ecosystem Assessment
scenarios. These implications are derived from a qualitative
analysis of the storylines, quantitative model results, and an
assessment of the assumptions that underpin the scenarios.
Case studies and examples are used to illustrate principles,
but the chapter does not attempt to be exhaustive. The pri-
mary focus is through 2050, though some categories of
major adverse surprise are more likely to occur in the fol-
lowing 50 years.

11.1.1 Ecosystems and Human Well-being

Human well-being lies along a multidimensional contin-
uum—from extreme deprivation, or poverty, to a high at-
tainment or experience of well-being. Human well-being is
complex and value-laden; context- and situation-dependent;
and reflects social and personal factors such as geography,
ecology, age, gender, and culture. Well-being is experien-
tial—that which people value being and doing. Despite this
diversity and subjectivity, there is wide agreement that
human well-being has five key, reinforcing components:
the basic material needs for a good life, health, good social
relations, security, and freedom and choice (MA 2003). It
follows that poverty is more than material lack and that ma-
terial sufficiency alone does not guarantee human well-
being.

Ecosystems underpin human well-being through their
supporting, provisioning, regulating, and culturally enrich-
ing services. Shortages of food, fiber, and other material
goods adversely affect human well-being via direct and in-
direct pathways, as does scarcity and failure of ecosystem-
regulating services. Ecosystems also affect well-being
through many cultural services, which influence the aes-
thetic, recreational, cultural, and spiritual aspects of human
experience. Many causal routes link ecosystems and ecosys-
tem service change and human well-being, forming a com-
plex weave with social, economic, and political threads.
Often, though by no means always, the quality, frequency,
and availability of ecosystem services is a present or histori-
cal contributor to these social, cultural, and economic fac-
tors. That is, these factors are not always independent of
ecosystem services. Turning points, or thresholds, further
obscure the causal connections between ecosystem services,
the social milieu, and human well-being. Sometimes, a
minor increment of change in ecosystem services can trig-
ger a substantial change to human well-being, operating
through causal routes that are often obscure or in some cases
widely denied.

Human well-being is also intimately related to the sup-
ply and quality of human-generated services, institutions,
and technology. Institutions—formal and informal—are the
body of laws, customs, economic relationships, property
rights, norms, and traditions that operate within society
(Dietz et al. 2003; Arrow et al. 2004). Among other func-
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tions, institutions regulate many of the links between eco-
system services and the constituents and determinants of
human well-being. Inequitable access to ecosystem services
is also influenced by institutions, which in turn are vulnera-
ble to the influence of powerful individuals or groups.

There is growing concern over the degree to which the
necessary suite of ecosystem services can be maintained at
both geographical and temporal scales. Global population
and average living standards continue to increase, but at the
expense of many ecosystem services, particularly those that
are non-provisioning. While ingenuity, technology, and
human services have partially substituted for many eco-
system services, other services have been damaged, lost, or
appropriated, often for the benefit of some human popula-
tions at the expense of others.

Future human well-being is a function not only of what
happens to its five constituents, but also of their interac-
tions. In turn, these constituents and interactions depend
on economic circumstances, ecosystem services, global and
local institutions, and feedbacks and interactions between
these determinants. Over the long run, many decisions that
have an impact on ecosystem services also affect human
well-being.

11.1.2 Ecological and Social Surprises

Social and ecological systems are characterized by alterna-
tive states and thresholds (Kay et al 1999; Scheffer et al.
2001), which we call ‘‘surprises.’’ Surprises occur when sys-
tem states change in ways that are disproportionate to the
magnitude of external forcing. These changes are often
counterintuitive, unexpected by most people, and difficult
to reverse. Human well-being, in aggregate, is vulnerable
to many adverse ecological surprises, and to most if not all
adverse social surprises (Levin 1999; Folke et al. 2005). The
distribution of adverse changes to human well-being as a
result of adverse surprise is rarely uniform, however, so that
subgroups of humans can often increase their well-being
even when aggregate well-being declines. The potential
magnitude, sign, and significance of future surprise for the
socioecological system are intensely contested, not least be-
cause of this unevenness of distribution (Arrow et al. 2004;
Johnson 2001; Lomborg 2001).

The trends described by the MA scenarios reflect this
wider debate. While the model results described in Chapter
9 suggest a general improvement in most aspects of human
well-being in most scenarios, this should not be interpreted
as meaning that the risk of a major decline in human well-
being on a regional or even global scale is trivial. The results
may more accurately reflect the inability of scientific
knowledge to as yet adequately conceptualize, quantify, and
model surprise. While the comparatively modern science of
computer model-based prediction is likely to be improved
by better theory, more accurate monitoring and data, and
more powerful computers, uncertainty and debate will be
perennial (Gunderson and Holling 2002). Nevertheless, it
may be possible to model, at least approximately, how criti-
cal scarcities of human, social, natural, physical, and finan-
cial capital and flows could interact to cause a major

PAGE 412

discontinuity at a local, regional, or even global scale (Butler
et al. 2005).

Surprise, by its nature, cannot be precisely forecast by
time, place, nature, or scale. Even so, at any time the likeli-
hood of some form of surprise at some place and scale is
high. In the next century, a non-trivial possibility exists in
all scenarios that one or several adverse surprises will occur
that are of sufficient magnitude to substantially reduce
human well-being in ways that are not captured by the
model results described in Chapter 9.

We distinguish between ecological and social surprises.
While some positive surprises are likely, we judge that the
frequency and magnitude of positive surprise is unlikely to
fully balance that of adverse social and ecological surprise.
Plausible adverse ecological surprises include runaway cli-
mate change, major emerging diseases (including to plants,
crops, and animals as well as humans), wide-scale eutrophi-
cation, desertification, and multiple fisheries collapse. Plau-
sible adverse social surprises include the collapse or erosion
of beneficial institutions, a global stock market collapse, a
major energy shock, and many types of violent conflict. A
combination of these surprises is also plausible.

Surprises of one category often have an impact on other
systems. For example, a major adverse social surprise is
likely to have ecological effects, and vice versa. Causality
between ecological and social surprises is frequently bi-
directional and sometimes operates through incompletely
understood, often controversial, psychosocial factors. In
some important cases, major adverse social surprises are
likely to be precipitated by reductions in ecosystem services.
Beyond certain thresholds, feedbacks can generate down-
ward spirals, establishing new forms of social conditions
harmful to aggregate well-being. Examples of such social
phenomena include major violent conflict and may also in-
clude intensified fundamentalism, nationalism, or a failure
of markets and governance. Other forms of major adverse
surprise include an increased frequency of earthquakes or
volcanic eruptions. Such events would interact with eco-
logical and social systems, as well as have many direct effects
upon human well-being.

Decisions taken to enhance human well-being over
short time scales can sometimes impair well-being over a
longer period, such as the prolonged collapse of the North
Atlantic cod fishery that was precipitated by years of over-
fishing, once sanctioned in the pursuit of shorter-term well-
being. In the future, several trajectories approaching thresh-
olds could interact, forcing at least one trajectory to exceed
a threshold.

Understanding the linkages between the components of
human well-being and future changes to ecosystem ser-
vices, though important, is insufficient to describe future
well-being. As mentioned, well-being also depends on
human-generated services, institutions, technology, and en-
ergy.

11.1.3 Risk, Vulnerability, and Social Coping
Ability

The vulnerability of human well-being to adverse ecologi-
cal and social surprises varies among the scenarios. Vulnera-
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bility is conceptualized as an interaction between the
likelihood of an adverse surprise, social alertness to such a
possibility, and the social coping ability to deal with an ad-
verse surprise. Opportunity costs restrict levels of alertness
to only those events perceived by society as both likely and
partly remediable. Although high levels of human, social,
physical, and other forms of capital are correlated with so-
cial resilience and alertness to some risks, this does not guar-
antee adequate preparation to adverse ecological and social
surprise. High levels of capital induce complacency and thus
may perversely reduce alertness and preparedness to some
forms of adverse surprise.

Complacency concerning the possibility of adverse eco-
logical surprises is likely to be higher in societies where the
connection between ecosystem services and human well-
being is poorly recognized, seen as highly indirect, or both.
Societies may also be vulnerable to adverse ecological sur-
prises if their quality of preparation is low, even if they are
acutely aware of its possibility. However, even where there
is inadequate preparation for adverse surprise, the quality
and richness of human and other forms of capital can still
provide a kind of safety net. In summary, vulnerability is a
function of the likelihood of adverse surprise, the adequacy
of alertness and other forms of preparation, and the presence
or absence of concurrent stresses, whether ecological, social,
or another form.

11.2 Material Needs

11.2.1 Indicators and Determinants

Basic needs include access to a secure and adequate liveli-
hood, income, and assets. Livelihood implies the activities,
claims, and access that help individuals meet material needs
(food, water, shelter, fiber, clothing, medicinal, and other
materials) from ecosystems in a sustainable way.

An indication of the ability of populations to meet basic
material needs in the scenarios is provided by the average
consumption of materials, by purchasing power, and by nu-
tritional indicators such as the number of malnourished
children. Averages ignore the equity aspects of material ac-
cess, however. In some cases, parts of the population may
consume an excessive quantity of a material such as food,
while another group may be undersupplied with food. Data
concerning the distribution and the trend of distribution of
basic needs are desirable to make inferences about human
well-being, including for many nonmaterial aspects of well-
being. At the same time, quality differences of some mate-
rial needs are difficult to disentangle.

11.2.2 Global Orchestration

Global Orchestration is broadly characterized by increased
income for rich and poor, by many forms of social and eco-
nomic convergence between wealthy and poorer countries,
and by investments in human capital, especially education.
Institutions that promote fairness, equity, and property
rights are strengthened, both globally and locally. Technol-
ogy registers advances, and even though ecosystem services
are stressed in many regions, important indicators of basic
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needs—including average income and average per capita
food production—improve substantially during the period
under examination. Many inequalities within and between
nations decline. Food insecurity in poorer countries is
greatly alleviated.

While policies that favor market forces are encouraged,
it is recognized that these policies must be harnessed with
strategies geared at improving the quality and structure of
economic growth, including generating better governance
mechanisms and reducing inequality. However, there is lit-
tle explicit focus in this scenario on the connection between
natural systems and human well-being. Instead, it is argued
that a materially wealthier society will in the long run de-
mand and be able to afford improved ecological conditions
(UNEP 1999). Losses in ecosystem services are thus viewed
as a temporary and correctable trade-off for greater material
wealth. Improved technologies are used to increase the ef-
fectiveness of restoration and to substitute for lost or dam-
aged ecosystems and their services. People also assume that
other components of well-being, such as freedom and
choice, will be enhanced as long as material levels of con-
sumption increase, no matter what happens to ecosystems
and ecosystem services.

In this scenario, globalization processes continue
through the dynamic and intensive interaction of eco-
nomic, social, political, communicative, ethical, humanis-
tic, and environmental spheres (UNEP 1999). Specific
reform policies adopted by governments, corporations, and
others include trade and other forms of deregulation, re-
duced public expenditure for social services, and privatiza-
tion of state enterprises, goods, and services (Kydd et al.
2000).

The cross-border flow of ideas, capital, people, goods,
and services, including of transformed and disguised ecosys-
tem services, expands. Migration is uncontrolled. Most ag-
ricultural subsidies and other barriers to trade are removed
in order to allow more equal participation and access to
global markets for all trade partners. The opposition of trade
unions, farmers, and others who predicted a ‘‘race to the
bottom’’ as a result of free trade gradually fades as it be-
comes clear that these fears were exaggerated. New tech-
nologies and economic niches increase employment in both
rich and poorer countries, especially in the service industries
that tend to the increasingly aged populations in Europe
and parts of Asia. The strong focus on education and effec-
tive governance systems in poorer countries aims to en-
hance the ability of these populations to take advantage of
the new opportunities.

Most ecosystem services in wealthy countries continue
to improve because of both protection and deliberate resto-
ration. In poorer countries, increased demand for eco-tourism
slows tropical deforestation and strengthens protection for
endangered ecosystems such as coral reefs and trophy spe-
cies such as the white rhinoceros. Higher levels of educa-
tion, urbanization, information access, and press freedom
increase the demand for family planning services in poorer
countries. Freer migration compensates for the low fertility
rate in many rich countries, including in European nations
and Japan (Vallin 2002; Demeny 2003). Declines in fertility

................. 11411$ CH11 10-27-05 08:45:25 PS



414 Ecosystems and Human Well-being: Scenarios

rates further contribute to increased economic takeoff
(Coale and Hoover 1958; Kelley 2001). In turn, positive
feedbacks develop that build on deliberate policies to im-
prove transparency and governance.

In this scenario, growing incomes due to economic and
policy reforms, urbanization, and increased global trade lead
to a rapid growth in effective food demand (Sen 1981).
Populations that are mostly vegetarian shift their food con-
sumption patterns to higher-protein diets, increasing the
demand for fish and meat, as described in Chapter 9.

Among all four scenarios, the increase in food supply is
predicted to be the greatest in Global Orchestration. (See
Chapter 9.) This is achieved mainly by raising yields on land
currently in production through techniques such as geneti-
cally modified crops, more-intensive cropping practices,
and increased use of fertilizers. Aquaculture continues to
expand, and although this contributes to the depletion of
oceanic fish stocks (Pauly et al. 2003; Powell 2003), both
fish and other food prices remain affordable. Therefore, the
basic supply of food, a foundation for alleviating poverty,
improves, including in poorer countries.

The risk of adverse ecological surprise in Global Orches-
tration is high. If these adverse changes are of sufficient
magnitude and effectively irreversible, then people in this
scenario are likely to find that their efforts to reduce poverty
and increase wealth will be undermined (McMichael and
Butler 2004). Coastal dead zones may increase in size, re-
ducing the provisioning and cultural services of coastal ser-
vices, such as fishing, swimming, and water sports. Global
temperature increase and sea level rise are highest in this
scenario until 2050, hence there is a risk of declining re-
gional or even global agricultural productivity that is not
fully captured by the model results. Beyond 2050, however,
the effects of climate change in several other scenarios ap-
proach that of this one, as described later. This scenario also
projects large increases in water withdrawal and water pol-
lution, particularly in poorer countries.

In summary, the basic material needs component of
human well-being is predicted to improve in Global Or-
chestration. (See Figure 11.1 in Appendix A.) But this result
is predicated on the proper functioning of local and global
institutions; the ability of markets, governments, and tech-
nological systems to respond rapidly and appropriately to
price signals; and the absence of major adverse ecological or
social surprises of sufficient power to radically alter the so-
cial and institutional trends described.

11.2.3 Order from Strength

Order from Strength is characterized by increased emphasis
on security and national protection, at the expense of global
issues. International and domestic inequality are largely ig-
nored while people become more concerned with securing
boundaries between rich and poor. As with Global Orches-
tration, there is a widespread assumption that ecosystems
are either robust or unimportant, and this is used to justify
the weak protection of a few representative ecosystems
within richer countries. In poorer countries, the fate of eco-
systems is left largely to unrestrained market forces, magni-
fied by the growing population.
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In both rich and poorer countries, priority is given to
short-term interest, disregarding the effects of policies on
ecosystem services and on less powerful peoples. This has
far-reaching implications for the material supply of goods,
especially to the poor. Although some wealthy populations
are able to increase consumption of material goods, for most
people material well-being decreases. (See Figure 11.1b.)
Market forces, unencumbered by mechanisms designed to
protect the interests of the poor, exacerbate many kinds of
inequality, both within and between nations. Declining in-
ternational cooperation and trust (Wright 2000) causes the
collapse of global negotiations, including for climate protec-
tion and trade. Reduced trade reinforces poverty traps in
wealthy and poorer countries. Expensive, inefficient indus-
tries and farming practices are sheltered in this scenario,
which is also marked by increased smuggling, including of
drugs, weapons, and scarce and valuable ecosystem goods,
such as endangered fish stocks and charismatic species.

Restricted human movement limits trade and employ-
ment as well as the flow of ideas, information, trust, and
understanding between the poor and rich world. This
worsens poverty wherever it exists. The demographic tran-
sition in poorer countries falters, as the spread of education
slows, leading to larger populations that damage local eco-
systems because of their need to obtain an increased propor-
tion of their material goods locally.

Decreased international cooperation harms many global
environmental public goods. In wealthy countries, reliance
is placed on adaptation rather than mitigation to deal with
climate change. The low rate of technology transfer to
poorer countries increases the rate of greenhouse gas accu-
mulation, however, as those economies remain fossil-fuel
dependent for longer, especially by burning poor-quality
coal. Toxic wastes are produced in large quantities in those
countries, with much of it dumped and burned locally.
Some pollutants, including persistent organic compounds
and mercury, are disseminated widely in the atmosphere
and food chain.

11.2.4 Adapting Mosaic

In Adapting Mosaic, decision-making is decentralized to
local authorities and communities. As well, there is a shift
in thinking toward policies that proactively try to manage
ecosystems. Civil society is strengthened, including among
indigenous populations. The proximity of communities and
their ecosystems, combined with devolved political power,
facilitates intense engagement between local actors and local
ecosystems. Rather than helplessly witnessing the erosion of
valued ecosystems by distant, often unknown actors, local
populations are better able to protect (or, in some cases,
elect to transform) their local ecosystem. This facilitates the
sustainable use of many of these local ecosystems for mate-
rial provision (Ros-Tonen 2003).

The connectedness between resource users and ecosys-
tems implies the existence of strong, locally powerful insti-
tutions, able to protect and regulate common resources.
(See Box 11.1.) Alliances may also be forged on a wider
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BOX 11.1

Management of Common Forest Resources in Tanzania (Kayambazinthu et al. 2003)

In the pre-colonial period, the common forest and pasture resources of Following colonization, however, these traditional institutions were
the Miombo woodlands in Tanzania were managed through institutions weakened. Colonial powers tended to view the traditional institutions with
that ranged from local to national and formal to informal. These operated disdain, and they also promoted new religious beliefs that undermined
independently and sometimes in combination. While some still function, traditional authority, including taboos. Though intended to facilitate devel-
many have been weakened. opment, many new institutions had little local legitimacy, and undermined

Traditionally, chiefs were the holders of powerful, stable, and valued previously successful resource management mechanisms. The establish-
user-group rules, which encapsulated spiritual, cultural, economical, and ment of forest reserves, which restricted access to local communities (ex-
ecological beliefs and practices that in turn facilitated the durable use of cept for some sacred groves and graveyards), was often unsuccessful, in
valued natural forest resources. These included rules and taboos to man- part because of reduced local autonomy. Centralized management raised
age and protect sacred woodlands, specific tree species, and sometimes tension between newly established committees and traditional leaders.
even individual trees. Cutting of living trees was prohibited. This situation was exacerbated by many enforced institutional changes

These institutions operated at complementary temporal and hierarchi- from structural adjustment programs during the 1980s and 1990s, charac-
cal levels. They included Dgasinga, instrumental in the communication terized by commercialization of forest products and reduced subsidies.
and articulation of indigenous knowledge, attitudes, and practices in regu- Declining productivity and increased poverty, in part because of increased
lating access to natural resources. The bylaws of Ngitili arose from the input prices, also forced many farmers to sell forest products and to ne-
need to reduce overgrazing at a regional scale. At the local scale, Lya- glect the traditional values of the woodlands. In summary, exploitation of
bujije provided clear rules to regulate pasture and woodland resources Miombo woodlands increased.
within and between villages. Belatedly, government institutions are rediscovering the value and rele-

The strength of these institutions rested with the village elders, who vance of reviving and harnessing local institutions for effective manage-
acted as custodians and enforcers of the forest-preserving bylaws. Their ment. There is a growing realization that ancient institutions that devolve
authority was reinforced by their subjects’ acceptance and faith in their power and that use traditional belief are not only more enduring and cul-
political, religious, and spiritual power. This resulted in a stable and dura- turally resilient, they are better suited to resource management than fiats
ble social and resource cohesion for extended periods. Yet elders were from centralized governments and committees.
not beyond the law; those who committed misconduct could be dismissed.

scale. In some cases these alliances provide complementary
knowledge and goods, building a beneficial, large-scale
symbiosis. Less nationalism leads to reduced military spend-
ing and the freeing of resources for the improvement of
human and social capital. Greater autonomy reduces local
and regional disputes and, consequently, civil war and ter-
rorism.

Material well-being in this scenario stays, on average, at
about the same levels as in 2000 (see Figure 11.1c), but
inequality is reduced, increasing material goods available to
poor people while decreasing material consumption of the
wealthy. While economic growth, as conventionally mea-
sured, is slower in wealthy countries in Adapting Mosaic
than in Global Orchestration and TechnoGarden, this is due
to more saturated demand for material goods, with more
people voluntarily reducing consumption (Hamilton 2003).
There is also slower growth in the demand for meat, as
people adapt to the health and ecological concerns arising
from high meat consumption. This reduces the pressure to
convert forests to pasture for export purposes. There is less
global trade and most food is produced locally. This improves
food security, including through greater self-sufficiency.

However, protection of the global commons—including
the climate, deep sea fisheries, Antarctica, and some aspects
of biodiversity—is impaired in this scenario due to the shift
of focus from global and regional to local (Buck 1998; Kai-
siti 2003; McMichael et al. 2003). A trade-off occurs be-
tween improved local conditions and the continuous strain
on and poor management of the global commons, which
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suffers in the absence of effective global protective strate-
gies.

11.2.5 TechnoGarden

TechnoGarden shows an increase of material human well-
being. (See Figure 11.1d.) This is achieved by spectacular
improvements in many kinds of technologies that are
geared at improving access to goods and services and at the
same time protecting ecosystems for the long term. Envi-
ronmental engineering advances include improving ecosys-
tems such as wetlands and polluted rivers, lakes, and coastal
zones (Odum and Odum 2003; Palmer et al. 2004). Ag-
ricultural landscapes become more diverse and less depen-
dent on fertilizers and pesticides as farmers increasingly
focus on producing multiple ecosystem services in addition
to food. Farmers in both rich and poorer countries are paid
for providing non-provisioning ecosystem services, such as
reducing erosion, sequestering carbon, increasing pollina-
tion, and providing recreation.

Nutrients and water are better metered and used more
efficiently, reducing waterlogging and salinization, eutro-
phication, and coastal dead zones. Crop yields increase be-
cause of many ingenious improvements in plants, such as
modified flowering times to improve heat tolerance
(Sheehy 2001). Other advances, including indoor cropping,
hydroponics, and genetic engineering and conventional
breeding, may improve photosynthesis and tolerance of
current limits, such as drought, frost, heat, flooding, pests,
diseases, and soil deficiencies (Johnson 1990; Botkin 2001;
BIO 2003).
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The development of synthetic timbers helps preserve
native forests, sparing habitat for endangered species and si-
multaneously increasing ecotourism. Implanted computer
chips, radio telemetry, and satellite surveillance are used to
better regulate common resources, such as the open ocean
and the Amazonian rain forest (Nepstad et al. 1999; Lau-
rance et al. 2001). Technological improvements reduce
wastage by facilitating ‘‘just in time’’ manufacturing and de-
livery systems. Improved recycling and design greatly re-
duce material and embedded energy wastage (Prabhakar
2001; WBCSD and UNDP 2003).

Increased trade and technological exchange between
rich and poorer countries spurs agricultural and other forms
of development. Cheap greenhouse gas–neutral techniques
for large-scale desalinization of seawater are developed, fa-
cilitating the transformation of vast areas of coastal desert
into productive farmland, fostering millions of new jobs and
thousands of new industries. Improved energy efficiency
along with renewable, decentralized energy technologies
and a greater use of biofuels reduce the income and influ-
ence of Middle East oil exporters, accelerating their eco-
nomic diversification.

The modeling results show a similar increase in global
food production as in Global Orchestration, with substantial
variation in demand between the regions of the world. The
growth in demand for livestock products is slower than in
Global Orchestration because of health and ecological con-
cerns. Food prices decline, especially in poorer countries.
Increased food supply is achieved mainly through agricul-
tural intensification and more-intensive livestock produc-
tion. There is also a substantial expansion of irrigated area
until 2050, when there is a decline. The scenario results also
assume an emphasis on technical water use efficiency for
agricultural, domestic, and industrial use. Therefore, water
stress is foreseen to grow only slowly on a global scale,
though large regional differences are observed.

Reliance on technological approaches increases the risk
of technology failure. More important, unless accompanied
by a parallel development of institutions, this scenario is at
a high risk of adverse social surprises. The analysis of the
scenarios (see Chapters 8 and 9) identifies two possible
problems in this regard. First, most innovations are likely
to be aimed at improving provisioning ecosystem services,
which have an immediate, direct impact on human well-
being, without similar attention to supporting or regulating
services. Second, increasingly complex technologies are
vulnerable to breakdown. New technological solutions are
likely to cause new problems, which in turn will require
new fixes, in a cycle that may never end and that, in fact,
may lead to solutions that are increasingly complex and
therefore increasingly prone to breakdown.

The unfolding of this scenario depends not only on the
successful development of new technologies but also on
their worldwide dissemination and adoption by ecosystem
users and managers. As is evident from the last 30 years, this
process is slow and difficult, particularly in low-income and
disadvantaged populations. Techniques for better natural re-
source management are not automatically adopted. Location-
specific needs, poor education, and the cost and difficulty
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of finding appropriate local information complicate the
process.

11.3 Health

11.3.1 Indicators and Determinants

The World Health Organization defines health as a state of
‘‘complete physical, mental and social well-being and not
merely the absence of disease or infirmity,’’ a concept simi-
lar to that for well-being. But more commonly, health is
viewed as a desirable physical and mental state, character-
ized by strength, stamina, equanimity, and a lack of pain.

Life expectancy, the best-known measure of health, is
insensitive to quality of life issues. Instead, disability-
adjusted life years are often used to establish priorities be-
tween different health problems (James and Foster 1999).
However, DALY-based burdens of disease assessments do
not fully account for complex causal pathways, long time
scales, potential irreversibility, and individual versus com-
munity responsibility properties, which ideally would be in-
cluded in assessing the health burden of ecological change.

Individual health depends on interacting genetic, envi-
ronmental, social, and medical factors. Adverse change in
any single factor is rarely, if ever fully, compensated for by
increase in other factors. Civil society is an important deter-
minant of health through means such as education, leader-
ship, and the distribution of limited resources. Technologies
also depend on social factors, especially cooperation in their
design and implementation. Health is also related to percep-
tions of individual and collective freedom and hope. And it
depends on community factors. For example, even the most
prudent person living in an air-polluted city will sustain
lung damage, while only the most informed fish-eater will
know the likely mercury content of the next fish dish.

Human health depends on all four forms of ecosystem
services. Most obviously, it depends on the provisioning
services that generate food and fresh water. Regulating ser-
vices enhance health through means such as reducing floods
and drought. Psychological health is influenced by many
culturally enriching ecosystem services (Frumkin 2002).
Supporting ecosystem services, such as the recycling of nu-
trients underpin the other services and are thus indirectly
essential to health. At the same time, the health of many
people relies on income obtained from the extraction and
transformation of ecosystems, often for consumption by
wealthier populations.

Predicting global population health over the next dec-
ades is difficult (McMichael 2001; Butler et al. 2005). But
future health is still likely to be mainly determined by these
social, political, and environmental factors. The evolution
of many health determinants is implicit in the storylines of
the different scenarios, while others are explicit in the
model results. These determinants include the degree and
trend of regional and global inequality, the quality of insti-
tutions, the degree of technological innovation, population
growth, and the productivity, distribution, and accessibility
of ecosystem services. It is increasingly feasible to predict
the future range and severity of several important infectious
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and noninfectious diseases (Hales and Woodward 2003;
Murray and Lopez 1997; Tanser et al. 2003; Webby and
Webster 2003). Predicting the regional and global disease
burden of emerging diseases is a bigger challenge, however.

11.3.2 Global Orchestration

Global Orchestration is characterized, broadly, by increased
income in all countries, by strong institutions conducive to
human development, and by investments in human capital,
including education. Food production per person improves
and the percentage of energy- or protein-undernourished
children is reduced by 2050 to 20% from its current level
of over 30%. The absolute number of undernourished chil-
dren also declines. Total population growth is lowest in this
scenario, minimizing the chance of regional population de-
cline through catastrophic conflict, disease, or famine.

These projections suggest that health will improve sub-
stantially, particularly in poorer countries. (See Figure
11.1a.) The burden of epidemic diseases such as HIV/
AIDS, malaria, and tuberculosis are reduced compared with
today and also with the other scenarios. Mental depression,
currently predicted to constitute an important burden of
disease in 2020, is comparatively reduced in poorer coun-
tries in this scenario, as poor populations gradually improve
their living standards, benefit from better, more inclusive
governance, see that their children have greater opportu-
nity, and yet retain significant social connectiveness, cultural
pride, and a sense of meaning. In wealthy countries, depres-
sion may also be reduced if recent trends toward increased
atomization and loss of meaning can be reversed (Eckersley
2004).

Improved vaccine development and distribution allow
people in this scenario to cope comparatively well with the
next influenza pandemic (Webby and Webster 2003). The
impacts of other new diseases, such as SARS, are also lim-
ited by well coordinated public health measures, including
vaccines (Gao et al. 2003). On the other hand, the lack of a
precautionary approach to public health, combined with a
shallow understanding of ecological risk, generates more
zoonoses, such as through poorly regulated ‘‘wet markets’’
(Webster 2004). Global health organizations are better
funded, as is regional health capacity, including for primary
health care, laboratories, and hospitals. Regional shortfalls
in food harvests are adequately managed by effective food
relief programs.

There are, however, some important caveats. The most
important is that the increased resources in this scenario are
distributed in ways that benefit the public good. The sce-
nario is highly vulnerable to adverse ecological shocks.
Many environmental conditions needed for good public
health could worsen. For example, microbiological water
pollution in poorer countries could become an even more
important source of ill health than it is now. Environmental
contamination with persistent pollutants (Webster 2003),
including heavy metals, could also become more pervasive,
with many adverse health effects. These include a further
reduction in cognitive potential for affected populations
(Kaiser 2000; Tong et al. 2000), in addition to that from
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macro- and micronutrient deficiency (Couper and Simmer
2001; Berkman et al. 2002; Grantham-McGregor 2002)
and increased endocrine diseases and cancer (Butler and
McMichael in press). For wealthy populations in poorer
countries, the complications of diabetes such as renal and
cardiac disease could entail a large and expensive burden on
health services (Zimmet 2000). Although total calories per
capita increase in this scenario, dietary diversity may fall,
narrowing micronutrient intake.

11.3.3 Order from Strength

Population growth is highest in this scenario, and there is
the lowest investment in human capital, including basic lit-
eracy and numeracy. There is decreased commerce and sci-
entific and cultural exchange between richer and poorer
countries. Inequality increases between and within these
nations. In both rich and poor countries, there are more
enclosed, gated communities, whose inhabitants are tended
for by less wealthy and generally less healthy service popula-
tions. This scenario has the least convergence between
health and social conditions for rich and poorer countries,
and it is likely that these will actually diverge, thus widening
the existing ‘‘health gap’’ between these groups (WHO
2002). (See Figure 11.2 in Appendix A.)

In many regions of poorer countries, the supply of criti-
cal ecosystem services reaches critical levels of scarcity, lead-
ing to new forms of poverty traps, conflict, and impaired
governance, such as was recently seen in Rwanda (André
and Platteau 1998) and Haiti. Institutions conducive to de-
velopment and good governance in poorer countries are
weak, including those designed to improve global gover-
nance. They are overwhelmed by powerful lobby groups
with narrow interests, including calls for greater security,
and by schemes that promote corruption.

Stocks of human capital in many poor regions weaken
because of the death and migration of knowledge-rich
adults (Piot 2000; de Waal and Whiteside 2003). Infant and
maternal mortality rates remain high in poorer countries, as
do the health consequences of difficult births and obstructed
labor, such as infections, epilepsy, and fistulas. Nutrition in
these countries deteriorates further, exacerbating ill health,
including by further reductions in cognitive development
and immunity.

‘‘Orphan’’ diseases—poorly researched and little-under-
stood conditions that primarily harm poor populations—
remain neglected, as do orphan drugs and orphan crops.
Efforts such as the Roll Back Malaria campaign (Teklehai-
manot and Snow 2002) remain underfunded. The limited
research into health problems of poorer countries focuses
primarily on ways to reduce short-term rather than long-
term risk, such as vaccines for tourists rather than insecticide
impregnated bednets (Sachs and Malaney 2002). Increased
population pressure in these countries forces more contact
between humans and nonagricultural ecosystems, especially
to obtain and trade bushmeat and other forest goods. This
exposes non-immune populations to new viruses, leading
to more outbreaks of hemorrhagic fever and zoonoses.
Sleeping sickness increases as poverty forces humans to pen-
etrate tsetse fly–infested regions.
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In many parts of poorer countries populations decline,
at least for short periods, because of epidemics such as AIDS
and TB, as well as episodes of violent conflict. The model-
ing results predict substantial population increase in these
countries in this scenario over the next 50 years, but this
is questionable, perhaps best illustrating a case where the
modeling constraints and assumptions lead to implausible
results.

New and resurgent diseases increase in poorer countries,
but few, if any, become major disease burdens in richer ones
(Glass 2004). However, it is possible, though with low
probability, that a more chronic disease could cross from a
nondomesticated animal species into humans, slowly and
then more rapidly colonizing human populations, as HIV is
thought to have done (Wolfe et al. 2004).

Some aspects of health improve in wealthy countries,
but at a lower rate of improvement than in Global Orches-
tration. In part this is because the higher emphasis on secur-
ity causes an opportunity cost to health research. The
higher risk of terrorism in this scenario causes increased
anxiety for people in rich nations. The increased emphasis
on competition and the free market also reduces aspects of
population health in comparison to scenarios with more co-
operation.

In summary, even if a modest improvement to health in
rich countries occurs it is unlikely to compensate for the
deterioration of health in poorer ones that is likely in this
scenario. Also, an ever-growing fraction of the world’s pop-
ulation live in these poorer nations and experience chronic
ill health.

11.3.4 Adapting Mosaic

In Adapting Mosaic, local solutions are developed for eco-
system and political management. This scenario is charac-
terized by greater regional pride and more cultural and
social diversity. This improves mental health, including of
minority populations, and leads to reduced alcoholism, do-
mestic violence, depression, and intravenous drug use.
Knowledge and practice of traditional health systems is bet-
ter preserved, but this could also mean the persistence of
practices that some find offensive, such as child marriage
and female circumcision.

Population growth is second highest in this scenario, and
technological and agricultural breakthroughs are less
marked than in TechnoGarden. The number of energy-
undernourished children in 2020 is predicted to increase by
about 16% before declining. At the same time, however,
the percentage of malnourished children in every region
declines.

The greater emphasis on small-scale cooperation leads to
a more even distribution of ecosystem services. Greater so-
cial connectivity improves some aspects of health. How-
ever, the global capacity to provide disaster relief weakens.
A lack of global leadership also undermines effective global
environmental treaties. Climate change and other large-
scale environmental problems are thus comparatively severe
in this scenario, exacerbating their long-term adverse health
effects.
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Without an explicit focus on promoting development,
many regions are unable to develop a sufficient critical mass
of expertise to foster the new technologies needed to main-
tain high living standards and at the same time cope with
the adverse effects of climatic and other harmful environ-
mental change. While a few communities voluntarily adapt
an energy-sparing lifestyle, their impact on global green-
house gas emission reduction is small. However, this sce-
nario is not very different from the others with regard to
climate change until the second half of this century because
of the many forms of inertia involved.

Crucial to health improvement is the degree to which
ideas, technology, and capital circulate internationally. In
other words, health standards are likely to fall behind in
communities disconnected from the broader research com-
munity. For example, while education is well recognized as
integral to the improvement of health in the materially poor
Indian state of Kerala, this improvement is also dependent
on the existence and availability of modern health services
and technologies; education in this case may be necessary,
but it is not sufficient.

In summary, health does not improve as much in poorer
countries in this scenario as it does in Global Orchestration.
(See Figures 11.1c and 11.2c.) In wealthy countries, on the
other hand, greater local cooperation and connectivity im-
prove psychological and mental health. Communities in
poorer countries become more culturally distinct and more
resistant to the forces that operate through the mass media
to promote phenomena such as ‘‘coca-colonization’’ and
tobacco consumption. As a result, conditions such as obe-
sity, diabetes, and cancer may not become as common in
those countries as now seems likely. Still, the prevalence of
these conditions increases in other communities that volun-
tarily adopt health-damaging behavior.

11.3.5 TechnoGarden

TechnoGarden sees spectacular improvements in many
kinds of technology and agriculture, improving nutrition
globally. Cheaper communications technology facilitates
improved literacy and access to useful information. Medical
breakthroughs extend life expectancy and improve the
quality of life in old age. Heat-stable, single-dose oral vac-
cines that confer lifetime immunity to multiple diseases are
developed. Water and indoor air pollution, currently re-
sponsible for the sixth and tenth highest component of the
global health burden (Ezzati and Kammen 2002; Ezzati et
al. 2002), are virtually eliminated.

Technological and scientific advances greatly increase
the global human carrying capacity. For example, solar en-
ergy breakthroughs allied with desalinization enable the ir-
rigated agricultural development of deserts, allowing the
migration of millions of people from areas that are currently
densely populated.

The rate of institutional evolution is particularly impor-
tant in this scenario, since rapid technological development
could undermine many institutions, either inadvertently or
through its deliberate use by powerful actors. Optimisti-
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cally, new health technologies and better nutrition could
themselves trigger social and economic improvements, es-
pecially among poor tropical populations, by reducing the
development-stalling impact of disease, undernutrition, and
high birth rates (Birdsall et al 2001; Sachs and Malaney
2002; de Waal and Whiteside 2003).

Though cheap robots reduce danger, drudgery, and ser-
vitude, they are also used to increase unemployment and
the exploitation of people. Virtual reality is misused to pac-
ify and condition people in ways that reduce their freedom.
Family and social ties loosen when children bond to ‘‘vir-
tual’’ nurses rather than to flesh-and-blood playmates. Au-
diences desensitized by an excessive diet of virtual violence
and pornography challenge civil society norms when whet-
ted appetites demand ever-increasing doses. Alternatively,
societies could use the new technologies for greater expres-
sion, strengthening social, family, and human capital, while
unemployment could be reduced by managers insisting that
overworkers take more leisure time, freeing job opportuni-
ties for others.

The easy and increased availability of calorie-dense food
exacerbates the nascent global epidemic of obesity and dia-
betes, in both rich and poorer countries. Obesity also in-
creases the rate of some forms of cancer. Lack of large
muscle use in childhood and poor gross motor coordination
fostered by sedentary lifestyles reduces mobility and bone
density in later life, canceling surgical improvements. De-
signer drugs prove more dangerous and addictive than
promised. Discrimination based on genetic profiles, for em-
ployment and insurance, for example, becomes common-
place.

On the positive side, the development of genetic engi-
neering leads to cheap and widespread ‘‘nutraceuticals,’’
providing both micronutrients or individually tailored med-
ications. New surgical techniques greatly extend life expec-
tancy, for those with sufficient means.

TechnoGarden could also—though with low probabil-
ity—see the development of truly devastating diseases.
These could escape or be deliberately released from bio-
warfare laboratories (Anonymous 2001a). Diseases targeting
specific genetic characteristics could be engineered for
‘‘ethnic cleansing’’ or other forms of genocide. New dis-
eases could also arise or be more widely disseminated by
new technologies, as occurred with several infectious dis-
eases in the twentieth century. The genetic homogenization
of food and other crops creates vulnerability to new agricul-
tural diseases, with adverse knock-on effects to human
health. Although the scenario assumes remarkable techno-
logical ingenuity, a struggle could develop between increas-
ingly sophisticated technologies and increasingly complex
problems. Some problems are likely to be deliberately
caused by human techno- and eco-vandals. On balance,
health improvements in all countries are not as marked as
in Global Orchestration.

11.4 Social Relations and Security

11.4.1 Forms, Expressions, and Determinants

Social relations refer to the degree of influence, respect, co-
operation, and conflict that exists between individuals and
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groups. These relations underlie security and, in some cases,
violent conflict. Social relations, expressed through man-
ners, customs, traditions, diplomacy, and other means, op-
erate at many scales—including among and within families,
neighborhoods, genders and within religious, cultural, eco-
nomic, political, and ethnically linked communities. Social
relations influence and are influenced by the distribution
and management of limited resources, including of ecosys-
tem and human services. Social relations are also influenced
by current and previous institutions and by past and present
social and economic relationships. Differing perceptions
over complex issues are inevitable (Adams et al. 2003), but
good social relations can reduce tension and, in many cases,
prevent violent conflict.

Many societies and groups have developed institutions
that have maintained a durable and adequate stock of com-
mon resources by mediating access and use of ecosystems
(Ramakrishnan et al. 1998). Sometimes, these institutions
have evolved to cope with periodic ecosystem service
shortages, such as by reciprocal trade between climatically
distinct regions (Cordell 1997). In recent centuries, many
indigenous populations have experienced a profound loss
of local ecosystem services, especially of their intertwined
provisioning and culturally enriching aspects. In many cases,
these ecosystems have been appropriated by more powerful
populations, who have then transformed them. While this
has often multiplied the provisioning aspect of the original
ecosystem, there has been little regard for the culturally en-
riching aspect. In addition, the material benefits of such
transformations have rarely been distributed equitably. In
some cases, the effects of such loss have been transmitted
through generations.

Position and rank, influenced by such factors as age,
gender, birth order, family, wealth, income, class, caste, ed-
ucation, ethnic group, and ability, are universal within soci-
eties (Price and Feinman 1995). But changes in either the
rank or entitlement of individuals and groups can both alter
or reflect changed social relations.

Important shifts in social relations may occur if the sup-
ply of desired goods (including, in extreme cases, the loss of
an entire ecosystem) reaches a critical threshold (sometimes
far above zero) and may lead to intensified grievance and
resentment. Losses that reflect and alter social relations often
have a nonmaterial aspect, such as eroded rights and free-
doms, including of cultural expressions and physical move-
ment. While social relations can deteriorate at any scale,
violent conflict is often most intense between cohesive
groups, such as tribes, states, and multinational alliances. In
some cases, grievance and deprivation (including perceived
deprivation) can spawn rigid positions, based on core cultural
beliefs that are often religious in character. Such positions,
frequently characterized by opponents as ‘‘fundamentalist’’
or ‘‘extremist,’’ often provoke similarly strong responses.

Security includes the ability to gain access to natural and
other resources and to safely retain personal safety and phys-
ical property. It also refers to a person’s sense of the future,
especially to periods characterized by increased vulnerabil-
ity, such as old age, sickness, and economic downturn.
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Causality between social relations, ecosystem services,
and other valued ends is often multidirectional. While poor
economic circumstances are usually associated with reduced
physical and economic security, violent conflict can also
often reduce the stock and flow of material goods, not only
by destroying physical and ecological capital, but also by
repelling the flow of financial and human capital, which can
worsen poverty traps and insecurity (Bloom and Canning
2001).

11.4.2 Global Orchestration

On balance, social relations improve in Global Orchestra-
tion as wealth increases, democracy spreads, and inequality
declines. (See Figure 11.1a.) Reduced international and do-
mestic inequality is a major step toward solving hostilities
and widening the scope of cooperative society. The power
and authority of global organizations such as the United
Nations increases, fostering improved international rela-
tions. In parallel, strengthened participatory democracy in-
creases decentralized decision-making, especially within
poorer countries. This motivates governments and other
leaders to work genuinely to reduce disease and poverty,
including in sub-Saharan Africa. However, the reduction of
agricultural and other forms of subsidy is bitterly resisted by
some farming and other groups, who resent the loss of in-
come and privilege that this entails for them.

In combination, these factors that enhance cooperation
strengthen institutions that potentially improve manage-
ment and conservation of global commons. Because of the
low value given to ecosystems, however, this scenario is
likely to see the continued transformation—and in some
cases the destruction—of ecosystems that are of high value
to indigenous but relatively powerless populations. This
may lead to a deepened sense of resentment, which cannot
be completely assuaged, even by financial compensation.

While the aesthetic, material, and spiritual loss of a com-
paratively small number of such people may be viewed by
the majority as acceptable, such loss and grievance could
still fuel guerilla wars, insurgencies, protest movements, and
legal action. Coalitions between concerned populations in
wealthy countries and indigenous populations are likely in
an attempt to protect particularly charismatic ecosystems,
such as mountain gorilla habitat. But many less famous eco-
systems are likely to be forcefully transformed in this sce-
nario.

Beyond these foreseeable but small-scale conflicts, social
relations and security could deteriorate if the scenario un-
ravels because of institutional failure or unexpectedly severe
ecological surprise or simply because the scale of problems
in poorer countries proves intractable to the improvements
that have been posited. For example, accelerated climate
change could interact with tropical deforestation and poor
coastal ecosystem service management to cause repeated
and severe landslides, storm damage, and coastal flooding,
eroding other forms of progress in populous poorer coun-
tries. This could damage social relations, both within the
affected area and between affected populations and others
who are less affected yet at least equally responsible. At the
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worst, such disaffected populations could contribute to lo-
cally and regionally active terrorist networks, for whom re-
cruitment increases with infrastructural damage, material
shortage, unemployment, and non-conciliatory gover-
nance. Deepening inequalities, if allowed to occur, could
then weaken the capacity to solve social, economic, and
cultural problems. At the worst, civil unrest, terrorism, and
resource-based conflict could further undermine social co-
hesion, leading to emergence of an Order from Strength
scenario. It is important to note that some forms of adverse
ecological surprise, of which the most stark and foreseeable
example is runaway climate change, could relentlessly erode
good governance, year after year, because of their intracta-
ble, inexorable, and essentially irreversible nature.

11.4.3 Order from Strength

Out of the four scenarios, social relations are the most im-
paired in Order from Strength, especially in poor regions
where investment in natural and human capital is particu-
larly limited. (See Figure 11.1b.) This is likely even in the
absence of severe adverse ecological surprise. The collapse
of global trade talks and the abandonment of poorer coun-
tries lead to a compartmentalized world, where economi-
cally powerless populations are left to their fate, which can
include local tyrants. There is very little interest in the pub-
lic good. Consequently, social relations deteriorate on many
scales, from local to international. Civil society deteriorates,
especially in poorer countries. In the worst case, ‘‘barbariza-
tion’’ could develop, characterized by widespread lawless-
ness, corruption, prejudice, and terrorism (Raskin et al
2002).

Among countries and regions where order prevails, se-
curity is very strict, particularly along borders and at official
entry points. Many borders are physically and electronically
fortified, with constant surveillance. The high and increas-
ing transaction costs of security reduce both trade and
travel, lowering the material and social quality of life for
many people. This is especially true when extended families
straddle both sides of these barriers. Legal migration from
poor to wealthy regions is strictly controlled, and the few
migrants who are admitted face substantial discrimination,
low wages, demeaning jobs, and limited opportunities.
Racism and other forms of appearance-based and culturally
derived prejudice increase, while direct experience of other
regions and cultures falls, increasing the likelihood of ste-
reotypical descriptions of alien peoples and cultures. Thus,
social relations at the global scale deteriorate, locking in
even more discrimination, apathy, and disrespect.

Inequality is increased within as well as between coun-
tries. Civil wars and rebellions become even more frequent
within poorer countries. Domestic and other forms of hid-
den violence also rise in richer countries, including through
the promotion of a culture that is more militarized, fearful,
and discriminatory. Refugee numbers outside the fortified
borders increase, and many refugees are confined indefi-
nitely in large squalid camps. International organizations
lose their autonomy, or even cease to exist. For a time, a
few poorer countries struggle to maintain educational stan-
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dards, but the repeated successful luring of their brightest
and best graduates by wealthy countries gradually lowers
the morale and expertise in poor areas. Consequent feed-
backs in poorer nations reduce investment, increasing debt
defaults, poverty, economic failure, mistrust, crime, corrup-
tion, epidemics, and violent conflict.

11.4.4 Adapting Mosaic

In Adapting Mosaic many locally cooperative networks and
actors emerge. Civil society strengthens local government
and organizations. Science and businesses play an increasing
role in the support of conventions to address persisting en-
vironmental problems. Decentralized management helps
conserve local ecosystems that are of importance for reli-
gious, spiritual, recreational, educational, and aesthetic reasons
(Kaisiti 2003). New partnerships emerge, incorporating
professionals, indigenous peoples’ organizations, commu-
nity groups, and product certification organizations, to
bring change at the local level. While the devolution of
power to the local level initially triggers conflicts with the
former holders of power, the scenario envisages that these
struggles are successfully resolved.

Military expenditure and conflict are reduced, freeing
enormous resources to improve human well-being. For ex-
ample, investment currently channeled to improve weapons
is used to build roads and develop improved crops. On the
other hand, the power of the United Nations and other
global organizations to tackle any global crises, including
disputes that might still arise over the management of com-
mon resources, is weaker in this decentralized scenario.
New actors may have conflicting interests, objectives, and
values not reflected in previous management regimes. Thus,
tensions and conflicts may still arise, even within the new
power structures. This is most likely where there are
changes in customary rights and practices.

11.4.5 TechnoGarden

Several unique characteristics influence social relations in
TechnoGarden. The most important is the extent to which
technology changes human relationships, shaped by evolu-
tion over millions of pre-TechnoGarden years. Humans
have always had some technologies, and for generations
many humans have experienced an increasing rate of tech-
nological change. Humans remain social animals, however,
requiring physical affection and contact for proper develop-
ment. This scenario sees the development of technologies
that lead to cheaper and easier forms of multilingual com-
munication. This enhances social development, including
between NGOs, social activists, and special interest groups.
But new technologies also distort social development by,
for example, creating people who feel more bonded with
synthetic forms of reality and stimulation rather than other
people and life-forms. In times of stress, such relationships
are unlikely to be fulfilling. Such people, even if relatively
few, not only feel alienated from society but also behave
destructively.

Cloning, ‘‘designer children,’’ and other forms of social
manipulation also affect social relations. Too late, people
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realize that genetic tinkering releases undesirable traits, in-
cluding behavioral. On the positive side, violent conflicts
lessen and social relations improve as new technologies fa-
cilitate the expansion of agriculture to areas that are cur-
rently sparsely inhabited. But without sufficient institutional
evolution, new technologies—including of weapons—
generate new arms races at regional, international, and even
local scales. In summary, as previously indicated with regard
to this scenario, the rate of institutional evolution is vital in
steering and controlling humanity’s growing technological
prowess in ways that improve human well-being.

On the negative side, cheaper and better communica-
tion could also be used by groups such as drug smugglers
and terrorists, whose aim or effect is to disrupt social rela-
tions. Disaffected individuals and groups could also make
use of new weapons. The diffusion of eco-technology may
reduce indigenous and other local knowledge of ecological
processes and management, creating vulnerability and de-
pendence.

11.5 Freedom and Choice

11.5.1 Determinants and Expressions

Freedom and choice includes the ability to acquire, to ex-
perience, and to select what someone likes, including from
ecosystems. It also includes the capability of fulfilling per-
sonal choices. Freedom is much more than material. It re-
lates also to the ability to participate in debate, to travel, and
to hold, study, and express personal beliefs, including views
that differ from the majority. There can be an asymmetric
relationship between freedom and choice and the other
components of well-being. For example, it is possible to
have enough material goods to survive comfortably and yet
to feel far from free. It is also possible to feel secure, to
enjoy good social relations and health, and yet not be free
(Sen 1999). And reduced freedom means reduced well-
being.

Freedom implies the ability to pursue the other compo-
nents of well-being, though without guaranteeing their at-
tainment. Yet freedom must also be limited, both for
individuals and groups, because an excess of freedom for
one party results in the dearth of another’s. The distribution
of access to resources, ecosystems services, and the quality
of institutions are vital determinants of the degree of free-
dom and choice. Excessive material inequality can not only
create but also result from a sense of grievance. This can
contribute to the generation of religious and other forms of
fundamentalism, reducing freedom of expression. It is also
possible to have societies where most people have fairly
equal access to material goods yet there is a highly asym-
metrical distribution of influence and a consequent lack of
freedom.

11.5.2 Global Orchestration

In Global Orchestration, many forms of material freedom
and choice increase because of the greater purchasing
power predicted in this scenario, the greater supply of many
goods and services, and the lessening of material and other
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forms of inequality. (See Figure 11.1a.) Democracy in-
creases greatly, causing a range of virtuous feedbacks, such
as better education and a greater, less skewed flow of infor-
mation. This liberation of human potential is particularly
striking in societies that have previously been repressed.
The convergence between wealthy and poorer countries
leads to more freedom of movement both within and across
borders. Reduced inequality sees less envy, crime, and dis-
crimination, generating new freedoms of expression, espe-
cially for minorities.

Some freedoms are reduced, however. Although the
total supply of many goods and services increases, many
consumers have less choice. Goods, both manufactured and
grown, are relatively homogenous culturally, technologi-
cally, and genetically. Many services are delivered anony-
mously, supplied by providers based in physically distant
economies with cheaper price structures.

Scientists, ecotourists, and deep ecologists have less op-
portunity to visit, experience, study, and honor ecosystems
destroyed or irrevocably altered to further material progress.
Others who feel deeply connected to natural systems, such
as many indigenous people, also experience a sense of loss,
including lost freedom. It is also plausible that microma-
nagement, applied repeatedly with the best of intentions,
could reduce freedom through a combination of market
and benevolent government tyranny.

11.5.3 Order from Strength

Order from Strength clearly results in a marked restriction
of freedom and choice in many regions. (See Figure 11.1b.)
Goods, trade, and travel are tightly controlled, including by
the manipulation of information, the suppression of protest,
and the control of the mass media using public relations
techniques, particularly to benefit and protect powerful in-
dividuals and groups (Stauber and Rampton 1995; Beder
1998). Communication technologies, including the In-
ternet, are censored and manipulated by governments and
powerful corporations, with limited freedom for NGOs and
other groups attempting to provide countering views.

In this scenario, many individuals and groups receive ar-
bitrary treatment according to qualities such as their name,
nationality, dress, ethnicity, and appearance. Freedom of
speech and self-expression suffer. Religious, ethnic, and
other forms of fundamentalism strengthen, further reducing
freedom of expression, including, paradoxically, of religion.

Global initiatives and conventions for ecosystem man-
agement decline, in part because of the opportunity cost of
constantly responding to the numerous security problems
likely to occur in this scenario. The freedom of individuals
to share information, even to ameliorate environmental
problems, is restricted. The access by many individuals to
ecosystem services in this scenario is also likely to fall as
regional inequalities increase. This reduces human freedom.

11.5.4 Adapting Mosaic

In Adapting Mosaic, freedom of choice and action are im-
proved on average over conditions in 2000. (See Figure
11.1c.) Resource users acquire many local forms of freedom
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and choice. These include the ability to manage ecosystems
through local institutions and the freedom to experiment
with different forms of management and to modify and ma-
nipulate ecosystems to produce services consistent with
their needs and wants. Poor people in poorer countries gain
the freedom to restrict foreign investment by imposing
taxes and tariffs, including those that could weaken envi-
ronmental protection.

Yet the limited international reach of global society is
likely to extend beyond that of an impaired capacity to form
global environmental agreements to also include impaired
international policing and a weakening of international co-
operation in spheres such as global human rights protection.
Although the scenario assumes a high degree of social har-
mony, it is in fact likely that some groups will try to take
advantage of the comparative legal and peacekeeping vac-
uum likely to form. This could lead to gross human rights
violations that go unnoticed by the wider community.
Freedom and security will be reduced for vulnerable
groups.

11.5.5 TechnoGarden

Freedom and choice are, on average, improved in Techno-
Garden compared to 2000. (See Figure 11.1d.) The rate of
increase of freedom in TechnoGarden depends crucially on
the accompanying rate of institutional evolution. Technolo-
gies themselves are benign, having no capacity to either
constrain or liberate freedom. If they can be used success-
fully to increase the per capita supply of well-managed eco-
systems, however, and at the same time allow a greater
preservation and restoration of wild ecosystems, then many
forms of freedom and choice are likely to increase. For ex-
ample, higher food production, cleaner water, and, possibly,
expanded areas suitable for human habitat should increase
freedom.

Consumers with sufficient means have new choices of
foods, production systems, technologies, and entertain-
ment. Nanotechnology, robotics, and other technologies
enable niche markets to become economic. Books never go
out of print, as microprinting technologies become inex-
pensive and widely available. Other technologies preserve
languages and customs, broadening cultural and consumer
choice.

Freedom and choice for some populations, such as those
living in areas flooded by new dams or whose land has been
appropriated for other uses, are reduced, however. The sce-
nario could also unravel, with new technologies being
adapted to reduce freedoms, including by new forms of sur-
veillance, policing, and military techniques. Some of these
technologies could also be used illicitly or accidentally in
ways that reduce freedom.

11.6 Ecosystem Services and Human Well-being
across the Scenarios

11.6.1 Provisioning Services

Without adequate provisioning services, human well-being
will clearly decline. Material needs and health are obviously
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vulnerable to reduced provisioning services (below a
threshold), but such declines are likely to lead to reductions
in the other aspects of human well-being as well. This rela-
tionship is not linear. Once adequate provisioning services
are available to deprived populations, additional increases
in provisioning ecosystem services are unlikely to lead to
commensurate improvements in human well-being.

In all four scenarios and in all regions analyzed, the
model results show that per capita cereal consumption (as
food, rather than animal feed) remains little changed in
2050 compared with the present, although in Adapting Mo-
saic it falls slightly in sub-Saharan Africa, the region with
the lowest current consumption. (See Chapter 9, Figure
9.23.) However, per capita meat consumption is found to
increase by 2050 in sub-Saharan Africa in all four scenarios.
In Adapting Mosaic and Order from Strength, the absolute
number of energy-undernourished children in poorer
countries is predicted to increase by 2020, but this improves
by 2050, particularly in Adapting Mosaic. (See Chapter 9,
Figure 9.31.)

These model results raise deep questions about the as-
sumptions used to generate them. The finding of a reduced
percentage and absolute number of energy-malnourished
children in sub-Saharan Africa in 2050 in Order from
Strength seems optimistic, particularly in the context of the
tripling of population projected for this region in this sce-
nario. Instead, several factors appear likely to reduce the
capacity of sub-Saharan Africa to lower the number and
percentage of energy-undernourished children. These plau-
sible factors include a substantial increase in the price of
energy, harmful effects to domestic agricultural productivity
because of HIV/AIDS and probably other diseases, and,
perhaps most important, the damage to infrastructure and
human capital from repeated violent conflict. The models
conclude that the demand for food increases strongly in all
four scenarios, but this conclusion is in doubt with regard
to a large increase in effective food demand in Order from
Strength (Sen 1981).

Biofuel includes trees, agricultural wastes, and crops
grown specifically as energy carriers, such as maize fer-
mented to produce alcohol. Most biofuel is burned to pro-
duce electricity rather than used for heating and cooking, as
traditional firewood would be. Biofuel production increases
substantially in the Global Orchestration and Techno-
Garden scenarios. (See Chapter 9, Table 9.33.) If there is a
co-existent oil shortage, together with an immature or
costly substitute fuel for transport, large areas of agricultur-
ally productive land may be harnessed to produce biofuel,
with adverse effects for total food production.

11.6.2 Regulating Services

Regulating services are also essential for human well-being.
Most obviously, these include ecosystems sufficiently intact
to reduce flooding, landslides, and storm surges and to
maintain river flow in dry areas. Less obviously, there is a
strong interaction between land cover and climate at the
regional and global scales. Many ecosystems can be trans-
formed to supply markets (such as forests to lumber, or
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mangroves to fish farms) but this is at the loss of regulating
services, for which markets are weak. Beyond thresholds of
loss, diminished regulating services lead to disproportionate
harm to human well-being, especially for vulnerable com-
munities.

Globally, regulating services are best preserved in
TechnoGarden and Adapting Mosaic. For example, tropical
deforestation is lowered in TechnoGarden by a combina-
tion of reduced tropical hardwood consumption by rich
populations, technological developments leading to substi-
tution, and slower population growth in poorer countries.
In Adapting Mosaic there is in general greater protection of
local ecosystems, including through greater resistance to the
organized criminal systems that have contributed to much
illegal logging in Southeast Asia (Dauvergne 1997; Jepson
et al. 2001).

In contrast, in both Order from Strength and Global Or-
chestration, a combination of market forces, undervalua-
tion, and feedbacks lead to substantial deforestation, not
only in the mostly tropical poorer countries but also in large
swathes of Siberia. In Central America and the Caribbean
this leads to more local flooding (Hellin et al. 1999) and
development reversals, as occurred following Hurricane
Mitch in 1998. As the century passes, deforestation increas-
ingly interacts with climate change and fires, reducing the
terrestrial carbon sink and enhancing the chance of runaway
climate change (Cox et al. 2000). This risk exists in all sce-
narios, but is highest in Order from Strength and Global
Orchestration.

11.6.3 Cultural Services

Cultural ecosystem services are also essential for human
well-being, particularly by supplying aesthetic, recreational,
psychological, and spiritual benefits. In turn, the sense of
loss from or connection with such services is a factor in
broader issues of security, cultural relations, and freedom.
The protection of sites, species, or ecosystems of special sig-
nificance can improve the morale of large populations, just
as the loss of such icons can exacerbate despair, violence,
and loss.

The cultural services of ecosystems are best protected in
Adapting Mosaic. In this scenario, the greater autonomy of
local groups facilitates stronger protection of valued land-
scapes, streams, and species, though some species remain
vulnerable to circumstances well beyond local control, such
as the lack of protection of distant landing sites for migra-
tory birds or the dissemination of persistent chemicals that
may reduce fertility.

In Global Orchestration, the cultural services of many
ecosystems are undervalued unless they already generate
substantial income, such as through tourism. Economic
growth is viewed primarily in monetary terms rather than
as an incomplete indicator of what is really important
(Arrow et al. 2004). Consequently, old-growth forests are
converted to palm oil plantations and wetlands to fish farms.

In TechnoGarden, there is also an undervaluation of
many cultural ecosystem services. There is a pronounced
belief, merging with hubris, in the ability of technology to
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provide adequate substitutes, such as through virtual life
forms and ecological engineering. Ultimately, these are
likely to prove less compelling to humans than living species
and genuine ecosystems. However, the greater efficiency of
transformed ecosystems, such as those used to grow food,
also means that there is less demand to transform ecosystems
that are currently little changed. This will result, de facto,
in greater protection for some cultural services, especially in
poorer countries.

In Order from Strength, many cultural services of eco-
systems decline, especially in poorer countries. Numerous
species, including birds, mammals, and fish, are forced into
extinction, both directly by hunting and indirectly by habi-
tat loss and pollution. The more privileged populations in
the wealthy countries also lose access to many cultural ser-
vices, not only through the probable extinction of charis-
matic species, such as some of the great apes, but also
because firsthand experience of species that do survive in
poorer countries is increasingly rare. The genetic health of
species protected in richer countries in zoos and wildlife
parks also suffers, as they become more inbred.

The decline of cultural ecosystem services in Global Or-
chestration, TechnoGarden, and Order from Strength is
likely to have a generally negative impact on human well-
being, especially for people with a high degree of biophilia
(Wilson 1984; Frumkin 2002).

11.7 Vulnerability

11.7.1 Ecological Surprises

Major adverse ecological surprises are more likely to occur
in Order from Strength and Global Orchestration than in
TechnoGarden. Adapting Mosaic has the lowest rate of ad-
verse ecological surprise. Social resilience to such surprises
is seen to be strongest in Adapting Mosaic and Techno-
Garden but is particularly low in Order from Strength.

The vulnerability of Global Orchestration to a major
ecological surprise is an important weakness of this ap-
proach to development. The reduced emphasis on ecologi-
cal issues in this scenario means that society and individuals
will be poorly equipped to detect early indicators of major
ecological change. Symptoms such as localized eutrophica-
tion, strange but limited animal and plant diseases, or fish-
eries collapse are likely to be dismissed rather than
recognized as significant. This is likely to further delay and
weaken action, risking ineffectiveness. By the time a major
ecological change is occurring, such as runaway climate
change, it may be impossible to stop. Order from Strength
has a similarly reactive approach to ecosystem management,
which, coupled with societal ignorance about ecology,
gives this scenario a very high potential for adverse ecologi-
cal surprise.

Any major ecological surprise is likely to have important
social consequences, even in a society as well-educated,
harmonious, and technologically advanced as postulated in
Global Orchestration. Runaway climate change is a partic-
ularly serious threat in this scenario. Its likely manifestations
would include increased extreme weather events such as
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droughts, floods, fires, and, perhaps, more violent storms
and fires. It could also precipitate many adverse agricultural
effects in tropical poorer countries, including in sub-
Saharan Africa and South Asia, both of which could experi-
ence increased food shortages and famine. In the subconti-
nent, climate change could exacerbate pre-existing security
tensions between nuclear-armed rivals.

Some technologies developed in TechnoGarden are
likely to have unexpected effects. While some will be triv-
ial, others could be serious. The twentieth century provides
many examples of how technologies and new techniques
conceived as benign or beneficial in fact had harmful conse-
quences (European Environmental Agency 2001). Some—
such as the spread of bovine spongiform encephalopathy
(Butler 1998) and of HIV among Chinese blood donors
(Anonymous 2001b)—have cost billions of dollars and af-
fected thousands of lives. An apparently more benign case
was the accidental exposure between 1955 and 1963 of over
100 million people to a polio vaccine potentially contami-
nated with a simian virus (McCarthy 2002). While this did
not cause a major public health problem (although there are
concerns that this virus may be associated with lymphoma)
(Vilchez et al. 2002), it could have. The natural but unfore-
seen arsenic contamination of tubewells developed to ex-
tract microbiologically safe water in Bangladesh and parts
of India (Smith et al. 2000) is another example of adverse
technological surprise. On the positive side, Techno-
Garden’s proactive and learning-focused approach may help
people in this scenario avoid some surprises.

New agricultural technologies are also likely to have un-
expected results, not all of which will be benign. For exam-
ple, genetically modified plants may spread new genes into
wild species. Uncertainty about the scale of these changes
exceeds our current ability to monitor them. Groundwater
extraction may promote locally higher crop production but
reduce production elsewhere by disturbing the underwater
hydrology (Alley et al. 2002). Aquifers may also become
excessively contaminated by pesticides and other substances
with uncertain but potentially long-lasting effects. Clearing
of water catchments and wetlands for farming and aquacul-
ture may change micro-climates, reduce fish breeding, and
make densely populated areas more vulnerable to disasters
such as storm surges and flooding. New dams may reduce
the productivity of downstream fisheries and agriculture.

In the absence of institutional changes that protect
poorer populations, new technologies—including ones that
facilitate the conversion of large areas of low value land for
more productive uses—tend to have a disproportionately
negative effect on women and marginal populations, in-
cluding pastoralists and indigenous peoples.

Adapting Mosaic tends to avoid surprises by being pro-
active and by taking small steps and carefully monitoring
the results. Some small-scale surprises do happen, particu-
larly when experiments fail, but these generally do not affect
large numbers of people negatively.

11.7.2 Social Surprises

Major adverse social surprises include large-scale violent
conflict, governance failure, and increased fundamentalism
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and nationalism. Global Orchestration is likely to have the
greatest capacity to cope with social surprises and—in the
absence of major adverse ecological surprises—the least
chance of having them occur. This social resilience is fos-
tered by the improvement of human, social, and physical
capital in this scenario, but at the expense of natural capital.
There is a belief in this scenario that as these nonenviron-
mental forms of capital improve, the self-organizational ca-
pacity of society to respond appropriately to various forms
of stress—even ecological—will also improve (Johnson
2001). Reduced inequality (including of opportunity and
respect) should also mean greater social cohesion and coop-
eration in the face of stress. On the other hand, the increas-
ingly homogenous global culture in this scenario is likely to
promote many forms of cultural reaction, especially among
people who lag or resist identification with this global aver-
age. This could stimulate cults and religious and other forms
of fundamentalism.

The amount of social surprise is highest in Order from
Strength. Fundamentalism and other forms of extremism
are likely to attract considerable support in this scenario,
especially in poorer countries depleted of knowledge and
human capital. Corruption and violent conflict are also
likely to increase in these countries in Order from Strength,
repeatedly undermining human well-being. In addition,
grievance-motivated criminal and terrorist groups based in
these countries are likely to attempt to wage a guerilla war
against the heavily fortified richer countries. This could take
the form of attacks on enclaves of rich populations in poorer
nations or tourists who venture into such countries, cyber-
attacks, and the establishment of terrorist sleeper cells within
rich countries.

11.7.3 Other Surprises

Other categories of adverse surprise, such as an energy
shock, are also possible. While technological optimists and
many economists (Johnson 2001) argue that higher energy
prices are likely to drive a successful and rapid energy transi-
tion, this proposition is unproven. Even if methods to de-
velop alternative portable fuels, including from renewable
sources of energy, are technically feasible, there is no guar-
antee that the rate of this development and its diffusion will
be sufficiently rapid to prevent widespread hardship, espe-
cially in poorer countries. Multiple interactions between
adverse social, ecological, and other surprises are possible.
These could have ripple effects, both temporally and geo-
graphically, that impair the response to crisis, causing a
downward spiral.

11.8 Summary and Conclusion
Each scenario has different consequences and implications
for the components of human well-being. (See Table 11.1
and Figure 11.1.)

The Global Orchestration scenario ostensibly has the
greatest improvement in human well-being at the global
level, especially for populations who are currently disadvan-
taged. (See Figure 11.2a.) Since the main focus of decision-
makers in this scenario is enhancing the functioning of
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human systems via increased economic growth and im-
proved social policies, improvements in the poor countries
are expected to be quite substantial across all human well-
being components. In rich countries especially, material
well-being and health improve, but other components do
not change significantly compared with today.

We believe many systematic obstacles will limit fulfill-
ment of this scenario’s promise, however. In particular, we
think that the scenario underestimates the obstacles that will
impede realization of its assumptions (such as the surprises
that might be involved with the removal of agricultural sub-
sidies; see Box 11.2). There is an inherent contradiction
between its assumptions of both decreased regulation and
increased privatization and the claim that this is consistent
with policies that will improve the quality and structure of
economic growth in ways that promote equity and good
governance (Stiglitz 2003). In parallel, the benefits of
‘‘trickle down’’ promised by advocates for free trade are
likely to be exaggerated in this scenario, even if subsidies are
successfully lowered. Consequently, the institutional reform
promised by this scenario is unlikely to lead to substantial
increases in the ability of the poor to attain secure access to
resources, including of ecosystem services.

We also find that this scenario has a high vulnerability to
major adverse ecological surprise, such as runaway climate
change. (See the Socioecological Indicators in Figure
11.1a.) Human well-being is predicted to improve because
of a strong focus on increased provisioning ecosystem ser-
vices, such as food and water availability, and the priority
given to short-term goals over a long-term vision of how
to deal with change. However, the maintenance and resto-
ration of supporting and regulating services is comparatively
ignored. This creates a high risk of eventual breakdown of
key ecosystem functions, including provisioning services,
with a direct impact on human well-being. In addition, this
scenario is characterized by a lack of capacity to monitor
and react quickly to adverse ecosystem changes, creating
vulnerability to the passing of ecosystem thresholds. This
vulnerability exists despite the improved education in this
scenario, in part because there is little educational focus on
the interaction of human systems with nature.

In the Order from Strength scenario, human well-being
is clearly decreased. (See the HWB Indicators in Figure
11.1b.) The global distribution of resources and services that
underpin human well-being is more skewed than at present.
Wealthy populations meet material needs but experience
increased psychological insecurity, while the resources of
poor populations are depleted by more powerful groups. As
Figure 11.2b demonstrates, there may be slight improve-
ments in material well-being and health in rich countries,
but social relations, freedom and choice, and security are
likely to deteriorate due to huge inequalities between rich
and poor populations both between and within countries.
For poor countries, the picture looks even gloomier. In-
equality, underinvestment in education, continuing popula-
tion increase, and little regard for the maintenance of key
ecosystems on which mainly poor people depend leads to
an overall decrease in all components of human well-being.
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Table 11.1. Benefits Compared with Risks and Costs for the Five Components of Human Well-being across the Four Scenarios

Component Benefits Risks and Costs

Global Orchestration
Material needs increased incomes, employment, and food; convergence be- adverse ecological surprises; privatization may act against

tween wealthy and poorer countries; better education some groups; food diseases if checks are not maintained in flow
chain; more invasive species

Health better nutrition; strengthened global health services; enhanced increased obesity-related diseases, especially Type II diabetes;
vaccine development and distribution; better mental health more cancer and osteoporosis

Security proliferation of peace initiatives and civil societies; reduced increased violent conflicts over diminishing resources, at worst
crime as inequality narrows case transformation to Order from Strength

Social relations convergence of cultures and aspirations between wealthy and lost traditions, cultures, knowledge, and valued ecosystems
poorer countries; greater democracy, friendship, and cultural ex- could trigger resentment or even terrorism against global cul-
change ture; smaller families increase social isolation

Freedom of choice increased political freedom, civil liberties, information flow, more homogenous culture and ecosystems reduce choice
and action movement, expression, and association

Order from Strength
Material needs representative ecosystems will be maintained in rich countries increased material scarcity for poor populations; degraded eco-

to provide ecosystem services systems for poor populations; increased material inequalities

Health improved health in rich countries that can afford health services malnutrition; increased poverty-related diseases, drug resis-
and have expertise for technological breakthroughs tance, violence, post- traumatic stress, and depression; in-

creased anxiety disorders for rich and poor

Security advanced technologies and services for those who can afford increased crime; hostility among and within nations; terrorism,
them civil wars, rebellions, fear, stigmatization

Social relations reasonable among high-income populations, but overlay of gangsterism, corruption, intimidation within poor populations;
anxiety widespread fear, mistrust, intolerance, and hostility

Freedom of choice limited freedom for protected high-income populations increased surveillance and control; restricted freedom of
and action speech, association, movement, travel, self-expression; censor-

ship and propaganda

Adapting Mosaic
Material needs engagement between ecosystem users and owners facilitates reduced productivity from global commons due to misuse

sustainable use; strong local resource institutions

Health reduced stress; traditional health systems; better mental health, loss of global health capacity; uneven distribution of high tech-
especially for indigenous populations nology medical services, including surgery and new vaccines

and drugs

Security lowered incidences of conflicts as spending on military action is increased risk of international criminal activity and hidden
reduced to cater to local development human rights abuses, including genocide

Social relations strong local networks, regional pride; local alliances, local solu- lack of global police force or strong influence of global social
tions for disputes norms could lead to persistence of local forms of oppression for

women and minorities

Freedom of choice freedom to form partnerships, develop local solutions, maintain curtailed freedom and choice through continuation of existing tradi-
and action customs, and relate to and access local ecosystems tions and customs that restrict freedoms for women and minorities

TechnoGarden
Material needs increased income; ubiquitous computers and communication; increased unemployment due to robots; inadequate inclusion of

robotics and intelligent buildings displaced workers

Health improved nutrition; cleaner air, water, and food: health informa- addiction to designer drugs and virtual reality; poor gross motor
tics; better surgical techniques and new drugs; ‘‘nutraceuticals’’ coordination; genetically engineered pathogens; adverse health

effects of new foods and chemicals

Security better surveillance technology and security systems; robotic cheap, powerful weapons could allow small groups to threaten
guards security; electronic fraud; arms races of many kinds and many

scales

Social relations better communication; more literacy; less conflict; technology genetic-based discrimination; reliance on synthetic reality may
links new groups; more understanding and trust create emotional vulnerability and antisocial behavior; weak-

ened family links

Freedom of choice diversified ecosystem services; choices for production systems; new surveillance technologies (visual and electronic) could re-
and action selection of desired genetic characteristics from ecosystems duce freedom
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BOX 11.2

How Global Orchestration Could Become Order from Strength

The benefits to well-being promised by Global Orchestration are likely to free trade, even though sincerely attempted by many parties, fails to sur-
be greatly overstated if its key assumptions prove exaggerated or false. mount its zero-sum-gain obstacles, stubbornly creating new generations
Rather then declining, multidimensional inequality could increase, leading and populations of winners and losers (Mehmet 1995). As a result of such
to an increased ‘‘lock in’’ between rich and poor. Different rules, condi- pathways, convergence between rich and poorer countries could weaken
tions, and feedbacks could be applied to and come to characterize or even reverse. If this happened, then ecosystem services, especially in
wealthy and poor populations, exacerbating inequality. Developing-country the latter nations, are also likely to continue to decline (Welch 2001).
debt burdens could increase, contributing to additional burdens on ecosys- Unanticipated adverse ecological surprise could interact with flawed
tems—for example, through deforestation, increased erosion, ongoing bio- human actors, greatly magnifying the destruction of built and other forms
diversity loss, and more pollution. of capital. Nationalism, fundamentalism, protectionism, and terrorism could

Mechanisms introduced to reduce inequality and to improve human resurface, eroding the capacity of global institutions even if they are
capital could prove unexpectedly fragile and rapidly be abandoned. For stronger than today. Because of these setbacks in development and human
example, attempts to increase education in poorer countries could be set capital formation, population pressure may be even higher than currently
back by an exacerbated ‘‘brain drain’’ or by a disease that particularly anticipated, creating additional pressure on surviving ecosystems and also
affects young adults. Funds pledged for development could be repeatedly inhibiting the economically beneficial effects of the ‘‘demographic dividend’’
diverted to address crises involving wealthy countries, such as wars, ter- that an increasing number of observers have recognized, including as a
rorism, or intractable difficulties in converting to post–fossil fuel energy. crucial factor in China’s growing prosperity (Williamson 2001; Vallin 2002).

Increased violent conflict or new diseases in poorer countries could As the worst case, feedbacks could develop that lead to more corruption,
also undermine development. Tensions and mistrust between rich and more inequality, more material shortages, and additional famines and dis-
poorer countries could re-emerge if wealthy countries fail, despite re- ease. In short, this could transform Global Orchestration to a scenario akin
peated promises, to reduce their agricultural and other barriers to free to Order from Strength even if in its early stages the trajectory follows that
trade. Tension and inequality could also worsen if it becomes clear that predicted in Global Orchestration.

(See the Socioecological Indicators in Figure 11.1b.) Poor
people are repeatedly forced to give priority to the short-
term survival of their families at the expense of ecosystem
services and, ultimately, their long-term well-being. Little
is done to foster the adaptation potential of societies to so-
cial and natural changes. As well, the resilience of these so-
cieties to adverse environmental change is likely to be low.

Like the others, this scenario is also probably unrealistic.
While pessimists see considerable evidence of a nascent
Order from Strength scenario in the present (Kaplan 1994),
many countering forces exist that are likely to alleviate the
most negative aspects of this scenario. These include the
efforts by many governments, NGOs, and individuals to
protect and improve governance and qualities such as
human rights. The scenario also probably underestimates the
‘‘bootstrapping’’ capacity flowing from the self-organization
of individuals and communities once they are given access
to some resources, particularly education. That is, even in
the generally dismal circumstances foreseen in poorer coun-
tries in this scenario, pockets of resilience and resistance are
likely to remain, creating persistent hope for a reversal of
the broader trends.

In the Adapting Mosaic scenario, most aspects of human
well-being improve. Provisioning services in poorer coun-
tries are significantly increased through investment in social,
natural, and, to a lesser extent, human capital at local and
regional levels. (See Figure 11.2c.) In richer countries, pro-
visioning services change little because a threshold of con-
sumption has been achieved. Because of the partial
devolution of decision-making power to smaller scales and
increased cooperation and exchange at the local and sub-
national levels, social relations, freedom and choice, and se-
curity are also likely to improve. Furthermore, priority is
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given in this scenario to developing flexible management
regimes that monitor, mitigate, or adapt to environmental
change and that hence build social adaptive capacity. Deci-
sion-makers see maintaining ecosystems and the services
they provide as key to human survival. This understanding
is built on an overall long-term understanding of ecosystem
changes and their impact on human systems and the recog-
nition that these changes matter. Seen at the global level,
human well-being improves, but not quite as quickly as in
the Global Orchestration scenario. (See the HWB Indica-
tors in Figure 11.1c.)

Yet this scenario makes the unrealistic assumption that
populations of malcontented humans will either disappear
or become of trivial importance within a very short period.
This ignores history. In reality, substantial populations of
raiders, pirates, criminals, and free-riders are likely to per-
sist, and their influence is likely to impair successful realiza-
tion of this scenario. Many such populations will have
access to powerful weapons and other forms of coercion. In
the absence of global policing implied by this scenario, it is
likely that at least some of these ‘‘human predators’’ will
forge complex, even if unstable, alliances. In response, this
is likely to generate large-scale cooperation among the
many human groups who would otherwise form vulnerable
‘‘prey.’’

The TechnoGarden scenario appears to offer many ways
to improve human well-being. However, this depends cru-
cially on the speed of institutional development. Turning
again to history, it seems likely that institutional develop-
ment will lag behind that of technology. Thus, social rela-
tions and freedom appear to be at particular risk everywhere
in this scenario. (See Figure 11.2d.) Unless the distribution
of the new environmentally friendly technologies is reason-
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ably equitable, much of the potential for better human
well-being in this scenario will remain elusive. Neverthe-
less, this environmentally pro-active scenario means that
decision-makers focus on gaining a better understanding of
the management of ecosystems. Consequently, this scenario
shows improvements in social adaptive capacity, though not
as great as in Adapting Mosaic. (See the Socioecological In-
dicators in Figure 11.1d.)

TechnoGarden also has a risk of a breakdown of many
ecosystem and technological functions, potentially precipi-
tating a cascading decline for human well-being if a limit is
passed in the human capacity to control and successfully
manage the complex hybrid of social, technological, and
ecological systems that are foreseen.

In summary, each scenario exhibits a different package
of benefits, risks, and adverse impacts for human well-
being. They portray a range of trade-offs between develop-
ment and ecological strategies currently discussed by policy-
makers at different levels. Figure 11.1 depicts and compares
some of the main trade-offs. While no single scenario is
best, the Order from Strength scenario is clearly the least
desirable. People who are currently poor and vulnerable ex-
perience the highest risk of future poverty and vulnerability
in this scenario.

While all scenarios are claimed to be equally plausible,
this is true only in the sense that none are very likely. On
the other hand, the future is likely to contain recognizable
elements of all four scenarios, just as the present does. Given
sufficient cooperation, information flow, preparedness,
adaptivity, and technological breakthrough, the human fu-
ture may respond to a dynamic interchange between vari-
ous scenarios, at varying temporal and geographic scales, in
ways that lead to sustainability.
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Main Messages

Ecosystem service trade-offs arise from management choices made by
humans, who intentionally or otherwise change the type, magnitude, and
relative mix of services provided by ecosystems. Such trade-offs will be
critical considerations for policy-makers over the next 50 years. Trade-
offs can be classified in terms of their temporal and spatial scales, and their
degree of reversibility. They can also be classified in terms of the type of
service targeted and the type of service ‘‘traded-off.’’ Identifying trade-offs
allows policy-makers to understand the long-term effects of preferring one eco-
system service over another and the consequences of focusing only on the
present provision of a service rather than its future.

Major decisions in the next 50–100 years will have to be made on the
current use of nonrenewable resources and their future use. Important
specific trade-offs are those between agricultural production and water
quality, land use and biodiversity, water use and aquatic biodiversity,
and current water use for irrigation and future agricultural production.
These overarching trade-offs appear consistently throughout all four Millennium
Ecosystem Assessment scenarios. Technological or institutional advances that
mitigate such trade-offs will improve ecosystem services and simplify the fac-
tors that must be considered in making decisions.

Synergistic interactions allow for the simultaneous enhancement of more
than one ecosystem service. Since increasing the supply of one ecosystem
service can enhance the supply of others (for example, forest restoration may
lead to improvements in several cultural, provisioning, and regulating ecosys-
tem services), successful management of synergisms is a key component of
any strategy aimed at increasing the supply of ecosystem services for human
well-being.

Numerous trade-offs exist that are unknown and unanticipated by people
acting within all four MA scenarios. These trade-offs may not manifest until
long after the initial decisions are made, even though they are already affecting
the mix of ecosystem services provided. Synergisms and trade-offs also often
have unanticipated effects on secondary services, not just the primary ecosys-
tem services that we intend to affect with a decision.

Because trade-offs exist and because policy-makers must make deci-
sions about ecosystem services, they are sometimes forced to make de-
cisions that prefer some ecosystem services over others. In general,
across all four MA scenarios and case study examples, trade-off decisions
showed a preference for provisioning, regulating, or cultural services (in that
order). Supporting services are more likely to be ‘‘taken for granted.’’

Slowly changing variables, which tend to underlie supporting services,
are often ignored by policy-makers in ways that seriously undermine the
long-term existence of provisioning ecosystem services. Slowly changing
variables are difficult to understand and rarely quantified within ecosystem
models, and their change is difficult to detect. Examples of slowly changing
variables or processes include geologic weathering, soil formation and condi-
tion, populations of long-lived organisms, and genetic diversity of organisms
that directly affect people. Monitoring programs that focus on slowly changing
variables may help decision-makers value supporting services appropriately.

Each of the MA scenarios takes a different approach to trade-offs. In
Global Orchestration, society gives preference to provisioning ecosystem ser-
vices. In Order from Strength, present use of ecosystem services is favored
over potential future uses. Under Adapting Mosaic, there is no dominant type
of trade-off because most decisions are made locally. However, the approach
to trade-offs becomes more ecologically sound, as previously unidentified
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trade-offs and synergisms are revealed through learning and incorporated into
decision-making. There is greater opportunity for institutional solutions to trade-
off problems in Adapting Mosaic. In TechnoGarden, cultural services are un-
dervalued and often traded-off in management decisions. There is greater op-
portunity for technological solutions to trade-off problems in TechnoGarden.

Current models are unable to capture all the interactions and secondary
effects of trade-offs and synergisms; thus the quantitative model results
are a crude lower boundary of the impact of potential ecosystem service
trade-offs. Cultural ecosystem services are almost entirely unquantified in sce-
nario modeling; therefore, the calculated model results do not fully capture
losses of these services that occur in the scenarios. The quantitative scenario
models primarily capture the services that are perceived by society as more
important—provisioning and regulating ecosystem services—and thus do not
fully capture trade-offs of cultural and supporting services.

12.1 Introduction
Ecosystem services do not operate in isolation. They inter-
act with one another in complex, often unpredictable ways.
Many services are provided by ecosystems in interdepen-
dent ‘‘bundles.’’ (See Chapter 3.) By choosing one bundle,
other services may be reduced or foregone. For example,
impounding streams for hydroelectric power may have
negative consequences for downstream food provisioning
by fisheries. Knowledge of the interactions among ecosys-
tem services is necessary for making sound decisions about
how society manages the services provided by nature.

The models that we use to understand and make deci-
sions about ecosystems are often inadequate for addressing
interactions of multiple ecosystem services (Sterman and
Sweeney 2002). In contrast, because of their nature as com-
plex, logical stories, scenarios consider as many interactions
as possible. Therefore, the Millennium Ecosystem Assess-
ment scenarios, which focus on the future of ecosystem ser-
vices and human well-being, provide an ideal opportunity
to examine the interactions among ecosystem services. (For
a short description of the four scenarios, please see the Sum-
mary for Decision-makers.)

This chapter explores two specific policy-relevant inter-
actions among ecosystem services: synergisms and trade-
offs. By highlighting these two types of interactions, we are
recognizing that although some properties of ecosystems
may be susceptible to human intervention and control, oth-
ers are not; understanding this distinction is essential if we
are to manage ecosystem services to maximize human well-
being.

In the context of the provision of ecosystem services, a
synergism is defined as a situation in which the combined
effect of several forces operating on ecosystem services is
greater than the sum of their separate effects (adapted from
Begon et al. 1996). In other words, a synergism occurs
when ecosystem services interact with one another in a
multiplicative or exponential fashion. Synergisms can have
positive and negative effects. Synergistic interactions pose a
major challenge to the management of ecosystem services
because the strength and direction of such interactions re-
mains virtually unknown (Sala et al. 2000). But synergisms
also offer opportunities for enhanced management of such
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services. For example, if society chooses to improve the de-
livery of an ecosystem service, and this service interacts in a
positive and synergistic way with another ecosystem ser-
vice, the resulting overall benefit could be much larger than
the benefit provided by one ecosystem service alone.

Trade-offs, in contrast, occur when the provision of one
ecosystem service is reduced as a consequence of increased
use of another ecosystem service. Trade-offs seem inevitable
in many circumstances and will be critical for determining
the outcome of environmental decisions. In some cases, a
trade-off may be the consequence of an explicit choice; but
in others, trade-offs arise without premeditation or even
awareness that they are taking place. These unintentional
trade-offs happen when we are ignorant of the interactions
among ecosystem services or when we are familiar with the
interactions but our knowledge about how they work is
incorrect or incomplete. As human societies transform eco-
systems to obtain greater provision of specific services, we
will undoubtedly diminish some to increase others.

Often, interactions among ecosystem services simply
exist, and policy-makers cannot choose whether to allow a
trade-off or not. For example, if we devote a particular
piece of land to timber harvesting, its value for nature recre-
ation will probably decrease. Although this will happen re-
gardless of whether we acknowledge that a choice was
made, timber harvesting techniques are susceptible to im-
provements that may improve recreation opportunities.
Many trade-offs can be modified by technology or by
human or institutional services that regulate access to and
distribution of ecosystem services. For instance, a trade-off
may exist between agricultural production and species rich-
ness, yet we can use technological advances to increase ag-
ricultural production and make our farms more diverse at
the same time.

Decisions relating to natural resource management often
revolve around ecosystem service trade-offs and involve
services that interact synergistically. Robust decisions take
careful account of their impacts on a range of ecosystem
services and do not focus only on a single service of greatest
apparent interest. A better knowledge of trade-offs and syn-
ergisms would simplify environmental decision-making. To
illustrate ecosystem service trade-offs and their conse-
quences for society, this chapter draws on the results of the
scenario analyses and a variety of published case studies. We
focus on synergisms when opportunities for the improved
delivery of multiple ecosystem services simultaneously exist.

This chapter considers the interactions among ecosystem
services in five major sections. First, we examine the results
of both the quantitative and qualitative MA scenario models
to derive an understanding of the major trade-offs common
across all scenarios and the different trade-offs and syner-
gisms illustrated by the scenarios. We also explore the links
between ecosystem service trade-offs, synergisms, and the
Millennium Development Goals. Second, we present a se-
ries of case studies from the literature and use the results of
these case studies to develop two different approaches for
understanding the nature of trade-offs. Third, we combine
the results from the scenarios and the case studies to propose
some characteristics that are common to all trade-off deci-
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sions. Finally, we illustrate some of the common dilemmas
faced when making ecosystem service management deci-
sions and discuss some of the problems of using modeling
results when examining ecosystem service trade-offs.

12.2 Interactions among Ecosystem Services in
the Scenarios
To help understand ecosystem service interactions, we pro-
pose a system with three axes: spatial scale, temporal scale,
and irreversibility. Each interaction can then be classified in
one of two categories for each one of the axes. (See Figure
12.1.) Spatial scale refers to whether the effects of the syner-
gism or trade-off are felt locally or at a distant location. Tem-
poral scale refers to whether the effects take place relatively
rapidly or slowly. Irreversibility expresses the likelihood that
the perturbed ecosystem service may return to its original
state if the perturbation ceased.

Because many management actions affect more than one
ecosystem service at a time and may operate at different
scales simultaneously, it can be difficult to classify ecosystem
service interactions in a single category. At the same time,
knowledge of the different scales at which policies should
be targeted is a key component of managing ecosystem ser-
vices. Therefore, creating classifications is an important first
step toward improving our understanding of the interac-
tions among ecosystem services.

Classification schemes allow a manager to think strategi-
cally about the use of ecosystem services, understand the
nature of the ecosystem services being considered, be aware
of the spatial and temporal scale at which the ecosystem
services operates, and determine how far-reaching the ef-
fects of particular decisions can be. The policy-maker can
tailor management decision to the appropriate scale to miti-
gate any negative effects and thereby produce ‘‘win-win’’
solutions.

At many points throughout the scenario analysis, quanti-
tative and qualitative results reflect the different underlying
decision-making paradigms within a particular scenario.

Figure 12.1. Eight Categories of Ecosystem Service Trade-offs,
Classified According to Spatial and Temporal Scales and Degree
of Reversibility
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Despite the difference of worldviews represented in the sce-
narios, some major trade-offs are common to all of them,
with major implications for the continuing delivery of sup-
porting and regulating ecosystem services. The ecosystem
service trade-offs that are present across the scenarios may
be a result of the underlying assumptions of either the sce-
narios or the models used. However, cross-scenario com-
monalities also suggest that these trade-offs are likely to
occur regardless of the path that society takes, largely be-
cause such trade-offs are driven by the short-term provi-
sioning services that are necessary to assure human well-
being. In each case, the scenarios show that our manage-
ment and decisions about future trade-offs will have a sig-
nificant effect on the provision of ecosystem services (and
hence, human well-being) by the year 2050.

12.2.1 Agricultural Production, Water Quality, and
Aquatic Habitats and Species

Agricultural production shows an inverse relationship with
water quality and quantity: as we increase agricultural pro-
duction, the quality of water and the quantity available tend
to decrease. (See Chapter 9.) In general, increased efficiency
of agricultural production has been accomplished through
technology and the increased use of water, nutrients, and
pesticides. Because the supply of water is finite, water used
for agriculture cannot be used for other purposes. Thus we
trade off having water available for other uses in order to
increase agricultural production. Nutrients and pesticides
can run off from agricultural fields into nearby streams, riv-
ers, lakes, and estuaries, leading to declines in water quality.
Thus, use of nutrients and pesticides to increase agricultural
production can lead to critical declines in water quality. The
negative impacts on water quality often propagate down-
stream. In the scheme presented in Figure 12.1, such water
quality trade-offs can be local or large-scale, short-term or
long-term, and are probably not reversible in short time
frames (categories A-D). The case of agriculture and hy-
poxia in the Gulf of Mexico provides a very compelling
example of the complexities involved in managing the im-
pacts of agrochemicals. (See Chapter 8.)

Greater use of the world’s water supply for agricultural
production may improve basic food production and human
health in many places. However, increases in pollution and
water shortages caused by more-intensive agriculture may
make many of these regions more vulnerable to surprises,
such as drought, eutrophication, or floods that overwhelm
sewage treatment plants. One unexpected consequence of
agricultural intensification and climate change is that many
rivers will have higher discharge rates, becoming more
prone to flooding and drying, with few big differences be-
tween scenarios. Many areas that are already water-limited
will face further water availability stress and will be more
susceptible to environmental perturbations such as drought.
These regions may find themselves facing water shortages
or water that is undrinkable. Evolution of technology is
projected to help the current situation, but only slightly;
water limitations will be a concern regardless of which sce-
nario is considered.
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In all scenarios, higher income and increasing invest-
ments in technology lead to intensification and expansion of
agriculture. (See Chapter 9.) Further, the increases in total
agricultural production lead to the expansion of irrigated
farmland, increased water stress, and increases in the volume
of polluted water. Provisioning services such as access to
water are traded off for increases in food supply. The heavy
emphasis on food production leads to a multitude of uncer-
tainties in relation to the integrity of other ecosystem ser-
vices.

Changes in water quality also have negative impacts on
freshwater biodiversity. As in the trade-off between food
production and terrestrial plant biodiversity (described in
the next section), short-term gains in water access that ini-
tially increase human well-being will lead to reductions in
aquatic habitat (and biodiversity) and ultimately to greater
regional vulnerability to water shortages (see Chapter 11)
and a decline in human well-being. The decrease in avail-
able fresh water also has implications for the future produc-
tivity of freshwater fisheries, waste removal, and human
settlement patterns. (See Chapter 10.)

According to the scenarios, fresh water is a commodity
that will require significant planning and conservation in
the future to assure that demands do not outstrip the neces-
sary supply. In almost all instances, the scenarios suggest that
numerous trade-offs will have significant impact on the
quantity and quality of fresh water available for all aspects
of human well-being. When making choices about the
short-term provisioning needs gained from agricultural pro-
duction, managers who incorporate the realities of limited
freshwater supply in their models for management planning
will be more successful than those who do not. Technolo-
gies that promote or conserve fresh water, similar to those
emphasized in TechnoGarden, can also be used to mitigate
some of the freshwater pressures. Finally, fresh water is un-
evenly distributed over the planet, and subsequent water
shortages will also develop unevenly. Therefore, there will
be spatial trade-offs among water-rich and water-poor re-
gions.

12.2.2 Land Use and Biodiversity

The expansion of agricultural production that takes place in
all scenarios has potentially severe consequences for biodiv-
ersity. Expansion of the total agricultural area decreases the
area of forests and grasslands. This reduction leads to a de-
crease in total vascular plant biodiversity and limits soil for-
mation. (See Chapter 10.) Even though the rate of loss of
vascular plant biodiversity in TechnoGarden is slower than
in the other scenarios, it still results in approximately 300
vascular plant species being lost each year. Order from
Strength provides the worst scenario for terrestrial vascular
plant diversity because of the high rate of human population
growth and the low agricultural yields (requiring extensive
rather than intensive agriculture) resulting from the small
transfer of technology from rich to poor countries.

Expansion of agriculture leads immediately to local
losses of biodiversity through extirpation of local popula-
tions and loss of landscape diversity and, most important,
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loss of ecosystem services. These losses occur even if species
extinctions do not or if extinctions are delayed due to the
slow approach to equilibrium.

A number of cascading effects result from the trade-off
between land use and biodiversity. Perhaps the most impor-
tant effects involve the unintentional impairment of sup-
porting services, such as future soil formation, water
purification capacity, or the maintenance of species habitat.
Conversion of natural forests into croplands will also reduce
ecosystem services such as climate regulation and carbon
sequestration. The loss of supporting services does not often
have immediate consequences. However, the slow degrada-
tion of supporting services makes it very hard for future
policy-makers to reverse the trend in biodiversity loss.
Thus, the heavy emphasis on food production across all sce-
narios is associated with future reductions of other ecosys-
tem services.

Land use trade-offs may be mitigated by zoning plans
that allow multiple uses of land resources within regions
and by land use practices that maintain ecosystem services
in combination with food production. Policy-makers can
also capitalize on the synergistic interactions between land
use and the delivery of multiple ecosystem services (forest
restoration, for instance, may ‘‘create’’ several provisioning,
regulating, cultural, and supporting services). Management
regimes such as those outlined in the broad-scale policies
developed in Global Orchestration may help alleviate land
use problems globally, but global policies must also be inter-
twined with smaller-scale policies, such as those found in
Adapting Mosaic, to help avert small-scale land use prob-
lems. Development of more-productive crops under
TechnoGarden will also alleviate some land use problems.

Nevertheless, land use problems still remain across all
scenarios because of the large increase in population. A
good approach to managing land to minimize ecosystem
service trade-offs will combine the best global policies (in-
cluding free trade of food resources) with development of
smaller-scale policies, such as protected areas and the use of
technology that increases food production per square meter
of agricultural land. Approaches that integrate continued
support of forest areas along with agricultural production
(such as shade-grown coffee) minimize land use versus bio-
diversity trade-offs.

12.3 Trade-offs Illustrated by the Scenarios
In all scenarios, society modifies the supply of a variety of
ecosystem services. (See Figure 12.2.) Broadly speaking,
under the two ‘‘reactive’’ scenarios (Global Orchestration
and Order from Strength) the losses are greater than the
gains. Even in the ‘‘proactive’’ scenarios (Adapting Mosaic
and TechnoGarden), however, there are reductions in the
supply of ecosystem services in one of the dimensions con-
sidered.

In Global Orchestration, society focuses primarily on the
provisioning ecosystem services that generate tangible
products to improve human well-being. When environ-
mental problems arise, they are dealt with according to the
belief that economic growth can always provide resources

PAGE 436

to substitute for lost ecosystem functions. Proactive man-
agement of ecosystem services is not pursued. Under this
scenario, society will tend to trade off regulating and sup-
porting services while trying to maximize provisioning eco-
system services.

The trade-off approach for regulating and supporting
ecosystem services is slightly different from the approach
for cultural ecosystem services. Regulating and supporting
services are routinely ignored in trade-off decisions, because
in many instances in this scenario, human well-being is very
good. For example, increased human and economic well-
being leads to urban growth into wetlands and along coast-
lines, which ultimately causes the diminishment of nutrient
cycling and water purification and the elimination of fish
habitat within these areas. People in this scenario typically
ignore these negative effects until they are a serious prob-
lem. In contrast, there is some recognition that cultural
ecosystem services or cultural differences are essential to
maintain.

At the same time, the emphasis on free trade and global
policy causes many cultures to be subsumed into an overall
‘‘global culture.’’ For example, even though some aspects of
Asian culture are integrated into western business practices,
many of the traditional practices, such as religious ceremon-
ies, are eliminated as these cultures strive to become part of
the global community. The best example of the emphasis
on provisioning ecosystem services in this scenario may be
the increased importance of meat in the diet, which results
from a general increase in human well-being. The increased
production of meat causes extensification of agriculture to
provide animal feed. Extensification happens at the cost of
land-based biodiversity. This and other similar trade-offs are
largely ignored in this scenario, as this change in diet is
viewed as a benefit of Global Orchestration policies.

Order from Strength places little value on ecosystem ser-
vices, because rich and poor countries are both focused on
increasing their wealth and power through economic
growth. All ecosystem services, but especially those that
occur over large spatial or temporal scales, are likely to be
traded off, as there are no international mechanisms or in-
centives to protect them. In rich countries, ecosystems are
believed to be robust and therefore are used without restric-
tions in order to improve human well-being. All that is re-
quired is that representative samples are preserved in order
to have a ‘‘natural data base’’ for developing appropriate
technologies to repair or replace them. Provisioning ecosys-
tem services are likely to be favored without considering
the impacts on other ecosystem services, as they directly
improve human well-being. In poor countries, the conser-
vation of ecosystem services is not considered a priority,
thus substantial trade-offs occur among all services. It is as-
sumed that concerns over the delivery of ecosystem services
will spontaneously evolve once more-pressing social and
economic issues are resolved and that any problems in-
curred through trade-off decisions will be repairable at a
later date.

The lack of value placed on ecosystem services in Order
from Strength can perhaps best be illustrated by the exam-
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Figure 12.2. Relative Change in Provision of Ecosystem Services in MA Scenarios. Dark lines indicate the state of each Ecosystem
Service (ES) at the end of the scenario storyline relative to a starting point of zero. A positive value (between 0 and 1) indicates an increase
in the supply of a particular ES. A negative value (between 0 and �1) indicates a decrease in supply. Therefore, as the ‘‘stars’’ increase in
size, the overall supply of ES increases, while as they decrease, the overall supply of ES decreases.

ples drawn from marine fisheries and the plight of sub-
Saharan Africa. (See Chapter 8.) In Order from Strength,
the rich countries use their wealth to control global fisheries
while protecting their own stocks. Their emphasis is not
on maintaining adequate provisioning resources for human
well-being. Instead, they focus on controlling the global
market for fisheries to maximize economic gain. Exports of
small pelagic fishes are diverted for further production of
meat (a luxury food resource in rich countries) instead of
being exported as food products to poor countries. Trade-
offs at the global scale are nonexistent, as the emphasis is
on exploitation for economic gain. In contrast to the rich
countries, most of sub-Saharan Africa no longer has food
security in 2050, because of the effects of climate modifica-
tion and population growth in this region. The decision for
policy-makers is not about trading off provisioning services
for other ecosystem services, but instead is solely focused on
maintaining their own food security.
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Under Adapting Mosaic, there is no dominant ecosys-
tem service trade-off paradigm, although negative trade-offs
tend to decline over time. In the short term, societies are
likely to engage in a variety of ecosystem service trade-offs
as they experiment with the supply of ecosystem services
according to their local needs, especially provisioning ser-
vices. No single trade-off dominates, since conditions vary
globally and societies only focus on their local set of condi-
tions and problems. Over time, local management improves
throughout the world. Local institutions and innovations
reduce the number and magnitude of negative trade-offs.

The Adapting Mosaic scenario leads to many local man-
agement examples that build on previous experiences and
deal with each set of trade-offs independently. For example,
in the Euphrates-Tigris river (see Chapter 8), the initial
trade-off decisions provide more provisioning services (cot-
ton production) at the expense of supporting and regulating
services (soil formation, saline control on the land). How-

................. 11411$ CH12 10-27-05 08:46:03 PS



438 Ecosystems and Human Well-being: Scenarios

ever, working within the area, managers learn how to use
the Adapting Mosaic of conserved areas to eventually craft
solutions that provide for ‘‘win-win’’ interactions in provi-
sioning, regulating, and supporting ecosystem services.
Similarly, malaria control in Africa (see Chapter 8) involves
the trade-off of a regulating ecosystem service (disease con-
trol) with a provisioning service (fresh water). Through the
use of adaptive management on a fairly small scale, how-
ever, managers are able to craft solutions that produce
‘‘win-win’’ solutions that provide both fresh water and ma-
laria control.

TechnoGarden assigns high value to ecosystem services,
but mainly from a human-use perspective. This means that
cultural ecosystem services are more likely to be traded off
and lost than other types of services. Initially, there is great
interest in the variety of provisioning, regulating, and sup-
porting ecosystem services as models for possible techno-
logical developments, but as key societal ecosystem services
are identified and replaced by technological equivalents, so-
ciety becomes more likely to trade off any existing ecosys-
tem services for their engineered alternatives. In the short
term, society will predominantly trade off cultural ecosys-
tem services for other types of services; in the long term, all
types of services may be traded off as key ecosystem services
are identified and technologically optimized.

The emphasis on technological fixes leads to the rapid
urbanization of many parts of the globe, especially in Asia.
As urban areas grow, traditional cultural resources such as
temples and religious sanctuaries are traded off for urban
areas. This is not a long-term solution, however, as there
still is a need for cultural services, and many are ‘‘rein-
vented’’: the rebirth of Japanese urban gardens, for instance,
or the creation of salmon festivals in the U.S. Pacific North-
west or the Gojiro festivals in Japan.

One of the most important conclusions from all scenar-
ios is that the total pressure on ecosystem services world-
wide will increase. Some of this is a consequence of the
projected human population growth used in these scenar-
ios. Even in cases such as TechnoGarden and Adapting
Mosaic (which attempt to mitigate some of these environ-
mental pressures), increases in provisioning ecosystem ser-
vices will be traded off against supporting and regulating
services. There is perhaps no more compelling example
than the combined synergistic effect of greater use of green-
house gases (through increased human population and a
greater reliance on fossil fuels technology) and the decline
in carbon sequestration that has resulted from the conver-
sion of forested areas into agriculture. Thus, the ability of
the biosphere to regulate climate change—even with the
technological fixes expected in TechnoGarden or the local-
ized controls of Adapting Mosaic—will not be easily re-
stored, as the regulating and supporting services provided
by forests are traded off by the additional expansion of agri-
culture, a provisioning service.

We also examined the trade-offs and synergisms among
ecosystem services that might develop as governments work
to achieve the Millennium Development Goals adopted at
the UN General Assembly in September 2000. The eight
goals are to eradicate extreme poverty and hunger; achieve
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universal primary education; promote gender equality and
empower women; reduce child mortality; improve mater-
nal health; combat HIV/AIDS, malaria, and other diseases;
ensure environmental sustainability; and develop a Global
Partnership for Development (UNDP 2003).

The scenarios offer a number of insightful illustrations of
the ways in which ecosystem service trade-offs may affect
the ability of governments to reach the MDGs. Let us con-
sider the first goal: the eradication of extreme poverty and
hunger. Each scenario indicates a different likelihood that
this goal will be met. For example, Global Orchestration
has the greatest reduction in poverty and hunger as a result
of improvement in the delivery of provisioning services. In
contrast, hunger and poverty regimes continue to exhibit
strong rich-poor divides under Order from Strength, al-
though this disparity is lessened among northern countries.
Achieving poverty alleviation in the short term may also
be accompanied by long-term costs, such as narrowing the
genetic base of crops or increasing nutrient input to fresh-
water systems from fertilizers and pesticides.

The drive to eradicate extreme hunger and poverty has
ramifications for biodiversity. It also demands actions that
will carry important implications for the attainment of the
other MDG. Analysis of the scenarios shows that one of the
major trade-offs common to all scenarios is between land
use and biodiversity (as described earlier in this chapter).
Although there are certainly ways to mitigate the impacts
of this trade-off (perhaps through the innovations found in
TechnoGarden or the emphasis on more thorough environ-
mental accounting in Global Orchestration), policy-makers
will face choices that may favor the first Millennium Devel-
opment Goal at the expense of biodiversity.

Another MDG is to ensure environmental sustainability.
All scenarios indicate that the volume of polluted water will
increase as a result of the projected increase in agricultural
production. Further increases in the use of water for food
production also indicate that there will be a decrease in
freshwater biodiversity. Policy-makers will be forced to ex-
amine the trade-offs among the two goals (eradicating ex-
treme poverty and hunger and ensuring environmental
sustainability) and, where possible, to develop policies that
produce ‘‘win-win’’ outcomes. This will be a complex
process that draws heavily on the past experiences of natural
resource managers, as illustrated in the case studies and the
scenarios. Whether it is realistic to expect that the Millen-
nium Development Goals can be reached without a sig-
nificant loss of biodiversity remains to be seen.

12.4 Interactions among Ecosystem Services in
Selected Case Studies
One way to understand the consequences of ecosystem ser-
vices decisions is to examine the outcomes of past manage-
ment activities. The following examples illustrate some of
the dilemmas and trade-offs that society must face when
deciding to enhance one ecosystem service without fully
understanding the impacts on other services. The order of
this presentation is arbitrary and does not reflect any attri-
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bute of the ecosystem services involved, the region, or any-
thing else. Our goal is to provide a series of examples of
the implications of human actions directed at modifying the
outputs of one or more ecosystem services. We did not at-
tempt to be comprehensive, just illustrative.

12.4.1 Vulture Declines in India

The recent sudden decline of Gyps vultures in eastern India
provides a compelling example of how species declines can
cause declines in provision of many ecosystem services, illu-
minating unexpected synergisms among species and socio-
ecological processes. Vultures play an important role as
natural garbage collectors in many parts of India. In particu-
lar, vultures help to dispose of cattle carcasses in areas where
beef eating is forbidden. In Amritsar, center of the Parsi
religion, they also help remove human corpses from tradi-
tional sites of ‘‘laying to rest.’’

In the last few years, vulture numbers suddenly declined,
with consequences that cascaded throughout the region.
Since there are too few vultures to clean the corpses, the
Parsi are no longer able to lay their dead to rest without
causing a health hazard. Instead, the dead are stored until a
future time. But the less obvious consequences are leading
to even more dramatic effects. Carcasses of cattle are trans-
ported to areas on the edge of towns and villages. These
areas are now increasingly dangerous to visit because vul-
tures do not rapidly remove the meat from carcasses, tempt-
ing other carnivores to the area. Feral dog populations have
increased as a result of the lower competition with vultures
for meat. Growing dog populations are likely to cause an
increase in rabies risk, dramatically heightening the conse-
quences of being attacked by a dog.

Vulture declines have recently been linked to the use of
the veterinary drug diclofenac (Oaks et al. 2004). Thus, in
this example, attempts to improve the health of domestic
animals had a series of cascading, unanticipated, and un-
known effects on many other services, even to the point of
possibly having a negative effect on human disease in the
area. Depending on whether the impact of diclofenac
proves to be reversible or irreversible, this trade-off could
be classified as Type A or E, as described in Figure 12.1.
That is, this trade-off is local, rapid, and of unknown revers-
ibility.

12.4.2 Lakeshore Development in the Northern
United States

Property values surrounding lakes in northern Wisconsin in
the United States are strongly linked to the development
patterns around the lake. During the last 30 years, there has
been a substantial increase in the development and building
on lake shores (Peterson et al. 2003) that has resulted in the
creation of a ‘‘lake community’’ on many lakes. The initial
conversion of these lakes from undeveloped to developed
shorelines resulted in an increase in property values around
these waters. Although development was accompanied by
an initial increase in cultural ecosystem services, changes in
shoreline vegetation resulted in increased sedimentation
(soil loss; soil provides a supporting ecosystem service), a
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reduction of the amount of habitat (a supporting ecosystem
service) available for fishes (Christensen et al. 1996), and a
decrease in fish growth rates (Schindler et al. 2000).

Although zoning regulations can help to control shore-
line development, lake communities are often resistant to
zoning and control, even though there is evidence that
zoning results in even higher increases in property value
(Spaltro and Provencher 2001). In addition, shoreline de-
velopments often lead to increases in primary production
due to increased fertilizer use and sedimentation from run-
off. The consequence is a decrease in water quality (regulat-
ing ecosystem service) and subsequent reduction in the
aesthetic quality of the lake (cultural ecosystem service).

Resistance to zoning and government regulation by
property owners in this area led to overdevelopment and
the environmental impacts just discussed. It remains to be
seen whether the long-term cumulative environmental im-
pact will negatively affect property values. Several types of
trade-offs are involved here. For example, the reduction of
fish habitat is probably irreversible, local, and rapid (Type
E), while decreases in water quality and aesthetic value of
lakes may be reversible (with successful enforcement of reg-
ulations on fertilizer use), large-scale, and long-term (Type
D).

12.4.3 Fisheries and Tourism in the Caribbean:
Jamaica and Bonaire

Many ecosystem services are provided by the Caribbean
Sea. Two of the most prized are fisheries and recreation.
The Caribbean attracts about 57% of scuba diving tours
worldwide. In the 1950s, 1960s, and 1970s, Jamaica was the
prime dive location, and hard corals covered as much as
90% of shallow coastal areas (Goreau 1959). By the late
1960s, chronic overfishing had reduced fish biomass by
about 80% compared with the previous decade (Munro
1969). Then, in the early 1980s, two extreme events hit
Jamaican coral reefs, causing their collapse. In 1980, Hurri-
cane Allen broke many large elkhorn and staghorn corals
into pieces (Woodley et al. 1981). In 1983, an unidentified
disease spread throughout the Caribbean and killed 99% of
black-spined sea urchins (Diadema antillarum), the primary
grazer of algae on the reefs (Lessios 1988). Without the eco-
system services provided by grazing fish or sea urchins,
fleshy macro-algae came to dominate coral reefs (more than
90% cover) in just two years (Hughes 1994). The lucrative
dive tourism industry in Jamaica declined.

When the sea urchin mass mortality occurred through-
out the region, most sites suffered algal overgrowth, but a
few sites did not. Sites like Bonaire, with abundant grazing
fish, had no reported algal overgrowth. In Bonaire, the
Reef Environmental Educational Foundation has recently
generated statistics from about 60,000 coral reef fish sur-
veys, which rate seven dive sites in Bonaire among the top
10 worldwide for fish species richness, with over 300 spe-
cies (REEF 2003). Bonaire banned spear fishing from its
reefs in 1971. In 1979, the Bonaire Marine Park was created
to preserve for scuba divers the entire area surrounding the
island, from the shoreline to 60m depth. In 1992, active
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management of the park started with the introduction of
mandatory permits for divers, bringing in about $170,000
a year to support protected area management. Economic
activities (dive operators, hotels, etc.) connected with the
park attract about 10,000 people annually, valued at over
$23 million per year. In contrast, the cost of park manage-
ment is under $1 million per annum.

Thus, protecting the fish for the regulating ecosystem
service they provide as algal grazers and for their aesthetic
attraction to tourists yielded a positive financial return in
the long term. In this case, regulating provision of one ser-
vice (the fishery) maintained resilience in the system and
led to a long-term gain in provision of recreation as well
as a stable, long-term fishery. These synergistic interactions
among ecosystem services allow for the simultaneous en-
hancement of the supply of more than one ecosystem ser-
vice.

12.4.4 Fertilizer Use in the United States

Intensive agriculture within the United States has resulted
in massive soil loss (a decrease in a supporting service)
throughout the Mississippi drainage region (Malakoff
1998). The initial conversion of land in this area from prai-
rie and grassland to agriculture was motivated by an interest
in increasing food production (a provisioning service). To
maintain high levels of crop output in spite of topsoil ero-
sion, farmers have maintained soil fertility through the addi-
tion of either natural (manure) or chemical fertilizers.

The effects of the high level of artificial fertilization have
also resulted in massive changes in downstream areas: many
small-scale changes by individual farmers on their own
fields have resulted in the creation of a hypoxic zone (a
‘‘dead zone’’) in the Gulf of Mexico. (See Chapter 8.) This
zone of low oxygen has resulted in declines in the shrimp
fishery as well as in other local fisheries in the Gulf region
(Malakoff 1998). In this case, attempts to maintain and in-
crease the provision of one service, food, have caused sub-
stantial declines in many ecosystem services in another
location. The effects of this trade-off are felt over a large
spatial scale and are likely to last for a long time. Whether
they are reversible or not remains to be seen. The trade-off
can therefore be classified as Type D or H.

12.4.5 Mine Effluent Remediation by Natural
Wetlands on the Kafue River, Zambia

An example from Zambia demonstrates a trade-off in which
protection of an extensive, unique ecosystem is achieved
through the degradation of smaller, upstream wetland sys-
tems (von der Heyden and New in press-a). The Kafue
River originates along the watershed between Zambia and
the Democratic Republic of the Congo 100 kilometers
northeast of the industrialized Copperbelt mining region. It
is the dominant source of water and food for various urban
and rural settlements and enterprises. Although the river
only drains 20% of Zambia’s surface area, it is the principal
water source for all of the country’s major towns (Mutale
and Mondoka 1996). Wetlands, locally called dambos, are
apparent throughout the Copperbelt Province, where they
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occur primarily as headwater features forming the source of
the Kafue River.

Commercial mining on the Copperbelt began in the
1920s, and since then the region has been characterized by
one of the highest densities of large-scale mines in the
world. Mining-related contamination of the Copperbelt’s
water resources has been a matter of great concern over
the past decades (Pettersson and Ingri 2001). Since many
Copperbelt mines and their related infrastructure are lo-
cated on or near the catchment’s rim, effluent originating
from these operations follows the natural drainage path, first
entering the dambo wetlands before discharging into larger
waterways and ultimately the Kafue River (Limpitlaw
2002). Although wetlands throughout the Copperbelt have
been affected and degraded as a result of the discharge of
mine effluent, these systems have given a considerable level
of protection to the downstream ecosystem through the
filtration, retention, and remediation of effluent contami-
nants within the wetland sediment and flora (von der
Heyden and New in press-b, in press-c).

While the wetland systems demonstrate great efficiency
in protecting downstream environments from mine-related
pollutants, natural wetlands are known to be fragile ecosys-
tems that are extremely valuable to local resource users and
are a key component of the regional ecosystem. It is uncer-
tain if the wetlands are able to provide their regulating eco-
system services indefinitely or at a constant level. Further
understanding of the complexity of factors affecting the im-
pact, capacity, and alternatives to the use of natural wetlands
in mine effluent remediation is necessary to assess compre-
hensively the role of the wetlands in the management of the
Copperbelt environment. Perhaps irreversibly, ecosystem
services provided by wetlands have been traded off for the
long term, over large spatial scales. Thus this trade-off can
be classified as Type H.

12.4.6 No-take Zones in St. Lucia

As fisheries worldwide continue to decline (FAO 1996;
Jackson et al. 2001; Myers and Worm 2003; Roberts 2002),
there has been an increasing interest in fishery exclusion
zones, both to allow for the recovery of targeted species and
as a mechanism to increase the catch outside of protected
areas. Recent research suggests that these objectives can be
successfully achieved by the designation of no-take marine
reserves (Gell and Roberts 2003a).

For example, the Soufrière Marine Management Area,
created in 1995 along 11 kilometers of the coast of St. Lucia
in the Caribbean, includes five small marine reserves alter-
nating with areas where fishing is allowed. Roughly 35% of
the fishing grounds in this area has been set aside and pro-
tected. The initial cost of restricting access to fishers in
about a third of the available area (a decline in a provision-
ing ecosystem service) has been easily compensated for by
the benefits. As may be expected, fish biomass inside the
reserves tripled in just four years, but, more important, bio-
mass in the fished areas doubled during the same period and
remained stable thereafter (Roberts et al. 2001). In less than
the typical term of an elected governmental official, the
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fishery recovered and landings increased. There is growing
evidence from around the world supporting marine reserves
and fishery closures as an effective tool for managing fish,
one of the most important provisioning ecosystem services
(Gell and Roberts 2003b). Wise local management of fish-
eries averted a negative impact, possibly for the long term.
Therefore this is an example of a Type B interaction.

12.4.7 Lobster Fishing in Maine

Lobster fishing in the northeastern United States has impor-
tant social and economic consequences for many of the
coastal communities in this region. Perhaps nowhere is it
more important than in the state of Maine, which harvests
the majority of lobster produced in the country (Acheson
and Steneck 1997). Since 1870, this fishery has experienced
a period of bust followed by a fairly extended period of
boom in the numbers of lobster produced. A combination
of formal state-based and informal social regulations set and
enforced by territorial harbor cooperatives has contributed
to the expansion and continued success of the lobster fish-
ery, even as other fisheries in the same area have failed
(Acheson et al. 1998; Jackson et al. 2001).

The lobster fishery provides important provisioning ser-
vices such as food and economic well-being for communi-
ties. The development of harbor cooperatives for social
enforcement of regulations also provides members and
communities with a sense of identity, which is important for
social reinforcement of informal regulations on the fishery
(Acheson et al. 1998). The strong bonds created within the
harbor cooperatives help limit the total effort within the
fishery (resulting in a short-term economic cost), assuring
that harvest is limited and the lobster fishery is preserved for
the long term (Acheson et al. 1998).

The cultural services provided by the lobster coopera-
tives may have also had synergistic effects, because one of
the contributing factors to the current lobster boom is an
increased conservation attitude among lobster fishers
(Acheson and Steneck 1997; Acheson et al. 1998). Forma-
tion of lobster cooperatives provided the social fabric and
peer pressure necessary for lobster fisheries within to adhere
to a conservation ethic. This ‘‘win-win’’ outcome in a fairly
small-scale system was a product of synergistic interactions
among ecosystem services and it helped play a part in the
lobster boom and maintain the cultural identity of the lob-
ster communities.

12.4.8 Water Quality and Biological Invaders in the
U.S. Laurentian Great Lakes

Beginning about 1870, a set of connected canals was
opened in Chicago, Illinois, that reversed the flow of the
Chicago River. The purpose of the engineering project was
to flush waste from the burgeoning number of human
households and slaughterhouses away from Lake Michigan,
the drinking water supply for the growing city. The Chi-
cago River, which had naturally flowed into Lake Michi-
gan, was thereby linked via the Chicago Ship and Sanitary
Canal to the Mississippi River drainage; over time this be-
came an important conduit for commercial and recreational
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navigation, as well as a huge open sewer. Because the canal
was filled largely with untreated sewage and animal waste,
dissolved oxygen concentrations were too low for most or-
ganisms to survive for many miles downstream in the Des
Plaines and Illinois rivers. This caused a complete loss of
riverine fisheries until the 1970s, when Clean Water Act
regulations made the waterway habitable again for fish and
other organisms.

Paradoxically, the consequence of improved water qual-
ity in the last three decades has been a surge in invasive
species moving in both directions in the canal. The best
documented example is the rapid spread of zebra mussels
(Dreissena polymorpha). From its initial site of introduction
in the Great Lakes about 1986, zebra mussel larvae were
transported down the canal into the Illinois and Mississippi
rivers, all the way to New Orleans (just north of the Gulf
of Mexico) in about four years (Stoeckel et al. 1997). The
consequence of zebra mussel spread within the Great Lakes
has been $100 million in annual costs to the power industry
and other users, extirpation of native clams in Lake St. Clair,
and large changes in energy flow and ecosystem function
(Lodge 2001). Other nonindigenous species in the Great
Lakes—two fish, for example, the round goby and the Eur-
asian river ruffe (Gymnocephalus cernuus)—are also nearing
the canals and could join the zebra mussel in its southward
migration. Other species that have had large impacts else-
where—two Asian carp species are of special concern—are
migrating northward and nearing Lake Michigan (Stokstad
2003).

12.4.9 Flood Control by the Three Gorges Dam in
China

The construction of the Three Gorges Dam in China is an
effort to provide a technological substitution for the ecosys-
tem services of flood control while also producing electric-
ity through hydropower. Flood control is important for the
well-being of the millions of people, mostly rice farmers,
who live on the floodplain of the Yangtze. Sedimentation
from the Tibetan plateau has raised the height of the Yang-
tze channel to the point where it now sits several meters
above its floodplain. Once the Three Gorges Dam is con-
structed, it is anticipated that large floods on the Yangtze
will be controllable.

Construction of the dam will have other effects as well,
however: Once the dam is full, levels of schistosomiasis near
Chongqing, at the north end of the impoundment, are pre-
dicted to rise dramatically as a consequence of the decreased
water speed. The capacity of the Yangtze to remove wastes,
including industrial effluent and sewage, will also be sig-
nificantly reduced. Water quality within the long, narrow
impounded area is likely to decline. The reservoir that re-
sulted from the construction of the Three Gorges Dam has
necessitated the relocation of around 2 million people and
caused flooding of numerous villages and historical monu-
ments.

The decision to build the dam is in part a consequence
of earlier decisions that encouraged people to settle in the
wetland areas that would formerly have provided flood
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control services. Some of the ecosystem services provided
by the Yangtze that will be lost, such as disease regulation,
food production, and waste removal, have been assigned
a relatively low priority compared with energy and flood
control, which will be gained. Interestingly, the communi-
ties negatively affected by schistosomiasis (upstream) will be
different from those that benefit from flood control (down-
stream).

As shown in this case, it is not uncommon that manage-
ment of ecosystem services may result in an inequitable dis-
tribution of the benefits and costs of management actions.
This example also shows that when a management decision
is focused on a small subset of ecosystem services (flood
control and electricity production, in this case), the impact
of the decision on interrelated secondary services may be
largely ignored. This is an example of a Type H trade-off:
irreversible, large-scale, and long-term.

12.4.10 Dryland Salinization in Australia

Dryland salinization has been a major issue facing farmers in
Australia since the 1930s. It was not until the late 1980s and
early 1990s, however, that the problem moved from being
individual to collective (Anderies et al. 2001; Greiner and
Cacho 2001; Briggs and Taws 2003). To increase agricul-
tural production (a provisioning service), many farmers
cleared the original woody vegetation and replaced it with
pastures and crops (Schofield 1992; Farrington and Salama
1996). The natural tree landscape of Australia had provided
an important but undervalued regulating service by main-
taining the groundwater at low enough levels that salts were
not carried upwards through the soil. Once the woody veg-
etation was removed, the groundwater table moved toward
the surface, bringing salt into the surface soils. As the salt
content in soils increases, lands become unusable for tradi-
tional agriculture (Anderies et al. 2001; Greiner and Cacho
2001; Briggs and Taws 2003).

Dryland salinization motivated the development of the
Hunter river salinity trading scheme (www.epa.nsw.gov
.au/licensing/hrsts/index.html) and a political push to
move toward salt-trading schemes that start with the devel-
opment of salinity targets (www.mdbc.gov.au/natural
resources/salinity/factsheets/fsa1002_101.html). Ecological
restoration efforts include planting trees in plots contiguous
to fields to recover the ecosystem services provided by na-
tive vegetation (Schofield 1992; Farrington and Salama
1996). The total amount of land available for grazing de-
creases since trees take up some of the space, but tree plots
help maintain the water table low enough to avoid saliniza-
tion (Anderies et al. 2001; Briggs and Taws 2003). In areas
of the Murray River catchment, the establishment of salt
quota allocation systems is also necessary to assure that salt
levels in the drinking water supply for Adelaide remain low
(Anderies et al. 2001). Dryland salinization therefore has
both local and distant effects, illustrating the spatial segrega-
tion of trade-offs among ecosystem services.

12.5 Characteristics of Trade-offs in the
Scenarios and Case Studies
One way to look at the implications of policy-makers’ ac-
tions on the delivery of ecosystem services is to ask which
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ecosystem service is traded off (explicitly or implicitly)
when another service is selected as a target of a policy pre-
scription. Though trade-offs may lead to the ‘‘sacrifice’’ of
one service for another, this is not always so. In some cases,
non-target ecosystem services may be enhanced, leading to
a synergistic increase in the services provided. Analysis of
results from the case studies allow for the identification of
policies that have led to ‘‘win-win,’’ ‘‘win-lose,’’ and ‘‘lose-
lose’’ situations, according to whether the policy recom-
mendation resulted in a positive response in both the tar-
geted and other ecosystem services, a negative and a positive
response, or two negative responses. (See Table 12.1.)

We find examples of all three types of trade-off. Two
cases stand out as clear ‘‘win-win’’ situations. Lobster fish-
ing in the northeastern United States and no-take areas and
fishery production in Saint Lucia show how short-term
losses in catch due to the policies implemented led to long-
term increases in production. Human well-being and fish-
ery production both increased by enlightened management.
In contrast, the remediation by natural wetlands on the
Kafue River in Zambia is a candidate for a ‘‘win-lose’’ case:
the quality of highland wetlands was ‘‘sacrificed’’ by mining
effluents, though the wetlands still continue to provide this
regulating ecosystem services. (It remains unclear if they can
maintain the service at the same level or do it in perpetuity.)
In addition, society can benefit from the income generated
from mining, and the quality of water is maintained.

Identification of common characteristics found among
trade-off decisions will allow policy-makers to develop
better-informed decisions about the choices that they face.
Understanding typical trade-off patterns associated with

Table 12.1. Types of Ecosystem Service Trade-offs in Case
Studies. The plus and minus signs next to the numbers for each
case study indicate positive and negative impacts, respectively, over
the ecosystem service or services traded off. Two plus or minus signs
indicate more than one service traded off in that category. Two signs
separated by a slash indicate short-term/long-term differences in the
trade-off or spatially segregated costs and benefits. Key to the case
studies (see section 12.4 for their full names): 1: vulture declines in
India, 2: value of lakeside property in the United States, 3: fisheries
and tourism in the Caribbean, 4: fertilizer use in the United States,
5: remediation by natural wetlands on the Kafue River in Zambia, 6:
no-take areas and fishery production in Saint Lucia, 7: lobster fishing
in the northeastern United States, 8: Great Lakes of the United
States, 9:Three Gorges Dam in China, and 10: dryland salinization in
Australia.

Ecosystem Ecosystem Service Targeted
Service
Traded off Provisioning Regulating Cultural Supporting

Provisioning 6(�/�), 8(��), 9(�) 2(�)
7(�/�)

Regulating 1(��), 3(�), 8(��), 2(�)
5(�/�), 10(�) 9(��)

Cultural 7(�) 1(�) 2(�)

Supporting 4(�) 8(�) 2(�) 4(��)
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ecosystem management decisions may help managers com-
prehend the implications of their choices, even when they
cannot predict the secondary services that will be affected.
Common characteristics arise from analyses of the trade-
offs found across all four scenarios and can be illustrated by
examples drawn from real-world decision-making. In this
section we summarize some of the main issues that must be
considered when making decisions about ecosystem service
trade-offs.

12.5.1 Unknown and Unanticipated Trade-offs

In all four scenarios and in our real-world case study exam-
ples, numerous trade-offs exist that are unknown and unan-
ticipated. These may not manifest themselves until long
after the initial decisions are made, even though they are
already affecting the mix of ecosystem services provided.
Illustrating such examples from within the scenario results
themselves is difficult, because if the unknown and unantic-
ipated trade-offs were known, they could be planned for.
Instead the scenarios present many surprises (based on
known interactions) that, in the real world, could be a result
of unknown and unanticipated events. For example, in
TechnoGarden, allergies to the pollen of genetically modi-
fied organisms develop, and massive exotic algal blooms
occur as a result of failed water-supply manipulations. These
surprises are a result of management trade-off decisions that
result in unpredictable changes, forcing managers to make
additional, unanticipated trade-off decisions.

While the previous example comes from the scenarios,
the case studies also clearly show that unanticipated trade-
offs are common and indicate that we can expect more
unexpected trade-offs and synergies in the future. For ex-
ample, vulture declines in India are remarkable in demon-
strating how a change in the abundance of one species can
have unexpected consequences over something as seem-
ingly unconnected as the presence of rabies in dogs. Simi-
larly, in the Great Lakes ecosystem, the efforts to increase
waste removal and, later, to improve water quality in the
waste canal led to a subsequent increase in non-native spe-
cies, which has contributed to the long-term decline of bio-
diversity within the Great Lakes ecosystem.

Even the best models, classification schemes, or proc-
esses used to understand the trade-offs inherent in manage-
ment decisions will not be able to anticipate all the effects
of these decisions. Ultimately, there will always be some
unanticipated effects of management decisions. Yet there
are management techniques that can be used to mitigate the
impact of unanticipated trade-offs. Management designed
to maintain or improve resilience may help mitigate the
impact of unanticipated effects, as seen in the Bonaire ex-
ample. Resilience can be incorporated into ecosystems, for
example, by creating redundant approaches to providing
similar ecosystem services within each ecosystem. Develop-
ment of a protected areas network that has multiple pro-
tected areas within a broader ecosystem would be one
example of incorporating redundancy into ecosystem man-
agement plans. The use of adaptive management, or learn-
ing by doing, allows lessons learned from unanticipated
effects to be applied to future decisions.
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12.5.2 Choice of Ecosystem Service Trade-offs

Policy-makers are often forced to choose some ecosystem
services over others. Across all four scenarios, trade-off deci-
sions show preference for provisioning, regulating, cultural
and supporting services, in that order. In all instances the
increase in population growth, a major assumption of the
scenarios, forces trade-offs that tend to favor provisioning
and, to some extent, regulating ecosystem services. This is
not surprising, as management choices tend to increase the
supply of services that are perceived by society as more
important—provisioning and regulating services—and thus
do not fully value trade-offs of cultural and supporting ser-
vices. In addition, supporting services are more likely to
be ‘‘taken for granted.’’ Because supporting and regulating
services contribute to the ability of ecosystems to provide
provisioning in the future, these decisions may be seriously
undermining the future of provisioning ecosystem services
and human well-being.

Real-world examples support the contention that man-
agers must make trade-offs that explicitly or implicitly lead
to preferences among ecosystem services. For example, the
Three Gorges Dam in China is expected mainly to prevent
floods (regulating ecosystem service) and will also positively
affect electricity and food production (provisioning ecosys-
tem services), but will negatively affect disease regulation
and waste removal (regulating ecosystem services) and bio-
diversity. Perhaps the most telling example is that of the
value of lakeshore property in the United States: develop-
ments targeting the cultural ecosystem services provided by
owning a home near the water create negative impacts on
other provisioning, regulating, cultural, and supporting
ecosystem services, which in turn undercut the cultural ser-
vice that they initially sought to optimize.

The recognition that managers rank ecosystem services
in specific sequences allows a better understanding of how
trade-off choices are made. Managers can then acknowl-
edge that their decisions have ramifications on the supply of
other ecosystem services and provide support for examining
all aspects of each trade-off decision.

12.5.3 Slowly Changing Factors

The slowly changing factors that underlie supporting and
regulating services are often ignored by policy-makers and
not actively pursued by policy processes. Because support-
ing services often depend on slowly changing factors such
as soil fertility, groundwater levels, or soil formation, they
may not generally be perceived to be responsive to policy
intervention. Slowly changing factors are rarely quantified
and may be difficult to monitor. However, as discussed in
Chapter 3, it is often these slowly changing variables that
lead to unanticipated changes in ecosystem services.

In many instances, society chooses to trade off support-
ing or regulating services in favor of short-term provision-
ing ecosystem services. The case study examples about
fertilizer use in the United States and mine effluent in
Zambia illustrate this type of trade-off. Inattentiveness to
supporting and regulating services can lead to a loss of resil-
ience, leaving socioecological systems more vulnerable to
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surprises in delivery of provisioning services. Surprise,
which is often linked to the misunderstanding or non-
identification of the slow variables that regulate ecosystem
services, is a common part of ecosystem management
(Gunderson and Holling 2002).

Across all scenarios, such surprises or unexpected con-
sequences of ecosystem management lead to a litany of
additional trade-offs that society must make to ensure main-
tenance of ecosystem services. That is, short-term choices
for human well-being can be derailed by surprises, ulti-
mately leading to negative impacts on long-term human
well-being. Addressing the negative impacts after the fact
may be more costly than effectively managing the slowly
changing variables to avoid problems in the first place. Peo-
ple in the Global Orchestration scenario focus on short-
term availability of provisioning services and generally ig-
nore slowly changing variables, with the idea that they will
be able to address the impacts of the trade-off on other ser-
vices after people have enough provisioning services. In this
sense, the scenarios indicate the importance of recognizing
the existence of delays. Many ecosystem problems only be-
come apparent after a long time period. The long-term
implications of decisions means that in many cases manage-
ment regimes are only put in place after meaningful change
can happen.

The results of trade-off decisions in the scenarios and
case studies can be used to help understand the implication
of slowly changing factors. Recognizing the importance of
slowly changing factors and their effects on the long-term
delivery of ecosystem services will help us develop more
successful management plans. For example, land use plans
in agricultural areas that recognize that high fertilizer use
will ultimately result in lower water quality will be more
successful in the long-term provisioning of clean fresh water
than plans that do not. Such management plans might limit
the impacts of fertilizer through reduced use, development
of buffers, or other technology to assure water quality in
the future.

12.5.4 Temporal Trade-offs

Managers must clearly identify trade-offs to allow policy-
makers to understand the long-term effects of preferring
one ecosystem service over another. Many decisions are
made to maintain provisioning services in the present, often
at the expense of provisioning services in the future. The
decision to provision now versus provision later is especially
pervasive in the Order from Strength scenario. Long-term
decision planning is very hard to do, because many manag-
ers are rewarded for short-term success. Achieving short-
term success may mean forgoing opportunity for future re-
wards. However, long-term rewards are characteristic of
some real-world examples, such as no-take zones in St.
Lucia and lobster fishing in Maine. In these two fishery ex-
amples, a short-term loss caused by the implementation of
fishing restrictions was compensated by a long-term in-
crease in production as stocks recovered. Limitation of
‘‘free access’’ to these resources was also fundamental.

Formal acknowledgement that trade-off decisions oper-
ate across time will help managers and policy-makers un-
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derstand the importance of thinking about ecosystem
services beyond the immediate need. Development of man-
agement regimes for protection of ecosystem services will
have to incorporate an understanding of the time scales at
which each trade-off occurs (at least the known ones) and
ways to assure there is balance between short- and long-
term needs from ecosystem services. Recognizing and plan-
ning beyond the traditional short-term time frames com-
mon in traditional resource management will help build
potential for success stories like the St. Lucia case study.
Management schemes that do not recognize the long-term
effects of trade-off decisions will not be as successful as those
that do. Incentives that cause a decline in future discount
rates and thus increase the willingness of people to invest
for the long term will give managers tools that help mitigate
the effect of short- versus long-term trade-off effects.

12.5.5 Spatial Trade-offs

Trade-offs are also often made spatially. Management deci-
sions can have impacts in areas far removed from where the
initial trade-off decision occurs. This is especially relevant
for the trade-off decisions that are made within the Order
from Strength scenario. Decisions made in that scenario
rarely take into account the possible implications outside
political borders. Lack of accounting for spatial considera-
tions when making trade-off decisions within the Order
from Strength scenario creates further pressure on resources
in regions where resources are scarce. The Global Orches-
tration scenario, in contrast, has mechanisms for coping
with trade-offs, which allow accounting for decisions out-
side traditional trade-off boundaries. In many instances this
means that there can be more equitable resource distribu-
tion cross political borders. In contrast to decisions made
about temporal resources, many policy-makers facing eco-
system service trade-off decisions do not account for the
spatial effects of those decisions or for the kinds of land-
scape- and ecosystem-wide effects that are discussed in
Chapter 3.

Case studies also portray the dilemmas associated with
decision-making at multiple spatial scales. For example,
consider the case of dryland salinization in Australia. Each
farmer, caring only for his land, removed woody vegetation
in order to have more space for crops and pasture. Unfortu-
nately, the actions of many individual farmers added up to
the serious ecological problem of dryland salinization. Eco-
logical restoration efforts focused on planting trees affect the
water table relatively quickly at the local level, but the es-
tablishment of a successful salt-allocation system for an en-
tire watershed, as is needed to assure water quality for the
city of Adelaide, is much harder to implement. Similarly,
excessive nutrient use on farms in the Mississippi River wa-
tershed, which increases food production, is having a nega-
tive impact on ecosystem services far downstream in the
Gulf of Mexico.

Many managers recognize the need to consider the ef-
fects of trade-off decisions outside of traditional geopolitical
boundaries. However, there are few incentives for managers
to make decisions for the greater good at the cost of local
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or small-scale well-being. The dilemma faced by policy-
makers is that successful management of ecosystem service
tends to occur at fairly small spatial scales, while trade-offs
that occur at larger scales ultimately affect even the smallest-
scale ecosystem. Incentives that encourage policy-makers to
bring expert experience of small-scale ‘‘win-win’’ solutions
to large-scale problems may help policy-makers think
broadly about decisions. Further, development of models
that allow small-scale systems to be applied to large-scale
problems will ensure that these experiences can be used for
the greater good.

12.6 Conclusions
Trade-offs are a matter of societal choice. The lessons
gained from scenarios and the examination of case studies,
including the explicit recognition of trade-offs and their
importance for the long-term sustainability of ecosystem
services, will help policy-makers to gain a better under-
standing of the choices that they face and their conse-
quences. In this section, we summarize some of the major
implications of the material in this chapter.

12.6.1 Cautions about Quantitative Models

We need to be cautious about using quantitative models,
including the ones in the MA, because these rarely repre-
sent trade-offs with accuracy. As in any modeling exercise,
the qualitative and quantitative results from the scenarios
are built on a series of assumptions. For example, there are
assumptions regarding fertility, mortality, and migration of
humans and the qualitative and quantitative aspects of eco-
nomic growth. (See Chapter 9.) These assumptions are de-
signed to match the scenario storylines and drive the results
of the modeling. The models, in turn, are able to project
outcomes over a relatively small array of ecosystem services
(see Chapter 9), allowing us to develop an expectation of
the conditions of the world under the different scenarios,
using a sample of the services provided by ecosystems to
humanity. At this point, one could ask: Are trade-offs ade-
quately described by the storylines or the models? Are there
any important trade-offs left out? What does our collection
of case studies tell us about the importance of trade-offs that
are missed by the storylines or the models?

Though the answers to these questions might appear ob-
vious, as nobody doubts that models are only a simplified
version of reality, their consequences are very important.
Let us consider initially the last two questions and return to
the first one later. A quick glance at Table 9.1 in Chapter 9
highlights the biases in the quantitative scenario analysis:
there is a strong dominance of provisioning and regulating
ecosystem services. Interestingly, this lines up perfectly with
our case studies: provisioning and regulating ecosystem ser-
vices are targeted more often than other ecosystem services.
Certainly not by accident, the models focus on the ecosys-
tem services that appear to be perceived by society as more
important (driving research agendas and funding) and give
less attention to cultural and supporting services.

There are two consequences of this bias. First, cultural
and supporting services are essentially left out of the quanti-
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tative modeling exercise altogether. We know from the
scenario assumptions that Order from Strength and
TechnoGarden are more likely to trade off cultural ecosys-
tem services over others, but since we are unable to com-
pare these services in the scenarios quantitatively, the
relative gain or loss of cultural ecosystem services cannot be
formally expressed. The challenge is probably greater for
supporting ecosystem services, as ‘‘those are necessary for
the production of all other ecosystem services’’ (MA 2003).
The fact that existing models do not consider these services
is a limitation. Not considering supporting services almost
guarantees that we will face surprises and sudden shifts in
provisioning services in the future. Since we know that ad-
dressing these after they are a problem is generally more
costly and time-consuming, we are setting ourselves up for
more expensive future management by ignoring supporting
services.

Second, and perhaps more important, a clear message
emerging from the case studies is that ecosystem services
interact and that targeting one can affect many others. The
fact that models are able to explore only a small subset of
ecosystem services (even within provisioning and regulating
services) means that a smaller set of potential trade-offs can
be quantified. Thus even if the models were able to per-
fectly characterize all the trade-offs among the ecosystem
services that they consider, they would still underestimate
the consequences of any societal choice, as many other
trade-offs would remain unquantified.

Given the complexity of interactions among ecosystem
services and the limited set of services directly quantified
(see Chapter 9), it is a great achievement of the scenario
development and modeling teams that some trade-offs were
successfully visualized. But again, if model results are a sim-
plification of reality, the simplification of the trade-offs is
certain to be greater. Model results, at best, represent a
crude lower bound of the expected consequences of any
specific scenario. Reality will certainly be characterized by
many other unforeseen changes in ecosystem services.
Models offer us a means for contrasting societal choices, but
history shows us that these choices can lead to far more
severe consequences than models could ever predict (Ehr-
lich and Mooney 1983).

12.6.2 Dilemmas in Ecosystem Service Decisions:
Complex Interactions of Ecosystem Services and
Human Societies

Making choices about the management of ecosystem ser-
vices is a prevalent feature of all human societies. In many
cases, these choices have directly affected the delivery of
non-target services (either positively or negatively).

Synergisms occur when ecosystem services interact with
each other in a multiplicative or exponential fashion. For
example, invasions of exotic plants are promoted by human
disturbance (Crawley 1987). In the case of the human mod-
ification of the U.S. Laurentian Great Lakes, disturbance of
the aquatic landscape facilitated the invasion of zebra mus-
sels both by changing the composition of the local biota and
physically providing a route for their spread. But not all
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interactions between ecosystem services need to be nega-
tive. The conservation of fishes in Bonaire not only main-
tained the interest of tourists, it also protected the fishery
for the future and made the reef resistant to the loss of the
regulatory function provided by black-spined sea urchins.
Achieving successful synergistic interactions remains a
major challenge in the management of ecosystem services
because the strength and direction of such interactions re-
mains virtually unknown (Sala et al. 2000).

Trade-offs may arise without premeditation: regulation
of lobster fishing in the northeastern United States was mo-
tivated by a need to increase the supply of lobsters, a provi-
sioning service, and turned out to also enhance the cultural
services related to strengthening the social fabric and com-
munity organization of fishing cooperatives. Mining along
the Kafue River shows how Zambians have traded off the
quality of upstream wetlands while retaining the properties
of drinking water and food (provisioning services) provided
by the lower portions of the watershed.

As the human domination of Earth increases in extent
and intensity, three important dilemmas arise:
• To what degree can human-created services substitute

for ecosystem services?
• What degree of ecological complexity is needed to pro-

vide reliable ecosystem services?
• Are there limits to successfully engineering ecosystems,

and what are they?
Understanding these dilemmas may help improve our

decisions about trade-offs and management of complex soc-
ioecological systems.

12.6.2.1 Ecosystem Services and Human Services

Many people believe that the products of ecosystems, rang-
ing from clear water to the beauty of a tiger, cannot be
substituted for by other services. Numerous studies, how-
ever, implicitly or explicitly assume that the products of
human ingenuity can provide good or at least satisfactory
replacements for most ecosystem services. The degree to
which ecological services can be replaced by technologi-
cally generated alternatives is very uncertain. Replaceability
depends upon what services people want to replace, what
technologies are available, and what other ecosystem ser-
vices are (intentionally or accidentally) traded off by the
technological replacement. Future technologies may allow
feats that are impossible or prohibitively expensive today.
On the other hand, formerly unknown or unimportant
ecosystem services may be discovered to be fundamental to
people or the maintenance of other ecological services.

An example of this type of dilemma is provided by water
management. Humans have always altered rivers to regulate
water levels. While these interventions were often success-
ful, changes in rivers and their floodplains decreased their
ability to provide regulating and supporting services, result-
ing in water contamination and floods. People have begun
to realize that it may be less costly to enhance flood control
and water quality ecosystem services via ecosystem protec-
tion rather than construct artificial water control and puri-
fication systems. In the United States, for example, New
York City manages watersheds in the Catskills in ways that
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improve the quality of New York’s drinking water. This
model of ecological management improved the quality of
the drinking water at a far lower cost than building a water
treatment plant (Chichilnisky and Heal 1998; Heal 2000).
Both forest habitat and water quality are enhanced.

This dilemma is illustrated primarily in the Tech-
noGarden scenario, in which societies favor the use of
technology to enhance direct provision of services by eco-
systems. This type of trade-off is also common in Global
Orchestration, in which societies believe that, when
needed, human ingenuity will find acceptable replacements
for ecosystem services.

12.6.2.2 How Much Ecological Complexity Is Enough?

Humans are simplifying Earth’s ecosystems, and the conse-
quences of this simplification on the continued production
of ecosystem services is uncertain. Some ecological work
suggests that relatively few species performing different eco-
logical functions can provide many ecosystem services (Til-
man et al. 1996; Ewel and Bigelow 1996). However, other
research indicates that while this may be true over small
areas and short periods, the loss of species increases the vari-
ability of ecosystem services and increases ecosystems’ vul-
nerability to disturbance (Peterson et al. 1998; McCann
2000).

If ecosystems could be simplified with minimal loss of
ecosystem services, ecological simplification would be an
ethical issue, peripheral to sustainable development. If eco-
system services are vulnerable to ecological simplification,
however, maintaining and creating complex ecosystems
should lie at the center of sustainable development efforts.
Evidence to date suggests that complexity and redundancy
are indeed fundamental to maintaining the supply of ecosys-
tem services (Hobbs and Cramer 2003). The management
dilemma that will arise is whether or not to create policies
to encourage maintenance of ecological complexity. This
may require discovering ways to balance short-term, local
loss against long-term, regional gain. This question is, of
course, related to the question of how much biodiversity
(that is, landscapes, ecosystems, species, populations, and
genes) is needed to effectively and sustainably produce de-
sired ecosystem services. This dilemma is illustrated in
Global Orchestration, in which ecosystems are simplified to
produce immediate benefits to human well-being without
regard to the future provision of ecosystem services.

12.6.2.3 To What Extent Can Ecosystems Be Engineered?

Ecological engineering offers potential for people to in-
crease the quality and amount of ecological and human-
produced services they use, while maintaining the ability
of ecosystems to continue to produce ecological services
(McDonough and Braungart 2002). But the goal of produc-
ing a ‘‘Garden Earth’’ requires that people reliably engineer
ecosystems to produce desired services sustainably. Unfor-
tunately, past ecological engineering efforts have frequently
produced surprising consequences (Cohen and Tilman
1996; Holling 1986; Holling and Meffe 1996; Gunderson
and Holling 2002), which suggests that we still lack the so-
phistication or necessary understanding to engineer ecosys-
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tems. This dilemma is illustrated in TechnoGarden, in
which societies value understanding ecosystems and use that
understanding to control and improve provision of ecosys-
tem services.

There are a number of examples of land management by
local people in both the old and new world that suggest
that people can improve the productivity of ecosystems in
a relatively sustainable way and in a fashion that does not
eliminate the ability of surrounding ecosystems to provide
nonagricultural ecological services. For example, research
over the past decades in the Amazon found that approxi-
mately 10% of its land area is anthropogenically produced
fertile soil that is more resilient to disturbance than non-
anthropogenic soil (Glaser et al. 2001). Similarly, it has been
suggested that pre-Columbian societies generated produc-
tive mixed aquaculture/agriculture systems in relatively un-
productive parts of Bolivia (Erickson 2000). Another
example of an integrated approach is the water temple sys-
tem in Bali. A system of water temples was used to balance
rice production, which is increased by the staggered avail-
ability of water to different fields, with the need to control
rice pest populations, which increase rapidly with synchro-
nized production across large areas (Lansing 1991). The
ability of engineered ecosystems to produce a broad variety
of ecosystem services rather than optimizing a single service
remains largely untested, however.

12.6.3 Complex and Cascading Effects of Trade-offs

The case studies and the results from the scenarios demon-
strate that trade-offs are complex and often have ramifica-
tions far beyond the decision that led to the trade-off itself.
Trade-offs can affect service provision in places that are far
away, they can affect other services nearby, and they can
affect the future provision of ecosystem services. Whether
they affect nearby services, faraway services, or future ser-
vices, trade-offs are usually involve unanticipated effects on
secondary services. Decisions frequently cascade through
multiple ecosystem services following both known and un-
known pathways. Unanticipated effects on secondary ser-
vices and the multiple pathways trade-offs may take add to
the complexity of ecosystem service management choices.
This complexity can have serious implications for making
trade-off decisions.

Lessons from the examples presented in this chapter sug-
gest that managers can benefit by classifying their trade-off
decisions, identifying the characteristics common to their
decisions, and understanding the potential dilemmas that
their decisions must address. Although it will be impossible
to mitigate all the unknown and unanticipated effects of
each decision, management schemes that focus on ‘‘win-
win’’ outcomes and include sufficient redundancy within
each plan will be more successful than other management
schemes. Structured approaches to making decisions about
ecosystem services, which take advantage of existing models
and include an adaptive management approach, will have a
higher likelihood of mitigating unintended consequences.
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Main Messages

The Millennium Ecosystem Assessment scenarios build on earlier sce-
narios and modeling efforts and also extend scenario analysis to include
ecosystem services and their consequences for human well-being, which
has not been done before. The main objectives of the MA scenarios are to
assess future changes in world ecosystems and resulting ecosystem services
over the next 50 years and beyond, to assess the consequences of these
changes for human well-being, and to inform decisions-makers at various
scales about these potential developments and possible response strategies
and policies to adapt to or mitigate these changes. These objectives are re-
flected in the overall approach and are an integral part of the four narrative
and quantitative scenarios about alternative futures.

MA scenarios further refine and extend a number of recent methodologi-
cal improvements in the scenario formulation process. These include inte-
gration across social, economic, environmental, and ecosystems dimensions;
disaggregation across multiple scales of global patterns down to regional and
in some cases also place-specific developments; multiple futures across four
alternative scenarios to reflect deep uncertainties of long-range outcomes; and
quantification of key variables linked to ecosystem conditions and ecosystem
services along alternative narrative storylines. In addition, the MA scenarios
make four important new contributions: They extend the integrated assessment
approaches to include ecosystem services and their consequences on human
well-being. They model explicitly changes in biodiversity as an integral part of
scenario development. They assess interactions and trade-offs among ecosys-
tem services. And they assess possible replacement of some ecosystem ser-
vices by other services and the emergence of new ways of providing these
services, such as through technological change.

MA scenarios establish another important precedent in adopting the long
time horizon of 50 years, and for some variables, a century. Many salient
but slow trends in ecosystems will only become visible over this long time
period, but decisions influencing these trends have already been taken or will
be taken in the immediate future. Integrated scenarios, which portray human
activities together with ecosystem dynamics, are the main tool available for the
assessment of alternative futures and possible response strategies. Increas-
ingly, long time horizons and global perspectives are required to understand
complex interactions between human and ecological systems.

The MA scenarios provide rich and useful images of broad patterns of
possible futures at the global scale and at the level of major world re-
gions. However, the models are not able to perform detailed analyses of
local processes and impacts. One possible remedy and a crucial improve-
ment for similar future assessments in terms of usability for several stakehold-
ers would be to ‘‘soft-link’’ sector- and region-specific models by using the
global scenario framework and outputs of global models to drive them. A par-
ticularly useful feature of the present effort is that scenarios provide the infor-
mation about the socioeconomic and technological development patterns that
is necessary for the assessment of the viability and effectiveness of various
instruments and response strategies currently available or that might become
available in the future to different stakeholder groups.

A key goal of the MA scenarios is to help decision-makers gain a better
understanding of the intended and unintended effects of various policy
measures for maintaining ecosystem services and human well-being si-
multaneously. Human activities have become an important co-determinant of
Earth systems, and decisions made now and in the immediate future will have
consequences across both temporal and spatial scales. Alternative futures de-
scribed in the MA scenarios are subject to human choices, both those already
made and those to be made in the future. Multiple dynamics of change charac-
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terize human activities and ecological systems. Bringing these interactions to
the foreground is one of the main goals of the MA scenarios.

While basic human conditions generally improve across three scenarios
and decline for some people in one scenario, they all portray, to a varying
extent, perilous paths of ecosystems change. This illustrates complex link-
ages and feedbacks of ecosystem service changes on human well-being.
While material elements of human well-being generally increase, loss of eco-
system services leads to higher inequalities in some of the scenarios and even
degradation of some aspects of human well-being in others. Degradation and
loss of some ecosystem services also affects the trade-offs and relations be-
tween provisioning and regulating functions of ecosystems. This is one central
and important development pattern shared by all four scenarios.

The paths of the four scenarios are fundamentally different. Each sce-
nario includes inherent path-dependencies and irreversibilities that are
the results of the long response times and cumulative nature of many
changes that affect ecosystem services and human well-being. The sce-
narios do not converge, though the possibility exists that decisions could be
made in one scenario to make it evolve (or branch out) into an alternative
future resembling one of the other MA scenarios. They differ with respect to
many of the drivers of global change identified by the MA. In particular, the
scenarios differ with respect to whether the world becomes more or less inter-
connected and whether environmental management is reactive or proactive.

Land use changes are perhaps the most critical aspect of anthropogenic
global change in influencing the future of ecosystems and their services.
Nevertheless, indirect effects on future ecosystem services, which can poten-
tially result from other global changes (climate change, biodiversity loss), will
also be of importance and superimposed on effects of land use changes. In
the four MA scenarios, land use changes will directly determine many of the
provisioning and regulating functions of ecosystems. These will depend on the
future changes in biodiversity, desertification, or wetlands—all a function of
land use changes. Land use patterns are in turn directly dependent on some
of the main scenario driving forces, such as demographic, economic, and tech-
nological changes.

The models used to quantify the MA scenarios were unable to explore or
elaborate on the evolutionary path-dependencies among anthropogenic
system and ecosystem development, possible emergence of thresholds,
and the specific dynamics caused by bifurcations. The current quantitative
methodological approaches are not well suited for assessment of cross-scale
phenomena such as place-specific developments in relation to regional and
global ones. Extending the scenario development to more than one set of
integrated models might better encompass some of the deep uncertainties
associated with alternative futures and the resulting ecosystem services. Since
the qualitative development of the MA scenarios was able to address path-
dependencies, thresholds, and bifurcation dynamics, the storylines should be
consulted for additional depth and richness about path-dependencies, thresh-
olds, and cross-scale feedback.

Important lessons learned in the development of the MA scenarios could
help improve the development of global storylines in any future assess-
ments:

• Development of regional and more place-specific scenarios would help
inform and create better global scenarios. Regional scenarios can use
more accurate local information to develop scenarios and might represent
system dynamics more accurately. They can also pinpoint specific vari-
ables of interest.
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• Better communication and interaction with policy-makers would help inform
the development of the storylines by indicating the key variables that are
of interest to decision-makers. This would be useful both for understanding
which are the most pressing questions of policy-makers as well as for
communicating results to policy-makers at the end of the process. Having
more policy-makers and decision-makers within the working group may be
one way to improve this communication.

• Improved communication and interaction across scientific disciplines would
improve future scenarios. Differences among disciplines’ core beliefs about
how the world functions were also often the critical issues that policy-makers
wanted to have addressed in the scenarios. Better interdisciplinary com-
munication prior to initiation of future assessments might make an exceed-
ingly complex process a bit easier.

13.1 Introduction
The main objectives of the MA scenarios are to assess
changes in ecosystems and their services over the next 50
years and beyond, to assess the consequences of these
changes for human well-being, and to inform diverse
decisions-makers about these potential developments and
how they can affect them through response strategies and
policies. These objectives, as stated in Chapter 5, are re-
flected in the overall approach used to develop the new MA
scenarios. The objectives are an integral part of the basic
assumptions about the future of the main driving forces of
the four scenarios.

The scenarios do not attempt to describe all possible fu-
tures that can be imagined. The MA scenario paths were
developed to provide plausible answers to the major uncer-
tainties and focal questions about the future of socioecologi-
cal systems. (See Chapter 5.) In addition, the scenarios
systematically follow through a number of assumptions and
management approaches currently discussed by decision-
makers around the world. The quantification of changes in
ecosystem services across the four scenarios are based on an
integrated modeling framework, which uses an existing set
of models, but with new linkages designed explicitly to re-
flect the main objectives of the MA scenarios. A brief sum-
mary of the four scenarios and their main characteristics is
given in the SDM. Chapters 8, 9, 10, and 11 synthesize a
wide range of social, economic, environmental, and policy
implications of changes in ecosystem services on human
well-being, and include an assessment of possible policy re-
sponses to these changes.

The MA scenarios have been conceived and developed
to provide insights into a broad range of potential future
ecosystem changes. The objective was to portray plausible
developments that are internally consistent rather than those
that may be considered to be desirable or undesirable. The
idea of what is ‘‘negative’’ or ‘‘positive’’ in any given sce-
nario is inherently dependent on the eye of the beholder
and thus highly subjective. Therefore, great attention was
given in previous chapters to presenting both positive and
negative aspects in the scenarios. Uniting only ‘‘positive’’
or ‘‘negative’’ features in a scenario would result in homo-
geneous and ‘‘unidimensional’’ futures that may not be
plausible and consistent.
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The overall objectives, scenario formulations, and devel-
opment of the MA scenarios are new. However, our ap-
proach builds on previous scenarios and modeling efforts in
the literature. The new and innovative element is the focus
on ecosystem services and human well-being. The MA sce-
narios distinguish between provisioning, regulating, sup-
porting, and cultural ecosystem services (MA 2003). Access
to ecosystem services is one of several factors affecting
human well-being, which is considered along a multidi-
mensional continuum—from extreme deprivation or pov-
erty to a high attainment of experience of well-being—and
has five major components: material well-being, health,
good social relations, security, and freedom and choice (MA
2003, Chapter 3). Human well-being is context-dependent,
reflecting factors such as age, culture, geography, and
ecology.

Many insights were gained in the process of developing
scenarios that focus on ecosystem services and human well-
being. In the models used to quantify the MA scenarios,
land use changes were perhaps the most critical aspect of
anthropogenic global change in influencing the future of
ecosystems and their services. As a first approximation, the
results of MA scenarios modeling exercises suggest that land
use changes directly determine many of the provisioning
and regulating functions of ecosystems. These will depend
on future changes in biodiversity, desertification, or wet-
lands, all a function of land use changes. Land use patterns
are in turn directly dependent on some of the main scenario
driving forces such as demographic, economic, and techno-
logical change. Another important finding across all scenar-
ios is that indirect effects on future ecosystem services that
might result from other global changes, such as those of
climate, will be of secondary importance compared with
land use changes. In the scenarios, the global changes gener-
ally tend to amplify effects, especially the adverse conse-
quences of changes in ecosystem services.

The MA scenarios also have important weaknesses that
point to potential areas for future improvements. Many
needed improvements relate to our ability to quantify the
future of ecosystem services. These include improving
capabilities for modeling ecosystem services and human
well-being, especially for supporting and cultural ecosystem
services; consideration of the consequences of a larger range
of driving forces; and more-explicit treatment of the deep
uncertainties associated with alternative futures, especially
those related to quantifying ecosystem services.

Perhaps the most important deficiency in the new sce-
narios is that the current models are not well suited for the
assessment of cross-scale phenomena such as place-specific
developments in relation to regional and global ones. This
means that the models are not able to sufficiently explore
the evolutionary path-dependencies among anthropogenic
systems and ecosystem developments or the possible emer-
gence of resilience or irreversibilities. However, many of
the cross-scale feedbacks and many other scenario charac-
teristics that could not be captured by models were treated
in greater detail in the narrative storylines. Extending sce-
nario development to more than one set of integrated mod-
els might be another way to better encompass some of the
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deep uncertainties associated with alternative futures and
the resulting ecosystem services.

13.2 New Contributions of the MA Scenarios
The MA scenarios make a number of new contributions to
the method of scenario analysis for exploring (inherently
unknown) alternative futures, to the process of how scenar-
ios are developed, and to the inclusion of an integrated as-
sessment of ecosystem services and human well-being.

13.2.1 An Analytical Typology of the MA Scenarios

The MA was developed in the context of major advances
in the methodology of scenario analysis. Figure 13.1 shows
a typology for assessment based on the distinction made by
Rayner and Malone between descriptive social science re-
search, based on an analysis of mostly quantitative energy
and material flows, and interpretive social science, focused
on the values, meaning, and motivations of human agents
(Rayner and Malone 1988; see also Robinson and Timmer-
man 1993). The figure further distinguishes between more
global and more local analysis and attempts to indicate typi-
cal forms of analysis that correspond to the four quadrants
identified. The distinctions among the quadrants shown in
Figure 13.1 underlie many of the problems of interdisci-
plinary communication and analysis in the sciences. It is
well known that it is difficult to combine, for example, in-
terpretive place-based analysis of human motivations with,
say, a quantitative analysis of energy systems and emissions.
Much of the early work in the climate field, whether global
or local, was located on the descriptive side of the typology.

It is particularly noteworthy therefore, that recent devel-
opments in scenario analysis are beginning to bridge this
difficult gap (Morita and Robinson 2001; Swart et al. 2004;
see also Chapter 2). Over the past decade, the global sce-
nario analysis community has begun to combine the pri-
marily qualitative and narrative-based scenario analyses
undertaken by Royal Dutch/Shell and other companies
(Wack 1985a, 1985b; Schwartz 1992) with global modeling
work in the form of analyses that bring together the devel-
opment of detailed narrative storylines with their ‘‘quanti-
fication’’ in various global models (Raskin et al. 1998;
Nakićenović et al. 2000). For example, the Special Report

Figure 13.1. Analytical Typology of Scenarios Analysis. This
figure illustrates local and global scenarios exercises and exercises
that are more based on interpretive, qualitative, or descriptive modeling-
based approaches.
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on Emissions Scenarios work (Nakićenović et al. 2000), un-
dertaken for the Intergovernmental Panel on Climate
Change, cut across the interpretive/descriptive divide,
though it still focused mainly on the global and regional
level.

As shown in Figure 13.2, the MA scenarios work also
cuts across the divide between interpretive and descriptive
research by combining narrative storylines and quantitative
modeling. However, it also begins to reach across the
global/local gap, with a stronger focus on local analysis of
ecosystem effects. This was mainly accomplished by incor-
porating information from a few of the sub-global assess-
ments in the global scenario effort and vice versa. Also, a
few methodological steps were explored to link or nest the
development of the local, regional, and global scenarios.
Linking and nesting different scale scenario exercises is a
field that needs further exploration in the future. In this
way, the MA work contributes to the trend toward more
integrated and more interdisciplinary work on the relation-
ships among human and natural systems.

Figure 13.2 demonstrates the place of the MA analysis
along two axes describing the geographical scale of work
and the degree to which the scenarios are based on interpre-
tive, qualitative storylines or grounded in model-based
descriptions. The MA scenarios combine the storyline ap-
proach with a modeling exercise. (See Chapter 6.) The four
scenarios presented in this volume are primarily global sce-
narios, but the MA did go one step in the direction of de-
veloping multiscale scenarios (MA Multiscale Assessments,
Chapter 10).

13.2.2 Contributions to the Process of Scenario
Development

The MA further refined and extended a number of recent
methodological improvements in the scenario formulation
process. They include integration across social, economic,
environmental, and ecosystems dimensions; disaggregation
across multiple scales of global patterns down to regional
and in some cases also place-specific developments; multi-
ple futures across four alternative scenarios to reflect deep
uncertainties of long-range outcomes; and quantification of
key variables linked to ecosystem conditions and ecosystem
services along alternative narrative storylines (See Chapter
2).

Figure 13.2. Placing of MA Scenarios Analysis in Analytical
Typology. For a description of the typology see Figure 13.1.
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Integration across dimensions is needed because multiple
anthropogenic stresses have an impact on the environment
via direct driving forces such as pollution, climate and hy-
drological change, resource extraction, and land use
changes, and they play an important role in co-determining
future evolution of ecosystems. These changes in direct
drivers result from long causal chains of indirect drivers such
as population, economic, and technological patterns, that
are, in turn, conditioned by such ultimate drivers as human
values, culture, interest, power, and institutions. To capture
this nexus of interactions and emergent systems properties,
a systemic framework is required that includes the key driv-
ing forces, possible consequences of their unfolding or col-
lapse, and feedbacks. (See Chapter 1.) MA scenarios achieve
this by introducing these integrative elements:
• formulation of extensive narrative stories, or storylines,

of four alternative sets of main driving forces to 2050
and beyond to provide a context for unfolding ultimate
drivers and impacts on ecosystem services and human
well-being;

• quantification of the narrative storylines by extended in-
tegrated assessment models that include quantitative as-
sessment of biodiversity, water, and fisheries; and

• qualitative assessment of possible trade-offs among eco-
system services and substitutions by other services, the
implications for human well-being, and possible policy
responses.
Many of these integrative elements are present in other

scenarios in the literature, but the emphasis on and integra-
tion of ecosystem services and human well-being is new.

Disaggregation across multiple scales is essential because
multiple interactions between anthropogenic and ecological
systems occur within and across scales from global and re-
gional to local and place-specific levels. These different
spatial scales are often associated with characteristically dif-
ferent temporal scales and provide mutually enhancing per-
spectives into possible futures. Many of the relevant global
processes operate over very long time periods ranging from
decades to centuries, and their impacts on human well-
being are usually indirect and complex but fundamental,
in some cases even threatening human existence itself. In
contrast, place-specific and local processes are usually much
more direct in the ways that they affect human well-being,
such as health, air and water quality, or nutrition.

Scientific capabilities to model links across temporal and
spatial scales are very modest. Often such attempts are re-
duced to disaggregating global development into a (small)
number of global regions. Narrative storylines are richer in
the sense that they can provide apparently seamless connec-
tions across multitudes of scales, but compared with numer-
ical and analytical models they are not quantitative and do
not provide reproducibility under varying assumptions
about main driving forces. In Chapter 2, the hope was ex-
pressed that perhaps future scenario-building techniques
and models would evolve to allow seamless views across
scales and levels of analysis, representing each spatial unit as
an interacting component of an integrated global system.
The MA scenarios provide a first step in this direction by
providing, for example, quantitative links between different
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scales of land use patterns, climate change, and biodiversity.
Another method of bridging across scales is more anecdotal
and is provided in Chapter 10, where some place-specific,
scenario-dependent developments of marine biodiversity
are briefly described for places such as the Gulf of Thailand
and the North Pacific.

Multiple futures are fundamental to any scenario enter-
prise, because prediction of complex and evolving systems
is not possible. They are required for indicating the range
of plausible futures and for encompassing some of the deep
uncertainties associated with the evolution of complex sys-
tems. Examples of deep uncertainties are nonlinear re-
sponses of complex systems, emerging properties and path-
dependencies, and generally unpredictable behavior that
emerges due to branching points, bifurcations, and complex
temporal and spatial dynamics. Complex systems are inher-
ently unpredictable, especially when human response strate-
gies that have yet to be defined are involved.

The overall time horizon of the four MA scenarios is to
2050 and beyond. Such long time horizons are required
to encompass fundamental changes in anthropogenic and
ecological systems and their interactions. It is likely that
they will unfold in unexpected ways and will embody im-
portant surprises. Such surprises could include unexpected
emergent properties, path-dependencies, and the crossing
of critical thresholds, leading to irreversibilities. Given the
modest modeling techniques available today, development
of a rich set of alternative scenarios is the main method used
to encompass these different possibilities and the associated
uncertainties. This approach is also followed in the four MA
scenarios. In addition to the quantitative formulation of
many of the alternative scenario characteristics with an ex-
tended integrated assessment modeling framework, the MA
scenarios also have elaborate narratives that extend across a
multitude of levels and scales. They provide the background
information about the main driving forces, the associated
fundamental drivers, and their consequences. In this way,
they link various analytical and numerical methods that are
not (yet) an integral part of the IAM used to quantify the
four scenarios.

The long time horizon for the scenarios of 2050 and
beyond extend the state-of-the-art in scenario building.
Such long time horizons were used first in the scenarios
for assessing anthropogenic climate change, its impacts, and
possible response strategies. The time horizon of a century
or more was imposed by long-time constants in the climate
system response to anthropogenic forcing, such as the emis-
sions of greenhouse gases, aerosols, and particulate matter.
In contrast, most of the economic scenarios, whether
global, regional, or national, are associated with relatively
short time horizons of a decade or two at most; this does
not allow for fundamental changes in economic system, but
it does capture the accumulation of more gradual and incre-
mental changes based on current trends and tendencies. De-
mographic scenarios are usually somewhere in between due
to the large inertia associated with population momentum
and slow cumulative changes arising from migration pat-
terns or the emergence of pandemics. Fundamental techno-
logical, institutional, and infrastructure changes can also

................. 11411$ CH13 10-27-05 08:46:34 PS



454 Ecosystems and Human Well-being: Scenarios

take many decades or centuries, so that scenarios of the pos-
sible emergence and diffusion of new technologies usually
have time horizons of 50 years or more. Integrated climate
scenarios that included possible human response strategies
were the first applications of integrated scenarios with time
horizons of century or more.

The MA scenarios establish another important precedent
in adopting a similarly long time horizon so as to encompass
alternative future developments of ecosystem services and
human well-being. This is important not merely because
some of the ecosystem services such as biodiversity may sig-
nificantly decrease over these longer time horizons, threat-
ening at least some aspects of human well-being, but also
because these futures are subject to human choices that have
not yet been made. It is difficult to separate all complex
interactions that co-determine changes in human well-
being components related to biodiversity.

So far it is not possible to quantify all these interactions,
but an innovative part of the MA is a first attempt in this
direction. Decision-makers and various stakeholders need
to understand how policies and other measures can influ-
ence and affect future provision of ecosystem services and
human well-being. Human activities have become an im-
portant co-determinant of Earth systems, and decisions
made now and in the immediate future will have conse-
quences across both temporal and spatial scales. Integrated
scenarios are the main tool available for the assessment of
alternative future developments and possible response strat-
egies. Increasingly, long time horizons and global perspec-
tives are required to understand complex interactions
between human and natural systems.

The combination of narrative storylines and their quan-
tification in integrated scenarios of alternative futures is the
main method for capturing complexity and uncertainty and
transcending limits of conventional deterministic models of
change. (See Chapter 2.) MA scenarios address a highly
complex set of interactions between human and natural sys-
tems, a scientific challenge that is compounded by the cu-
mulative and long-term character of the phenomena. While
the world of many decades from now is indeterminate, sce-
narios offer a structured means of organizing information
and gleaning insight into the possibilities. Scenarios can
draw on both science and imagination to articulate a spec-
trum of plausible visions of the future and pathways of de-
velopment. Some characteristics of the MA scenarios are
assumed to evolve gradually and continuously from current
social, economic, and environmental patterns and trends;
others deviate in fundamental ways. A long-term view of a
multiplicity of future possibilities is required in order to be
able to consider the ultimate risks of maintaining adequate
ecosystem services, assess critical interactions with other as-
pects of human and environmental systems, and guide pol-
icy responses.

The development of methods to effectively blend quan-
titative and qualitative insights is at the frontier of scenarios
research today. The narrative storylines give voice to im-
portant qualitative factors shaping development such as
values, behavior, and institutions, providing a broader per-
spective than is possible by analytical and numerical model-
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ing alone. (See Chapter 2.) Storylines are rich in detail,
texture, metaphors, and possible insights, while quantitative
analysis offers structure, discipline, rigor, and reproducibil-
ity. The most relevant recent efforts are those that have
sought to balance these attributes. They provide important
insights into how current tendencies and trends might be-
come amplified in different future worlds across the four
storylines and provide a multitude of different details across
scales and systems. They are embedded in extensive assess-
ment of the main driving forces and their future develop-
ments across scenarios in the literature. (See Chapter 7.)

13.2.3 Ecosystem Services and Human Well-being
Development Paths across Scenarios

The MA scenarios make four important new contributions
to the contents of global environmental scenarios exercises
compared with the literature:
• extending the integrated assessment approaches to in-

clude ecosystem services and their consequences on
human well-being;

• modeling changes in biodiversity as an integral part of
scenario development;

• assessing the interactions and trade-offs among ecosys-
tem services; and

• assessing the possible replacement of some ecosystem
services by others and the emergence of new ways of
provisioning of these services, such as through techno-
logical change.
Perhaps the most important new contribution of MA

scenarios to global scenario analysis is the extension of inte-
grated assessment and modeling of alternative futures to ex-
plicitly include ecosystems and their services and human
well-being. The vast body of environmental scenarios liter-
ature deals primarily with climate-related issues. The first
integrated assessment models and frameworks were devel-
oped to link driving forces to possible climate change con-
sequences, including impacts of climate changes, and
various response strategies, including mitigation and adapta-
tion.

Figures 13.3 and 13.4 compare the MA modeling system
to that of the IPCC, which is an integrated assessment of

Figure 13.3. Integrated Assessment Framework of
Intergovernmental Panel on Climate Change (IPCC 2001)
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I

Figure 13.4. Approach and Contributions of MA to Focus of Scenarios Development

climate change that takes account of the human drivers of,
and responses to, changes in the physical climate system.
The MA scenarios add a new element by exploring feed-
backs from the responses to environmental change to the
drivers that affect this change. Prior to the MA, the majority
of scenario exercises explored changes in socioeconomic
systems and their impacts on the variable of interest (such as
climate change or water supply and quality). This approach
was enhanced in the MA scenarios by focusing on parallel
changes in ecosystem services and human systems and their
impacts on one another. Figure 13.4 demonstrates this new
approach to integrating across the various driving forces and
simultaneously describing the feedback loops within the
socioecological system.

In some sense, there is a symmetry between integrated
approaches to assess future climate change and the MA ap-
proach to assessing future ecosystem changes. MA scenarios
extend the state-of-the-art by including both an integrated
treatment of climate and ecosystems change as well as the
resulting changes in ecosystem services and human well-
being. However, they do not explicitly deal with the ethical
dimension of the social developments suggested by some
of the scenario features. For example, the scenarios do not
provide details on possible implications for equity or life-
style changes, but they directly address changes in human
well-being that result from changes in ecosystem services.
While the perspective of services is not new in itself, the
explicit inclusion of a multitude of ecosystem services in
MA scenarios is unique in scenario analysis. Assessing multi-
ple ecosystem services is a formidable task because ecosys-
tem services do not act in isolation; they interact with one
another and with anthropogenic systems in complex and
usually unpredictable ways.

Technology and institutions also play a role in the provi-
sion of ecosystem services; the nature of the interaction be-
tween ecosystems, technology, and institutions is not always
entirely clear, however. The MA scenarios also address the
issue of the extent to which alternative services, derived
from new technologies, institutions, and other human ac-
tivities, offer new solutions to improve the efficiency, acces-
sibility, affordability, and quality of the provision of
ecosystem services.
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It may be easy to replace some services with others or to
improve their provision through technological or institu-
tional advances. More often, however, ecosystem services
may not be easily substitutable by other services. Thus the
degree to which the provision of ecosystem services can be
improved and pressure on ecosystems reduced by techno-
logically generated alternatives is highly uncertain. It will
depend on what services are demanded in the future, what
new technologies are available, and what other ecosystem
services are (purposefully or accidentally) traded off by the
substitution processes. (See Chapter 12.)

It is true that future technologies may offer feats that are
impossible or prohibitively expensive today. The costs of
many technologies are likely to decrease, making their
widespread diffusion possible and affordable. However,
some technologies may have unpleasant and unexpected
negative effects and cause unanticipated interactions among
ecosystem services. Similarly, currently unknown ecosystem
services, or those considered to be less important, may be
found to be fundamental to people or the future mainte-
nance of ecosystems. These are some of the dimensions of
ecosystem change that are addressed across the four MA
scenarios.

While an important step forward, the MA scenarios
work is incomplete. Particularly the quantitative analyses of
ecosystem services and human well-being were driven by
the underlying scenario analysis, with no explicit modeling
feedbacks from those analyses back to the underlying an-
thropogenic driving forces. In other words, while in the
quantitative models changes in ecosystems affect ecosystem
services and human well-being, changes in ecosystem ser-
vices and human well-being do not lead to further changes
in the anthropogenic drivers of change. These feedbacks
were, however, included in the narrative analysis of the in-
teraction between human well-being and ecosystem ser-
vices outcomes.

While incomplete, the inclusion of ecosystem effects in
the MA represents a major step forward. It points the way
toward a truly integrated assessment of possible future rela-
tionships among human and natural systems.

The MA scenarios develop four different futures, each
plausible in its own right, and detail the resulting changes in
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ecosystem services and their consequences for human well-
being. While basic human conditions generally improve
across all four scenarios, the scenarios nevertheless all result
in perilous paths of ecosystem changes. Global population
increases in all four scenarios, as does the affluence of an
average person, but this generally occurs at the cost of eco-
systems degradation and consequently also lower per capita
ecosystem services.

The individual development paths of the scenarios are
fundamentally different and do not converge. They differ
with respect to the paths of many of the drivers of global
change. In particular, the scenarios differ with respect to
whether the world becomes more or less interconnected
and whether environmental management is reactive or pro-
active. Global Orchestration is connected and reactive,
Order from Strength is disconnected and reactive, Adapting
Mosaic is disconnected and proactive, and TechnoGarden is
connected and proactive.

These basic differences are explored in more detail in
the full storylines. The scenarios differ with regard to insti-
tutions, technology, social organization, and ecological
change. None of these four development paths leads to a
full transition to sustainability, even though the two proac-
tive scenarios include response to ecosystem change.
TechnoGarden follows a ‘‘technology strategy’’ to deal with
these threats, while Adapting Mosaic takes a more institu-
tional and behavioral path. A complementary mixture of
these two different strategies is required for the sustainabil-
ity transition and a future where the loss of ecosystem ser-
vices is avoided both through substitutions by other services
or through human change itself. In contrast, the two reac-
tive scenarios put more emphasis on material human well-
being but take different strategies toward this goal. Global
Orchestration is a world where globalization of economic
activities is fairly successful and results in the highest eco-
nomic growth rates of all four scenarios. Order from
Strength is a fragmented world where economic and mate-
rial interests are focused on more local and regional solu-
tions.

This rudimentary and ‘‘caricature-like’’ brief description
of the scenarios illustrates the fundamentally different nature
of their development paths. Chapters 8 and 9 provide a rich
qualitative and quantitative image of these four futures. De-
spite this detail, each scenario represents a kind of ‘‘pure’’
strategy. In reality, elements of each described possible
world will be presented in some aspects of the future devel-
opment but not others. Therefore, it should be noted that
the scenarios jointly give the full range of heterogeneity of
future developments. Some combinations of them are a real
possibility, especially at the more local and regional level.
Even though they portray divergent development paths,
they jointly hold the full richness of future ecosystem ser-
vices and human well-being.

One common finding is that all these different possibili-
ties lead to a general decrease of regulating and supporting
ecosystem services per capita while ecosystem managers try
to maintain provisioning services. However, the chosen de-
velopment paths all lead to different outcomes for the five
components of human well-being. Global Orchestration
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leads to the greatest improvement in human well-being.
TechnoGarden improves all but one element of human
well-being. Adapting Mosaic significantly improves human
well-being in the South with little change in the North. In
Order from Strength, human well-being is decreased.

While basic human conditions generally improve across
three scenarios and decline in one scenario, they all result,
to a varying extent, in perilous paths of ecosystem changes
and lower per capita ecosystem services. This illustrates the
complex linkages and feedbacks of ecosystem service
changes with human well-being. While material elements
of human well-being generally increase, loss of ecosystem
services leads to higher inequalities in some of the scenarios
and even degradation of some aspects of human well-being
in others. Degradation and loss of some ecosystem services
also affects the relationship between provisioning and regu-
lating functions of ecosystem services.

The Global Orchestration scenario has the highest rates
of economic development associated with lowest popula-
tion increase. This leads to a high capacity to both invest in
the future and respond to potential threats. However, this
carries an environmental price as it leads to the highest rates
of global change, including the highest rates of forest land
disappearance and the highest levels of energy consump-
tion. Nevertheless, the overall improvement of human
well-being is the highest with this scenario, particularly in
the currently developing countries. This may be because
increases in wealth and equity lead to a high capacity to
respond to changing circumstances and offset some loss of
ecosystem services.

But the key uncertainty of the Global Orchestration
path is whether or not the impressive rates of economic
development and human well-being can be sustained if all
externalities are accounted for. It remains unclear whether
this development path is only achieved at the cost of endan-
gering the biosphere and other planetary systems irrespec-
tive of apparent improvement of human well-being, thus
undermining economic systems in the long term. Full con-
sideration of the feedbacks from ecosystems to human sys-
tems in the quantitative models might reduce the level of
economic development and the relative improvement of
human well-being.

The Order from Strength development path comes
close to disaster. It is the world with the highest population
growth, some of the highest adverse environmental im-
pacts, and the lowest rates of economic development. The
income disparities in this possible future are similar to those
that prevail today. Ecosystem services are seriously eroded.
Society lacks the economic or technological capacities to
adapt or respond to these threats to human well-being. For
example, while high trade boundaries reduce the chance of
invasive species, the risk of adverse impacts on human well-
being when invasions do occur is high due to low social
capacity for adaptation.

There is an utter disregard, under Order from Strength,
for human interference in the biophysical processes and a
general erosion of the main pillars of sustainability: environ-
ment, equity, and development. The consequences are the
second highest demand for energy services (after Global
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Orchestration) associated with the highest greenhouse gas
emissions for all scenarios, the highest levels of water ab-
straction, and the lowest per capita incomes. It is not sur-
prising that the incidence of disease, poverty, loss of security
and freedom, and other adverse human conditions are most
prevalent in this scenario.

The Adapting Mosaic development path is the most pro-
active about emerging challenges. It sets parallels between
the adaptive development of humans and ecosystems. From
this perspective it appears to be most attractive. It achieves
high levels of human well-being with relatively low risks
and intrusion on ecosystems and nature. Only Techno-
Garden has lower impact on ecosystems. But Techno-
Garden has high and unknown risks of collapse due to
technology failure, while Adapting Mosaic is low risk. This
development path highlights the benefits of evolutionary
responses fostered by investments in social, natural, and
human capital at local and global levels. There is recogni-
tion that natural capital underpins other forms of capital,
such that property rights are attached to ecosystem services.
In other words, they are internalized in decision processes.

Thus, Adapting Mosaic is the scenario with the highest
degree of assumed feedback from nature to the human
sphere and that includes explicit consideration of ecosys-
tems. In the other three scenarios, ecosystems are reduced
to the benefits provided by ecosystem services. In this sense,
Global Orchestration and TechnoGarden come closest to
achieving a sustainability transition, but somewhat ironi-
cally, Global Orchestration does so without vigorous diffu-
sion of new technologies and TechnoGarden without high
rates of economic development. This might indeed consti-
tute a possible internal contradiction between these two
storylines.

TechnoGarden also improves human well-being, but
with higher risk and uncertainty. Technological approaches
alone, without appropriate institutional and social embed-
ding, cannot resolve the challenges of the future. In addi-
tion, technology itself may be the source of additional
problems due to the potential for breakdowns in highly
controlled systems. Also, the assumption in this scenario is
that the described changes toward ‘‘greener technologies’’
might take some time to occur. Therefore, technology does
not lead to a higher level of economic growth right away.

In the past, technological change has generally been the
main driver of economic development in the long run. In
TechnoGarden, technological change is used to improve
provision of ecosystem services and does not provide the
means for rapid rates of development and elimination of
poverty, as in the Global Orchestration strategy. The differ-
ence is primarily in the focus in Global Orchestration on
global institutions to improve equality and eliminate pov-
erty. For example, technology leads to a rapid shift away
from the current reliance on fossil energy in this scenario so
that its consequences for climate change are lower than in
other scenarios; however, there is no attempt to improve
access to energy sources for all people. It is possible that the
realized rates of development in this scenario would be
higher if some of these positive environmental externalities
were included as a resource. The cumulative effect of tech-
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nological change and lower environmental impacts in this
future world could indeed lead to the highest level of
human well-being. However, the high risk of collapse
would remain.

The Order from Strength development path is the least
sustainable both because of its disregard for the impacts on
ecosystems and because of the lack of development. It
comes close to embodying many of the fears associated with
a perilous development path or a failure in human develop-
ment. It is indeed surprising that despite these monumental
failures, the development path manages to improve some
aspects of human well-being in the currently rich countries.
(See Chapter 11.)

The scenarios also do not include a development path
characterized by a ‘‘best case’’—a success of sustainable de-
velopment associated with a high degree of environmental
protection at all scales. This would be a scenario that combines
some of the positive characteristics of Global Orchestration,
TechnoGarden, and Adapting Mosaic into a development
path that is both evolutionary and has high social and tech-
nological innovative capacities without a disregard for natural
or human capital, such as where there is a high dependency
by the poor on biodiversity. Such a scenario might serve to
illustrate the policies and strategies that would be required
over the next decades to reduce human intrusion on nature
while improving human well-being for all future genera-
tions. The MA nevertheless chose not to develop this
‘‘rosy’’ scenario, as for each country and in each location-
specific case the mix of these different elements is likely to
differ.

The MA scenarios show increasing pressures on biodiv-
ersity and many other adverse impacts on ecosystems up to
2050 and beyond. However, ecosystems play a crucial role
in overall biophysical processes. For example, they are an
important regulating component of the global carbon cycle.
The potential impacts of ecosystem service changes on
global and climate change are twofold. They include the
interplay of ecosystem services and other service in co-
determining water, air, and land use as well as the emissions
of greenhouse gases. They also include the regulating func-
tion of ecosystems in global and climate change. MA sce-
narios describe the former impacts explicitly. The latter ones
are more difficult to capture in the models. For example,
climate models do not include changes in the carbon cycle
that might emerge due to anthropogenic causes of ecosys-
tems changes, nor do they include the effects of albedo
change arising from land use change.

13.3 Robust Findings of the MA Scenarios
A striking feature of the four MA scenarios is that they all
show increased demand for ecosystem services and place
increased pressure on ecosystems to supply those services.
People in each scenario pursue different methods for amel-
iorating the increased pressure on ecosystems. In some sce-
narios, such as TechnoGarden, the greater pressure on
ecosystems is somewhat relieved through technological ad-
vances to improve efficiency of service delivery. In Global
Orchestration, society focuses on equal access to ecosystem
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services in the hopes that this will eventually lead to greater
care of ecosystems. In general, scenarios in which increased
demand for ecosystem services is coupled with disregard for
regulating and supporting services (Order from Strength
and Global Orchestration) suffer from high risk of break-
downs in access to provisioning ecosystem services. Those
scenarios in which learning about ecosystem function is a
priority (TechnoGarden and Adapting Mosaic) tend to do
better in maintaining supporting services.

Together, the scenarios illustrate that it is difficult to re-
place the provision of ecosystem services with alternatives
without fundamentally changing human well-being. That
is, replacing one service with another often creates demands
on ecosystems in another place, in a future time, or for a
different service. For example, we can replace biofuels with
fossil fuels, which may improve local forests but which may
also lead to increased demand for carbon sequestration
globally. One of the most common types of these trade-offs
is to favor provisioning services at the expense of supporting
services. As noted earlier, however, ignoring supporting ser-
vices leads to high risk of future breakdown in access to
provisioning services. One of the implications of this may
be that ecosystems may not be able to support large human
populations at high levels of material human well-being—
levels that are associated with increasing consumption and
production patterns.

Highlighting this trend is an important message for policy-
makers. Describing irreversible trends, such as the loss of
forest area, which occurs in all scenarios, can help to focus
attention on developing strategies to ameliorate the conse-
quences of these developments and devise adaptation mech-
anisms. The MA scenarios provide some hints about how
this might be done. In addition, the scenarios alert policy-
makers to possible unexpected irreversibilities that they
might foster through the decisions they take today.

A major driver for the portrayed irreversible trends in
the MA scenarios is increasing land use for human purposes,
which in return reduces the area available to unmanaged
ecosystems. This trend is further exacerbated by climate
change and other adverse environmental developments
such as loss of water and air quality. For example, changes in
land use are expected to be the major driver of biodiversity
changes (based on quantitative assessment of species-area re-
lationships in the next century across all four scenarios), fol-
lowed in importance by changes in climate, nitrogen
deposition, biotic exchanges, and atmospheric concentra-
tions of carbon dioxide. (See Chapter 10.)

Storylines and qualitative assessment of ecosystem ser-
vices and their impacts on human well-being provide more
insights into possible future events and developments that
models are not currently capable of quantifying. As noted
earlier, human well-being has five key, reinforcing compo-
nents: basic material needs for a good life, health, good so-
cial relations, security, and freedom and choice. Ecosystems
underpin human well-being through their supporting, pro-
visioning, regulating, and culturally enriching services. (See
Chapter 11.) World populations increase in all four MA sce-
narios along with incomes and material consumption,
which help determine human well-being. The tacit as-
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sumption is that there are biophysical limits to ecosystems’
ability to produce services for human use. In scenarios, this
decline cannot be completely compensated for by techno-
logical and social changes. This critical result is associated
with high scientific confidence. (See Chapter 11.)

In some ways, this important result unearths one of the
most interesting findings of the MA scenarios. All four sce-
narios support larger populations with higher levels of in-
come and consumption, which puts increasing stress on
ecosystem services. Ecosystems in the MA scenarios are
generally able to support the increasing demand for services,
but at the cost of supporting and regulating services and
therefore at the cost of increased risk of breakdowns in pro-
visioning services. This seeming contradiction raises a ques-
tion: Is it possible to imagine sustainable futures with more
people on the planet all enjoying higher human well-being
compared with today but without further degradation of
ecosystems and their services? Such a future would imply
that the human ‘‘footprint’’ on the planetary processes
would need to decrease through more efficient provision of
services or that provisioning ecosystem services would need
to be substantially decreased without affecting human well-
being. The ultimate limits in the substitutability of ecosys-
tem services is a critical research topic that clearly emerges
from the findings of the MA scenarios.

The MA scenarios explore management and policy op-
tions that are currently being discussed by decision-makers.
In this way, the scenarios provide a long-term perspective
for different near-term decisions about ecosystem manage-
ment and use. This can give useful concrete policy guidance
to decision-makers along with the options discussed today.
For example, new technologies could be developed that are
able to improve the efficiency of ecosystem service provi-
sion. Bioengineering and tremendous progress in geneti-
cally modified organisms are one possibility for reducing the
burden on natural ecosystems to meet human demands, but
this is already controversial. The scenarios show that there
are possible benefits, as well as enormous risks to use of
these technologies. They hold the promise of limiting
human demands for space and ecosystem services. At the
same time, they may lead to a multitude of unintended ad-
verse consequences.

The possible convergence of some new technologies
discussed in Chapter 7 could lead to revolutionary changes
and a new wave of economic development not based on
current consumption patterns. There is a considerable re-
search effort on the possible benefits, risks, and ethics of
nano, genetic, information, and new cognitive science and
technologies. Their convergence toward meeting new
human needs and providing services could be a powerful
economic drive that could in principle reduce the impact
on ecosystems. However, they carry great risk of problems
and unforeseen consequences on ecosystem services and
human well-being. A lower risk possibility is a fundamental
change in human behavior that leads to much better ecosys-
tem management and more humble demands on ecosystem
services despite more affluent and larger future populations.
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13.4 Lessons Learned about Policy, Planning,
and Development Frameworks

13.4.1 Global Policies in Context of Other Scale
Policies

A complex and interacting set of processes that span envi-
ronmental, economic, technological, social, cultural, and
political dimensions drive the global system. Policies aimed
at one aspect, such as poverty alleviation, may exacerbate
other problems, such as environmental degradation. Con-
tradictory sectoral policies can negate one another or back-
fire. Scenario analysis helps identify opportunities for
mutual reinforcement between sectoral policies.

Policies need to be consistent across scales as well as
across sectors. For instance, national policies should neither
inhibit local initiatives nor undermine global policies.
Moreover, since each human community and ecosystem is
unique, policies should allow for and encourage adaptations
to the local context and conditions. Again, the integrated
scenario approach can illuminate the requirements for a
multilevel policy framework. In the new century, environ-
mental problems will continue to cross borders. Water pol-
lution, air pollution, and depletion of the stratospheric
ozone layer are problems that do not respect national bor-
ders. Neither does the buildup of greenhouse gases in the
atmosphere that contributes to climate change. Nor do the
birds, fish, and zooplankton that may be contaminated in
one country but become part of the food web in another.
Facing these challenges will require cooperative regional,
continental, and global solutions.

Dealing with cross-border problems requires much the
same kind of institutional apparatus at the local and national
levels as described earlier: problems must be detected and
diagnosed, interests must be balanced within and across bor-
ders, and agreements need to be implemented. There is,
however, one big difference: at the global level, commit-
ment is a more difficult problem, and there is no central
authority to enforce agreements, although the emergence
of a world environment organization could be envisaged
under certain scenarios.

Social, political, economic, and ecological processes can
be more readily observed at some scales than others, and
these may vary widely in terms of duration and extent. Fur-
thermore, social organization has more- or less-discrete lev-
els, such as the household, community, and nation, which
correspond broadly to particular scale domains in time and
space.

A long time horizon is an obvious requirement for poli-
cies that aim to affect development over many decades. But
long-term policy is often, by default, the cumulative result
of a series of policies with a shorter-term outlook. There-
fore, the long-range impacts of short-term policies should
be designed and assessed in advance. Alternative policies
may achieve similar short-term goals but have very different
long-term impacts. Ideally, policies should create a platform
for the next round of new and more advanced policies. The
scenario approach is particularly appropriate for incorporat-
ing long-term considerations into today’s policy discussions.
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New social actors are becoming increasingly important,
complementing traditional modes of decision-making and
action. In particular, NGOs encompass a broad variety of
interests, including educational organizations, trade unions,
religious organizations, aid and development organizations,
charities, and the media. The policy process needs to in-
volve and mobilize all relevant institutions, tapping into
their diverse capacity and potential for interaction, synergy,
and complementarity. This means that participation, nego-
tiation, and the articulation of multiple goals should substi-
tute for antagonism and exclusion. Again, a scenario-
building process that can cultivate contrasting visions and
perspectives is a critical technique for fostering pluralistic
dialogue.

13.4.2 The Usefulness of the MA Scenarios for
Stakeholders

This section explores what we learned about the usefulness
of scenarios (development, modeling, analysis) for generat-
ing policy-relevant information. It also assesses the useful-
ness of the information in the scenarios for preparing policy
analyses for selected stakeholder groups discussed in greater
detail in Chapter 14. Most of the selected indicators, how-
ever, refer to the quantitative results of the scenario model-
ing exercise. Understanding many of the assumptions that
the qualitative storylines portray in more detail and their
consequences for different stakeholder groups can add sub-
stantially to the analysis. Chapter 14 also addresses what dif-
ferent user groups are likely to find most useful or missing
when they conduct their own policy analyses of the MA
scenarios.

13.4.2.1 Background

Scenarios have become a popular tool in environmental as-
sessment and management in the past two decades. They
played a limited role in the 1960s, when local and largely
short-term problems dominated the environmental agendas.
Increasing concerns over multifaceted, continental- to
global-scale, and especially long-term problems led to the
growing use of scenarios. Although policy-making is only
one of many possible uses of scenarios, an increasing num-
ber of scenario applications attempt to provide useful infor-
mation for decision-makers in public policy or private
entities. Global scenarios represent a special cluster within
this realm.

The work of the MA Scenarios Working Group has
built on other global environmental assessments to design a
relatively ‘‘user-driven’’ process. This is an ambitious objec-
tive. The range of targeted stakeholders includes the main
international environmental agreements explicitly con-
cerned with specific ecosystems or their services (the U.N.
conventions on biodiversity, desertification, and wetlands),
national governments (both parties to the international
agreements and regulators of domestic policies), the private
sector (extending from local resource operators to multina-
tional companies using ecosystem services), and civil society
(communities crucially depending on the local ecosystems
and their services as well as NGOs protecting specific com-
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munity interests or broader environmental values). This
user-driven objective has been pursued from the beginning
of the overall MA process.

Representatives of this wide-ranging and diverse in-
tended audience have been surveyed concerning the infor-
mation they would most need from the MA. The user
questions have been sorted, analyzed, and summarized in
Chapter 5.

Yet this goal of stakeholder participation must confront
the reality of the scenario development process (scenarists
getting carried away by their own storylines and visions of
the future) and, most important, the constraints of the tools
currently available to obtain the information users require.
In this respect, an important question is related to the dis-
tance between the variables in the models and scenarios on
the one hand and the indicators related to the stakeholders
interests, values, and mandates on the other.

The quickest way to obtain information from the sce-
narios for policy analysis is when the indicators of interest
are directly available as input (assumptions about driving
forces) or output (results of the model calculation or the
qualitative assessment based on the input assumptions) vari-
ables in the storylines or in the assessment models. An al-
most equally simple way to acquire information is when
scenario or model variables can serve as precursors that can
be converted by generally accepted procedures into policy-
relevant indicators. Post-processing is required when the
relationship between scenario variables and policy indica-
tors are indirect. This can take the form of statistical proc-
essing of model output or running additional models fed by
the primary model output to generate the required policy-
relevant indicator. Inferred indicators require expert judg-
ments and special procedures to be derived from one or
several scenario or model output variables. Finally, distant
indicators are those on which some sparse information is
available in the model results but obtaining them would
entail special post-processing arrangements (such as an ex-
pert panel). Given the limited time and resources available
to conduct the policy analyses in Chapter 14, most indica-
tors were taken directly from scenario storyline and model
results (Chapters 8 and 9) and their interpretation and anal-
ysis by fellow experts in Chapters 10, 11, and 12.

13.4.2.2 Usefulness of the MA Scenarios to Specific Stakeholder
Groups

The United Nations Convention on Biological Diversity
has evolved into a complex web of thematic issues. A de-
tailed comprehensive assessment of the implications for all
themes and subprograms is not possible here. However, a
good deal of relevant information on biodiversity is avail-
able in the scenarios.

Among the major threats to biodiversity, habitat trans-
formation is the most important one, and quantitative re-
sults are available on key drivers: population growth and
urbanization, fossil fuel extraction, change in agricultural
area, forest conversion, and land fragmentation. Agricul-
tural intensification and water withdrawal are available as
indicators for the threat of overexploitation and inappropri-
ate management. The information about pollution as a
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threat to biodiversity is limited to SO2 and NOx emissions,
critical load excess, and return flows as proxies for water
pollution. Climate change as a threat is characterized by
changes in temperature and precipitation and by biome
shifts. In contrast, there is no quantitative scenario output
that would indicate the evolution of invasive species that is
an increasing concern among threats to biodiversity.

The Convention on Wetlands (the Ramsar Convention)
is concerned with wetlands, which exist in all continents,
are diverse, and provide important functions and services.
The quantitative model output of the scenarios does not
contain direct or precursor indicators of wetlands change.
This is because global models are designed to capture broad
patterns of global change and because modeling techniques
have not advanced much for wetlands processes, which
generally take place at much smaller scales. One good way
to generate wetland-related indicators would be to use the
output of the global models operated in the MA scenarios
exercise as input to drive general or location-specific wet-
land models to explore the potential impacts of different
global scenarios. This was not possible in the present assess-
ment. Therefore, conceivable impacts for wetlands are as-
sessed on the basis of coarse indicators like regional water
withdrawal, return flows, and water quality. This leads to a
rather rough assessment of the emerging risks to wetlands,
but the characteristic differences among the scenarios are
apparent even at this level.

The mandate of the United Nations Convention to
Combat Desertification is to address and alleviate degrada-
tion of land in arid, semiarid, and dry subhumid areas. The
causes and processes of desertification are multiple and di-
verse. The desertification process itself is not directly de-
picted in global models because the process involves many
local biophysical and socioeconomic factors that the global
models cannot address. One possibility could be to use such
models as post-processors of the global model runs. This
was not feasible in the present assessment. Instead, an at-
tempt was made to define suitable proxy variables from
which indicators of desertification could be inferred. One
of the main socioeconomic drivers behind desertification is
unsustainable land use in arid areas. Models provide output
that can be used to generate indirect indicators by taking
the extent of arid areas under agriculture in different regions
as a proxy to assess the desertification risk. These indicators
do not provide a rich information base, but they are suitable
for conducting a broad assessment of desertification risk and
response options under the MA scenarios.

The main insights from the MA scenarios for national
governments are analyzed at two time horizons in Chapter
14. The medium-term assessment looks at the implications
for the prospects of reaching the Millennium Development
Goals. The long-term assessment seeks to estimate the pros-
pects for implementing the long-term objectives of sustain-
able development as confirmed and proclaimed by the
Johannesburg Declaration at the World Summit on Sustain-
able Development in 2002.

The MA scenarios and model results contain a lot of
useful information about the evolution of ecosystem ser-
vices that is related to the achievement of these near- and
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long-term objectives. In some cases, the information is
available on the relevant MDG indicator or its close proxy
or precursor version (such as the proportion of land area
covered by forests or of population with sustainable access
to an improved water source). For many MDG indicators,
implications of the scenarios can be assessed from indirect
indicators. Good examples are the indicators defined to
measure progress on Target 2: ‘‘halve the proportion of
people who suffer from hunger.’’ The indicator of preva-
lence of underweight children is well approximated by the
model output indicating the percent of malnourished chil-
dren (a composite indicator, see Chapter 14 for details),
while the indicator on the proportion of population below
minimum level of dietary energy consumption can be in-
ferred, albeit roughly, from the model output indicating the
amount of calories available per capita per day.

A lot of qualitative information can also be used as in-
ferred indicators relating to the MDGs, like income growth
in regions for the prospects of achieving Target 1: halving
the proportion of people whose income is less than $1 a
day. In contrast, the scenarios are rather vague about general
development issues like education (school enrollment, liter-
acy rates), overall health status (under-five and infant mor-
tality rates, immunization against measles). Finally, the MA
scenarios are totally silent about the financial aspects of de-
velopment, such as the prospects for official development
assistance, for debt and debt relief, especially for heavily in-
debted developing countries, or for foreign direct invest-
ments.

The situation is similar in the case of the indicators that
can be used to measure progress on the objectives of the
Johannesburg Declaration up to 2050. General economic
development indicators (GDP growth, for example, or the
gap between rich and poorer regions), many directly or in-
directly environment-related social indicators (food secur-
ity, hunger, access to energy), and many environmental
indicators are readily available and provide useful informa-
tion for policy analysis. However, the more specific charac-
terization of the economic and financial development
(access to financial resources, sharing the benefits from
opening markets, or access to health care) is omitted due to
the primary focus on global ecosystems futures.

One of the most useful aspects of the scenarios for com-
munities and NGOs is the effort to assess the relationship
between ecosystem changes and human health and well-
being. Given their global nature, however, the scenarios are
not able to fully model all the trade-offs and interactions
between ecosystem services and human well-being, espe-
cially in reaction to specific response options and adapta-
tion. Given the scenarios’ inability to fully model all
ecosystem services (cultural and supporting, along with pro-
visioning and regulating), as well as the complex interac-
tions between ecosystem services, human well-being, and
response options over time, it is difficult to address the
thresholds at which further ecosystem degradation and re-
ductions in human well-being might occur. The scenarios
do not fully meet the needs of civil society stakeholders to
have the MA address the impact of ecosystem change on
the vulnerability and resilience of human communities and
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on their cultural concerns. These issues are more success-
fully addressed in the sub-global assessments. Communities
are interested in learning about site-specific impacts in rela-
tion to global changes, but the scenario methodology is not
sufficiently advanced yet to make such cross-scale assess-
ments readily possible.

There is a wealth of information in the MA scenarios
that is useful and relevant for the private sector, but it is not
easy to extract and summarize it. First, virtually all issues
that are important in these scenarios are likely to have some
degree of private-sector implications, for the private sector
that is closely related to or has indirect stakes in ecosystem
services is widespread and diverse—from large multina-
tional companies to small local resource operators. Second,
the MA scenarios address a large number and diversity of
ecosystems and human well-being issues. The intersection
of these features implies that it is a major challenge to con-
solidate the complex ecological data, analytical information,
and modeling results in a succinct assessment for the private
sector. There are two principal ways this task could be ac-
complished. The first is to focus on the specific interests of
a small and carefully selected set of stakeholders (logging
companies interested in timber, pharmaceutical firms pursu-
ing genetic resources, and so on) and to prepare targeted
assessments of the implications of different scenarios for
them. The second possibility is to consider the interests of
the private sector as a whole in ecosystem services and then
derive general insights about the risks and opportunities
emerging under different assumptions about the future. The
second option was taken in Chapter 14, which means that
there remains a lot of unveiled information in Chapters
8–12 that might be useful for the private sector and worth
exploring.

In summary, the MA scenarios provide rich and useful
pictures of broad patterns of possible futures at the global
scale and at the level of world regions. However, it is im-
possible to perform detailed quantitative analyses of local
processes and impacts with the set of models adopted in the
present endeavor. The qualitative scenarios and storylines
address many issues that the models cannot, providing a
more rich and detailed investigation. One crucial improve-
ment for the quantitative models in future assessments
would be to soft-link sector- and region-specific models by
using the global scenario framework and outputs of global
models to drive them. A particularly useful feature of the
current effort is that scenarios provide information about
socioeconomic and technological development patterns,
which is necessary for the assessment of the viability and
effectiveness of various instruments and response strategies.
Such tools may be currently available or might become
available in the future for different stakeholder groups to
protect their interests or fulfill their mandates in the con-
texts of widely diverging but plausible futures.

13.4.3 Path-dependencies, Irreversibilities, and
Their Implications

Most complex systems display non-linear behavior in which
relevant phenomena drastically change after certain thresh-
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old values are exceeded or where initially small but cumula-
tive effects become ever more important as the system
evolves. They also display hysteresis (a history or path de-
pendence of systems behavior, which in the case of complex
systems means that they do not return to their original state
even when the influence of the driving forces that changed
them ceases), leading to important irreversibilities in their
behavior. This is often referred to as path-dependency.
Many systems are characterized by such irreversibilities;
examples include technological change, global climate
change, and biodiversity loss. Often very similar initial con-
ditions can lead to fundamentally different outcomes, and
these are usually very sensitive to the actual development
path taken. They can be characterized by emergent proper-
ties that can evolve in fundamentally different ways along
alternative future development paths.

The MA scenarios are themselves examples of such
path-dependencies. By the end of the twenty-first century,
they have evolved and branched out into fundamentally dif-
ferent futures that depend on a myriad of intervening
changes and decisions taken along the way. Some of the
path-dependent phenomena could undergo abrupt changes
over the time frames considered in the MA scenarios.
Climate-related abrupt changes could include loss of the
Greenland ice sheet, shutdown of the North Atlantic Ther-
mohaline Circulation, or the release of methane from per-
mafrost or from deep sea clathrates deposits. In technology,
abrupt and path-dependent changes could include rapid
deployment and improvement of renewable energy tech-
nologies leading to low emissions futures, but also major
breakthroughs in availability of fossil energy sources render-
ing them practically inexhaustible (such as methane clath-
rates as energy source). Similarly, overfishing could irreversibly
deplete stocks, while new fish farming methods with low
environmental impacts could allow for a recovery of now-
endangered fish stocks. Finally, desertification could be-
come irreversible beyond some critical levels of vegetation
and soil loss.

Future anthropogenic climate change is characterized
both by path-dependencies and numerous irreversibilities.
Human activities have caused and will continue to cause
climate change. The main direct causes are the global emis-
sions of greenhouse gases primarily due to energy and land
use changes. Emissions of particulate matter, aerosols, and
many other substances also affect current and future climate
change. For the wide range of IPCC emissions scenarios
(Nakićenović et al. 2000), Earth’s mean surface temperature
change is projected to warm 1.4–5.8� Celsius by the end of
the twenty-first century, with land areas warming more
than the oceans and the high latitudes warming more than
the tropics (Cubasch et al. 2001). The associated sea level
rise is projected to be 9–88 centimeters.

The range of future mean surface temperature changes
for the MA scenarios is narrower, with 1.6–2� Celsius by
2050 because of two important factors, namely that one sin-
gle integrated assessment model and one climate model
were used to estimate future climate changes. Six different
IAMs and different climate models were used by the IPCC,
adding significantly to the range of uncertainties and widen-
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ing the range up to 5.8� Celsius. It is indeed possible that
the full range of climate change for the MA scenarios would
be comparable if the scenario approach were extended to a
wider range of models and quantifications. An important
indication that this may be the case is that cumulative car-
bon emissions across scenarios are comparable with the
IPCC ranges. In other words, the climate implications are
likely to be underestimated through the approach taken by
the MA.

The seemingly small changes in temperature and sea
level rise across the scenarios mask the more fundamental
path-dependencies. For example, the scenario with the
highest emissions by 2050, Global Orchestration, leads to
almost five times higher emissions than the scenario with
the lowest emissions, TechnoGarden. It is clear that reduc-
ing Global Orchestration emissions fivefold would dramati-
cally change the nature of the scenario, requiring massive
emissions mitigation measures and policies ranging from
radical technology change to modified human behavior. In
other words, greenhouse gas emissions (and many other
scenario characteristics) differ in their emerging properties,
associated irreversibilities, and resulting development paths.

Despite this possible underestimation of the future cli-
mate changes across MA scenarios (given the current uncer-
tainties), the impacts on ecosystem services and human
well-being will be significant and pose a major reason for
concern. For example, anthropogenic climate change will
have fundamental impacts on biodiversity. It affects individ-
ual organisms, populations, species distributions, and eco-
system composition and function both directly (through
increases in temperature and change in precipitation, for
instance, and in the case of marine and coastal ecosystems
also through changes in sea level and storm surges) and indi-
rectly (through changing the intensity and frequency of dis-
turbances such as wildfires, for example). Processes such as
habitat loss, modifications, and fragmentation and the intro-
duction and spread of non-native species will affect the im-
pacts of climate change.

The general effect of human-induced climate change is
that the habitats of many species will move poleward
(toward higher latitudes) or upward (toward higher alti-
tudes) from their current locations (Gitay et al. 2002). It is
clear that such significant impacts on biodiversity by an-
thropogenic climate change would also lead to significant
additional loss of ecosystem services beyond those that
occur due to other pressures of human development on
ecosystems in MA scenarios.

Ecological systems can also be involved in abrupt
changes both at small and large scales, usually acting in con-
cert with physical and chemical components of the Earth
system and frequently also due to the influence of human
systems. One of the best-known examples from the past of
such an abrupt change is the transition from a green to an
arid Sahara in the mid-Holocene (Claussen et al. 1999; de-
Menocal et al. 2000). About 6,000 years ago, the climate in
northern Africa was much more humid than today, sup-
porting savanna vegetation throughout the region, with lit-
tle or no desert. The change that occurred was both abrupt
and severe, leading to a complete desertification of much of
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this area—the formation of the present Sahara Desert. The
ultimate trigger for the shift was a small change in the distri-
bution of incoming solar radiation in the region due to a
subtle change in Earth’s orbit (Steffen et al. 2004). This
change by itself was not significant enough to drive the veg-
etation shift but rather nudged the Earth system across a
threshold that triggered a number of biophysical feedbacks
that led rapidly to a drying climate and then to an abrupt
change in vegetation (Steffen et al. 2004). This episode
demonstrates the complexity of the dynamics that lie be-
hind threshold-abrupt change behavior.

The behavior of the terrestrial carbon cycle is an aspect
of Earth-system functioning that may experience abrupt
change, particularly in the second half of this century, which
is over the time frame adopted in the MA scenarios. At
present, terrestrial ecosystems absorb about 25–30% of the
CO2 emitted by human activities, thus providing a valuable
free ecosystem service that slows the rate of climate change.
Simulations of the evolution of terrestrial carbon sinks from
1850 to 2100 (Cramer et al. 2001) show the development
of the current strong sink through the second half of the
twentieth century. The sink will continue to grow in size
through the first half of this century, according to these sim-
ulations, but is likely to saturate around 2050, with no fur-
ther increase. One simulation shows a rapid collapse of the
sink through the second half of the century, with the terres-
trial biosphere as a whole (Cox et al. 2000) perhaps even
becoming a net source of CO2 to the atmosphere by 2100
because of a much drier climate in Amazonia and a subse-
quent loss of the remaining forests there (Steffen et al.
2004). This again indicates the possible irreversibilities asso-
ciated with high carbon emissions paths such as those of
Order from Strength and to a lesser extent Global Orches-
tration and Adapting Mosaic futures.

Marine ecosystems commonly show threshold-abrupt
change behavior, sometimes called regime shifts. For exam-
ple, there appear to have been dramatic and synchronous
changes to marine ecosystems in the North Pacific Ocean
in the late 1970s. Such changes cannot be ascribed to local
ecological interactions only. They involve many different
biological and environmental parameters (over 100 in the
case of the North Pacific), show coherence over large spatial
scales, and are correlated to very large-scale external forc-
ings, often teleconnections in the climate system. The 1977
regime shift in the North Pacific, for example, is correlated
to a sharp increase in mean global surface temperature (Stef-
fen et al. 2004).

Human impacts can also trigger abrupt changes in ma-
rine ecosystems, particularly through overfishing and eutro-
phication. Recent reports (Myers and Worm 2003) claim
that about 90% of the large predatory fish biomass has been
removed from the world’s oceans, with removal rates being
highest with the onset of post–World War II industrial
fisheries. Given the importance of top-down controls on
the dynamics of marine ecosystems, there is the possibility
that such overfishing could lead to regime shifts in marine
ecosystems, with reverberations through to lower trophic
levels such as zooplankton. On a smaller scale, overfishing
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is already known to cause sharp regime shifts in coastal eco-
systems (Jackson et al. 2001).

Human-dominated waste loading on the coastal zone
has also led to abrupt changes (from an Earth system per-
spective) in the functioning of marine ecosystems in the
form of eutrophication. If the level of nutrient loading is
high enough, significant changes can occur to the species
composition of the ecosystem, often leading to a simplifi-
cation of ecosystem structure (domination by one or a few
species) (Gray et al. 2002). Severe eutrophication can lead
to the formation of hypoxic (oxygen-depleted) zones, in
which the dissolved oxygen concentration is below that
necessary to sustain animal life (Rabalais 2002), usually re-
sulting in drastic changes to ecosystem structure. The re-
gion of the Gulf of Mexico near the mouth of the
Mississippi River and the Baltic Sea in northern Europe are
regions where hypoxic zones commonly occur (Steffen et
al. 2004). In certain cases, hypoxic zones such as those that
seasonally occur on the west Indian shelf release nitrogen
oxide, a greenhouse gas (Naqvi et al. 2000).

It remains to be seen how overfishing and eutrophica-
tion in concert will alter global biogeochemical cycles and
the resulting global inventories of carbon, nitrogen, phos-
phorus, and silica. Despite the seemingly large capacity of
marine ecosystems to assimilate the impacts of waste loading
and overfishing, the imminent collapse of many coastal eco-
systems is a warning that human and systemic global pres-
sures may act synergistically to trigger large-scale regime
shifts in global marine ecosystems (Steffen et al. 2004). The
loss of such ecosystem services and their possible adverse
impacts on human well-being cannot be treated adequately
in the current IAM approaches. The MA has made a sig-
nificant contribution by linking a fisheries model to its
IAM. This is an important area and direction for future im-
provements in our capacity to model complex global sys-
tems and their future development paths.

Critical thresholds and irreversible changes are probably
hidden in the largely unexplored domain of interactions
among climate and environmental change, socioeconomic
development, and human and animal health. Scenarios re-
main the main tool for gaining a better understanding of
these critical interactions and numerous feedbacks. Human
activities have already become a geophysical and biogeo-
chemical force that rivals natural processes, and this is likely
to increase, but to differing degrees, across all four MA sce-
narios. This implies that major discontinuities in the socio-
economic domain may lead to corresponding disruptions in
the biogeochemical/physical and ecosystem domains—that
is, that abrupt changes can be expected in the coupled
human-environment system. Thus abrupt changes in socio-
economic systems could attenuate or amplify changes oc-
curring in other aspects of the coupled system (Steffen et al.
2004).

Abrupt changes in coupled socioeconomic and natural
systems have occurred in the past. The archeological and
paleoecological records indicate that major shifts in societal
conditions in the past often appear to have been linked with
abrupt changes in the biophysical environment (Alverson et
al. 2003), including, perhaps, the collapse of the Classic Pe-
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riod and lowland Maya civilization and various ‘‘pulses’’ of
Mongul expansion from Mongolia, which had significant
consequences for Imperial China and eastern Europe (Stef-
fen et al. 2004).

One of the most important potential discontinuities is
the spread of a new disease vector, resulting in a pandemic.
High population densities in close contact with animal res-
ervoirs of infectious disease facilitate rapid exchange of ge-
netic material, and the resulting infectious agents can spread
quickly, with few barriers to transmission through a world-
wide contiguous, highly mobile human population. The al-
most instantaneous outbreak of SARS in different parts of
the world is an example of such potential, although rapid
and effective action contained its spread. Warmer and wet-
ter conditions as a result of climate change may also facilitate
the spread of diseases such as malaria. Malnutrition, poverty,
and inadequate public health systems in many developing
countries provide large immune-compromised populations
with few immunological and institutional defenses against
the spread of an aggressive infectious disease. An event simi-
lar to the 1918 Spanish Flu pandemic, which is thought to
have killed 20–40 million people worldwide, could now
result in over 100 million deaths within a single year. Such
a catastrophic event, the possibility of which is being seri-
ously considered by the epidemiological community, would
probably lead to severe economic disruption and possibly
even rapid collapse in a world economy dependent on fast
global exchange of goods and services (Steffen et al. 2004).

Another important area of emergent properties and a
possible source of abrupt and irreversible changes is the in-
teraction of technological change and the natural environ-
ment, including ecosystems. An obvious case is the current
advances in bioengineering that can affect and interact with
natural ecosystems. The possible interactions include ad-
verse and irreversible impacts on regional ecosystems. His-
torical examples are many, including the introduction of
new species into foreign environments leading to dramatic
ecosystem changes and shifts. The other possibility is pro-
duction of resistant and better-adapted species to overcome
some future challenges. MA scenarios explore many but not
all possibilities that might emerge during the twenty-first
century as the result of technological changes that may ei-
ther directly affect ecosystem services or indirectly affect
both ecosystem services and human well-being.

A century is ample time for pervasive diffusion of funda-
mentally new technologies and systems. In fact, whole new
technoeconomic paradigms have emerged in the past over
similar time scales—from the emergence of the coal, steam,
steel, and telegraph eras to the ages of oil, gas, internal com-
bustion, gas turbines, petrochemicals, pharmaceuticals, mass
production, and so on. Also in the future, new technologies
could lead to new combinations of technologies and human
activities. Today, the possible convergence of nano-,
cogno-, bioengineering, and information technologies is
seen as a possible way of enhancing human performance,
modifying organisms into components of larger technoeco-
nomic systems, and directly interacting with many micro-
and nano-scale systems of both inanimate and biological
origin.
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All four MA scenarios consider further economic devel-
opment in the world despite increases in human population.
Much of the increased human productivity would stem
from ecosystem services, some of which might indeed be
enhanced by convergence of advanced technologies into
new paradigms during the twenty-first century. At the same
time, many of these future technological possibilities may
bring with them unanticipated effects—some that might
threaten human well-being and ecosystems and some that
might enhance them and reduce human interference with
natural systems. MA scenario storylines tackle many of these
complex issues. However, dramatic effects of such techno-
logical developments were not pursued in scenario quanti-
fications, presumably partly because models used in the MA
were not designed for the assessment of technological
changes and technology diffusion. Technology might in-
deed prove to be one of the most fundamental drivers of
future human development and ecosystem services.

The question of how robust an increasingly interlinked,
globalized world economy is must be addressed urgently
(Steffen et al. 2004). There will almost surely be significant
increases in need in the future for the provisioning of natu-
ral resources and ecosystem services. And despite techno-
logical advances, meeting these needs will have impacts on
the Earth system and especially on many already-threatened
ecosystems. There is a high probability that droughts,
floods, and severe storms will occur more frequently, and
an increasing probability that the more drastic, abrupt
changes of the type described earlier could also occur.
Coping with such stresses would take an increasing share of
economic activity away from the evolution and growth of
the economy in general (Steffen et al. 2004). How many
such stresses, occurring when and where, would it take for
the global economic system to begin a downward, self-
reinforcing spiral that would lead to a rapid collapse? Should
such a collapse occur, it could lead to a significant and prob-
ably long-lasting change in the fundamental human-ecosystem
relationship.

13.5 Information Gaps and Research Needs
This section describes the research needed to improve the
development of global scenarios in the future. It includes
both research needed in the formal sense as well as im-
provements that could be made in methodology and in the
manner in which the scientific community operates.

13.5.1 Global Storyline Development

Determining the nature of the MA global storylines by
choosing the key drivers that would vary across scenarios
and those drivers that would follow the same trend in all
scenarios was a long and sometimes difficult process. This
was partly the result of divergent views on the use of scenar-
ios, and partly the result of divergent disciplinary ap-
proaches to science. Here, we describe some research and
changes in research methods that could improve the devel-
opment of global storylines in the future.
• Development of regional and local scenarios linked to

the global scenarios would help create better global sce-
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narios. Regional and local scenarios can use more accu-
rate local information and might represent some system
dynamics more accurately. They can also pinpoint spe-
cific variables of interest. Expanding methodologies for
linking scenarios developed at different geographical
scales or nesting them within one another to foster the
exchange of information across scales will be an impor-
tant step to help improve scenario development methods.

• Better communication and interaction with policy-
makers would help inform the development of the
storylines by indicating the key variables that are of in-
terest to decision-makers. Improved communication
with policy-makers would be useful both for under-
standing policy-makers’ most pressing questions and for
communicating results to them at the end of the process.
Having a greater presence of policy- and decision-makers
within the working group may be one way to improve
this communication.

• Better communication and interaction across scientific
disciplines would help facilitate future global scenario
development projects. During the MA scenario devel-
opment process, it turned out that the differences among
disciplines’ core beliefs about how the world functions
were also often the critical issues that policy-makers
wanted to have addressed in the scenarios. (See a more
detailed discussion in Chapter 5.) However, it took our
working group several meetings to come to a full under-
standing of the differences of core beliefs among disci-
plines. Better interdisciplinary communication prior to
initiation of this project might have made this process
easier.

13.5.2 Modeling Complex Systems

The response of complex systems to environmental change
is assessed using models that are based on multiple driving
variables, along with their interactions. Models currently
can provide part but not all of the information needed for
scenarios of ecosystem services. For example, temperature
trends at the broad scale can be assessed relatively well
through current climate models, whereas rainfall patterns
cannot. Nevertheless, rainfall is important for many ecosys-
tem services in many regions, often more important than
temperature. The assessment therefore is incomplete and
can be improved once more-reliable rainfall simulations are
made or the uncertainty range of rainfall simulations are
considered explicitly (which was not possible within the
MA models).

While the assessment models can provide useful infor-
mation to scenarios, their coverage of the Earth system is
incomplete, and their description of essential ecosystem
functioning is better for some processes than others. Cli-
mate and carbon cycle impacts are relatively well under-
stood while even the most basic nutrient cycles are less
reliable in current models.

With regard to analyzing ecosystem services, the current
models have a critical deficiency in that they are not able to
simulate the important feedbacks—the changes, often small,
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in ecosystems, that feed back and affect social systems,
sometimes in large ways—that were described in the MA
storylines. Therefore, the qualitative assessments by the
storylines of some of these feedbacks loops became an im-
portant means to describe likely changes under the four MA
scenarios.

The models are also incomplete in the sense that we
need to better understand the interactions among variables
across models. For example, we urgently need better mod-
els that link likely changes in such things as land cover to
likely changes in essential ecosystem processes, including
nutrient cycles, primary production, energy flow, and key
community dynamics, as well as the relationship of these
changes to ecosystem services. One of the important weak-
nesses of our current understanding is the lack of data for
broad-scale (long-term and large-scale) ecological dynam-
ics. Improved models and approaches are required to better
understand ecosystems and their interaction with human
systems, but such more-advanced models will still not lead
to a complete and full integration and may never lead to
full understanding of the complex interactions. The better
models based on broad-scale dynamics would enhance our
understanding of the ecosystem patterns and ecosystem
processes. The benefits and requirements for these im-
proved models and approaches are as follows:
• Better models for the relationship between ecosystem

change and provision of ecosystem services would
greatly improve quantification of the scenarios. Even in
cases where we can develop decent models of the eco-
system, it is extremely difficult to predict the end result
for provision of ecosystem services.

• Much better models for the relationship between eco-
system services and human well-being are desirable. In
cases where we were able to model changes in ecosys-
tem services (only provisioning and regulating services),
we were rarely able to estimate the impact on human
well-being. Most of the quantifiable indicators of human
well-being related to population and demographics. It
proved much more difficult to estimate spiritual well-
being, recreation opportunities, or even impacts on
human health.

• Models currently estimate only provisioning and regu-
lating services. As pointed out in Chapter 12, this aligns
perfectly with our understanding that provisioning and
regulating services are often given greater priority than
cultural and supporting services in management deci-
sions. Certainly not by accident, the models focus on the
ecosystem services that are perceived by society as more
important (driving research agendas and funding); they
give less attention to cultural and supporting services.
There are two consequences of this bias.
First, cultural and supporting services are left out of the

quantitative modeling exercise altogether: changes in these
services simply are not quantified. This has critical implica-
tions. Supporting services are necessary for the production
of all other ecosystem services, yet we cannot quantify how
they may change in the future. If supporting services are
declining, we may face severe and possibly sudden loss of
provisioning and regulating services in the future.
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Second, the fact that models are able to only explore a
small subset of ecosystem services (even within provisioning
and supporting services) means that a smaller set of potential
trade-offs can be quantified. Thus, even if the models were
able to perfectly characterize all the trade-offs among the
ecosystem services that they considered, this would plainly
underestimate the consequences of any societal choice, as
many other trade-offs would remain unquantified. The
consequence is that model results, at best, represent a crude
lower bound of the expected consequences of any specific
scenario.
• Improvements in modeling interactions among drivers

or services would improve the quantification of scenar-
ios. For example, it was very difficult to model how
changes in agricultural production interacted with
changes in water quality.

• Developments are needed to improve comparison of re-
sults across different models. Because the models we
used calculated different variables or used different re-
gion boundaries, many variables were not comparable.
Even in cases where two models calculated, say, land
cover change, we could not always easily compare the
results across models to ensure that our models were giv-
ing similar results. Comparison across models was even
more difficult in the cases where the models were calcu-
lating different variables.

• There is a great deal of research needed on focused sci-
entific topics. This is covered in Chapter 4.

13.5.3 Harmonizing Models and Storylines for
Understanding Complex Systems

A major challenge for future scenario exercises will be to
improve the level of harmonization between storylines and
quantifications of the scenario. This involves three main
tasks.

First, adequate time has to be given between the devel-
opment of storylines, deriving model inputs from the story-
lines, running the models, interpreting model output, and
revising the storylines. Perhaps two or three full iterations of
this cycle are required to achieve a high level of consistency
between the storylines and model calculations. Iterations are
also required for achieving convergence among various
subcomponents of the scenarios in addition to facilitating
scenario consistency.

Second, the models need to be able to incorporate some
of the important factors in the storylines, such as cross-scale
feedbacks, thresholds, and small-scale changes. We know
that these types of changes, which the models cannot fully
address, are important determinants of the future. If the
models are not able to address these factors, they will never
match the richness or plausibility of the storylines in devel-
oping pathways to the future.

Third, it is important to make the conversion of infor-
mation between the storylines and models more transparent
and less arbitrary. Currently, information from the storyline
is used to prescribe model inputs in an ad hoc (although
consistent) fashion. For example, general statements about
technological progress in the storylines were used to specify
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important input parameters to the modeling exercise, such
as the rate of change of crop yield and the rate of improve-
ment of domestic water use efficiency. Likewise, results
from the modeling exercise (such as estimates of land use or
cover change) are used ad hoc to modify or enhance the
qualitative statements of the storylines. Rather than perform
this conversion ad hoc, systems analysis techniques should
be used to make the conversion more transparent and scien-
tifically rigorous. For example, future exercises should con-
sider the usage of fuzzy sets or agent-based approaches to
convert from the linguistic statements of the storylines to
the numerical information needed for model inputs, and
from numerical model outputs to linguistic statements. Var-
ious techniques of qualitative modeling may also be useful
for this conversion of information.

13.5.4 Research on Vulnerability

Further research on ecosystems and human well-being is
needed. At the moment, scientific models for assessing
thresholds of vulnerability in ecosystems are very few and
not sufficiently developed (Peterson et al. 2003). Similarly,
possible ways these thresholds will affect human well-being
could be better understood. Research on thresholds is
needed to more fully understand socioecological resilience
and human well-being.

While we can sometimes quantify the trajectory of pro-
vision of a given ecosystem service, we cannot always deter-
mine whether the trajectory will continue the same way or
whether it will change radically upon crossing some un-
known threshold. Yet these threshold changes are often the
most important changes in ecosystem services to under-
stand. Research about thresholds and socioecological resil-
ience would greatly improve our understanding of how to
quantify and anticipate thresholds in management. A key
issue here though is whether we have enough information
to assess the thresholds or the vulnerability of ecosystems
and human well-being to extreme events (ecological and
socioeconomic surprises). Integrated assessments can be one
of the main tools used to understand the resilience (buffer)
of ecosystems and human well-being.

13.6 Conclusions
The MA scenarios have broadened global scenario exercises
in their scope and methodology. By including and focusing
on the many services that ecosystems provide to sustain an-
thropogenic systems, the MA scenarios explore the mani-
fold linkages that exist between ecological and human
systems. Previous scenario exercises have focused on some
of the links between specific driving forces of environmen-
tal change and their impacts. For example, the IPCC ex-
plored connections among energy and land use and climate
change. However, previous scenarios have not included
ecological dynamics in their storylines or analysis and have
not attempted to understand the effects of change on a suite
of ecosystem services and human well-being. The MA sce-
narios expand the reach of analysis by including multiple
ecosystem services and by linking environmental changes to
their impacts on human well-being.
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In addition, the MA scenarios contribute to the method-
ology of scenario analysis in various ways. They advance
the role of qualitative and quantitative information and
highlight the advantages of combining the two in the sce-
nario development process. The scenarios also demonstrate
the importance of integration across various disciplines to
derive internally consistent, detailed pictures of the future.
They also stress the significance of including various stake-
holder perspectives in the scenario development process, so
that the scenarios focus on questions about the future that
are relevant for their potential users. Furthermore, the sce-
narios reveal the imminent path-dependencies and irrevers-
ibilities of plausible development pathways, which helps
highlight the implications of decisions taken today.

With this analysis, the MA scenarios provide important
insights for various stakeholder groups, such as the U.N.
conventions, national governments, NGOs, local commu-
nities, and the private sector. Each group can derive impli-
cations from the set of scenarios in order to develop robust
strategies for their policy decisions.

The MA scenario analysis can be improved in future
scenario projects for ecosystem services. Modeling complex
socioecological systems with their interactions and feedback
loops remains a key challenge. Providing information not
just on services with the highest immediate priority for
many people and organizations (provisioning and regulating
services) but also on supporting and cultural ecosystem ser-
vices will enhance the level of analysis for decision-making.
Furthermore, linking global models to models that operate
at smaller geographical scales can enhance the consistency
and quality of the derived information.

The qualitative analysis of ecological feedback loops,
thresholds, risks, and vulnerabilities as part of scenario de-
velopment can provide important insights that existing
global ecological change models have so far not been able to
capture. Global modeling and integrated assessment efforts,
though, can provide important consistency checks of as-
sumptions on key driving forces and their interactions. En-
hancing the methodology for combining quantitative and
qualitative analysis in the future will greatly improve our
ability to deal with the complexities that lie ahead of us.
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Main Messages

The MA scenarios demonstrate the fundamental interdependence be-
tween climate change, energy, biodiversity, wetlands, desertification,
food, health, trade, and the economy—and thus the need for relevant
international agreements to work together to sustain life on Earth. This
interdependence between environmental and development goals stresses the
importance of partnerships and the potential for synergies among multilateral
environmental agreements. As the basis for international cooperation, all global
environmental agreements will operate under profoundly different circum-
stances in the four scenarios, and their current instruments (such as exchange
of scientific information and knowledge, technology transfer, benefit sharing,
and financial support) might need to be revised and complemented by new
ones suited to changing sociopolitical conditions.

The interdependence between socioeconomic development and ecosys-
tems services also requires national governments and intergovernmental
organizations to provide the enabling conditions and to regulate the ac-
tions of the private sector, communities, and nongovernmental organiza-
tions. The responsibility of national governments to establish good governance
at the national and subnational levels is complemented by their obligation to
shape the international context and enabling conditions by negotiating, endors-
ing, and implementing international environmental agreements. Current and
improving international instruments have better prospects to promote sustain-
able use of ecosystem services in the Global Orchestration and TechnoGarden
futures, while national and local eco-management initiatives play a central role
in the Adapting Mosaic scenario.

The MA scenarios show that the present focus of activity within the Con-
vention on Biological Diversity on meeting the World Summit on Sustain-
able Development’s target of significantly reducing rates of biodiversity
loss will be difficult to achieve. The pressures on biodiversity will continue
to grow during the twenty-first century, particularly through population and eco-
nomic growth and the additional effects of climate change and pollution. All
development pathways described by the MA scenarios have potentially signifi-
cant negative impacts on biodiversity and its related ecosystem goods and
services. The work programs of the CBD already include many of the actions
needed to reduce these impacts, and these actions are implemented with vary-
ing degrees of success within the differing scenarios. For example, targets and
associated actions within the CBD’s Global Strategy for Plant Conservation
emphasize the issues of habitat loss, conservation of protected areas, and
sustainable management, but they may need to be expanded by actions to
address the increasing threats of climate change and air pollution. The scenar-
ios also anticipate the exacerbating regional disparity of impacts due to grow-
ing populations and economies of Asia, Latin America, and sub-Saharan
Africa.

The nature and magnitude of future stress on wetlands and the prospects
under the Ramsar Convention for helping to protect them are diverse
across the scenarios: some stresses are stronger in the globalization
scenarios, others are larger in the regional fragmentation scenarios. Ex-
isting international protection mechanisms have better prospects for success
in the globally connected worlds and might need to be reformed in response to
weakened global institutions of the locally oriented development paths. Greater
pressure for agricultural land and massive increases in water withdrawals pose
larger threats of wetland drainage and conversion in the regionally fragmented
scenarios (Adapting Mosaic and Order from Strength) than the significant but
smaller land and water stresses in the high-growth globalized worlds. In addi-
tion to more efficient technologies (TechnoGarden) or institutions (Global Or-
chestration), the latter scenarios imply stronger motivation to undertake and
more effective instruments to implement wetland conservation under a global
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environmental agreement. An important feature of the Adapting Mosaic sce-
nario is nonetheless that it pictures environmentally oriented societies that find
practices and resources for cleaning return flows and for restoration of wet-
lands even in the absence of economic value, although the success of land
and ecosystems co-management varies across regions.

The magnitude of future pressures causing desertification and the oppor-
tunities for the Desertification Convention to help mitigate the process
vary across the scenarios: pressure is largest in Order from Strength,
more modest in Adapting Mosaic and TechnoGarden, and lowest in
Global Orchestration. Prospects for financial and technology transfers to help
combat desertification are better in the globalization scenarios and more diffi-
cult in the fragmentation scenarios. All combinations of slow-to-fast population
growth and improving economic conditions over the next decades will exert
additional pressure on land resources and pose additional risk of desertification
in dryland regions. Opportunities for the Desertification Convention will differ
according to the diverse sociopolitical, economic, and technological conditions
described in the specific scenarios. In a globalizing world, prospects for inter-
national environmental cooperation and resource transfers to support their im-
plementation are likely to be better due to the institutional reforms (Global
Orchestration) or because of the fast rate of technological development
(TechnoGarden). It also requires political willingness in the affected countries
to rank land degradation high on their political agenda and to commit national
resources to fighting it. In a fragmented world, the role of a global agreement
is more limited either because of the diminished interest in resource transfers
(Adapting Mosaic) or because of the total lack of interest in what is going on
beyond national or regional boundaries (Order from Strength). Yet in Adapting
Mosaic, proactive local strategies might mitigate land degradation and reduce
the need for global instruments.

Prospects for reaching the Millennium Development Goals by 2015 vary
across the scenarios, geographical regions, and the goals themselves:
halving poverty by 2015 is more likely to be achieved in a globalizing
world in Latin America, South Asia, and India, while hunger will remain
in most regions in all scenarios. Income growth is fastest in Global Orches-
tration and slowest in Order from Strength, on average. Halving the share of
population (by 2015 relative to 1990) living on less than $1 a day has already
been achieved in the East-Asia/Pacific region and in China. This target is
likely to be achieved in Latin America, South Asia, and India under Global
Orchestration but not under Order from Strength. Reaching this target in the
Middle East and North Africa and in sub-Saharan Africa is unlikely under all
four scenarios. The scenarios almost uniformly indicate that it will be difficult
to halve undernourishment by 2015 in most regions except China under Global
Orchestration and TechnoGarden and in Latin America under TechnoGarden
despite sufficient, stable, or slightly increasing average availability of per capita
dietary energy (except in sub-Saharan Africa). This implies that hunger re-
mains an economic (income) and social (equity and distribution) issue rather
than solely a natural resource/ecosystem problem.

Global environmental sustainability goals, which are part of the MDGs,
largely fail, while local environmental quality is projected to improve in
some scenarios. These general patterns, however, disguise considerable
heterogeneity across regions and over the scenarios’ time horizons. Total
area covered by forests declines slightly globally, but a strong contrast exists
between increasing forest areas in the OECD and the former Soviet Union and
declining forest areas in all developing regions, especially sub-Saharan Africa
and Middle-East/North Africa. Greenhouse gas emissions are projected to in-
crease under all four scenarios in the OECD, to decline somewhat (except
under Order from Strength) in the former Soviet Union, and to increase drasti-
cally in all developing regions. The prospects for improving local environmental
quality are better. There is a good chance to reach the MDG of halving the
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proportion of people without sustainable access to safe drinking water in most
regions except sub-Saharan Africa (despite fast progress) and Latin America
(due to slow progress).

The MA scenario implications for ecosystem services and human well-
being are of primary interest to local communities, NGOs, and other parti-
cipants in civil society, as they often depend more directly on ecosystem
services for daily well-being than other institutional actors (such as cor-
porations) do. While human well-being and GDP per person improves on
average in all the scenarios except Order from Strength, this masks increased
inequity. The resulting ecosystem degradation causes a decline in per capita
aggregated ecosystem services in all scenarios. Opportunities and priorities
for community and NGO response differ across the scenarios. The ‘‘worst
case’’ scenario for communities and NGOs is Order from Strength, in which
community health and well-being are threatened by loss of biological diversity
and associated ecosystem services, decreases in the availability and quality of
fresh water, climate change, and decreases in air quality. The reactive, region-
alized Order from Strength focus would offer little opportunity for success in
community and NGO attempts at co-management of resources or at partner-
ships with other actors at multiple scales due to limited financial support for
NGO activity and the challenge of finding ways for global policies to also be
reactive to local problems.

While the Global Orchestration scenario might offer significant financial support
for social and environmental NGOs, it also describes high risk of adverse
impacts from climate change and little opportunity for NGOs and communities
to foresee and prevent the thresholds at which further ecosystem degradation
and reductions in human well-being might occur. The greater political commit-
ment to address environmental issues in the TechnoGarden and Adapting Mo-
saic scenarios contributes to less severe implications for biodiversity loss, loss
of ecosystems services, and impacts on human well-being. These two scenar-
ios offer the greatest opportunity for communities to obtain land and resource
tenure, maintain and use traditional knowledge, and partner with NGOs and
other actors to respond successfully to emerging threats. The more institutional
and behavioral strategy of Adapting Mosaic might encourage monitoring of
indicators of ecosystem change at all levels in order to enhance the ability
of communities to anticipate and adapt to change that threatens community
livelihoods and health.

Local communities and NGOs can work together with government and
the private sector to advocate policies and to execute on-the-ground
practices that protect, mitigate, and restore some of the ecosystem ser-
vices that are threatened by the development paths and assumptions in
the four scenarios. NGOs and communities often know what needs to be
done; they just need partnerships and financial resources to make it happen.
In all scenarios, NGOs and communities can be more strategic in their efforts
to integrate environmental imperatives with political realities. The synthesis of
changes in ecosystem provisioning and regulating services indicates that in
2050 the trade-offs between ecosystem services will be more intense than at
present, there will be greater inequities between rich and poor nations and
regions, and there will be greater adverse impacts from unanticipated disas-
ters. This implies that environmental justice and ethics should be of even
greater concern to communities and NGOs than they are today.

A critical component of better understanding and managing the interrela-
tionship between human well-being and ecosystem services is the identi-
fication of crucial links between ecosystems and the private sector.
Climate change, water, and biodiversity loss are likely to pose the greatest
policy concerns to the private sector in 2000–50. Climate change is likely to
have a significant level of private-sector involvement in the near term (�2010),
since it is an issue with sufficient media attention and institutional capacity. The
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emphasis on globalization and international technology cooperation in Global
Orchestration and TechnoGarden highlights the important role that private-
sector actors, particularly multinational corporations, will have to play in ad-
dressing global environmental policy concerns. At the same time, increased
involvement of multinational corporations may lead to greater ‘‘privatization’’ of
global environmental governance, diminished government/civil society over-
sight, and greater criticisms of western eco-business strategies from poor
countries. The Order from Strength scenario is likely to lead to the greatest
conflict between wealthier countries and the poorer nations as well as within
rich countries (most notably, between the United States and Europe). Region-
ally structured business–civil society partnerships are likely to be an important
feature in the Adapting Mosaic scenario. Yet a more geographically sensitive
approach may also result in greater fragmentation and the duplication of policy
approaches.

None of the scenarios can be singled out as the most desirable future.
Each scenario has several positive and negative characteristics because
each entails different combinations of relatively smaller or larger ecosys-
tems stresses and more or less stakeholder capacity to cope with the
emerging risks. Because of the need to make socioeconomic choices among
mutually exclusive options and because of the biophysical trade-offs among
ecosystems functions and services, it is not possible to handpick a combination
of drivers and ecosystem management strategies to achieve what might ap-
pear to be the best selection of features across scenarios. Thus, not even the
most brilliant and committed policy-makers operating in a highly cooperative
international community could achieve such dreamworld futures. The corner-
stone of masterly policy-making is finding the best compromises among con-
flicting objectives, making appropriate interventions to achieve them, and doing
regular reassessments of policies against anticipated and unanticipated out-
comes.

14.1 Introduction
The MA scenarios—four plausible pathways into the fu-
ture—were conceived and developed to provide insights
for a broad range of private stakeholders and public policy-
makers into the risks and opportunities that might emerge
for ecosystems and their provisions of various functions and
services under four distinctively different but plausible fu-
tures. Preceding chapters in this volume present the social,
economic, and political characteristics of the four develop-
ment paths, their consequences for the demand for ecosys-
tems services, the principal ways societies manage their
relations with nature to fulfill those demands, the funda-
mental implications for ecosystems, and the consequences
of how ecosystems respond to the combinations of driving
forces. Chapters 9, 10, and 11 provide cross-scenario com-
parisons of provisioning/regulating functions, biodiversity,
and human well-being.

This final chapter summarizes the implications of the
scenarios for diverse groups of stakeholders, ranging from
local communities to those managing international envi-
ronmental agreements. Moreover, it seeks to assess the most
promising response options that might be available to differ-
ent actors under the four scenarios to manage emerging
ecosystem conditions—both threats and opportunities—
according to the stakeholders’ objectives (government,
communities, the private sector) or mandates (international
agreements).
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A general trend of accelerating globalization can be
observed in recent decades: most national governments del-
egate smaller or larger parts of their sovereignty to suprana-
tional or multinational institutions (to the European Union,
for example, or international economic, environmental,
and other agreements), an increasing number of private en-
terprises operate across national boundaries, communities
organize themselves into international networks (such as
Klimabündnis), environmental movements establish global
organizations (WWF, for instance, and Greenpeace), and
even antiglobalization movements are globalizing them-
selves: witness the recent mega-gatherings at the World So-
cial Forum in Porto Alegre, Brazil, and in Mumbai, India.
Nonetheless, national governments are likely to maintain
their central role in coordinating and regulating most as-
pects of socioeconomic development, including societies’
relationships with ecosystems. The nature and the exact
form of the regulation and the distribution of responsibili-
ties among central governments, communities, and the pri-
vate sector may vary depending on the broad sociopolitical
features of the scenario, but the key role of national govern-
ments is likely to continue.

The first part of this chapter deals with the three main
international conventions concerned with broad environ-
mental issues or specific ecosystems: the biodiversity con-
vention, the wetlands accord, and the desertification
agreement. (Although the MA scenarios contain some in-
formation on climate change and its impacts, this chapter
does not assess the implications for the climate change con-
vention; this could be done in the IPCC’s Fourth Assess-
ment Report.) These and other international agreements
regulating the many facets of international relations among
nation-states are negotiated and signed by national govern-
ments. Governments also provide the institutional frame-
work for domestic implementation. Moreover, the central
role of the government in the domestic sphere involves de-
lineating and negotiating the distribution of power and re-
sponsibilities between communities as well as demarcating
guidelines for the private sector and NGOs. Key aspects of
the relationships among all the stakeholders shaping the fate
of ecosystems and human well-being are highlighted in the
final section of the chapter.

Each stakeholder section starts with a brief overview of
the main mandates related to or key interests of the group
in ecosystems and their services. This is followed by brief
assessments of the main threats and opportunities concern-
ing those interests and mandates under the four MA scenar-
ios. Finally, a set of response options are considered and
analyzed that are available to the stakeholder group in order
to identify those that might be potentially effective and suc-
cessful under the social and political circumstances of a sce-
nario. At the end of each section, a summary table presents
qualitative assessments of the threats and opportunities and
of the prospects for response options and interventions to
manage them. The only exception is the section of national
governments, as their main function, in addition to keeping
policies and regulations sufficiently flexible to accommo-
date changes in external conditions, is to shape future trends
and driving forces rather than just adapt to them.
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The remainder of this section recaps the four MA sce-
narios, which are based on contrasting assumptions about
the driving forces that are currently changing the world—
demographic developments, the rate and structure of eco-
nomic growth, sociopolitical developments like changing
governance systems, cultural factors, and possible develop-
ments in science and technology. None of these factors
work in isolation, and thus the scenarios contain a number
of explicit and implicit assumptions about how the different
driving forces interact and what their weight is and will be
in the years to come. All these factors determine how natu-
ral systems are used to provide the services required for
human survival and thus change direct factors of ecosystem
changes, such as land use or pollution regimes.

Each of the trajectories that the scenarios portray begins
with a number of choices made today or in the very near
future. Many of these decisions are quite substantial and
require wider changes in policies worldwide. Quite a few
of these decisions are based on possibilities we currently see
emerging and that are being discussed in various policy fora
around the world. All these general policy directions never-
theless require concrete measures to make political choices
a reality. The direction these choices go in the real world
will determine how we and our children will live in the
future, and the real future is likely to represent a mix of
various strategies and options described in the scenarios.

The trajectory of the Global Orchestration scenario is
based on the strong commitment of governments and other
policy-makers to tackle the problems currently plaguing so-
cieties. Eradicating hunger and poverty worldwide and fos-
tering the creation of more equitable, democratic societies
that give citizens equal opportunities is seen by policy-
makers in this scenarios as the foremost task in the years
come. Therefore the main focus is developing human and
social capital and restructuring economic and social systems.
Measures to reach these goals include the creation of equita-
ble access of all players to global markets by eliminating
distorting subsidies and trade barriers (the Doha Round of
WTO negotiations was to be a first step in this direction),
overhauling social systems, investing in education, and en-
suring the creation and maintenance of global public goods
by rethinking and redefining the role of public and private-
sector investments in science and technology. Environmen-
tal problems are not forgotten, but they only enter the
policy-making arena if they are large-scale or affect a bigger
number of people. Otherwise they are dealt with in a reac-
tive manner, fixing what is possible to remedy in the short
run but not putting particular attention to the development
of long-term solutions that prevent mismanagement of eco-
systems.

The Order from Strength scenario trajectory starts off
with growing mistrust in global institutions, like the United
Nations, and in their ability to find solutions to today’s
problems. Strong countries feel increasingly that they need
to take matters into their own hands to ensure that their
integrity and security is not threatened by outside forces
they cannot control. These nations focus mainly on internal
issues and are only concerned with developments outside
their own borders if they directly affect their own country.
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This attitude also leads to a retreat from a number of global
agreements such as WTO or the Kyoto Protocol if they are
seen as being out of harmony with country interests. These
developments eventually result in a growing fragmentation
between stronger and weaker countries. But this attitude
also affects developments within nations. More powerful or
wealthier groups try to make sure that things work for
them, neglecting some of the costs this might have for oth-
ers. This attitude then results in a growing fragmentation
within society. Although the environment is not forgotten,
growing environmental problems are only dealt with
whenever they directly affect people or if the benefits from
environmentally friendly management are perceived to sub-
stantially outweigh costs. Particularly in currently develop-
ing countries, scarce financial and deteriorating natural
capital forces decision-makers to make tough choices be-
tween long-term solutions and short-term fixes to arising
problems.

The Adapting Mosaic scenario starts in a similar way as
Order from Strength, in that it sets off with the growing
conviction of decision-makers around the globe that the
solutions to many problems need concrete remedies at the
local and national level. A second notion though makes this
scenario very different: The focus on local solutions is not
driven by overall security concerns but by the growing un-
derstanding of human-ecosystem connections and the im-
portance of maintaining the functioning of the whole suite
of local ecosystem services that underpin local economic
systems. Increasingly the diversity of local systems is seen as
an important asset that needs to be fostered, as it provides a
variety of new solutions to old problems. Human and eco-
logical systems are seen as evolving together. This neverthe-
less also requires changes in resource management and
governance systems, leading to the devolution of power to
local resource users, which is not always and in all nations a
smooth process. This development, though, is thought to
eventually result in the emergence of new governance sys-
tems and organizations not just at the global level, but also
at the regional and global scale.

The TechnoGarden scenario trajectory also starts off
with a change in the definition of the importance of ecosys-
tem services and their relationship to economic systems. As
in Adapting Mosaic, maintaining all categories of ecosystem
services and taking a proactive approach to their manage-
ment is increasingly felt to be necessary in order to guaran-
tee the smooth functioning of human systems. In this
scenario, however, technology is seen as the key to manag-
ing ecosystems; ‘‘natural capitalism,’’ which focuses on ob-
taining profits by working with nature, is perceived to be
advantageous for both individuals and society. Policy-
makers all over the world push for and invest in the devel-
opment of environmentally friendly, ‘‘green’’ technologies
that allow for a better management of the ecosystems for
human purposes. Examples are new technologies for
‘‘cleaner’’ transportation systems or new urban planning and
building schemes. One example of a measure that can set
off this trajectory is the move of the European Union from
production-based agricultural subsidies to payments for en-
vironmental services of farmers.
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Each scenario trajectory together with decisions taken
along the way will result in quite different outcomes by
2050, and each outcome will encompass different trade-
offs. None of the future worlds described have only positive
or negative outcomes. In Global Orchestration, the main
trade-offs consist in managing ecosystems for their provi-
sioning services at the expense of regulating, supporting,
and cultural services. In addition, long-term maintenance of
all services is traded off for current benefits to human socie-
ties. This trade-off is even stronger in the Order from
Strength scenario. In Adapting Mosaic, trade-offs between
ecosystem service categories and between services and
human well-being components exist, but due to the varying
nature of pursued management strategies around the globe
(the ‘‘mosaic’’ of different experiments, approaches, and
strategies), no overall trade-off paradigm exists. Rather a
diversity of trade-off decisions emerges. The Techno-
Garden world explores the double- edged sword of tech-
nology, which can have large beneficial effects but is also
prone to failures. In addition, cultural ecosystem services are
undervalued, and they are traded off for improvements in
other services.

Improvements for human well-being can be found in all
four scenarios but with very different rates of improvement
and very different groups of society or countries winning or
losing. And the environmental costs for human gains also
differ widely between the scenarios. In three of them,
human well-being overall improves but the costs and the
risks of each development path on the environmental side
vary. None of the scenarios portrays a complete breakdown
of all ecosystem services, but many decisive steps and deci-
sions have to be taken to change trajectories and avert some
of the currently existing risks of ecosystem degradation and
depletion. In reality, the future will be a mix of all the dif-
ferent approaches, strategies, and decisions that the scenarios
portray, but many tough choices will have to be made along
the way.

14.2 Implications for the Convention on
Biological Diversity
The objectives of the Convention on Biological Diversity
are the conservation of biological diversity, the sustainable
use of its components, and the fair and equitable sharing of
the benefits arising out of the utilization of genetic re-
sources. Biological diversity means the variability among
living organisms from all sources including, among other
components, terrestrial, marine, and other aquatic ecosys-
tems and ecological complexes of which they are part; this
includes diversity within species, between species, and of
ecosystems. Sustainable use means the use of components
of biological diversity in a way and at a rate that does not
lead to the long-term decline of biological diversity, thereby
maintaining its potential to meet the needs and aspirations
of present and future generations.

The objectives are translated into policies and concrete
action through the agreement of international guidelines
and the implementation of work programs of the Conven-
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tion and of National Biodiversity Strategies and Action
Plans. The Convention is developing seven thematic work
programs—on forest diversity, dry and subhumid lands,
biodiversity of inland waters, marine and coastal biodiver-
sity, agricultural biodiversity, mountain biodiversity, and is-
land biodiversity. Cross-cutting issues include, among
others, biosafety; access to genetic resources; traditional
knowledge, innovations, and practices; indicators; taxon-
omy; public education and awareness; incentives; and inva-
sive alien species. Some cross-cutting initiatives directly
support work under the thematic programs, such as the
work on indicators. Others are developing discrete products
that may be separate from the thematic programs. The con-
vention has adopted the ‘‘ecosystem approach’’ as a strategy
for the integrated management of land, water, and living
resources that promotes conservation and sustainable use in
an equitable way.

The sixth meeting of the Conference of the Parties in
April 2002 adopted the Strategic Plan for the Convention,
which commits Parties to ‘‘achieve by 2010 a significant
reduction of the current rate of biodiversity loss at the
global, regional, and national level as a contribution to pov-
erty alleviation and to the benefit of all life on earth’’ (Deci-
sion VI/26). The Strategic Plan also commits Parties to a
more effective and coherent implementation of the three
objectives of the Convention.

At the World Summit on Sustainable Development in
Johannesburg in August/September 2002, governments
adopted a Plan of Implementation that reconfirmed the role
of the CBD as the key instrument for the conservation and
sustainable use of biological diversity and the fair and equi-
table sharing of benefits arising from its use. With respect
to the 2010 target, the WSSD Plan of Implementation rec-
ognizes that ‘‘the achievement by 2010 of a significant re-
duction in the current rate of loss of biological diversity will
require the provision of new and additional financial and
technical resources’’ (paragraph 44).

While world political leaders have agreed that ‘‘biodiv-
ersity loss’’ constitutes a serious challenge at the global, re-
gional, and national level, there is as yet no widely accepted
definition of what biodiversity loss means or how it can be
monitored or assessed. The following definition of biodiv-
ersity loss was proposed at the 2010–The Global Biodiver-
sity Challenge Conference in London in 2003 (UNEP/
CBD/SBSTTA/9/INF/9), and adopted by the seventh
meeting of the CBD Conference of the Parties in Kuala
Lumpur in 2004 (Decision VII/30): ‘‘the long term or per-
manent qualitative or quantitative reduction in components
of biodiversity and their potential to provide goods and ser-
vices, to be measured at global, regional and national
levels.’’

COP7 also decided to establish a small number of global
goals and sub-targets to clarify the 2010 global biodiversity
target, covering six focal areas of the convention. Further
work is required to integrate the goals and targets into the
work programs of the convention. In order to assess prog-
ress at the global level toward the 2010 target, COP7 agreed
that a balanced set of indicators should be identified or de-
veloped (Decision VII/30), as described later.
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The outcomes of the MA scenarios are highly relevant
to the immediate work of developing global goals, sub-
targets, and indicators for assessment of progress toward the
2010 target. The Subsidiary Body on Scientific Technical
and Technological Advice has recommended that the tar-
gets should be challenging but realistic, recognizing the
constraints of Parties, especially developing countries. The
MA scenarios can help in the process of setting realistic and
attainable outcome-oriented targets within the work pro-
grams of the convention, as these are reviewed over the
next few years. COP7 invited other related assessment
processes such as the MA to contribute reports and informa-
tion that assist in monitoring progress toward the 2010
target.

At its sixth meeting, the Conference of the Parties
adopted the Global Strategy for Plant Conservation as a
pilot approach for the use of outcome targets for the con-
vention and to consider the application of the approach to
other areas (Decision VI/9). The GSPC includes 16 specific
and measurable targets for 2010. It therefore offers a case
study to evaluate the MA scenarios against specific CBD
targets and to provide feedback to the convention on the
general use of outcome targets.

No consideration has yet been given by international
policy-makers to establishing targets over longer time scales
(up to 2050). However, the CBD objectives imply that bio-
logical diversity, at ecosystem, species, and genetic levels,
should be conserved indefinitely in order to maintain its
potential to meet the needs and aspirations of present and
future generations. For this longer time scale, the MA sce-
narios help inform future policy direction within the CBD
by identifying the future risks to biological diversity and
how these risks vary with different response options.

14.2.1 Threats to Biodiversity in the MA Scenarios

The main global-level threats to biodiversity identified
within the work programs of the CBD are habitat transfor-
mation (such as conversion to agriculture, urbanization and
infrastructure development, fragmentation, and mining and
engineering works); overexploitation (such as overgrazing,
overharvesting, overfishing, loss of plant and animal genetic
resources, and water abstraction); inappropriate manage-
ment (such as undergrazing, changes in fire regimes, and
soil erosion); invasive alien species; pollution (such as sulfur
and nitrogen emissions); and climate change (such as long-
term changes in temperature and rainfall, extreme events,
and sea level change).

The quantitative outputs of the MA scenarios are
mapped onto the main threats to biodiversity in Table 14.1.
The association between MA output variables and threats is
not precise, and there are significant aspects of the threats
that are not represented within the MA outputs. Gaps in
coverage relate particularly to fisheries, inappropriate man-
agement, and invasive alien species. However, the associa-
tion between MA scenario output variables and biodiversity
threats is sufficient to identify the general, long-term risks
to meeting the objectives of the CBD. (Chapter 10 provides
quantitative information of expected impacts on global bio-
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Table 14.1. MA Quantitative Scenario Outputs Related to Main
Threats to Biodiversity

Threats to Biodiversity Quantitative Scenario Outputsa

Habitat transformation change in agriculture area
conversion of forests
fragmentation and biodiversity loss
population growth (urbanization)
fossil fuel extraction

Overexploitation and inappropriate agricultural intensification
management water abstraction

Invasive species

Pollution emissions of SO2 and NOX

excess of critical loads
return flows to rivers

Climate change temperature
rainfall
biome shift

a This is not a comprehensive list of possible threats but a list of threats that
have been quantified in the MA scenarios.

diversity, in particular loss of habitats, loss of plant species,
and shifts in terrestrial biomes due to climate change.)

14.2.1.1 Habitat Transformation

In the Global Orchestration and Adapting Mosaic scenarios,
global rates of forest loss due to agricultural expansion are
similar to present rates, while in TechnoGarden they are
slightly lower. Rates increase by 50% in Order from
Strength up to 2020. In all scenarios there is a large increase
of the rate of forest loss in sub-Saharan Africa and a lesser
increase in OECD countries.

Biodiversity losses occur directly through loss of habitat
and indirectly through fragmentation. The results show a
decline of 12–16% in vascular plant species diversity as a
consequence of global habitat loss between 1970 and 2050,
assuming that species diversity eventually reaches an equi-
librium with the area of habitat available. The highest losses
occur in Order from Strength and the lowest in the
TechnoGarden and Adapting Mosaic. Rates of loss in plant
diversity increase between the two time periods 1980–2000
and 2000–20 in Order from Strength and Global Orches-
tration by 40% and 10%, respectively, but decline by 15–
20% in the other two scenarios. There are major differences
in plant diversity between the different biomes, and tropical
forest, tropical woodland, savanna, and warm mixed forest
account for 80% of all plant species lost. The severity of
impact of habitat transformation on biodiversity depends
largely on details of habitat conversion. If biodiversity hot
spots and functioning ecological networks are maintained
within protected areas or by other conservation mecha-
nisms, then risks of massive biodiversity loss may be re-
duced. Nonlinear and lagged responses may occur as
habitats become progressively isolated and reduced in size.

14.2.1.2 Overexploitation

Agricultural intensification occurs under all scenarios, but
especially in Global Orchestration and TechnoGarden,
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where intensification enables increased food production
with less land-take for agriculture. Intensification, including
introduction of new crop/livestock varieties, management,
fertilizer, and pesticide regimes, is likely to be detrimental
to wildlife species and genetic varieties of crops and live-
stock that are associated with traditional/low intensity ag-
ricultural habitats. Risks to biodiversity may be reduced in
TechnoGarden by adoption of appropriate management re-
gimes or traditional practices (such as preservation of uncul-
tivated areas and linear habitats) in agricultural ecosystems
of high importance for biodiversity. Under the Adapting
Mosaic scenario, genetic diversity used by people is in-
creased by spatial heterogeneity of ecosystem management.

Water abstraction and water stress are critical threats to
wetland ecosystems. Water abstractions increase to meet
population growth and irrigation demands in all scenarios
by between 20% and 80% globally, with two- to threefold
increases in sub-Saharan Africa and Latin America. In-
creased abstractions exceed expected increases in precipita-
tion (due to climate change) and create water stress under
Global Orchestration and especially under Adapting Mosaic
and Order from Strength. Geographical variations in future
precipitation are highly uncertain. Wetland habitats in sub-
Saharan Africa and Latin America, in catchments where in-
creased demand coincides with lower precipitation, are
most vulnerable to reduced water levels. However, under
TechnoGarden, reduced abstractions may enable restoration
of wetlands in the former Soviet Union.

GDP per person increases in all scenarios, especially in
Global Orchestration and TechnoGarden, and especially in
Asia and the OECD. Growing income levels, coupled with
increased populations, are likely to intensify pressure from
tourism, leading to habitat loss and overexploitation. How-
ever, there will also be more opportunity for tourism to
provide self-funding opportunities for biodiversity conser-
vation. Both positive and negative impacts of tourism are
likely to be highly localized. Global tourism is most likely
to increase under Global Orchestration and TechnoGarden.

14.2.1.3 Pollution

Sulfur dioxide emissions can cause acidification impacts, es-
pecially in freshwater ecosystems, where high levels of de-
position occur on acidic soils with low buffering capacity (as
in Scandinavia and North America). Global sulfur dioxide
emissions fall in all scenarios, but especially in Techno-
Garden and Global Orchestration. Regionally, however, in-
creases occur from existing low levels in sub-Saharan Africa
in all scenarios. Following large reductions in emissions in
OECD, Asia becomes the dominant source of sulfur diox-
ide under all scenarios. The scenarios indicate a reduced
acidification risk in OECD and the former Soviet Union.
There is a high risk of acidification becoming a localized
problem within vulnerable ecosystems in Asia under Adapt-
ing Mosaic and Order from Strength scenarios.

Nitrogen oxide emissions can cause eutrophication (arti-
ficially raised nutrient levels), especially where high levels of
deposition occur in low nutrient status terrestrial ecosystems
(such as in lowland heaths in northern Europe). Global ni-
trogen oxide emissions increase under all scenarios by 20–
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50%, with the highest increase occurring in Global
Orchestration. (Ammonia emissions have not been mod-
eled.) Emissions are likely to be reduced in OECD but in-
crease two- to fourfold in Asia and the former Soviet
Union. There is a high risk of eutrophication becoming
a significant problem within vulnerable ecosystems in Asia
under all scenarios.

The combined impacts of acidification and eutrophica-
tion result in an overall estimated decline in plant species
diversity of 2–5% across all terrestrial habitats by 2050.
Temperate and warm mixed woodlands are most severely
affected, with plant species diversity decline of 5–10%
across the scenarios. Losses are highest in Global Orchestra-
tion and lowest in TechnoGarden.

Return flows, as an indication of freshwater and estua-
rine pollution, increase under all scenarios by 40–200%.
Return flows are generally stable or reducing in OECD and
the former Soviet Union, but there are large increases in
sub-Saharan Africa and Latin America. There are therefore
high risks of increased pollution of freshwater and recipient
coastal habitats in those regions.

14.2.1.4 Climate Change

The impacts of climate change will be most severe where
the rates of change in climatic variables exceed the rate of
species dispersal and adaptation within biomes. In the four
scenarios, about 5–20% of ecosystems will be seriously af-
fected by climate change, the worst being Global Orches-
tration. In that case, in 20% of protected areas the originally
protected ecosystem will have either been replaced or seri-
ously damaged as a consequence of climate change alone.
The most heavily affected biomes are boreal and cool coni-
fer forests, tundra, shrubland, and savanna. In addition to
shifts in zonal climates, coastal habitats are also affected by
an increasing rate of sea level rise, reaching around 25 centi-
meters above 2000 levels by 2050 under all scenarios. Coral
reefs, mangrove forests, and salt marshes are particularly vul-
nerable, but estimates of potential global losses are not avail-
able.

14.2.1.5 Combined Threats

The above threats to biodiversity do not act in isolation.
Under most scenarios, and in most regions, there is a high
risk that rapid climate change will occur concurrently with
continuing loss and fragmentation of natural habitats and
with increasing overexploitation of natural resources and
pollution.

The combined impacts on biodiversity of land use
change, climate change, emissions of greenhouse gases, and
regional air pollutants have been modeled using the
IMAGE integrated assessment framework. The outputs
show that the area of agricultural land increases at the ex-
pense of natural habitats in all scenarios. The increase in
area of agricultural land is as much as 24% in Order from
Strength by 2050 but only 7–9% in the other scenarios.
Tropical savanna is the most severely affected biome, with
losses of between 27% in Adapting Mosaic and 55% in
Order from Strength. Forested land as a whole shows a
slight increase in all scenarios except Order from Strength.
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But within the forest biomes, gains in regrowth, boreal, and
temperate mixed forests are offset by losses in the more
species-rich tropical, temperate deciduous, and warm
mixed forests under most scenarios. Order from Strength is
the most extreme, with losses of 22% of tropical forest, 24%
of temperate deciduous, and 35% of warm mixed forest by
2050. In contrast, under TechnoGarden there are gains in
most forest biomes except tropical forests, which decrease
by 11% by 2050.

Of the three main threats to terrestrial biodiversity, habi-
tat loss emerges as the most significant pressure on biodiver-
sity under all scenarios up to 2050. Habitat loss leads to
11–16% decline in biodiversity across all habitats. According
to these models, climate change and air pollution are associ-
ated with lesser declines of 2–5%. However, there is strong
differentiation between impacts on different biomes. The
greatest pressure in tundra and desert biomes is climate
change, whereas in warm mixed and tropical forests, habitat
loss and air pollution are most significant. Savanna and tem-
perate forest have high levels of pressure from all three fac-
tors. Boreal forest has low pressure from all three factors.
There is less distinction between the four scenarios. Overall,
Order from Strength creates the highest rates of habitat loss
and Global Orchestration has the highest risk of climate
change and air pollution impacts. In most biomes Techno-
Garden has the lowest pressures for all three impacts. The
highest threats to biodiversity in most scenarios are in sub-
Saharan Africa and Latin America. In these regions pressures
on biodiversity by 2050 are increased by factors of two to
four above present levels. These regions also contain many
of the world’s existing hot spots of biodiversity. The lowest
threats in most scenarios are found in the OECD and the
former Soviet Union. TechnoGarden emerges consistently
as the scenario with lowest pressure on biodiversity.

Losses in biodiversity—that is, loss of habitats, decline
in species abundance, and loss of genetic diversity—have
implications for ecosystem goods and services and human
well-being. The qualitative assessment of the future vulner-
ability of ecosystem services shows strong differentiation
between the scenarios. The highest vulnerability occurs in
the Order from Strength scenario, with decreases in provi-
sioning services (such as genetic resources and biochemical
discoveries) and decreases in regulating services (such as
water regulation and biological control). In Global Orches-
tration, ecosystem services are maintained in the North but
show some losses in the South. In Adapting Mosaic and
TechnoGarden, ecosystem services generally increase or are
unchanged. Adapting Mosaic in particular shows increases
in ecosystem services associated with biodiversity (such as
genetic resources, ornamental resources, and biological
control).

14.2.2 Prospects for the CBD

14.2.2.1 2010 Target

COP7 adopted a limited number of global indicators for
assessing progress toward the 2010 target (Decision VII/30).
These trial indicators are not yet specified in detail and they
have not been evaluated directly by the MA scenarios.
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However, there is some evidence from the quantitative sce-
nario results to suggest the possible short-term trends in the
aspects of biodiversity covered by these indicators. (See
Table 14.2.) The evidence is inconclusive, but it suggests
that the target is very challenging though achievable—at
least, in some regions.

The pressures identified by the MA up to 2010 are
mostly similar in character, scale, and intensity to those that
the international community has experienced over the past
20 years and that are already the subject of the CBD work
programs. However, emerging pressures from climate
change and air pollution may not be adequately addressed.
For example, targets and associated actions within the CBD
Global Strategy for Plant Conservation (see Table 14.3) em-
phasize issues of habitat loss, conservation of protected
areas, and sustainable management and pay less attention to
the less tangible but increasing threats of climate change and
air pollution. As all these pressures on biodiversity increase
under the MA scenarios up to 2010, the policy responses
need to extend and become more effective at global, re-
gional, national, and local levels. This shows the need for
full implementation and provision of adequate resources for
existing CBD work programs. There is also evidence that
the growing populations and economies of Asia, Latin
America, and sub-Saharan Africa will exacerbate regional
disparity of impacts. There is a real prospect that rates of
biodiversity loss will slow or halt in rich nations while ac-
celerating elsewhere.

14.2.2.2 Response Strategies beyond 2010

The CBD encompasses a comprehensive range of detailed
response strategies within its work programs. Although
space does not permit a full analysis of how these responses
may develop within each program under the different sce-
narios, the Expanded Work Programme on Forest Biologi-
cal Diversity (Decision VI/22) is used as an example. This
was chosen because it contains a comprehensive set of pol-
icy responses that address the main threats to biodiversity
assessed within the MA.

Table 14.4 summarizes the responses currently planned
within the expanded work program and shows how these
may develop under each scenario, based on a qualitative
interpretation of the scenario storylines up to 2030. The
results show that the wide range of current policy responses
in the forest work program is generally robust to the differ-
ent possible futures. The CBD appears to have anticipated
the major dimensions of change captured in the MA scenar-
ios. For example, when we looked at the threat of habitat
loss we saw that response strategies regarding establishment
of networks of protected areas would develop a different
emphasis in each of the scenarios. In Global Orchestration,
we anticipate that global networks of protected forest areas
will be established with an emphasis on promoting the eco-
nomic and social benefits of global tourism. In Order from
Strength, we anticipate that regional or national networks
of protected forest areas and private reserves will be the
main policy tool for maintaining forest goods and services
in wealthy countries, with ineffective networks and acceler-
ated loss of forests elsewhere.
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The goals and sub-targets agreed to by COP7 in Kuala
Lumpur provide a framework for assessing longer-term im-
plications of the MA scenarios for the CBD. Although these
goals and sub-targets are primarily intended to clarify the
2010 biodiversity target, facilitate assessment of progress,
and promote coherence among the programs of work, they
are sufficiently general to be used as a guide to the longer-
term objectives of the convention.

Table 14.5 compares the outcomes of the four MA sce-
narios for the period 2030–50 with respect to these CBD
goals. TechnoGarden and Adapting Mosaic provide the
most positive outcomes for the CBD. TechnoGarden com-
bines multilateral regulation and management of global
commons with an integrated, ‘‘ecosystem approach’’ to
conservation of biodiversity within sustainable production
systems. Adapting Mosaic also provides positive outcomes,
but these are more regionally differentiated, as the best
practices and resources for conservation of biodiversity are
not universally applied. Traditional knowledge and rights
of indigenous communities receive greater recognition, but
global commons are not managed collectively. The Global
Orchestration and, especially, Order from Strength scenar-
ios have poor outcomes for the CBD goals. In Global Or-
chestration there is some success in conserving biodiversity
in protected areas, at least within wealthy countries, and in
benefit sharing and transfer of resources, but the CBD is
marginalized in the drive for economic growth. In Order
from Strength, the outcomes are overwhelmingly negative
as the lack of global cooperation is compounded by increas-
ing regional inequality and a failure to share benefits or
transfer resources.

Table 14.6 provides a concise summary of key stresses
for the CBD and the prospects for success of relevant re-
sponse options under the four scenarios. The most favorable
future scenario for conservation of biodiversity may com-
bine elements of the TechnoGarden and Adapting Mosaic
scenarios by developing strong international institutions for
the sharing of information, guidance, and resources but still
enabling regional and national diversity and recognizing the
value of local knowledge and solutions. The work programs
of the CBD and the national strategies and action plans
already provide an appropriate response framework. In par-
ticular, the CBD provides a basis for international coopera-
tion, exchange of scientific information and knowledge,
access and benefit sharing, and transfer of financial resources
and technology. The CBD has already developed guidance
on sustainable use and the ‘‘ecosystem approach’’ and is
working to establish synergies with the other Rio conven-
tions and related multilateral environmental agreements.

The CBD recognizes the sovereign right of states to ex-
ploit their own resources pursuant to their own environmen-
tal policies and the responsibility to ensure that activities in
their jurisdiction do not cause damage to the environment
of other states. The CBD therefore relies primarily on the
voluntary participation and cooperation of Parties in the im-
plementation of its work programs. Efforts to introduce a
stronger regulatory component, such as a protocol on pro-
tected areas, have been resisted, and instead the emphasis is
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Table 14.2. Evidence from MA Scenarios for Provisional CBD Indicators for Assessing Progress toward the 2010 Biodiversity Target
(CBD Decision VII/30)

Provisional Indicators Evidence from Scenarios up to 2010

Components of biodiversity
Trends in extent of selected biomes, ecosystems, and habitats rate of natural forest loss continues at current rates, or accelerates; warm

mixed forest and savanna most at risk from habitat loss; some restoration of
forest and wetlands in OECD and former Soviet Union

Trends in abundance and distribution of selected species increased pressures from habitat loss, overexploitation, and pollution; sub-
Saharan Africa, Latin America, and Asia most at risk; temperate and warm
mixed woodland most at risk from air pollution

Change in status of threatened species threatened species not modeled directly but rate of extinction of vascular
plant species due to habitat loss accelerates in OS and GO scenarios and
slows in TG and AM scenarios; likely to be exacerbated by climate change;
tropical forest, tropical woodland, savanna, and warm mixed forest account
for 80% of all plant species lost

Trends in genetic diversity of domesticated animals, cultivated plants, and increased pressure from agricultural intensification; genetic resources de-
fish species of major socioeconomic importance crease in OS

Coverage of protected areas coverage of protected areas not modeled; protected areas at risk from
longer-term climate change impacts, air pollution, and overexploitation

Sustainable use
Area of forest, agricultural, and aquacultural ecosystems under sustainable not modeled; expected to vary in accordance with scenario storylines; in-
management creases in TG and AM scenarios

Proportion of products derived from sustainable sources

Threats to biodiversity
Nitrogen deposition increases under all scenarios by 20–50% by 2050

Numbers and cost of alien invasions not modeled; expected to increase as a result of climate change and in-
creased global trade and mobility

Ecosystem integrity and ecosystem goods and services
Marine trophic index marine biodiversity modeling results uncertain

Fragmentation not modeled

Human-induced ecosystem failure not modeled; expected to vary in accordance with scenario storylines; most
significant failures in OS and GO scenarios

Health and well-being of people living in biodiversity-based resource- not modeled; expected to vary in accordance with scenario storylines; most
dependent communities significant failures in OS and GO scenarios

Water quality decreases under all scenarios by 40–200% by 2050

Biodiversity used in food and medicine not modeled; expected to vary in accordance with scenario storylines; most
significant uses in TG and AM scenarios

Traditional knowledge, innovations, and practices
Linguistic diversity and numbers of speakers of indigenous languages not modeled; expected to vary in accordance with scenario storylines; great-

est diversity maintained in AM scenario

Access and benefit-sharing
To be defined not modeled; access likely to be greatest with GO and TG, least with AM;

total benefits likely to be greatest with TG

Resource transfers
Overseas development assistance not modeled; expected to vary in accordance with scenario storylines; great-

est resource and technology transfers in TG and GO scenariosTechnology transfer

Key: GO�Global Orchestration; OS�Order from Strength; AM� Adapting Mosaic; TG� TechnoGarden
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Table 14.3. Analysis of Future Trends Identified in MA Scenarios and Planned Actions up to 2010 within the CBD

Response to Future Trends
Threats to Biodiversity Current GSPC 2010 Targets Planned Actions within CBD Identified in MA

Habitat loss At least 10% of the world’s ecological About 10% of the land surface is cur- Strengthen protection, management,
Increasing pressure for agricul- regions effectively conserved. rently protected but some ecosystem sustainable use, and funding of pro-
tural and development land Protection of 50% of the most impor- types are poorly represented. Actions tected areas. Improve markets for

tant areas of plant diversity. are needed to improve the representa- ecosystem services and for common
tion of different ecosystems within pro- property and community-based man-
tected areas and increase their agement. Maintain and restore
effectiveness. connectivity within fragmented eco-

systems. Enhance yields from produc-
tive ecosystems to reduce pressure
for agricultural expansion. Adopt flex-
ible and forward-looking approach to
PA networks that recognizes that the
distributions of habitats and species
will change as a consequence of cli-
mate change.

Overexploitation and inap- At least 30% of productive lands man- Conserve biodiversity within produc- Promote sustainable use of productive
propriate management aged consistent with the conservation tion systems (e.g., agriculture or for- lands. Promote more-effective educa-
Increasing agricultural intensi- of plant diversity. No species of wild estry). Use management practices tion, incentives, regulation, and en-
fication, use of new technolo- flora endangered by international that avoid adverse impacts. Use inte- forcement. Maintain traditional
gies, and overharvesting of trade. 30% of plant-based products grated, sustainable management knowledge about plant varieties. Im-
natural products derived from sustainable sources. practices. Apply ecosystem approach prove markets for ecosystem services

70% of genetic diversity of crops con- to land use decisions and manage- and for common property and commu-
served. ment. Extend certified products. Ex- nity-based management.

tend gene banks and acquisition of
indigenous and local knowledge.

Invasive species Management plans in place for at Establish risk assessment procedures Implement control strategies.
Increased risk of invasion due least 100 major alien invasive species. and management strategies at na-
to climate change and world tional levels.
trade

Pollution No targets. None within GSPC, but actions in- Establish monitoring protocols for im-
Increased impacts of acidifica- cluded in forest work program. pact assessment. Extend multilateral
tion and eutrophication, espe- agreements on control of emissions.
cially in temperate and warm Improve efficiency of nitrogen use.
mixed woodland

Climate change No targets. None. Establish monitoring protocols and as-
Evidence of biodiversity im- sessment tools. Review implications
pacts and first losses attributed for in situ conservation objectives and
to climate change policy instruments.

on promotion of voluntary guidelines. Overall, progress is
largely determined by the commitment, effective voluntary
participation, and cooperation of Parties, other nations, and
relevant stakeholders from local to international levels, as
well as the provision of adequate human and financial re-
sources necessary for the conservation of biodiversity.

The present focus of activity within the CBD is toward
meeting the WSSD target of significantly reducing the rate
of biodiversity loss by 2010, recognizing the fundamental
contribution that biodiversity makes to ecosystem goods
and services and poverty reduction. The MA scenarios
show that this target will be difficult to achieve by 2010
and that the pressures on biodiversity will continue to grow
during the first half of the twenty-first century, particularly
through population and economic growth and the addi-
tional effects of climate change and pollution. The immedi-
ate challenge for the CBD is to translate the growing
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evidence of rapid biodiversity loss and ecosystem failure,
both observed and projected, and their implications for
human well-being into willingness by governments to fully
implement their commitments under the CBD. An impor-
tant step toward addressing this challenge was made at
COP7 by agreeing on a framework and a process to set
outcome-oriented targets for the work programs of the
convention and to assess progress using a limited number of
global indicators. Clarity about the issues and the gravity of
the situation is an essential stimulus to government action.

The MA scenarios make an important contribution to
the evidence base and will be a useful tool in the ongoing
process of formulating attainable targets for the convention.
Inevitably there is not an exact match between the MA
outputs and the goals, targets, and associated indicators that
have subsequently been agreed on as priorities within the
CBD. In the future, a better match should be achievable.
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Table 14.4. Analysis of Future Trends Identified in MA Scenarios up to 2030 and Possible Responses within the CBD

Planned Responses Possible Responses in MA Scenarios up to 2030
Major Threats to within CBD
Biodiversity and MA Programme on Forest
Trends Biological Diversity Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Habitat loss Ensure adequate and Global networks of pro- Strongly regulated net- Effective networks of Effective and represen-
Increasing pressure of effective protected area tected areas estab- works of protected protected areas and tative global networks
conversion for agricul- forest networks. Assess lished. However, areas and private re- ecological corridors in of protected areas es-
ture, urbanization, and adequacy of existing remaining areas of for- serves established in some regions or coun- tablished. Remaining
infrastructure PAs and establish ef- est depleted and inef- some regions or coun- tries. Elsewhere, areas areas of forest reduced,

fective networks. fective ecological tries. Elsewhere, areas of forest depleted and but ecological corridors
corridors. Development of forest severely de- fragmented. Devel- retained and estab-Prevent and mitigate
projects do not take full pleted and fragmented. opment projects take lished. Developmentlosses due to fragmen-
a account of forest bio- Approach lacks global account of forest eco- projects take account oftation and conversion.
diversity in cost-benefit representation and system services and ecosystem services.Encourage creation of
analysis; greater em- flexibility in face of cli- importance for well-private reserves. Es- Emphasis on protected
phasis on economic mate change. being of indigenoustablish ecological corri- areas, integrated with
and social benefits. and local communities.dors. Promote cost- Emphasis on national ecological networks to

benefit analysis of de- Emphasis on economic and regional PA net- Emphasis on establish- maintain ecosystem
velopment projects, and social values of for- works and private re- ment of protected areas goods and services.
taking into account im- est biodiversity. Pro- serves as policy tool. to maintain ecosystem Guidelines/ protocol
pacts on biodiversity. tected areas managed goods and services adopted on protected

to provide economic and support indigenous areas.
and social benefits and local communities
through tourism. within the ecosystem

approach.

Overexploitation and Promote sustainable Consumer preferences Sustainable use of for- Ecosystem approach Watershed manage-
inappropriate man- use of forest resources. drive sustainable use of est resources promoted developed and adopted ment issues and car-
agement Support activities of in- timber and other forest in wealthier countries, in some places both bon trading drive
Increasing demand for digenous and local products. Regulated with establishment of within and outside pro- sustainable use of tim-
timber and overharv- communities involving global trade and certi- effective regional certi- tected areas. Activities ber, substitution for for-
esting of natural prod- the use of traditional fication schemes. For- fication schemes. For- of indigenous and local est products, and
ucts; increased fire knowledge. Develop est fire management ests regarded as communities sup- restoration and man-
risk due to human programs for sustain- driven by commercial important recreational ported. Unsustainable agement of forests for
pressures and climate able use of timber and timber considerations. resource. Elsewhere, harvesting reduced in biofuels. Development
change other forest products. unsustainable har- some regions and and sharing expertiseEmphasis on promoting

vesting and fire risk in- countries. in forest management.Prevent losses caused economic and social
creases.by unsustainable har- values of sustainable Emphasis on develop- Emphasis on mainte-

vesting. Prevent and forest production. Eco- Emphasis on national ing the ecosystem ap- nance and restoration
mitigate adverse effects system approach and regional protected proach and promoting of ecosystem services.
of forest fires. adapted to optimize area networks and pri- local solutions to man-

economic and social vate reserves as policy agement problems.Develop guidance and
benefits from sustain- tool.adapt ecosystem ap-
able use.proach to forests both

inside and outside pro-
tected areas.

Promote restoration of
forest biodiversity to re-
store ecosystem ser-
vices.

Invasive species Prevent the introduction Emphasis on develop- Emphasis on develop- Emphasis on risk as- Emphasis on risk as-
Increased risk of inva- of invasive alien spe- ing appropriate control ing appropriate control sessment and develop- sessment, monitoring,
sion due to climate cies and mitigate nega- methods where eco- methods for protected ing control methods. and prevention, includ-
change and world tive impacts. nomic interests are at areas. ing regulation of geneti-
trade risk. cally modified

organisms. Develop-
ment of technology for
excluding or eradicating
invasive species.

(continues)

PAGE 481................. 11411$ CH14 10-27-05 08:47:18 PS



482 Ecosystems and Human Well-being: Scenarios

Table 14.4. Continued

Planned Responses Possible Responses in MA Scenarios up to 2030
Major Threats to within CBD
Biodiversity and MA Programme on Forest
Trends Biological Diversity Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Pollution Increase understanding Multilateral regional Failure of multilateral Failure of multilateral Multilateral regional
Increased impacts of of impact. Support agreements on control regional agreements on regional agreements on agreements on control
acidification and eu- monitoring programs. of emissions relaxed. control of emissions. control of emissions. of emissions extended.
trophication, espe- Promote reduction of Monitoring protocols for Mitigation methods de- Monitoring protocols forEmphasis on monitor-
cially in temperate and pollution levels (sulfur impact assessment es- veloped within ecosys- impact assessment es-ing, assessment, and
warm mixed woodland dioxide and nitrogen tablished in some re- tem approach at a local tablished. Research un-mitigation of impact of

oxides) and mitigate gions and countries. level. dertaken to developpollution on commercial
impacts. Research undertaken mitigation techniques.forest products. Emphasis on monitor-

to develop mitigation ing, assessment, and Emphasis on monitor-
techniques for pro- mitigation of impact of ing, assessment and
tected areas in wealth- pollution within ecosys- mitigation of impact on
ier regions and tem approach. ecosystem services
countries. and developing synerg-
Emphasis on monitor- ies with regional agree-
ing, assessment. and ments on control of
mitigation of impact on emissions.
protected areas.

Climate change Promote monitoring Forest restoration an Forest restoration an Forest restoration an Forest restoration an
Evidence of biodiver- and research on im- important component of important component of important component of important component of
sity impacts and first pacts of climate adaptation strategies, adaptation strategies in mitigation and adapta- mitigation and adapta-
losses attributed to change. Promote main- including development wealthier regions and tion strategies within tion strategies, includ-
climate change tenance and restoration assistance. countries. ecosystem approach. ing development

of forest biodiversity to assistance. Manage-Emphasis on promoting Emphasis on monitor- Emphasis on providing
enhance capacity to re- ment seeks to enhanceappropriate forest res- ing impacts on pro- guidelines for mitigation
sist or adapt to climate capacity of forest eco-toration and manage- tected areas and and adaptation to main-
change. Promote forest systems to adapt toment strategies to developing manage- tain ecosystem ser-
biodiversity conserva- change, including at-maintain forest produc- ment guidelines for for- vices and support
tion and restoration in tempts to improve eco-tivity. est restoration and indigenous and local
climate change mitiga- logical connectivity.management in pro- communities.
tion and adaptation tected areas. Emphasis on monitor-
strategies. ing and research to an-

ticipate climate change
effects and develop
guidelines for forest
management and res-
toration strategies. De-
veloping synergies with
mitigation and adapta-
tion strategies in the cli-
mate change
convention.

14.3 Implications for the Ramsar Convention
Currently, wetlands cover about 6% of Earth’s land surface.
Besides their direct contribution to local economies
through water supply, fisheries, forestry, agriculture, and
tourism, they provide various ecosystems services, most no-
tably biodiversity conservation. The Convention on Wet-
lands of International Importance especially as Waterfowl
Habitat (the Ramsar Convention) is one of the oldest global
environmental agreements and to date the only one dealing
with a particular ecosystem. It defines wetlands in an all-
encompassing manner: ‘‘Wetlands are areas of marsh, fen,
peatland or water, whether natural or artificial, permanent
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or temporary, with water that is static or flowing, fresh,
brackish or salt, including areas of marine water the depth
of which at low tide does not exceed six meters’’ (Article
1.1 of the Convention).

The primary objective of the convention is to provide a
framework for national action and international coopera-
tion for the conservation and wise use of wetlands and their
resources. The Convention defines wise use of wetlands as
‘‘their sustainable utilization for the benefit of human kind
in a way compatible with the maintenance of the natural
properties of the ecosystem.’’ Sustainable utilization, in
turn, is explained as ‘‘human use of a wetland so that it may
yield the greatest continuous benefit to present generations
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Table 14.5. Qualitative Comparison between Scenarios with Respect to Global Goals and Targets of the CBD up to 2050. Note that
CBD targets are specified in relation to the WSSD 2010 global target.

MA Scenarios

CBD Goals and Targets GO OS AM TG

Protect the components of biodiversity
Goal 1. Promote the conservation of the biological diversity of ecosystems, habitats, and biomes
Target 1.1: At least 10% of each of the world’s ecological regions effectively conserved �/� �/� � �

Target 1.2: Areas of particular importance to biodiversity protected �/� �� �/� �

Goal 2. Promote the conservation of species diversity
Target 2.1: Restore, maintain, or reduce the decline of populations of species of selected taxonomic groups �� �� � �

Target 2.2: Status of threatened species improved � �� �/� �/�

Goal 3. Promote conservation of genetic diversity
Target 3.1: Genetic diversity of crops, livestock, and harvested species conserved and associated indigenous
knowledge maintained �� � � �

Promote sustainable use
Goal 4. Promote sustainable use and consumption
Target 4.1: Biodiversity-based products derived from sources that are sustainably managed �/� �� �/� �

Target 4.2: Unsustainable consumption of biological resources reduced �� �� �/� �

Target 4.3: No species of wild flora or fauna endangered by international tradea �/� �� � �/�

Address threats to biodiversity
Goal 5. Pressures from habitat loss, land use change and degradation, and unsustainable water use reduced
Target 5.1: Rate of loss and degradation of natural habitats decreased � �� �/� �

Goal 6. Control threats from invasive alien species
Target 6.1: Pathways for major potential alien invasive species controlled � �/� � �

Target 6.2: Management plans in place for major alien invasive species that threaten ecosystems, habitats, or
species � � � �

Goal 7. Address challenges to biodiversity from climate change and pollution
Target 7.1: Maintain and enhance resilience of the components of biodiversity to adapt to climate change �� �� �/� �

Target 7.2: Reduce pollution and its impacts on biodiversity �� �� �/� �/�

Maintain goods and services from biodiversity
Goal 8. Maintain capacity of ecosystems to deliver goods and services and support livelihoods
Target 8.1: Capacity of ecosystems to deliver goods and services maintained �� �� �/� �

Target 8.2: Biological resources that support sustainable livelihoods, local food security, and health care, especially
of poor people, maintained �� �� �/� �

Protect traditional knowledge, innovations, and practices
Goal 9. Maintain sociocultural diversity of indigenous and local communities
Target 9.1: Protect traditional knowledge, innovations, and practices �� �� � �

Target 9.2: Protect the rights of indigenous and local communities over their traditional knowledge �/� �� � �/�

Fair and equitable sharing of benefits
Goal 10. Ensure the fair and equitable sharing of benefits arising out of the use of genetic resources
Target 10.1: All transfers of genetic resources are in line with CBD and other applicable agreements � � �/� �

Target 10.2: Benefits arising from the commercial exploitation of genetic resources shared with countries providing
such resources � � �/� �

Ensure provision of adequate resources
Goal 11. Parties have improved financial, human, scientific, technical, and technological capacity to
implement CBD
Target 11.1: New and additional financial resources are transferred to developing countries to allow for effective
implementation of CBD � �� � �

Target 11.2: Technology is transferred to developing countries to allow for effective implementation of CBD � �� � �

a The CBD target refers to trade in endangered species.

Key: � trend toward target; � trend away from target; �� marked trend away from target; �/� strong regional differentiation of trends

GO � Global Orchestration; OS � Order from Strength; AM � Adapting Mosaic; TG � TechnoGarden
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Table 14.6. Summary of Key Stresses and the Prospects for Success of Relevant CBD Response Options in MA Scenarios. All
values are estimates of relative comparison among scenarios and stresses. Many responses apply to more than one stressor.

Stresses and Responses GO OS AM TG

Ecosystem stress—habitat loss ●●●● ●●●●● ●● ●●

Establish effective global network of protected areas ❊❊❊ ❊ ❊❊ ❊❊❊❊

Maintain and restore connectivity ❊ ❊ ❊❊ ❊❊❊

Reduce pressure for agricultural expansion ❊ ❊ ❊❊ ❊❊❊

Ecosystem stress—overexploitation ●●● ●●●● ●● ●●

Promote sustainable use of productive lands ❊❊ ❊ ❊❊❊ ❊❊❊❊

Promote more-effective education, incentives, regulation ❊❊ ❊❊ ❊❊❊ ❊❊❊❊

Maintain traditional knowledge ❊ ❊ ❊❊❊❊ ❊❊

Ecosystem stress—invasive species ●● ●● ● ●

Implement control strategies ❊ ❊ ❊❊❊ ❊❊❊

Ecosystem stress—pollution ●●● ●● ●● ●

Reduce emissions of NOx ❊ ❊ ❊❊ ❊❊❊

Establish monitoring protocols ❊❊ ❊ ❊❊❊ ❊❊❊❊

Ecosystem stress—climate change ●●●● ●●● ●●● ●●

Promote synergy between carbon storage and habitat conservation ❊❊ ❊ ❊❊ ❊❊❊

Key: GO � Global Orchestration; OS � Order from Strength; AM � Adapting Mosaic; TG � TechnoGarden
Stresses: 5 ● � severe stress, 0 ● � no worse than 2004
Responses: 5 ❊ � success likely, 0 ❊ � unfeasible/ineffective

while maintaining its potential to meet the needs and aspira-
tions of future generations.’’

This section summarizes the most characteristic implica-
tions for wetlands of the four MA scenarios and provides a
comparative assessment of the relative importance of direct
and indirect drivers of wetland change. This is followed by
an appraisal of the promising response options and the pros-
pects for action for the convention and its parties under the
four scenarios.

14.3.1 Threats to Wetlands in the MA Scenarios

None of the models used in the MA scenario exercise deals
directly with wetlands. What makes this assessment even
more difficult is that modeling results provide very few
clues from which information could be derived concerning
the fate of wetlands under the four scenarios. The combined
outcomes of climate and land use change calculations in the
IMAGE model can be used to get a rough estimate of the
main natural driver, climate. The WaterGAP model per-
forms detailed calculations of water availability, water de-
mand, and water stress indicators. Modeling results
presented in Chapter 9 suggest that, on balance, besides a
gradually increasing climate change impact, socioeconomic
driving forces are likely to remain the main source of threats
to wetlands over the next half-century.

Table 14.7 summarizes the findings of the modeling ac-
tivities concerning water-related issues on the basis of results
in Chapter 9. As the modelers correctly point out, these
results need to be handled with extreme care. The magni-
tude of uncertainties involved is clearly demonstrated by
the case of modeling water availability. Estimates about the
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present values of water availability vary up to a factor of
two in some regions. There is a much bigger diversion
among present water availability values across models than
there is for diversions among projected values for 2050 or
2100 across the scenarios on the basis of the same models.
In terms of water availability, models indicate that regions
are affected differently, but regional precipitation modeling
is still among the most uncertain parts of general circulation
models. Nonetheless, the modeling results appear to be
plausible and they are certainly useful for comparing the
projected values across scenarios.

It is interesting to observe that similar water-related in-
dicators may emerge from rather different socioeconomic
scenarios. The two globalization scenarios involve rather
similar water availability, water withdrawal values, scarcity/
stress features, and even return flows, although Techno-
Garden has only 10% more people who are on average
about 30% less well off compared with the Global Orches-
tration scenario. The key difference is in water quality,
which is much worse in Global Orchestration and not de-
clining in TechnoGarden relative to the present. The expla-
nation is the strong environmental orientation and the fast
rate of technological development in TechnoGarden. Simi-
lar relationships can be observed between the two isolation
scenarios. In the bleak world of high population and very
low economic growth of Order from Strength, the drasti-
cally increasing pollution of the doubling return flows is
posing a major threat to wetlands, especially in developing
regions. In contrast, under similar demographic and eco-
nomic conditions in Adapting Mosaic, the quality of the
almost doubling return flows can even improve in many
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Table 14.7. Water-related Indicators in MA Scenarios in 2050
Relative to 2000. Note that, for example, 2.4* indicates a factor
increase of 2.4 by 2050 relative to 2000.

Model Global Order from Adapting Techno-
Results Orchestration Strength Mosaic Garden

Water largest change: 4–5% 4–5% smallest
availability 5% change: 4%

Water �40% �80% �50% �20%
withdrawals 2.5* SSA 4* SSA 4* SSA 2.4* SSA

1.7* LA 3.5* LA 3* LA �11% OECD
1.5* Asia �40% MENA �25% MENA �24% FSU

MENA decrease �90% Asia �60 Asia
OECD, FSU �32% OECD �5% OECD

slight increase no change �9% FSU
FSU

Area affected slight 23% 22% slowly
by water expansion increasing
scarcity or
stress (18%
in 2000)

Water return �40% �100% �60% �20%
flow 3.6* SSA 5.6* SSA 5.5* SSA 3.6* SSA

2.0* LA 4* LA 3.6* LA 2* LA
�22% MENA �100% �55% MENA �16% MENA
�48% Asia MENA �75% Asia �20% Asia
OECD, FSU �100% Asia �3% OECD �18% OECD

decrease �40% OECD FSU �42% FSU
�10% FSU decrease

Water quality worse much worse same/improve same �/�

Key: SSA � Sub-Saharan Africa; LA � Latin America; MENA � Middle-
East and North Africa; FSU � Former Soviet Union

regions thanks to the environmental orientation and the re-
liance on local knowledge and eco-management experi-
mentation.

Table 14.8 presents the qualitative assessment of the im-
pacts of different indirect and direct drivers of wetland

Table 14.8. Relative Importance of Direct and Indirect Drivers of Wetland Change in MA Scenarios

Indirect Drivers Direct Drivers Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Population growth Drainage/conversion � ��� �� �

Economic growth �� � � �

Globalization of agriculture, Introduction of alien species ��/� � � �/�
fishery markets

Increasing demand for Water diversion, � ��� �� �
water Water pollution �� ��� �/� �/�

Privatization and � �/� � ���
empowerment

Financial transfers � . . . � ��

Climate change Mean temperature/precipitation, � � � �
Extreme events � � � �
Sea temperature, sea level rise � � � �

Key: ��� high, �� medium, � low level of risk of degradation
��� high, �� medium, � low level of opportunity for conservation
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change based on the MA scenarios. A caveat should be
mentioned, however: the relationships among the indirect
and direct drivers and their impacts on wetlands are much
more complex than can be presented in a simple table. It is
obvious that a larger and more affluent population would
demand much more food and, all other factors being equal,
this would imply pressure for more agricultural land and
would threaten wetlands to be drained and converted into
cropland. Yet if the food demand is satisfied from modestly
increasing areas by adopting fast-improving technologies
and relying on more-efficient production (TechnoGarden)
or on the basis of more-efficient allocation of production
fostered by fairer trade and the elimination of subsidies
(Global Orchestration), then the pressure for more agricul-
tural land and wetland drainage is significantly less than if
the basic needs of larger, less affluent populations need to be
satisfied entirely on the basis of local knowledge (Adapting
Mosaic) and local resources (Order from Strength).

The globalization of agricultural and fishery markets can
take effect in two directions. If the process involves an ever-
tougher competition of perverse subsidies, the threats to
wetlands can be significant. If, however, the globalizing
markets are not distorted by preferential interventions, the
risks for wetlands are likely to be much smaller and oppor-
tunities for conservation may even arise. Depending on the
cultural and sociopolitical circumstances, the empowerment
of communities to manage their own resources or the pri-
vatization of open-access resources (always exposed to the
risk of overexploitation), both accompanied by appropriate
conservation incentives and regulation and by internalizing
all external costs, are good opportunities for wetland con-
servation. The prospects for social transformations with fa-
vorable impacts for wetlands from the global level are best
under Global Orchestration, while positive regional influ-
ences will be stronger under Adapting Mosaic. The chances
of favorable social effects for wetlands are more limited in
the other two scenarios.

The effects of the small magnitude of climate change
expected up to 2050 are likely to be minor compared with
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the changes that might be triggered by the social, economic,
and technological drivers in most places. The slowly emerg-
ing patterns of climate change may play a more significant
role for wetlands at some locations close to boundaries of
climatic zones. This is expected to change in the long term
by 2100 and beyond if uncontrolled emissions of green-
house gases continue. The gradually changing temperature
and precipitation patterns are likely to be less of a problem
than changes in the frequency and magnitude of extreme
events triggered by climate change. Unfortunately, there is
hardly any reliable information available on the latter.
Nonetheless, the next few decades present challenges but
also the opportunity for wetland managers to devise ways
to help wetlands adapt to possibly more significant climate
change in the second half of this century.

14.3.2 Prospects for the Ramsar Convention

The Ramsar Strategic Plan 2003–2008 was adopted by the
Eighth Meeting of the Conference of the Contracting Par-
ties in 2002. The plan lists specific WSSD objectives to
which Ramsar could contribute, but it does not delineate
near-term targets. In fact, it does not distinguish near-term
goals and long-term objectives at all. Rather, general objec-
tives of the Strategic Plan are specified as progress toward
the ultimate objective of the convention over the long
term. The five general objectives are stimulating the wise
use of all wetlands by developing, adopting, and using the
appropriate instruments and measures; stimulating and sup-
porting the implementation of the Strategic Framework by
monitoring and managing their listed sites; promoting in-
ternational cooperation, particularly by mobilizing addi-
tional financial and technical assistance for wetland
conservation and wise use; ensuring the necessary imple-
mentation capacity, resources, and mechanisms for the con-
vention; and proceeding toward the accession of all
countries to the convention.

The actual response options and implementation mech-
anisms available to the Ramsar Convention appear to be
rather weak at first sight. Yet they have proved remarkably
effective in most cases in the past, and their effectiveness
could certainly be improved by making more resources
available to foster some of the implementation mechanisms.
Table 14.9 presents an assessment of the prospects for the
various response options to provide effective support to
wetland conservation under the four scenarios.

There is a clear and obvious pattern emerging from
Table 14.9. A global environmental agreement based on the
voluntary commitments of its parties has much better pros-
pects to be an effective mechanism of wetland protection
under the globalization scenarios than in the fragmented
worlds. The motivation for and the perceived benefits from
including ecological treasures on the List of Wetlands of
International Importance are much larger in a future in
which countries have a rich web of economic, cultural, and
environmental linkages. The relative importance of policy
guidelines versus technical guidelines differs slightly as a
function of how technologically oriented societies are
(TechnoGarden) versus the extent to which they pursue

PAGE 486

Table 14.9. Prospects for the Ramsar Convention’s Policy
Instruments in MA Scenarios

Response
Options and Order
Implementation Global from Adapting Techno-
Mechanisms Orchestration Strength Mosaic Garden

Listing *** * ** ***

Policy guidelines *** * * **

Technical guidelines ** * * ***

Financial
mechanisms *** * * **

Technical assistance ** * ** ***

Regional initiatives
for implementation
(core fund) *** * ** ***

Communication/
education/public
awareness ** * ** ***

Key: *** good; ** modest; * poor

policy coordination (Global Orchestration). This is also the
case for the prospects for financial mechanisms as opposed
to technical assistance as implementation mechanisms. In
a dynamic, innovation-oriented future, technical assistance
projects under the Ramsar Convention appear to be more
dominant, whereas a free-market- and trade-oriented world
biased toward reactive environmental management is more
likely to use financial mechanisms to compensate occasional
losers of environmental change and to support rehabilitative
measures.

Given the vulnerability of many small wetland areas to
irreversible changes triggered by relatively modest perturba-
tions, proactive protection is ecologically more sensible.
Funding to support regional initiatives for implementation
through the Ramsar Convention is obviously more likely
in the futures in which countries are interconnected than
among largely segregated, introverted countries. Commu-
nication, education, and public awareness are more likely
to be able to contribute to wetland conservation in the en-
vironmentally oriented scenarios (TechnoGarden and
Adapting Mosaic), although Global Orchestration also offers
good chances. In the globalization scenarios, the high level
of affluence and the increasing leisure time of people are
likely to give an unprecedented rise to ecotourism, and this
in itself could provide a very strong economic motivation
to pursue the wise use of wetlands. Eco-tourism is also an
important connection back to the idea of listing as an im-
plementation mechanism, because the List of Wetlands of
International Importance could be an obvious source for
guidebooks and tourism operators in selecting destinations.

Table 14.10 summarizes the key stresses of concern for
the Ramsar Convention and the prospects for success of
relevant response options under the four MA scenarios.
While the pressure on wetlands is relatively modest in the
Adapting Mosaic scenario, the role of the Ramsar Conven-
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Table 14.10. Summary of Key Stresses and the Prospects for Success of Relevant Ramsar Convention Response Options in MA
Scenarios. All values are estimates of relative comparison among scenarios. Many responses apply to more than one stressor.

Stresses and Responses Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Ecosystem stress—drainage and conversion ●●● ●●●● ●●● ●●

Listing ❊❊❊❊ ❊ ❊❊❊ ❊❊❊❊

Technical guidelines ❊❊❊ ❊❊ ❊❊ ❊❊❊❊

Financial mechanisms ❊❊❊❊ ❊ ❊ ❊❊❊

Ecosystem stress—water diversion and pollution ●●● ●●●●● ●●● ●●

Policy guidelines ❊❊❊❊ ❊❊❊ ❊❊❊

Technical assistance from higher-income to developing countries ❊❊❊ ❊ ❊❊ ❊❊❊❊

Regional initiatives for implementation ❊❊❊❊ ❊ ❊❊❊❊ ❊❊❊❊

Key: Stresses, 5 ● � severe stress, 0 ● � no worse than 2004
Responses, 5 ❊ � success likely, 0 ❊ � unfeasible/ineffective

tion to help protect or counterbalance the risks is much
more limited than in the globalization scenarios.

The obvious worst case is the Order from Strength
world, in which the severe threats to wetlands from multi-
ple sources (high population growth, slow technological
development, and negligence of the environment) are com-
bined with a severely weakened Ramsar Convention due
to the breakdown of global institutions at large. Another
important difference between Adapting Mosaic and Order
from Strength is that in the proactive, environmentally ori-
ented Adapting Mosaic world, the focus of the Ramsar
Convention might shift from the global to the regional
level. Regions with similar wetland problems could get into
tighter regional cooperation networks, while the global
agreement might serve as an umbrella of lesser importance.
Since many regions are likely to be economically homoge-
neous, the emphasis in the operation of the regional Ramsar
mosaics might shift from financial transfers to knowledge
sharing and know-how transfer.

14.4 Implications for the Desertification
Convention
Desertification is defined as the degradation of land in arid,
semiarid, and dry subhumid areas. It has been identified as a
major socioeconomic and environmental problem for many
countries around the world. Direct drivers of desertification
include overcultivation, overgrazing, deforestation, and in-
appropriate irrigation management. These drivers can be
traced back to a range of economic and social pressures, lack
of knowledge, war, and natural climate fluctuations such as
drought. (See also MA Current State and Trends, Chapter
22.)

The objective of the United Nations Convention to
Combat Desertification in Countries Experiencing Serious
Drought and/or Desertification, Particularly in Africa, as
specified by Article 2, is ‘‘to combat desertification and mit-
igate the effects of drought in countries experiencing serious
drought and/or desertification, particularly in Africa,
through effective action at all levels, supported by interna-
tional cooperation and partnership agreements, in the
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framework of an integrated approach which is consistent
with Agenda 21, with a view to contributing to the
achievement of sustainable development in affected areas.’’
The implementation of this objective involves long-term
integrated strategies to improve the productivity of land and
to rehabilitate, conserve, and sustainably manage land and
water resources.

14.4.1 Risk of Desertification in the MA Scenarios

Desertification results from natural causes (such as a change
in precipitation) or human causes (such as land clearance
and inappropriate land uses) or a combination of these. In
general, desertification results in lower biodiversity levels,
shifts in species composition and natural areas, and lower
productivity in cultivated areas. The decrease in vegetation
cover and the subsequent loss of soil material and soil or-
ganic matter reduces soil fertility. Low soil fertility, in turn,
reduces vegetative cover, leading to a vicious circle. The
CCD uses the ratio of mean annual precipitation to mean
annual potential evapotranspiration to identify drylands.
They include arid, semiarid, and dry subhumid areas (in
other than polar and subpolar regions) in which this ratio
ranges from 0.05 to 0.65.

The MA adopted this definition to identify the total
amount of dryland areas and their changes over time under
the four MA scenarios using the IMAGE 2.2 model. Obvi-
ously, as these are modeling results, the 2000 results from
IMAGE are somewhat different from those based on cur-
rent actual climate estimates, but in general they approxi-
mate the reality reasonably well. Table 14.11 indicates that
globally, changes in arid areas (as a result of climate change)
are relatively small. This follows from the fact that climate
change is expected to result in increasing precipitation but
also increasing evaporation (as a result of temperature in-
crease). The changes differ clearly among the different re-
gions. It should be noted, however, that the regional results
should be regarded as uncertain: both temperature and pre-
cipitation patterns differ strongly among the different cli-
mate models. In Latin America and the former Soviet
Union, a considerable decrease in arid areas is observed. In
contrast, in the OECD, Asia, and sub-Saharan Africa, a

................. 11411$ CH14 10-27-05 08:47:24 PS



488 Ecosystems and Human Well-being: Scenarios

Table 14.11. Changes in Dryland Areas in MA Scenarios. Note that year 2000 values correspond to 100%. (IMAGE 2.2 Model runs)

Dryland Area Change in 2050

Share of Order from
Region Area Total Area Global Orchestration Strength TechnoGarden Adapting Mosaic

(thousand sq. km.) (percent) (percent)
OECD 10,670 47 106 101 107 106
Latin America 5,004 25 97 97 96 97
Sub-Saharan Africa 13,024 55 102 101 101 102
Middle East and North Africa 11,351 97 101 101 101 101
Asia 8,440 41 103 102 101 103
Former Soviet Union 4,406 20 98 99 99 98

World 52,896 44 102 101 102 102

clear increase of arid areas is noticeable. Finally, in the Mid-
dle East and North Africa, the arid areas are more or less
constant.

For desertification, however, the increase in arid areas is
less important than the pressure on these areas. Therefore,
Figure 14.1 indicates the size of arid areas that are used for
agricultural purposes—that is, for cropland and intensive
pastures but also (and mostly) for extensive grazing. It is
worth noting that there is a large interannual variation in
the use of drylands, and their use for agricultural and nonag-
ricultural purposes is also changing over time. The resolu-

Figure 14.1. Arid Areas under Agriculture in MA Scenarios (IMAGE 2.2 Model)
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tion of the global models used in the MA scenario
development is too coarse to depict such variations at the
local scale. Moreover, the analysis of the desertification risk
is based on the predicted increase of arid areas devoted to
agriculture, including the area for free-ranging livestock. In
reality, the desertification risks are more complex and nu-
merous, but they are difficult to depict in a global model.
Nonetheless, the broad patterns emerging from these mod-
els provide useful insights into the emerging risks and op-
portunities for dryland management under the four
scenarios.
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Concerning the pressures on arid areas, some clear dif-
ferences among the scenarios are noticeable. In three sce-
narios—TechnoGarden, Global Orchestration, and Order
from Strength—there is a considerable expansion of ag-
ricultural land in Africa, driven by population growth and
relatively rapid increases in food demand (TechnoGarden
and Global Orchestration only). As shown in Figure 14.1,
a considerable part of the expansion is likely to occur in arid
areas—a trend that has been observed already over the last
few decades. While the increase in food demand in Adapt-
ing Mosaic is comparable to Order from Strength but in-
creases in agricultural efficiencies are assumed to be higher,
this scenario turns out to be the most optimistic (although
also here some expansion occurs). Other regions that are
expected to see further expansion of agriculture into arid
areas are Middle East and North Africa and Asia. For these
regions, the differences across the scenarios are relatively
small.

In Order from Strength there is a clear increase of the
desertification risk in Latin America, while in the other sce-
narios the risks remain more or less constant. In OECD,
under Order from Strength there is a small increase in the
desertification risks; for Adapting Mosaic and Global Or-
chestration it is constant; and for TechnoGarden there is a
small decrease. The latter is mainly caused by relatively low
meat-intensive diets combined with rapid technological de-
velopment. Finally, for the region of the former Soviet
Union, most scenarios project a decrease in desertification
risks, caused mainly by a decrease of the arid areas them-
selves as a result of climate change.

Table 14.12 summarizes the most plausible direct and
indirect causes behind the desertification risk under the four
scenarios. The reactive management scenarios involve the
largest amount of cumulative risk of desertification. Under
Order from Strength, the characteristics of socioeconomic
development (high population growth, slow rates of tech-
nological development, and neglect of the environment)
lead to severe stresses to land resources in dryland regions.
Due to policy reforms (privatization and consolidation of
property rights), relatively less pressure results under Global
Orchestration, but market failures and policy failures can
equally pose certain risks of desertification.

Table 14.12. Relative Importance of Direct and Indirect Drivers
of Desertification in MA Scenarios

Scenarios

Indirect Drivers Direct Drivers GO OS AM TG

overcultivation * *** * *Economic and
overgrazing ** *** * *social pressure
deforestation * *** * *

Lack of knowledge poor irrigation ** *** * **
War ** ** ** *
Drought * * * *

Key: GO � Global Orchestration; OS � Order from Strength; AM �
Adapting Mosaic; TG � TechnoGarden

*** � major factor ** � medium factor * � minor factor
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In the TechnoGarden world, technological develop-
ment can make a dramatic contribution to reducing pres-
sure in dryland areas. Improvements in crop varieties and
agronomic techniques, including irrigation technologies,
can contribute to the reduction of desertification and also to
the reclamation of some already-degraded areas. The other
environmentally proactive scenario, Adapting Mosaic, turns
out to be relatively beneficial concerning desertification,
but for different reasons. Here the basic mode of operation
is to develop local combinations of technologies and orga-
nizations (formal institutions) that lead toward sustainable
agriculture in dryland areas. Given the diversity of socio-
economic conditions across the regions in this scenario, it
is difficult to detect comprehensive patterns. Nonetheless,
abolishing open access in one way or another (through
community management, local or regional government
control, privatization, or combinations thereof ) is the first
crucial step to control overexploitation and reduce pressure
on drylands in a proactive ecosystem management scenario.

14.4.2 Prospects for the Desertification Convention

What are the prospects and opportunities for action under
the CCD in the contexts of the four scenarios? The primary
form of implementation of the desertification convention is
National Action Programs complemented by sub-regional
and regional action programs where appropriate. The five
regional implementation annexes of the convention specify
the criteria for these programs.

Activities in the NAPs can be divided into general and
specific categories. The general actions include addressing
the underlying causes of desertification; promoting aware-
ness about the risks, causes, and processes; and providing
the enabling environment (institutional and legal frame-
work) for managing the risk of desertification. A series of
specific actions are included in the NAPs: establishing early
warning systems, strengthening drought preparedness, es-
tablishing food security, establishing alternative livelihoods,
and developing sustainable irrigation schemes.

The second main implementation vehicle of CCD is
scientific and technical cooperation. This involves informa-
tion collection, analysis, and exchange; technological re-
search and development; and technology transfer. The third
main category of implementation incorporates capacity
building, education, and efforts to raise public awareness.
The measures to support NAPs are based on various forms
of financial cooperation. Such cooperation includes mobi-
lizing financial resources directly; encouraging the mobili-
zation of private finances; and promoting access to
technology, knowledge, and know-how.

Table 14.13 provides an overview of the prospects of the
various response options and implementation mechanisms
of CCD under the four MA scenarios. The first strikingly
bad news is that in the world of Order from Strength, in
which the risk of desertification is the highest and the actual
magnitude of desertification is likely to be the highest by
far, there will be very little chance for the CCD to help
countries halt or even slow desertification. The two main
reasons for this are obvious. In a fragmented world with
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Table 14.13. CCD Response Options and Implementation Relationships in MA Scenarios

Global Order from
Response Options Orchestration Strength Adapting Mosaic TechnoGarden Notes

NAP general
Address underlying causes *** * ** **
Promote awareness *** * *** **
Provide enabling environment (legislation, institutions/legal) *** * ** **

NAP specific
Establish early warning system * * *** *** drought
Strengthen drought preparedness ** * *** *** overcultivation
Establish food security ** ** *** *** overgrazing,
Establish alternative livelihood * * *** ** deforestation
Develop sustainable irrigation ** * *** *** poor irrigation

Scientific and technical cooperation
Information collection, analysis, exchange ** * ** ***
Research and development Transfer of technology ** * *** ***
Research and development ** * *** ***
Transfer of technology ** * ** ***

Capacity building
Education ** * *** ***
Public awareness ** * *** ***

Measures to support NAPs
Mobilize financial resources *** * * ***
Encourage private financing *** * * ***
Promote access to technology, knowledge, know-how *** * ** ***

***Key: *** � good prospects ** � medium prospects * � poor prospects

inward-looking regions, the scope for global environmental
agreements is rather poor in the first place. The outlook is
bad even for ‘‘global commons’’ types of agreements, and
there remains little motivation to arrange massive resource
transfers from rich nations to poorer dryland regions in
order to mitigate desertification. The second reason is the
underlying management philosophy of this scenario. In an
environmentally reactive ecosystem management mode,
dryland degradation is likely to go further before its impacts
(massive famines, environmental and hunger refugees) trig-
ger a significant response.

As a global environmental agreement with resource
transfer from North to South, the CCD has the best pros-
pects in the scenarios assuming continuing globalization.
The overall socioeconomic and political conditions under
Global Orchestration provide better conditions to imple-
ment the general components of NAPs, like addressing the
underlying causes and providing the necessary enabling en-
vironment to combat desertification. In a TechnoGarden
world, CCD mechanisms involving direct and specific in-
terventions by developing and transferring the appropriate
technologies are more likely.

The most promising sources of funding are likely to dif-
fer as well. With the confidence in markets and secured
property rights, it is likely to be much easier to mobilize
private capital under Global Orchestration. TechnoGarden
is more likely to mobilize public funds and publicly fi-
nanced technological development and transfer. In Adapt-
ing Mosaic, the overall social and political conditions and
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the focus on environmentally sound management options
are favorable for the CCD implementation mechanisms as
well, but the disconnect among the regions of the world
would probably allow only limited resource transfers. As
the main focus in this scenario shifts away from global
agreements to developing local solutions and experimenting
and learning how to mange local systems better, it is likely
that resources will have to be mobilized and used primarily
within a region, which might not be easy to do in the cur-
rently poor regions of the world. Sharing and transfer of
knowledge across regions, however, is not likely to be af-
fected.

It is important to point out that NAP implementation
requires not only resource transfers from donors but also
political willingness and awareness by affected countries—
for example, by ranking land degradation high in their po-
litical agenda and consequently also committing national
resources to fight it. An equally important and closely re-
lated issue is that the mode of operation of CCD needs to
change after the Sixth Conference of the Parties from issues
of process to real implementation on the ground. Establish-
ing the appropriate links between the CCD main instru-
ments (National, Sub-regional, and Regional Action
Programs) and development strategies of the affected coun-
tries (National Strategy for Sustainable Development, Pov-
erty Reduction Strategy Programs, and so on) would be a
first step to ensure that NAPs are not just purely theoretical
exercises disconnected from reality but tools deeply an-
chored in the national context. Both issues appear to be
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major hurdles in many countries today, and the prospects
for improvement will evolve differently in the four MA sce-
nario worlds.

A summary of key stresses for the concerns of the CCD
is presented in Table 14.14, together with the prospects for
success of relevant response options under the four scenar-
ios. In Global Orchestration and TechnoGarden, in which
global agreements (including transparency and accountabil-
ity of resource transfers) function well, an increasing flow
of funds and technologies to poorer countries that establish
the domestic frameworks of NAP implementation will help
persuade other countries to get their domestic policies orga-
nized in order to secure their shares from those flows. Such
a positive trend may also help in establishing appropriate
relationships between national development frameworks
and CCD implementing tools (the action programs), thus
helping to overcome the experienced gap at country level
between measures targeting land degradation and those
aimed at eradicating poverty or achieving food security and
sound water management, as well as between national agri-
culture sector priorities and the improvement of livelihoods
for rural populations.

The incentive for NAP implementation in Adapting
Mosaic may come from regional cooperation between local
networks and groups of practitioners and ecosystem manag-
ers interested in NAP measures who also push to keep them
on the agendas of national governments. Finally, neither so-
cial motivation (no interest in the environment) nor inter-
national economic motivation (resource or technology
transfers) exists for caring much about desertification NAPs
in the Order from Strength scenario.

In summary, continued population growth through the
first half of this century and improving economic conditions
are likely to exert a substantial amount of additional pressure
on land resources worldwide. These trends enhance the risk
of desertification in dryland regions. Since the scenarios in-
volve diverse sociopolitical, economic, and technological
features, the opportunities for CCD to fulfill its mission will

Table 14.14. Summary of Key Stresses to Drylands and the Prospects for Success of Relevant CCD Response Options in MA
Scenarios. All values are estimates of relative comparison among scenarios. Many responses apply to more than one stressor.

Stresses and Responses GO OS AM TG

Ecosystem stress—overcultivation ●●● ●●●●● ●● ●

Address underlying causes ❊❊❊❊ ❊ ❊❊❊ ❊❊❊

Establish alternative livelihood ❊❊ ❊❊ ❊❊❊❊ ❊❊❊

Develop sustainable irrigation ❊❊❊ ❊ ❊❊❊❊❊ ❊❊❊❊❊

Transfer technology ❊❊❊❊ ❊ ❊❊❊ ❊❊❊❊❊

Ecosystem stress—overgrazing ●●● ●●●●● ●● ●●

Address underlying causes ❊❊❊❊ ❊ ❊❊❊ ❊❊❊

Establish alternative livelihood ❊❊❊ ❊ ❊❊❊ ❊❊

Establish early warning and drought preparedness ❊❊❊ ❊ ❊❊❊❊ ❊❊❊❊

Promote awareness ❊❊❊ ❊ ❊❊❊❊ ❊❊❊

Key: GO � Global Orchestration; OS � Order from Strength; AM � Adapting Mosaic; TG � TechnoGarden

Stresses, 5 ● � severe stress, 0 ● � no worse than 2004 Responses, 5 ❊ � success likely, 0 ❊ � unfeasible/ineffective
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differ as well. In a globalizing world, prospects for interna-
tional environmental cooperation and resource transfers to
support their implementation are likely to be better either
due to the institutional reforms (Global Orchestration) or
because of the fast rate of technological development and
deployment (TechnoGarden). In a fragmented world, the
role of a global agreement is more limited either because
of the diminished interest in resource transfers (Adapting
Mosaic, although the stress is also lower under this scenario)
or because of the total lack of interest in what is going on
beyond the national or regional boundaries (Order from
Strength).

14.5 Implications for National Governments
National governments play a central role in regulating many
activities affecting ecosystems and the use of their services.
They represent sovereign nation-states at international ne-
gotiations and become parties to international environmen-
tal agreements that directly regulate international aspects of
ecosystems management. Similarly, they decide whether to
join international economic agreements (trade, finance, de-
velopment) that often trigger indirect implications for the
use and protection of ecosystems services. This section con-
siders the domestic concerns of national governments and
focuses on how the evolution of ecosystems under the four
MA scenarios affects the chances of governments to accom-
plish their declared objectives of pursuing sustainable devel-
opment.

The assessment of national-scale issues on the basis of
global scenarios is no easy task. Countries differ widely in so
many of the key attributes (geography, climate, economic
development, social values, institutional arrangements) that
make each of them rather unique and require country-
specific analysis. This is clearly impossible in a global-scale
study because neither the verbal scenarios (storylines) nor
the adopted models provide information at the national
level. Instead, we contemplate global and large-scale re-
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gional (continental or subcontinental) patterns of the issues
national governments are concerned about. The global sce-
nario results and the assessment in this section might be-
come useful starting points for national studies that seek to
explore the country-specific prospects and challenges under
the MA scenarios in more detail.

Notwithstanding the numerous specificities in their eco-
system-related interests and objectives, governments have
repeatedly pronounced common principles and objectives
concerning socioeconomic development and environmen-
tal management at various international fora over the past
two decades. This section looks at two recent proclama-
tions: the U.N. Millennium Development Goals and asso-
ciated targets provide the framework for exploring the
medium-term implications (to 2015) of the MA scenarios,
and the Johannesburg Declaration on Sustainable Develop-
ment serves as the basis to investigate the long-term (to
2030–50) outcomes. Since these were both approved at
large intergovernmental conferences, they are the officially
confirmed and documented concerns of national govern-
ments. These sections are followed by a more detailed as-
sessment of the food-ecosystems-security relationships.

14.5.1 Medium-term Implications for the MDGs

The Millennium Summit in 2000 confirmed that progress
toward sustainable development and poverty eradication
has top priority. The Millennium Development Goals, de-
rived from agreements and resolutions of relevant U.N.
conferences in the post-Rio years, established rather ambi-
tious goals. The most pressing challenges for humanity are
organized into eight main goals and are specified in terms
of 15 (�1) quantitative targets. Some goals are only very
remotely related to the protection of ecosystems and the use
of their services: Goals 2, 3, 4, and 5, for example, focus
on crucial social (primary education, gender equality) and
human health (child mortality, maternal health) concerns.
Other goals have important indirect implications for ecosys-
tems services and development: Goal 1 (halving the propor-
tion of people who suffer from hunger), for instance, and
Goal 7 (halving the proportion of people without sustain-
able access to safe drinking water).

At the macro policy level, Goal 7 calls for integrating
the principles of sustainable development into country poli-
cies and mentions, among others, the land area covered by
forests or under protection to maintain biological diversity,
energy intensity, and per capita carbon emissions as indica-
tors of measuring progress. Ample opportunities exist to
make progress on this goal, and many economists suggest
that eliminating perverse subsidies that distort the energy
and agriculture sectors in many countries could make a
good start. Ironically, some energy-related measures aimed
at poverty alleviation would be likely to affect the sustain-
ability indicators on energy intensity or emissions in the
short run because they would increase energy use per unit
of GDP (providing electricity to promote education, in-
creased industrialization, and urbanization) and CO2 emis-
sions per capita (replacing unsustainable biomass, typically
fuelwood, by commercial fossil energy in households, for
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example). However, once these investments in infrastruc-
ture and human capital (education, gender equality) start
paying back, the energy and carbon intensity indicators
should improve as well.

To ensure appropriate interpretation of the results in this
section, it is important to note that the MDGs denote most
quantitative targets as improvements relative to the 1990
situation. Most models that provide quantitative projections
under the four MA scenarios use 2000 as their reference
year. It is therefore difficult to assess the projected achieve-
ments until 2015 according to the MDG starting point. An-
other complication is that the MDGs specify most targets
for 2015, whereas the models adopted in the MA scenario
exercise have 50- or even 100-year time horizons and, in
some cases, 5- or 10-year time steps. This means that these
models make only two or three steps until 2015, and the
scenario dynamics are hardly distinguishable at this time ho-
rizon.

The broad evolution patterns of the verbal scenario sto-
rylines are even more difficult to peg to specific years like
2015. Moreover, the early phase of any scenario exercise
designed to explore long-term futures is dominated by the
starting situation. The MA scenarios are no exemptions,
and the marked diversions among the four storylines just
begin to emerge by 2015.

Next it should be noted that the MDGs encompass key
elements of the full span of social, economic, political, insti-
tutional, and environmental components of sustainable de-
velopment. The MA scenarios are concerned with a specific
subset: the main components of socioeconomic develop-
ment that shape human impacts on ecosystems and the use
of their services as driving forces of ecosystem changes,
along with the repercussions on human well-being of the
changes triggered in the quantities and qualities of ecosys-
tems services. Therefore it is not possible even to infer in-
formation for some MDGs, and only remotely related
information can be presented as proxy or ‘‘circumstantial
evidence’’ for others.

The first MDG is to eradicate extreme poverty and hun-
ger. The MA models do not break down populations into
subcategories according to income levels. Hence it is im-
possible to obtain direct information about the proportion
of population below $1 per day, the poverty gap ratio, or
the share of poorest quintile in national consumption. The
economic growth assumptions in the scenarios nevertheless
can provide an indication. Per capita GDP growth is highest
in Global Orchestration, followed by TechnoGarden and
Adapting Mosaic, with Order from Strength lagging be-
hind. Global Orchestration furthermore results in the great-
est improvements for the poorest people, as the main focus
of decision-makers in this scenario is placed on improving
human systems. Despite slower increases in incomes in
TechnoGarden and Adapting Mosaic, other aspects of
human well-being improve in both scenarios and the num-
ber of hungry people also declines. In Order from Strength,
the distribution of the modestly increasing material wealth
deteriorates and all human well-being aspects decline com-
pared with today.
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Despite numerous international initiatives and national
programs, hunger and malnutrition have been persistent
problems in several world regions in the past few decades.
All four MA scenarios project declining proportions of un-
derweight children in the 0–5 age group, but these im-
provements are far from the ambitious target of halving the
share of people suffering from hunger even if we consider
the improvements between 1990 and 1997 (the year of the
model’s reference point). Moreover, the improvements are
slowest in the regions with the biggest problems: South Asia
and sub-Saharan Africa. Due to the lack of disaggregated
population in the models, we cannot say much about the
proportion of population below minimum level of dietary
energy consumption. The per capita figures of available di-
etary energy improve in all developing regions (except West
Asia and North Africa), more or less together with improv-
ing per capita incomes. This confirms that currently and in
the near future hunger is more a social and economic prob-
lem than an environmental one. Thus the distribution of
the available calories will remain a fundamental issue in de-
termining the actual prevalence of hunger in 2015.

MDG 3 is on promoting gender equality and empower-
ing women. The MA scenarios provide only one rather re-
mote indicator on this topic. The percentage of females
undertaking secondary schooling differed widely across de-
veloping regions in 1997. Improvements are projected in
all regions under all scenarios, but the vast differences in
female secondary education remain: one in five females get-
ting secondary education in sub-Saharan Africa stand out
against the 70% in China. (Nonetheless, gender disparity
remains hidden in the absence of comparable indicators for
males.)

The sixth MDG calls for combating HIV/AIDS, ma-
laria, and other disease. Neither human health nor its link-
ages to ecosystems services are modeled in the MA
scenarios. The storylines provide some indications, but they
are more relevant for getting some ideas about the longer-
term trends than as indicators of actual achievements up to
2015. The general patterns of change in human health mir-
ror those of per capita incomes: substantial health improve-
ments and considerable reductions in the burden of
epidemic diseases (HIV/AIDS, malaria, tuberculosis), par-
ticularly in the South under Global Orchestration, and
moderate progress in these areas, albeit elimination of dis-
eases due to water and indoor air pollution in Techno-
Garden. It is difficult to estimate how many of these
improvements will take place by 2015. The scenarios speak
of a number of obstacles to health improvements in the
Adapting Mosaic future, as there is less technology transfer
and cooperation across regions. This slower improvement
of health gives little hope for any progress toward the MDG
targets of halting the spread of HIV/AIDS and the inci-
dence of malaria by 2015. The calamitous future of Order
from Strength implies disastrous health trends for many
low-income regions: the collapse of international malaria
programs, the continued spread of HIV/AIDS, and the fail-
ure to manage tuberculosis might put the world on a trajec-
tory that leads it away from and not toward this MDG
target. The severity of this risk is illustrated by the fact that
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populations in some regions might actually decline as a re-
sult.

Target 9 of MDG 7—ensure environmental sustain-
ability—embraces a policy-related principle (incorporate
sustainable development into all relevant policies and pro-
grams) and an overall biophysical target (reverse the loss of
environmental resources). The models adopted in the MA
scenario work calculate several indicators relevant for the
latter. It is a gloomy observation that, except for Latin
America, none of the developing regions come even close
to stabilizing their forested areas. In fact, deforestation con-
tinues in all scenarios in the Middle East and North Africa,
sub-Saharan Africa, and Asia. The bleakest future awaits
forests in the first two regions under Global Orchestration
and Order from Strength, as about one third of their forests
in 1995 are projected to disappear by 2015. The MA sce-
narios do not contain projections of the changes in land area
protected to maintain biological diversity.

The MDG indicator list has GDP per unit of energy use
as a proxy indicator of energy efficiency. The MA models
project changes in the inverse of this indicator, energy in-
tensity, which measures the amount of primary energy con-
sumed per unit of GDP. This indicator shows impressive
improvements in most regions in all scenarios. The two ex-
ceptions are the Middle East/North Africa, where energy
intensity stagnates, and Latin America, where this indicator
is projected to deteriorate through 2015 relative to 1995 in
all four scenarios. The really bad news, however, is that the
energy efficiency improvements are projected to be over-
whelmed by fast-growing energy use and other activities
emitting greenhouse gases, mainly CO2. In the two decades
between 1995 and 2015, GHG emissions increase around
50% in Asia under each of the four scenarios, more than
triple in sub-Saharan Africa under Global Orchestration,
and also double in the other three scenarios.

Access to safe (treated or uncontaminated) water appears
to be a success story in the MA scenarios. Solid improve-
ments are projected for all developing regions under all sce-
narios. Even in sub-Saharan Africa, where more than half
the population had to use contaminated water in 1997, the
share of population with access to safe water reaches 60% in
all four scenarios.

The final MDG, on a global partnership for develop-
ment, has three main components—official development
assistance, market access, and debt sustainability—that are
central elements of the ‘‘globalization-fragmentation’’ axis
that splits global futures into these two main categories. Ac-
cordingly, it is not difficult to guess the prospects for the
targets and indicators included in this category: in the future
worlds in which global cooperation is a key element, it is
also likely that development aid and fairer access to global
markets will be a priority for decision-makers. The Global
Orchestration scenario in particular focuses on these issues.
Yet the scenario storylines do not give particular indicators
that can be used to gauge progress on these important mat-
ters, and they are not included as variables in the MA mod-
els either.

As this short assessment demonstrates, the MA scenarios
contain a lot of relevant information about the prospects for
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reaching the MDGs under four profoundly different scenar-
ios. Yet 2015 is too near and the temporal resolution of
the long-term MA scenarios and models is too coarse for
spectacular diversions to emerge. ‘‘Fast variables’’ that
respond to changes in their driving forces without delay—
deforestation, energy efficiency improvements, deteriora-
tion of morbidity and mortality as a result of collapsing
because of a lack of well-targeted,-organized, and -funded
programs—can show large differences in their development
paths across the scenarios even in one or two decades. In
contrast, ‘‘slow variables’’ that have their own inertia and
react to their determinants with delay—demographic fac-
tors, education achievements, infrastructure development
like safe water and sanitation—show little variation be-
tween the scenarios over the short to medium term. The
reason is that it takes years to decades until a change in, for
example, demographic or educational policies has a discern-
ible impact on the birth rates, age structure, human capital
stock, and so on. Characteristic differences in the future of
these variables take at least four to five decades to emerge.

14.5.2 Long-term Implications for the
Johannesburg Declaration

The World Summit on Sustainable Development adopted
the Johannesburg Declaration on Sustainable Development
in 2002. The declaration recognizes that although some
progress has been made, major challenges still must be over-
come to implement the vision of sustainable development.
The section on ‘‘the challenges we face’’ specifies poverty
eradication, changing consumption and production pat-
terns, and managing the natural resource base for economic
and social development as overarching objectives of and es-
sential requirements for sustainable development. The sub-
sequent paragraphs list income gaps between the higher-
income and developing worlds, environmental degradation
(biodiversity loss, declining fish stocks, desertification, cli-
mate change, natural disasters, and pollution), and global-
ization (bringing both challenges and opportunities for the
pursuit of sustainable development), whereupon the en-
trenchment of these global disparities may result in the poor
losing confidence in the democratic systems. Paragraph 18
of the JDSD lists ‘‘essential needs’’ and suggests speedily in-
creasing the ‘‘access to such basic requirements as clean
water, sanitation, adequate shelter, energy, health care, food
security and the protection of biodiversity’’ (UN 2002:3).

The MA scenarios resonate well with these concerns
even though they do not address all of them explicitly or in
full detail. Assuming that the issues listed in the JDSD are
officially declared long-term concerns of national govern-
ments regarding sustainable development, the performance
of the four MA scenarios can be assessed against these over-
all objectives over the long term. This section synthesizes
relevant information by looking at persistent trends in the
scenario storylines and presenting two snapshots of the
modeling results for 2030 and 2050.

Table 14.15 presents the overall JDSD objectives and
scenario results in three main groups: economic, social, and
environmental. Many aspects of the scenarios are compared
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and analyzed in earlier chapters of this volume and in earlier
sections of this chapter. Here we present a few emerging
insights that are of particular importance for national gov-
ernments.

Taking the economic objectives first, Table 14.15 does
not contain entries about questions like access to financial
resources and sharing the benefits of opening markets.
However, the GDP growth figures imply the answers. In
the Global Orchestration future, the sustained economic
growth rate of approximately 8% per year that increases the
volume of goods and services by a factor of 20 in 50 years
in Asia, and the similarly impressive economic performance
in all other currently developing and transitional economies
are inconceivable without massive improvements in access
to financial resources, both foreign direct investments and
official development aid. Another implicit driver behind
these remarkable trends in Global Orchestration is the more
equitable sharing of the benefits of opening markets that
channel a larger proportion of efficiency gains from foreign
investments and international trade to developing regions,
as the focus of this scenario is to combine more equitable
access to markets with strong social policies. This is clearly
not the ‘‘Washington Consensus.’’

The other three scenarios entail not only slower eco-
nomic growth rates but also significantly slower conver-
gence (TechnoGarden and Adapting Mosaic) or outright
divergence of per capita incomes (Order from Strength) be-
tween OECD and the developing regions. In Techno-
Garden and Adapting Mosaic, good governance structures,
which are based on the elimination of corruption and polit-
ical stability, are pursued in different ways and evolve slower
than in Global Orchestration. Particularly in Adapting Mo-
saic, decision-makers experiment with a wide range of new,
more localized governance structures, and not all experi-
ments work equally well. Some of these might actually fos-
ter the proliferation of corruption and mismanagement
within the local governance structures if transparency and
oversight from either local groups or higher scale structure
is missing.

Food security and the elimination of hunger are stated
prominently in the JDSD as the most urgent social (but also
economic) challenges. In order to explore food security ef-
fects, the IMPACT model projects the percentage and
number of malnourished preschool children (those under
age five) in developing countries. A malnourished child is
a child whose weight-for-age is more than two standard
deviations below the weight-for-age standard set by the
U.S. National Center for Health Statistics/World Health
Organization. This standard is adopted by many U.N.
agencies in assessing nutritional status in developing coun-
tries. The projected numbers of malnourished children are
derived from an estimate (for detailed information, see
Smith and Haddad 2000) of the functional relationship be-
tween the percentage of malnourished children and several
factors: average per capita calorie consumption, non-food
determinants of child malnutrition such as the quality of
maternal and child care (proxied for by percentage of fe-
males undertaking secondary schooling as well as by fe-
males’ status relative to men as captured by the ratio of
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Table 14.15. Prospects for Progress toward Long-term Sustainable Development in MA Scenarios, 2030–50

Sustainable Development
Objectives for 2030 and Order from
2050 from JDSD Indicators Global Orchestration Strength Adapting Mosaic TechnoGarden

ECONOMIC

GDP growth million 1995 dollars, 2030 2050 2030 2050 2030 2050 2030 2050
(1995�100) in 1995 OECD 259% 382% 203% 237% 203% 265% 232% 316%

OECD 21,469,311 FSU 373% 920% 214% 315% 257% 538% 305% 691%
FSU 854,712 LAC 394% 983% 299% 548% 334% 711% 362% 892%
LAC 1,711,802 MENA 324% 807% 280% 497% 299% 634% 318% 793%
MENA 875,642 Asia 794% 2118% 435% 720% 566% 1333% 632% 1614%
Asia 2,945,748 SSA 319% 936% 290% 656% 305% 792% 321% 1001%
SSA 283,642 World 330% 636% 236% 321% 254% 429% 287% 520%
World 28,140,857

Poverty eradication

Gap between higher- GDP per person (1995 2030 2050 2030 2050 2030 2050 2030 2050
income and developing dollars), in 1995 OECD 221% 305% 189% 230% 187% 244% 204% 272%
countries OECD 25,747 FSU 375% 954% 226% 379% 267% 602% 307% 735%

FSU 2,061 LAC 276% 633% 180% 278% 202% 365% 235% 513%
LAC 3,591 MENA 195% 427% 150% 222% 161% 283% 179% 380%
MENA 2,502 Asia 596% 1564% 288% 435% 378% 810% 446% 1079%
Asia 968 SSA 180% 455% 135% 226% 145% 286% 165% 406%
SSA 482 World 243% 443% 157% 189% 170% 254% 201% 333%
World 4,931

Access to financial
resources

Benefits from opening
markets

Use of modern technology assumption: overall trend high low medium-low medium for tech-
nology in general;
high for environ-
mental technology

Technology transfer assumption: international high low (medium low-medium high
relationships among cultural
(stimulating groups)
technology transfer)

SOCIAL

Food security percent of malnourished
children (0–5 years old)

1997 2025 2050 2020 2050 2025 2050 2025 2050
LatAm 9.1 LatAm 6.0 0.0 7.2 4.3 7.4 4.8 6.4 1.6
SSA 32.8 SSA 29.0 18.6 30.6 26.3 30.8 23.7 29.3 20.0
WANA 13.2 WANA 12.1 9.5 12.8 11.5 13.1 12.1 12.5 10.3
S Asia 50.8 S Asia 44.5 37.3 47.3 45.6 47.2 42.7 45.5 38.7
SE Asia 34.1 SE Asia 27.7 20.2 31.1 28.6 31.0 27.1 29.4 24.1
China 17.4 China 11.0 7.2 14.4 14.4 14.4 14.1 12.8 10.9
Developing 31.4 Developing 27.2 19.8 29.7 26.8 29.7 25.0 27.9 21.5

number of malnourished
children (0–5 years old),
in thousands

1997 2025 2050 2025 2050 2025 2050 2025 2050
LatAm 5,86 LatAm 2,661 0 4,977 3,396 4,937 3,101 3,709 833
SSA 32,667 SSA 31,066 17,487 50,376 50,500 48,069 38,479
WANA 5,978 WANA 4,860 3,120 7,190 6,687 7,121 6,320 6,154 4,784
S Asia 85,040 S Asia 59,542 34,832 99,693 91,046 94,591 70,913 75,892 53,054
SE Asia 19,244 SE Asia 11,954 6,489 20,622 19,304 19,562 15,185 16,049 11,391
China 18,364 China 6,660 2,855 13,307 12,958 12,767 10,842 9,795 7,171
Developing 166,379 Developing 116,742 64,783 196,166 183,891 187,047 144,842 150,512 105,172

(continues)
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Table 14.15. Continued

Sustainable Development
Objectives for 2030 and Order from
2050 from JDSD Indicators Global Orchestration Strength Adapting Mosaic TechnoGarden

kilocalories available per
person per day

2025 2050 2025 2050 2025 2050 2025 2050
LatAm 3,233 3,698 3,090 3,350 3,063 3,235 3,177 3,484
SSA 2,539 2,972 2,432 2,617 2,378 2,495 2,500 2,801
WANA 3,125 3,458 3,035 3,242 2,997 3,141 3,073 3,348
Asia 3,181 3,702 2,823 2,938 2,829 2,955 3,019 3,291
Industrial 3,645 3,967 3,522 3,770 3,461 3,612 3,552 3,780
Developing 3,099 3,562 2,825 2,963 2,814 2,930 2,976 3,240
World 3,201 3,636 2,939 3,068 2,921 3,025 3,078 3,325

Changing consumption and meat consumption, in change in 2050
production patterns kilograms per person (1997 � 100)

per year, in 1997

OECD 88 OECD 149% 132% 127% 115%
FSU 42 FSU 207% 131% 126% 114%
LAM 54 LAM 167% 120% 117% 120%
MENA 22 MENA 155% 123% 127% 123%
Asia 23 Asia 291% 135% 130% 152%
SSA 12 SSA 225% 150% 150% 150%
World 36 World 194% 114% 114% 117%

Access to adequate shelter

Access to energy primary energy use, in Change: 1995 � 100
gigajoules per person

1995 2030 2050 2030 2050 2030 2050 2030 2050

OECD 204.7 OECD 114% 146% 140% 144% 131% 127% 101% 80%
FSU 115.7 FSU 158% 213% 130% 159% 130% 165% 94% 89%
LAC 45.6 LAC 291% 409% 191% 254% 202% 277% 174% 201%
MENA 55.8 MENA 178% 276% 146% 177% 147% 195% 123% 136%
Asia 31.9 Asia 243% 405% 150% 187% 164% 228% 134% 164%
SSA 26.3 SSA 97% 156% 87% 102% 87% 113% 72% 91%
World 65.3 World 169% 231% 122% 134% 125% 147% 103% 103%

assumption: energy market liberalization; selects some preference focus on domestic preference for re-
supply least-cost options; rapid tech- for clean energy energy resources newable energy

nology change resources resources � rapid
technology change

percent of renewable in 2030 2050 2030 2050 2030 2050 2030 2050
world energy 4% 11% 4% 11% 4% 11% 4% 11%

Access to health care

Ensure capacity building

Human resource develop- assumption: investments high higher-income initially follows the medium
ment into human capital countries: medium pattern of theassumes the highest rates of in- investments in

Order fromvestment in education and developing coun- human resources
Strength scenario,health care tries: low are likely to be
because of large lower than underinvestments in ed- investments in ed- Global Orches-ucation and health ucation and health tration, partly as acare outside of cur- care; economic result of the em-rent high-income growth rates in- phasis of Techno-regions will be low crease over time technologybecause of the lack and approach investmentsof financial capital those of the
TechnoGarden
scenario in the last
half of the century
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Education percentage of females
undertaking secondary
schooling

1997 2025 2050 2025 2050 2025 2050 2025 2050

LatAm 56.6 LatAm 62.3 72.0 62.3 68.0 62.3 70.0 62.30 72.00
SSA 15.8 SSA 21.8 47.3 21.8 32.1 21.8 45.3 21.83 47.25
WANA 58.5 WANA 72.4 74.5 72.4 73.5 72.4 74.0 72.40 74.50
S Asia 30.4 S Asia 45.1 60.4 45.1 53.4 45.1 68.0 45.10 68.90
SE Asia 51.9 SE Asia 65.4 77.0 65.4 70.4 65.4 75.0 65.41 76.64
China 63.5 China 74.4 75.3 74.4 74.8 74.4 78.1 74.40 75.30

ENVIRONMENTAL

Protect natural resource disruption of landscape the second-worse case because the biggest disrup- an in-between the impact is likely
base fossil use increases by about a tion by far because case that also to be the smallest

factor of two over the same pe- total fossil fuel use gives priority to en- because fossil fuel
riod, and environmental man- increases by more vironmental pro- substantially de-
agement is also largely than a factor of 2.5 tection, but fossil clines up to 2100,
neglected by 2100 compared fuel use nearly but because envi-

with 2000; society doubles up to 2100 ronmental man-
gives environ- agement is given
mental protection high priority
low priority

Biodiversity high deforestation rates, stead-
ily increasing temperature and
climate-related changes in veg-
etation, intensification of agricul-
tural land, increasing water
withdrawals and water stress
tend to threaten ecosystems in
the South and eventually de-
crease biodiversity; decreasing
biodiversity is compensated for
somewhat by increasing invest-
ments in biochemical explora-
tion so that the net rate of
biochemical discoveries is
roughly constant in the South up
to 2050

Fish stocks sustainability of marine
fishery—the scenarios
show a medium to large
increase in fish produc-
tion and consumption in
all regions of the world

Desertification see Section 14.4

Climate change GHG emissions, in giga- 1995 � 100
tons of carbon equivalent

1995 2030 2050 2030 2050 2030 2050 2030 2050
OECD 3.854 OECD 136% 130% 142% 140% 115% 90% 71% 26%
FSU 1.219 FSU 103% 104% 129% 151% 99% 101% 41% 11%
LAC 0.922 LAC 215% 281% 232% 322% 189% 236% 139% 95%
MENA 0.494 MENA 242% 349% 289% 477% 243% 380% 178% 154%
Asia 2.729 Asia 203% 273% 270% 392% 206% 256% 134% 103%
SSA 0.513 SSA 325% 337% 243% 298% 156% 273% 204% 241%
World 9.731 World 173% 203% 198% 255% 154% 179% 104% 71%

temperature increase, in 2030 2050 2030 2050 2030 2050 2030 2050
degrees Celsius over 1.31 1.98 1.25 1.75 1.30 1.86 1.29 1.55
preindustrial

CO2-eq. concentration, in 2030 2050 2030 2050 2030 2050 2030 2050
ppmv 561 719 550 666 534 629 503 516
CO2 equivalent
1995 � �411

(continues)
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Table 14.15. Continued

Sustainable Development
Objectives for 2030 and Order from
2050 from JDSD Indicators Global Orchestration Strength Adapting Mosaic TechnoGarden

1995 � 100Air pollution NOx emissions, in
teragrams of nitrogen per 2030 2050 2030 2050 2030 2050 2030 2050
year

OECD 88% 79% 102% 86% 80% 63% 48% 30%
1995 FSU 110% 109% 104% 104% 92% 88% 62% 47%

OECD 15.916 LAC 166% 171% 148% 171% 132% 142% 106% 87%
FSU 3.809 MENA 181% 220% 169% 204% 160% 200% 113% 92%
LAC 4.693 Asia 236% 293% 188% 230% 174% 186% 96% 73%
MENA 1.89 SSA 102% 111% 114% 119% 107% 122% 89% 88%
Asia 9.5 World 140% 153% 132% 141% 116% 117% 75% 58%
SSA 4.601
World 40.409

Water pollution return flow 2050 2020: increasing except FSU 2020: increasing 2020: increasing 2020: increasing
except FSU and except FSUwater withdrawal— 2050: increasing except OECD 2050: increasing
MENAconsumptive use- and FSU 2050: increasingwater purification

qualitative estimation 2050: increasing except OECD andwastewater flows increase by declines in both the
except FSU FSU40% (and hence increase the North and the

risk of overloading the South; large magnitude of little change in
detoxification ability of expansion of wastewater water regulation by
freshwater systems), but this is agricultural land discharges is 2050; in the South,
the second lowest increase and population second largest improvements by
among the scenarios; wealth of poses the largest among the 2050 because the
the North is used to repair risk to the state scenarios; time lags for
breakdowns in water purification and extent of although these ecosystem
as they occur; in the South, wetlands (and factors tend to engineering are
there are net losses in water hence their reduce the ability shorter, and in
purification by ecosystems capacity to process of freshwater some cases the

wastes); likewise, ecosystems to South is able to
the magnitude of purify water, learn from and
wastewater society gives local avoid errors made
discharges is the water management earlier in the North
largest among the special priority and
scenarios therefore ensures

that wetlands are
protected and
wastewater
discharges are
treated; hence in
both North and
South an
improvement is
expected in the
water purification
capacity of
ecosystems.

Marine pollution

Access to clean water percentage of population 2025 2050 2025 2050 2025 2050 2025 2050
with access to treated LatAm 83.5 86.1 83.5 84.7 83.5 85.0 83.5 86.1
surface water or SSA 69.5 78.1 69.5 72.5 69.5 77.1 69.5 78.1
untreated but WANA 92.0 94.0 92.0 92.5 92.0 93.0 92.0 94.0
uncontaminated water S Asia 83.8 92.8 83.8 86.6 83.8 92.5 83.8 93.0
from another source SE Asia 82.8 91.7 82.8 86.9 82.8 91.3 82.8 91.7

China 80.0 84.3 80.0 83.0 80.0 81.9 80.0 84.3

Sanitation

Key: FSU � former Soviet Union; LAC � Latin America and the Caribbean; MENA � Middle East and North Africa; SSA � sub-Saharan Africa; WANA �
West Asia and North Africa
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female to male life expectancy at birth), and health and sani-
tation (proxied for by the percentage of the population with
access to treated surface water or untreated but uncontami-
nated water from another source).

The parameters determining childhood malnutrition in
addition to kilocalorie availability (access to water, female/
male life expectancy at birth, and share of female secondary
schooling) are collected from actual values for the baseline
and are then estimated up to 2050 based on the qualitative
scenario storylines. It is deeply disheartening to see that,
even after half a century of unprecedented economic
growth in the Global Orchestration scenario, almost 4 out
of 10 children under five years of age remain malnourished
in South Asia and about 20% on average in the poorer
world, despite Latin America’s successful elimination of the
problem. Not surprisingly, malnourishment indicators are
worse in all regions under all other scenarios. This recon-
firms the importance of the economic development dimen-
sion of hunger, which needs to be dealt with urgently as
opposed to the importance of the ecological/natural re-
source constraints as the main cause of hunger, even over
the long term.

The MA models do not keep track of the intranational
distribution of incomes and the access to food by different
social groups. Yet scenario results in Table 14.15 suggest
that, perhaps with the exception of sub-Saharan Africa in
2030, at least in the Global Orchestration future the mini-
mum level of dietary energy consumption should be avail-
able to all on the basis of the average calories available per
capita per day. At a global level, this indicator is less than
10% below the wealthy-country average in 2050 (except
for sub-Saharan Africa). This, in turn, reconfirms the im-
portance of the social equity and distribution dimensions of
hunger and its mitigation.

These findings should not be taken to mean land, water,
and other resources in food and agriculture are less impor-
tant. Their degradation is likely to just exacerbate the prob-
lem. However, MA scenario results on these issues are
perfectly plausible and congruent with the results of a large
body of past empirical work: the principal underlying causes
of persistent hunger are economic (poverty, lack of income
to buy or grow enough food) and social (inequity, depriva-
tion of the opportunity to earn incomes or obtain land)
rather than environmental or natural resource–related. The
three factors—land and natural resources, economic, and
social—need to be managed in a coordinated way to foster
progress toward eliminating hunger.

The key social factor behind the phenomenal income
growth in the Global Orchestration scenario and the rather
modest achievements under Order from Strength also be-
comes obvious from Table 14.15. Investments in human
capital (education, health care) stagnate or even decline in
Order from Strength. This forecloses the adoption of new
technologies, retards the skills of the labor force, and under-
mines labor productivity because of the feeble health status
of the workforce. Not even the most radical reshaping of
the international order or the soaring abundance of financial
resources would be of any help to accelerate sluggish eco-
nomic development in these circumstances. In contrast,
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Global Orchestration exhibits the highest rates of invest-
ments in education and health care. The improving labor
force facilitates the seizing of opportunities opened by ex-
panding access to financial resources and markets.

There are two important messages emerging from the
comparison of these two scenarios. First, international eco-
nomic conditions (trade, markets, financial resources) and
the domestic human capital situation are two equally im-
portant preconditions for rapid economic development.
Second, these two factors are mutually reinforcing and in-
volve positive feedback loops. Segregation from interna-
tional markets obstructs efficiency gains and hampers
income growth. The resulting shortage of funds impedes
investments in human capital and further retards productiv-
ity improvements; the poverty trap of Order from Strength
is closed. The causality is quite the opposite in Global Or-
chestration: under the premise that equitable market access
is guaranteed, improving human capital can not only help
generate faster productivity improvements domestically, it
is also allows for better integration into the international
economy and helps to reap additional benefits from trade.
This makes raising funds for investments in human capital
easy and self-enforcing. In this way, human capital forma-
tion, together with economic growth, can help establish the
economic basis for other aspects (social, environmental) of
sustainable development.

The balancing of economic and environmental concerns
over time is a contentious issue among scientists and a con-
troversial point in policy-making. Selected environmental
features of the scenarios pertaining to international dimen-
sions of biodiversity, wetland conservation, and desertifica-
tion are discussed in preceding sections of this chapter. This
section uses a global and a local environmental issue de-
clared to be of high importance to national governments to
illustrate how the MA scenarios differ.

The international environmental agenda has been domi-
nated by the risk of anthropogenic climate change over the
past two decades. The MA scenarios suggest that this prob-
lem will persist through the end of their time horizon
(2050). Global GHG emissions (measured in terms of the
Kyoto gases in gigatons of carbon equivalent) more than
double by 2050 in Global Orchestration and almost double
in Adapting Mosaic. While in both of these scenarios emis-
sions decline after 2050, they continue to increase in Order
from Strength. TechnoGarden shows the lowest overall in-
crease in emissions and therefore exhibits the lowest overall
temperature change or risk of crossing climate thresholds.

The reasons for these interesting patterns are complex.
In the globalized worlds, well-functioning international
agreements, such as the UNFCCC, are more likely to suc-
ceed in maintaining better control of global pollutants, such
as GHGs. TechnoGarden, which describes a globalized and
environmentally oriented world, shows the effects of inter-
national cooperation combined with strong global climate
policies to curb a global commons problem. In Global Or-
chestration, in which the main focus lies on socially equita-
ble economic growth but less on environmentally sound
practices, environmental agreements manage to keep at least
partial control on global problems, though progress will be
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slower. Emission levels are likely to decline after 2050, as
more countries will be able to replace polluting industries
due to higher revenues. However, the risks associated with
the continued increase in GHG emissions over the first half
of the twenty-first century in this scenario are substantial.

In the more fragmented worlds, global commons prob-
lems are more difficult to deal with, as the breakdown of
global environmental regimes undermines action to reduce
globally harmful pollutants. The fragmented global econ-
omy and the drying up of international financial flows result
in markedly slower growth rates and, other things being
equal, in lower GHG emissions under Adapting Mosaic.
Nevertheless, the replacement of carbon-intensive indus-
tries is also likely to be slower. The preoccupation with
local ecosystems and pollution issues is likely to lead at first
to a disregard for global climate change problems. Later,
however, many local improvements and renewed attention
to the global commons will contribute to overall easing of
the problem. This renewed attention arises as decision-
makers realize that they need to deal with the impacts of
global problems on local processes.

In the world of Order from Strength, agreements for
the protection of global commons are not likely to be very
effective. Despite the fact that economic growth will be
relatively low, fragmentation and little consideration for en-
vironmental policies will exacerbate the climate problem.
Measures to ameliorate the problem will likely be intro-
duced too late (whenever severe impacts become visible) to
have a real impact due to the inertia of the climate system.

The MA scenarios indicate that progress toward sustain-
able development is possible under very different circum-
stances and along different pathways. But they also
demonstrate the potential threats to ecosystems and human
well-being that might emerge along some paths. The
choice of the actual direction and the implementation strat-
egy rests mainly with national governments. The documen-
tation of the relationships among driving forces, ecosystem
change, and human well-being in the scenarios is intended
to help governments and other actors make those choices.

14.5.3 Economic Growth, Food Security, and
Stable Governance Structures in the MA Scenarios

14.5.3.1 Security Concerns of Governments

Security, defined as the continuation of stable governance
structures and safety for citizens within state boundaries, is
a key concern for many policy-makers in all countries. One
of the key factors affecting global security is the distribution
of wealth among individuals and the access to necessary
ecosystem services. Within each scenario, many of the in-
equalities of wealth created among different regions result
from the lack of movement of technology and free trade
between regions. Many policies that could affect trade and
movement could be the result of stringent security barriers.
A synergistic effect occurs—the lack of free trade and
movement of technologies that may result because of inter-
nal government security concerns further exasperate in-
come disparities (especially in the Order from Strength
scenario), which in turn could drive instability created by
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security concerns among regions. If we assume that wealth
is one factor that affects access to various levels of ecosystem
services, then we can assume that access to ecosystem ser-
vices will vary in relationship to wealth distribution. The
more skewed the distribution of wealth is within a country
and between countries, the more likely it is that conflicts
about the use of various ecosystem services will arise. Con-
flicts about provisioning services, such as access to food or
water, can already be found today in many parts of the
world, posing severe security risks to these regions.

The comparison between food consumption patterns in
Order from Strength and Global Orchestration illustrates
this point. The greatest disparity in total consumption of
meat, fish, and grain among regions for all scenarios occurs
between these two. Part of this difference is due to the un-
equal distribution of wealth between various regions and
the ability to afford food production internally within each
region. (Certainly other factors, such as the accessibility of
fresh water, tillable land, and other ecosystem services, also
affect food consumption.) Unequal access to ecosystem ser-
vices, whether from disparities in wealth or other factors,
can lead to development of regional ecosystem service hot
spots. Within these hot spots there exist rapid changes in
ecosystem services and an increasing need to gain access to
these services. The hot spots that have developed across all
scenarios are in the developing regions of the Central Part
of Africa, the Middle East, and South Asia. Coincidentally,
many of the security concerns of the higher-income world
have recently focused on the same regions that the scenarios
identify as facing rapid changes in delivery of ecosystem ser-
vices.

What are the promising actions that could help alleviate
security concerns for governments? Development of poli-
cies that favor high economic growth, equality in wealth
distribution, and subsequent equal access to ecosystem ser-
vices will likely lead to more stable governance within all
regions and more security for all governments. More equi-
table distribution of wealth could be developed by policies
that promote fair, free trade and encourage the transfer of
technologies among all regions of the world. However, at-
tention given to global hot spots will help alleviate eco-
nomic growth and wealth disparities, which in turn could
help create stable global security environments. If global or
regional security is a major concern of governments, the
attention should be paid to the regions where the potential
exists for rapid change in ecosystem services. This is cer-
tainly an oversimplification of the issues driving global se-
curity, as a number of other factors, including cultural and
human well-being, affect global security, but environmental
degradation has become a pressing problem in many regions
of the world and its impacts on security need to be consid-
ered.

14.5.3.2 Food Production and Ecosystem Services

Food production and food security have been long-
standing concerns for national governments. Total food
production will increase across all four scenarios. The mea-
sures used to achieve overall productivity increases and the
importance of food imports differ across scenarios and de-
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pend on trade policies, investments in agricultural research
and technology, technology adoption, and agricultural in-
frastructure implementation. Thus, governments face dif-
ferent dilemmas with respect to food production under
each of the trajectories the MA scenarios describe.

In Order from Strength and Adapting Mosaic, food pro-
duction increases are relatively slow, which results from a
combination of protectionist policies and lack of invest-
ments in agricultural research. More food is being produced
locally in each nation. Agricultural production extensifies
and more land is taken into production. The results are in-
creased food prices and slow improvements in caloric in-
take. In these scenarios, all nations face similar dilemmas
over expansion of agricultural areas and subsequent negative
impacts on ecosystem services. However, wealthier coun-
tries are largely able to keep up with food demand whereas
poorer ones struggle to do the same. In contrast to these
scenarios, the high investment in agricultural research and
generally free trade strategies for food result in increased
global food production, with less emphasis on agricultural
expansion for all nations under Global Orchestration and
TechnoGarden. In these scenarios, the open global trade
policies result in more trade among nations for food and less
reliance on internal production. All nations in these cases
fare better with caloric intake, which is fairly even among
all countries.

The threats and risks faced by governments concerning
food production vary by scenario and between rich and
poor countries, but in all cases increases in food production
result in differences in irrigation and subsequent access to
fresh water. Increases in irrigation will occur in particular in
the Global Orchestration and TechnoGarden scenarios and
could result in a trade-off between access to fresh water
and access to food sources. Potentially devastating effects in
countries where fresh water is limited will have to be offset
by increased access to food from outside sources. Other-
wise, water-poor countries are likely to lose most of their
water supplies. Another option might be the development
of global freshwater policies. Governments in these scenario
worlds will be faced with the dilemma of having agricultural
technology development that incorporates innovative ap-
proaches to save water match population growth and the
subsequent increase in food demand.

Governments in Order from Strength and Adapting
Mosaic face a different dilemma. The expansion of agricul-
tural areas within each country needed to keep up with
food production will result in a decline in other ecosystem
services. For example, wetlands that are drained to establish
fields will lose their water retention and purification capa-
bilities, which are important regulating services. Access to
technology and improved practices to overcome the prob-
lems created by increased cropland area will be different
among governments. Particularly in the Order from
Strength world, it is likely that rich countries will have a
disproportionate ability to develop ‘‘technological fixes’’
because of the disparities in wealth. Poorer countries will
be faced with the inevitable trade-offs between production
of food and access to other ecosystem services, with limited
resources to develop new solutions. This will further exas-
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perate the differences among countries. In Adapting Mo-
saic, these tendencies are not likely to be quite as strong, as
there will be a number of areas focusing on experimenting
with specific solutions to food production problems. But as
the exchange of technology and knowledge is more local-
ized toward the beginning of this scenario, innovative solu-
tions will not catch up with food demands in all areas of the
globe. Therefore, poorer countries will have to rely on area
expansion, at least for a while, to meet the demand.

What might be promising actions for food policy devel-
opment? As with previous discussions, the type of policies
that governments can implement will depend on the trajec-
tory depicted by each scenario. Comparing strategies across
scenarios can help governments adjust their policies and de-
velop robust solutions that work under all the described
worlds.

In the more globalized worlds of Global Orchestration
and TechnoGarden, all countries continue policies that pro-
mote investment in agricultural research and the open and
fair exchange of goods and technologies. This will help cre-
ate novel solutions for food production and balance food
supply and demand, particularly for areas in which environ-
mental conditions, such as access to fresh water, constrain
food production.

In Order from Strength, governments will have to pur-
sue policies that address the trade-off between increased
land use for agriculture and loss of other environmental ser-
vices. Development of policies that promote increased in-
vestment in agricultural technology will inevitably be
necessary. In wealthy countries, this will eventually mean a
reordering of priorities for research and development fund-
ing, which could conflict with other demands on research
funds. In poorer countries, this dilemma will be even more
severe as resources are fewer. Some of them might have
to have stringent protection for areas essential to provide a
number of non-agriculture-related ecosystem services.
However, it may be unrealistic to believe that countries fac-
ing persistent hunger will be able to take key natural re-
sources out of production. Developing measures that
couple short-term profitability aspects with conservation
objectives may be an important step forward in protecting
these natural resources.

In the Adapting Mosaic scenario, some decision-makers
in poorer countries are likely to take this route by experi-
menting with local solutions to address the productivity-
conservation problem.

14.6 Implications for Communities and NGOs
This section is addressed to the primary users of the Millen-
nium Ecosystem Assessment, including NGOs working on
environmental and social development issues and other civil
society organizations involved in local development and
environmental protection. This includes cooperatives, in-
digenous peoples’ organizations, and indigenous communi-
ties. The section synthesizes the policy implications of all
the scenarios for civil society, with a primary emphasis on
local communities and local to international NGOs. Local
communities are considered to include locally focused
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groups or movements of civil society and the managers of
local common property/pool natural resources.

Nongovernmental organizations are nonprofit organiza-
tions independent of government that receive at least a
share of their support from private sources. While most
NGOs have a local focus, those that deal with regional or
international issues can have significant local impacts.
NGOs are considered to include academic institutions,
foundations, and private voluntary organizations. They are
defined here as focusing on protecting public goods rather
than the well-being of their particular constituents (that is,
not unions or cooperatives). This section will primarily ad-
dress responses to the scenario implications requiring formal
or informal policies and will give less attention to the other
types of responses by communities and NGOs, such as al-
tering management practices or use of technology, that are
covered in greater detail in the Policy Responses volume.

While it is obvious that none of the scenarios have out-
comes that only affect local communities or NGOs, some
of the possible outcomes could have particular impacts on
local community health and well-being and pose unique
challenges and opportunities for NGOs. Table 14.16 sum-
marizes some of the major stresses and response options for
communities and NGOs under the four global scenarios.

14.6.1 Communities

14.6.1.1 Community Concerns and Specific Scenario
Implications

Local communities are particularly concerned with direct
impacts on their health and well- being. Loss of biological
resources is often of greatest concern when it affects liveli-
hood options; pollution of air and water is of concern when
it has health impacts. Communities are also concerned with
the indirect drivers of ecosystem change (such as economic
and social justice and equity, population, and education),
and they play critical roles in responding to both direct
stresses and indirect drivers.

When considering community responses to the scenario
outcomes, it is important to consider the impacts on differ-
ent types of communities (indigenous peoples, fisherfolk,
farmers, women’s groups, and so on) and on the communi-
ties that are most vulnerable (such as poor communities in
developing nations that are directly dependent on local bio-
diversity for survival). In order to determine which com-
munities, in which locations, will be most vulnerable, it will
be necessary to integrate the level of exposure to stresses
with how sensitive and resilient people and ecosystems are
to those stresses. Local communities are often able to deter-
mine what impacts will be, but they are challenged to ob-
tain the necessary access to those with the political power
or funding to pursue the necessary response options.

14.6.1.1.1 Biodiversity: habitat loss and overexploitation

Important links exist between biodiversity loss, loss of eco-
system services, and human livelihood impacts. All the sce-
narios indicate that habitat loss and fragmentation, climate
change, and pollution will result in the loss of biological
diversity. Habitat loss is the greatest threat in general,
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though climate change is the major threat to desert and tun-
dra biomes. TechnoGarden has the lowest potential impacts
on biodiversity. At the same time, this scenario could lead
to the greatest use of new technologies to replace declining
ecosystem services. Some of these technologies, however,
have potentially serious impacts on biodiversity, such as the
outbreak of new pests or genetically modified organisms.
NGOs and communities therefore need to consider seri-
ously the benefits and risks of new technologies.

Climate change could have severe impacts on biodiver-
sity, particularly under the Global Orchestration scenario.
Biomes at special risk are boreal forests, tundra, shrub, and
savanna. Many local communities, such as the reindeer-
herding nomadic Evensk in the far east of the former Soviet
Union, could have their livelihoods affected by changes in
the tundra ecosystem that affect food and habitat for rein-
deer.

The scenarios have different implications for different
regions. Higher-income nations that are largely far less de-
pendent on local biological resources for immediate human
needs will be less affected by the possible changes. Develop-
ing-country communities (particularly in sub-Saharan Af-
rica and Latin America) are expected to experience the
greatest risk of biodiversity loss in the short and long term.

Agricultural land increases at the expense of natural hab-
itat in all scenarios. Loss of tropical savanna is most severe.
While the amount of forested land shows some increase due
to regrowth in most scenarios, tropical forests decrease in
all scenarios by 2050 (11% loss in TechnoGarden and 22%
loss in Order from Strength).

14.6.1.1.2 Provisioning and regulating ecosystem services

One of the most critical concerns for communities will be
changes in provisioning and regulating ecosystem services
and the associated changes in environmental security. While
in most scenarios provisioning services improve while regu-
lating services decline, in Order from Strength there is high
vulnerability and collapse of both regulating and provision-
ing ecosystem services. Adapting Mosaic shows an increase
in ecosystem services resulting from co-management strate-
gies aimed at managing a whole range of ecosystem func-
tions, while TechnoGarden also shows an improvement but
from its reliance on innovative technology. The increase in
the spatial heterogeneity of ecosystems in Adapting Mosaic
could lead to greater use of genetic diversity by local com-
munities. Pollination is expected to be worse than present
in both North and South in all scenarios except Adapting
Mosaic, where it is unchanged. Since most of the models
that the scenarios are based on were not good at predicting
specific thresholds for changes in ecosystem services, local
monitoring will be important for all scenarios to allow
timely community responses.

All the scenarios indicate increases in return flows of
water, which is an indicator of pollution of fresh water and
estuaries, with the highest risk in sub-Saharan Africa and
Latin America. The water stress identified as a particular risk
in Order from Strength could lead to construction of dams
for water storage, potentially resulting in greater habitat al-
teration and biodiversity loss. Similar water stress in the
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Table 14.16. Community and NGO Primary Stresses and Selected Response Options in MA Scenarios. All values are estimates of
relative comparison among scenarios. Many responses apply to more than one stressor.

Scenario

Stresses and Responses GO OS AM TG

On communities
Ecosystem stress—habitat loss and overexploitation of biodiversity ●●●● ●●●●● ●●● ●●●

Adapt local livelihood options: community forestry, ecotourism ❊❊ ❊ ❊❊❊❊ ❊❊❊

Partnerships with NGOs, government, private sector to protect local habitats ❊❊ ❊❊❊ ❊❊❊ ❊❊❊

Achieve more sustainable use of productive lands: IPM ❊❊ ❊ ❊❊❊ ❊❊❊❊

Maintain and use traditional knowledge ❊ ❊ ❊❊❊❊ ❊❊

Vulnerability of other ecosystem services (provisioning, regulating, cultural, and ●●●● (D) ●●●●● ●● ●●

so on) ●●● (I)

Strengthen traditional community institutions ❊❊❊ ❊ ❊❊❊❊ ❊❊❊

Seek resource tenure or use rights on state or private land and water ❊❊❊ ❊❊❊❊ ❊❊❊

Human health and well-being (livelihood, security, health, good social relations) ●●●● (D) ●● ●

●●● (I)

Participate in planning, implementation, and review of development projects ❊❊❊ ❊❊ ❊❊❊ ❊❊

On nongovernmental organizations
Ecosystems stress—habitat loss ●●●● ●●●●● ●●●● ●●●

Promote effective global network of protected areas for priority ecosystems ❊❊ ❊ ❊❊❊ ❊❊❊❊

Publicize private-sector and government unsustainable resource use and impacts on ❊❊❊❊ ❊❊ ❊❊❊ ❊❊❊❊

communities (Home Depot store protests, certification, and so on)

Promote reduced pressure for agricultural expansion ❊ ❊ ❊❊❊ ❊❊❊

Ecosystem stress—overexploitation and other ecosystem services ●●●● ●●●● ●●● ●●●

Promote sustainable use of productive lands ❊❊ ❊ ❊❊❊ ❊❊❊❊

Promote more-effective education, incentives, regulation ❊❊ ❊❊ ❊❊❊ ❊❊❊❊

Help maintain traditional knowledge ❊ ❊ ❊❊❊❊ ❊❊

Obtain private-sector financial support and collaborate on voluntary environmental ❊❊❊❊❊ ❊ ❊❊❊ ❊❊❊

agreements

Human health and well-being (livelihood, security, health, good social relations ●●●● (D) ●● ●

●●● (I)

Monitor and report status of ecosystems and human well-being ❊❊❊❊ ❊ ❊❊ ❊❊❊❊❊

Obtain public-sector financial support for advocacy to support public participation, and ❊❊❊ ❊ ❊❊ ❊❊❊❊

so on

Support capacity building ❊❊❊ ❊ ❊❊❊❊ ❊❊❊❊

Key: GO � Global Orchestration; OS � Order from Strength; AM � Adapting Mosaic; TG � TechnoGarden

D � developing countries; I � higher-income countries

Stresses: 5 ● � severe stress, 0 ● � no worse than 2004

Responses: 5 ❊ � success likely, 0 ❊ � unfeasible/ineffective

Adapting Mosaic scenario might lead to innovative conser-
vation approaches as well as greater dam building.

14.6.1.1.3 Human health and well-being

While per capita ecosystem services decline, per capita in-
come increases in all scenarios, and the relative income dif-
ferences across the globe narrow in all but the Order from
Strength scenario. Global Orchestration’s focus on the so-
cial and environmental policies that can improve well-being
for the poorest communities will lead to the greatest im-
provement in human well-being for the communities cur-
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rently the poorest and most vulnerable. Nevertheless, in this
scenario the risk of unexpected environmental changes also
increases due to a lack of attention to long-term environ-
mental changes. The fact that the consequences of these
changes will be first experienced by local communities
underlines the importance of communities monitoring
change.

Human well-being improves for the most part early in
all scenarios, but this is coupled with significant inequalities
in distribution, and human well-being then declines in the
scenarios that experience greater ecosystem service loss and
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social instability (Order from Strength). All the scenarios
indicate agricultural intensification and greater food pro-
duction. TechnoGarden does so with the lowest increase in
land under agriculture due to a strong focus on intensifica-
tion efforts (Order from Strength shows a 24% increase in
the area of agricultural land by 2050).

Ecosystems also supply many cultural services to local
communities (such as recreation and sacred trees), which
are directly connected to their well-being and often consti-
tute an important part of their culture. The maintenance of
local culture will be a challenge in the globalized worlds
of Global Orchestration and TechnoGarden. In particular,
TechnoGarden’s reliance on spreading emerging technol-
ogy globally could undermine the use of local techniques
and practices for ecosystem management.

Also related to human health issues are land use change
by humans, which will continue to have potentially adverse
effects on community health by creating habitats (including
dams and irrigation systems) in which mosquitoes can
thrive. Mosquitoes are vectors of a wide variety of human
and animal pathogens, including malaria, dengue, and fila-
riasis. Current deforestation appears to be associated with
the expansion of mosquito distributions and the increase in
mosquito-borne disease transmission. The higher deforesta-
tion rates in Order from Strength could potentially lead to
a greater incidence of mosquito-borne diseases in commu-
nities near tropical forests.

14.6.1.2 Priorities for Near-term and Long-term Community
Responses

While the challenges of integrated responses are discussed
in the Policy Responses volume, there are benefits to com-
munities examining what the ‘‘worst-case scenario’’ might
be for all stressors and exploring whether they could re-
spond in an integrated way that involves various sectors and
focuses on different stressors at a same time. An integrated
response might involve multiple actors (community, gov-
ernment, NGOs, the private sector), multiple sectors and
scales (water, biodiversity, human well-being), and multiple
knowledge systems.

14.6.1.2.1 Biodiversity conservation

Communities can support policies that integrate biodiver-
sity conservation with development policy at the local level
by exercising their available opportunities for voice and
vote (participating in opportunities to comment on pro-
grams, pressuring decision-makers, communicating with
NGOs and the media, and so on). The local/regional and
proactive focus of the Adapting Mosaic scenario indicates
positive benefits for biodiversity and communities.

Many resource management practices of indigenous and
local peoples are directly related to conserving biodiversity
over much of the globe, yet many communities are socially
marginalized and have lost rights to their resources and
lands. Recently, indigenous and local communities have
begun to obtain the recognition they deserve in global trea-
ties (in the CBD, the Rio Declaration, the World Heritage
Convention, and so on). Expanding community land and
resource tenure (or acknowledging customary land tenure,
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such as the case for most of Papua New Guinea) is often
seen as one of the best ways to conserve local biodiversity.
However, just as is the case when the state retains those
property rights, those rights could then be traded or sold or
used in an unsustainable manner in the view of outsiders.
Many studies have shown that local community resource
management can effectively integrate local stakeholders into
environmental governance and that integration of local en-
vironmental knowledge can lead to more effective resource
management. The Adapting Mosaic scenario portrays one
possible pathway for greater local control over resource
management and depicts a variety of plausible outcomes.

14.6.1.2.2 Other ecosystem services

Land use change directly determines provisioning, support-
ing, and regulating ecosystem services. The scenarios differ
in the role of institutions and property rights in local manage-
ment of ecosystem services. Indigenous peoples’ movements,
with support from NGOs, can work with decision-makers
to advocate and create polices that require governments to
work in partnerships with indigenous peoples. The New
Zealand Resource Management Act and Treaty of Waitangi
requires local government to work in partnership with
indigenous Maori peoples for local land and resource man-
agement, for example, and the Canadian government ac-
knowledges property rights for indigenous peoples through
individual tradable permits for fishing rights.

A response that could be used by communities in all
four scenarios is to seek partnerships with their respective
governments to integrate protection of ecosystem services
with income generation. The Working for Water program
initiated by the government of South Africa in 1995 is an
excellent example of an innovative approach to maintaining
water security, restoring the productive potential of land,
and decreasing unemployment in marginalized communi-
ties. Over 300 projects help generate income for local peo-
ple who remove alien species and maintain vegetative
cover.

The knowledge of traditional and local managers, pro-
vided as a part of an informed public participation process,
can be invaluable in defining ecological risks and ways of
avoiding them. The Bedouin people in the deserts of Egypt,
for instance, have thousands of years of experience manag-
ing limited water resources that would be of benefit to en-
gineers designing irrigation schemes. Communities can use
existing mechanisms for public participation in national and
local environmental impact assessments and also seek to
have such participation expanded. While public participa-
tion has greatly expanded in many nations in the last 15
years, there is still considerable room for improvement.
Local people participate in reporting on the state of the en-
vironment in many countries in Africa, though the partici-
pation of women is still low.

14.6.1.2.3 Human health and well-being

The feedback links between ecosystem change and human
health and well-being are frequently most obvious in im-
poverished communities that cannot afford the same ‘‘buff-
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ers’’ to a decline in ecosystem services as wealthy
communities. Communities, through capacity-building ini-
tiatives of government, NGOs, and the private sector, can
strengthen their understanding of the contribution of
human landscape and habitat change to many human health
outcomes and of options for disease management. This
might result in changed community land use practices or
community response to government or private develop-
ment plans. For example, urban communities might re-
spond to vector-borne transmission of disease by urging
development planning to include consultation with ento-
mologists, epidemiologists, and health care specialists to ad-
dress issues such as storm water management and vector
control.

Many of the options for the near term also apply to the
long term, particularly developing partnerships between
communities and NGOs in order to develop stronger voices
with governments and international treaties. Capacity-
building support will be essential in the long term. While it
is an obvious point, the long-term scenarios continue to
emphasize the importance of more proactive policies that
integrate environmental issues with development issues.
Communities and NGOs (both environment and develop-
ment NGOs) can work together effectively to support such
policies.

The global MA scenarios did not fully meet the expecta-
tions of civil society stakeholders to have the MA address
the impact of ecosystem change on the vulnerability and
resilience of human communities and on their cultural con-
cerns. These issues were more successfully addressed in the
MA sub-global assessments. Communities are interested in
learning about site-specific impacts in relation to global
changes, but integrating information across multiple geo-
graphical scales is a new challenge in the development of
global scenarios. The global MA scenarios can be used to
describe the main boundary conditions under which local
communities are likely to operate in each of the described
pathways, but they do not have the specific details that local
or regional scenario exercises are able to portray.

14.6.1.3 Additional Community Response Strategies and
Options by Scenario

14.6.1.3.1 Global Orchestration

This scenario attempts to improve the well-being of poorer
countries by removing trade barriers and increasing invest-
ments in social and education policies, with the risk that
local and regional environmental problems can become
worse. One risk of Global Orchestration to biodiversity is
that a narrow selection of high-yield commercial crops
could spread around the globe, resulting in wild varieties
existing only in gene banks that do not offer complete pro-
tection from extinction. A community priority for the near
term might be to apply local ecological knowledge to help-
ing conserve landraces and local varieties of agricultural spe-
cies, possibly in partnership with NGOs, governments, and
the private sector. Increased community focus on energy
conservation and efficiency could help mitigate some of the
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adverse impacts expected to result from the development
path described in this scenario.

14.6.1.3.2 Order from Strength

This scenario describes a world in which rich nations focus
on protecting their borders, and environmental services are
only protected (inadequately) in formal protected areas. In
this regionally focused, reactive world, communities would
benefit from more strategic understanding of how to influ-
ence government and private sector policy. This would be
necessary to encourage policies that can create an enabling
environment to stimulate and support changes in individual
incentives for better resource management. This could in-
clude, for example, passing laws that mandate greater com-
munity management of protected areas, acknowledging the
value of traditional approaches to conserving land such as
sacred groves, or upholding community taboos and special
resource harvest levels and/or seasons.

14.6.1.3.3 Adapting Mosaic

This scenario favors local management and control of eco-
systems and offers communities the greatest opportunities
to adapt to changing conditions and take control of manag-
ing their resources. There are many examples of local com-
munities using traditional knowledge to alter their resource
use patterns in response to the abundance or scarcity that
they observe. For example, levels of family harvests from
forest gardens in Southeast Asia are altered depending on
actual fruit abundance to ensure sufficient fruits are left for
wildlife support and for regeneration. The Adapting Mosaic
scenario will increase success of this response for biodiver-
sity conservation and other resource uses, as local success
begins to be shared at the global level later in the scenario.
However, the lack of early focus on global policy might
cause effective local efforts to be less successful because of
global problems. Success in conserving a local coral reef, for
example, might be adversely affected by global changes in
pollution, temperature, or exotic species.

Communities can encourage governments to expand
policy options that acknowledge a role for traditional
knowledge in management and conservation of local eco-
systems. In South Africa, the value of both participation and
traditional knowledge are encompassed in programs like
CAMPFIRE (Communal Areas Management Program for
Indigenous Resources). In India, joint forest management
is an example of government devolving resource manage-
ment to local communities. Empowering local communi-
ties and legitimizing their traditional knowledge can also be
an effective way to control exotic species introduction and
removal at local levels. Communities can also help demon-
strate the importance of conserving cultural diversity along
with biological diversity.

14.6.1.3.4 TechnoGarden

This scenario outlines how technology can maximize pro-
duction of ecosystem services for humans. The implications
for biodiversity indicate greater need for community poli-
cies for managing biodiversity sustainably for local con-
sumption and other benefits (from ecosystems services such
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as water and nutrient cycling to generation of income from
ecotourism). There is less that communities can do to affect
climate change beyond working to influence national and
global policies via election of government representatives
and participating in opportunities to comment on govern-
ment policies and plans.

Communities, in partnership with local NGOs and
others, can draw attention to cases where the conservation
priorities and policies of international NGOs and the foun-
dations and governments who support them are not a re-
flection of local interests. For example, global-scale
priorities for ‘‘hot spots’’ for conservation often do not ac-
knowledge that most local biodiversity has local importance
for livelihoods and other ecosystem services.

14.6.2 Nongovernmental Organizations

14.6.2.1 NGO Values and Concerns and Specific Scenario
Implications

NGOs have a wide range of concerns and values, depend-
ing on the scale of their work ( local, national, regional,
or international) and their focus (environmental, social, or
economic; policy or on-the-ground work). NGOs also play
many roles, from protesting outside meetings like the
World Economic Forum to having a ‘‘seat at the table’’ in
crafting policy. Many NGOs work to support communities
that might lack the capacity to protect ecosystems directly.
International environmental NGOs often focus on global
environmental resources regardless of national boundaries.
Many international NGOs seek to conserve representative
samples of biologically diverse habitats, with less focus on
habitats that might be extremely important to local com-
munities. NGOs and other civil society groups are actively
involved in mobilizing public support for international en-
vironmental agreements. Environmental NGOs are increas-
ingly advocating economic policies that provide incentives
for improved conservation, such as taxation and subsidies,
and that can help alter market-based incentives for overex-
ploitation.

NGOs play an increasingly important role in protecting
environmental resources and processes. While they do not
have uniform approaches or views on environmental pro-
tection policies, they can play important roles in raising
public awareness; organizing communities; pressuring gov-
ernments, the private sector, foundations, and multilateral
organizations in the design of international treaties; and
providing legal assistance to local and indigenous communi-
ties. NGOs also directly own or help to co-manage pro-
tected reserves in many nations. The Nature Conservancy,
for instance, manages reserves it owns in Latin America and
elsewhere.

NGOs can help to monitor implementation and com-
pliance with environmental policies from local-scale to
global multilateral environmental agreements. They tend to
support public participation (or at least transparency to in-
crease the awareness of civil society) in government and
private-sector decision-making, which can help enforce ex-
isting environmental policies and develop support for im-
proved policies.
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14.6.2.1.1 Biodiversity loss and overexploitation

The scenario implications for biodiversity loss as a result of
land use change, exotic species introductions, and climate
change create many imperatives for NGO action, since the
impacts of such changes will be felt across political bound-
aries. Many impacts are particularly severe in developing
nations, where financial resources are more limited. Inter-
national NGOs can assist where national NGOs are weak,
and they have a particular opportunity to focus attention
on important conservation areas that cross multiple political
boundaries, which no one state is likely to take responsibil-
ity for. While NGOs lack the ability to directly create and
enforce biodiversity policies, they have an enormous op-
portunity to help shape international and national govern-
ment and private-sector policy by raising awareness and
conducting advocacy initiatives and then helping to imple-
ment and monitor those policies.

14.6.2.1.2 Ecosystem services: provisioning and regulating services

All the scenarios indicate decreases in provisioning and reg-
ulating ecosystem services, with more severe stress in Global
Orchestration and Order from Strength than in Techno-
Garden and Adapting Mosaic. Many creative approaches to
conserving ecosystem services have been and can be stimu-
lated by NGOs, which often can help to ‘‘broker’’ agree-
ments between the private sector and government (as in the
many market-based mechanisms for protecting environ-
mental services provided by forests, including certification
of sustainably harvested timber, or protection of water or
biodiversity from forests). NGOs can play an important role
in stimulating market-based responses to climate change,
such as carbon investment funds. For example, in 2004 the
NGO Rainforest Action Network helped Citigroup agree
to social and environmental investment policies that help
stem climate change and habitat loss in vulnerable ecosys-
tems.

14.6.2.1.3 Human health and well-being

The scenario implications for human well-being indicate
that there will be even greater need for NGOs to play a role
translating and disseminating information on the state and
sustainability of ecosystems and links to human well-being,
including results from sub-global assessments and global
scenarios, to communities and governments in the context
of options for policy responses. For example, NGOs have
played a major role in such communications at Conference
of the Parties meetings for international treaties and at inter-
national fora such as the World Social Forum.

14.6.2.2 Priorities for Near-term and Long-term NGO
Responses

14.6.2.2.1 Biodiversity loss and overexploitation

One of the most important policies for NGOs to support
in the near term is the creation and maintenance of pro-
tected areas for biodiversity conservation. This can be done
via policy advocacy, by directly purchasing or co-managing
protected lands, by conservation easement management,
and by partnerships with government, the private sector,
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and communities. International and national NGOs will in-
creasingly need to develop and campaign for policies that
address both the need for conservation in protected areas as
well as the need for local and indigenous community access
to common property or state- controlled biological re-
sources. Policy incentives for conservation of the unpro-
tected portions of the landscape will also be important and
can involve public-private sector partnerships.

NGOs could ensure that the outcomes of their own
projects are monitored. They could also advocate for gov-
ernment and private-sector policies to support appropriate
monitoring, which can then provide data on specific con-
servation approaches that are seen as being more successful
than others. If NGOs want to support adaptive manage-
ment approaches, then it will be important, as threats to
biodiversity increase, that policies to support monitoring are
in place. NGOs have often been guilty of moving their
support and advocacy from one conservation approach to
another (from community-based conservation in the early
1990s to ‘‘direct payment’’ for conservation) without ade-
quate information that any one particular approach actually
works better than another.

NGOs have the opportunity in the near term to exam-
ine how geographic priorities for international, national,
and local conservation are determined by international con-
ventions, NGOs, and governments. The questions they can
ask include: Where do various systems for setting global
priorities for biodiversity conservation agree and disagree
and why? Global ‘‘hot spot’’ declarations by NGOs do not
necessarily overlap with local priorities, though they have
been successful in attracting global financial resources. Also,
how can global priorities among countries be reconciled
with national priorities within countries? The scenarios in-
dicate that sub-Saharan Africa, Latin America, and Asia are
most at risk of species loss before 2010. Some NGOs will
want to focus on policies in these most threatened areas.
NGOs also have the opportunity in the near term to em-
phasize policies that will enhance the ability of institutions
and ecosystems to adapt to the long-term changes high-
lighted in the scenarios.

In terms of policy, NGOs can advocate enhanced en-
forcement of the many international treaties that can help to
conserve biodiversity (including the CBD, the International
Tropical Timber Agreement, Convention on the Non-
navigational Uses of International Watercourses, and the In-
ternational Treaty on Plant Genetic Resources for Food and
Agriculture, and CITES). The CBD, if enforced, could
help prevent or mitigate the long-term threats to biodiver-
sity by encouraging global accountability and local action.

14.6.2.2.2 Ecosystem services: provisioning and regulating services

NGOs can advocate incorporation of consideration of eco-
system services and biodiversity in integrated regional plan-
ning in order to demonstrate the important linkages to
human health. Finding ways to conserve the ecosystem ser-
vices of protected areas while also meeting the immense
human needs that exist near most protected lands in devel-
oping nations will continue to be one of the major policy
challenges.
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NGOs can also develop and promote innovative ap-
proaches to ecosystem protection, many of which depend
on market forces and partnerships with the private sector
and government, such as tradable permits for species pro-
tection, debt-for-nature swaps, certification programs for
sustainably produced timber and marine and food resources,
and appropriate pricing of services and resources in order to
create incentives for conservation.

14.6.2.2.3 Human health and well-being

One way to better integrate sectors and achieve more adap-
tive policies would be for partnerships to emerge between
NGOs with a primarily environmental mission and those
with a primarily social focus. The scenarios indicate the
need for more interdisciplinary policies concerning both di-
rect and indirect drivers of environmental changes. Missions
of social and environmental NGOs might conflict in some
cases and reinforce each other in others. The results in
Chapter 9, for example, might lead social NGOs concerned
with food availability and child health to support policies to
raise agricultural production by increasing agricultural land
area or policies to increase productivity on existing land
already being used for agriculture. However, environmental
NGOs might support land conservation to protect biodiv-
ersity along with increased productivity on already dis-
turbed land. Yet both social and environmental NGOs
might share common objectives in supporting polices for
sustainable agricultural practices to decrease risks to biodiv-
ersity or in working to decrease deforestation in malaria
areas, since deforestation has been linked to an increase in
malaria. Support for technologies such as sustainable agri-
culture and pollution abatement systems can be included
among the policy options for protecting food supplies and
human health.

All the scenarios indicate that due to the threats emerg-
ing over the longer term (2030–50) it would be important
for NGOs to support policies aimed at monitoring ecosys-
tems in order to be better prepared for opportunities to act
on the observed changes. Regularly updated indicators of
ecosystem structure and function will allow communities
and NGOs to engage in better prevention, mitigation, ad-
aptation, or restoration of ecosystems. This monitoring
would be enhanced if the institutions that emerge and
evolve for global environmental management begin to focus
more on biological/ecosystem units rather than political/
national boundaries. Such a focus would also help in assess-
ing ecosystem vulnerability, which is expected to grow and
to have a disproportionately adverse impact on the poor.

The synthesis of changes in ecosystem services (Chapters
8 and 9) indicates that in 2050 the trade-offs between eco-
system services will be more intense than at present and that
greater inequities between rich and poor nations and re-
gions and greater adverse impacts from unanticipated disas-
ters are very plausible future developments. This implies
that environmental justice and ethics should be of even
greater concern to communities and NGOs than they are
at present.
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One of the most useful aspects of the scenarios for
NGOs and communities is the effort to assess the relation-
ship between ecosystem changes and human health and
well-being. Given their global nature, however, the scenar-
ios are not able to fully describe all the trade-offs and inter-
actions between ecosystems services and human well-being,
especially in response to specific response options and adap-
tation possibilities.

14.6.2.3 Additional NGO Response Strategies and Options by
Scenario

One of the important implications of all the scenarios is
the opportunity that NGOs have now to help craft policy
solutions that will support conservation before more irre-
versible loss occurs in species, habitat, and ecosystem func-
tion. Given that many of the areas of global conservation
importance also have growing populations and poverty
(such as South and Southeast Asia, the far eastern former
Soviet Union, Equatorial Africa/the Congo Basin, and the
Upper Amazon), there is opportunity to integrate conserva-
tion with the agendas to alleviate poverty, increase equity,
sustain health, and so on.

14.6.2.3.1 Global Orchestration

While support for international treaties is expected to con-
tinue, the Global Orchestration scenario also points out the
difficulty of adjusting global-scale policies to deal with local
and regional issues as they arise.

This scenario also addresses the issue of global trade and
its implications for different actors in society. It portrays a
continuation of globalization, in which trade, information,
and technology flows increase. But these are coupled with
mechanisms to enhance the equal participation of all in
global markets by, for example, decreasing market-distorting
subsidies and focusing on global public goods creation and
protection. NGOs and community groups might want to
work with other actors to explore how to harness the best
aspects of free-market capitalism while addressing those
aspects that lead to negative environmental outcomes. An
examination of the conditions under which free-market
economies produce better environmental outcomes would
be valuable. In addition, NGOs can take a lead in exploring
mechanisms for protecting public goods and for developing
social policies that enhance the chances of different groups
in society for equal participation in global markets.

14.6.2.3.2 Order from Strength

The perennial challenge for NGOs to find funding support
will be heightened under the regional, reactive focus in
Order from Strength. International NGOs are likely to find
less support from multilateral sources (the United Nations
or the World Bank) and less interest in work on interna-
tional treaties. That said, in this scenario decision-makers
focus on use of protected areas to conserve biodiversity and
ecosystem services. Thus NGOs will likely find support for
parks creation, though funding for enforcement and moni-
toring will probably be limited. NGOs will also need to
focus more attention on obtaining resources for conserva-
tion outside parks.
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A theme across all the priorities for action by NGOs and
communities is being able to adapt to emerging approaches
and outcomes for environmental policy and to focus first
on direct drivers of ecosystem change (with perhaps the ex-
ception of climate change). The regional, reactive focus in
Order from Strength will require national NGOs that can
change to focus from international treaties to more local
issues. Social unrest could result from the large income in-
equities in this scenario, and NGOs will need to support
vulnerable communities.

14.6.2.3.3 Adapting Mosaic

This scenario offers the greatest opportunity for NGOs to
work with communities to develop ways to adapt and re-
spond to changes in ecosystems and human health. Adapt-
ing Mosaic is likely to result in lower levels of global
financial resources being available to NGOs, and less sup-
port for international environmental agreements. The sce-
nario might result in more financial support from regional
bodies for the work of national and local NGOs, and re-
gional environmental agreements will require more NGO
attention.

In addition, NGOs will be one of the key players to
make the future world portrayed in this scenario work.
They will have to play an important role in capacity build-
ing and monitoring activities for ecosystem change in this
scenario. Furthermore, helping to build or rebuild commu-
nity structures for ecosystem management will be one of the
major tasks for NGOs in this scenario. Developing adaptive
management systems requires a thorough understanding of
ecosystem functions and possible management options.
Communities will have to organize themselves to be active
partners in management schemes and in order to negotiate
with other actors. NGOs are likely to be very important in
providing support for these activities.

As many NGOs also work in a variety of communities
or areas, they will need to act as bridges for building net-
works with other communities, research agencies, and so
on that can help in developing monitoring and manage-
ment options. Particularly in poorer countries in which
well-functioning governance structures will first have to be
developed, this role of NGOs will be extremely important
in an Adapting Mosaic world.

14.6.2.3.4 TechnoGarden

Monitoring of project and policy outcomes by NGOs will
be important in this future world since there will be uncer-
tainty about the degree to which ecosystem services can be
replaced by technical alternatives.

In response to loss of biological diversity and associated
ecosystem services, NGOs might have more success in this
scenario advocating precautionary conservation policies that
can justify action to regulate potentially irreversible envi-
ronmental and social harms. NGOs might have success in
encouraging increased attention to creation of a global net-
work of protected areas to help stem the loss of biodiversity.
Monitoring of outcomes, particularly those that are unex-
pected, will be important in this scenario.
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14.6.3 Interactions between Communities, NGOs,
and Other Response Actors

Local communities and NGOs can work together with
government and the private sector to advocate policies and
to execute on-the-ground practices that protect, mitigate,
and restore some of the ecosystem services that are threat-
ened by the development paths and assumptions in the four
scenarios. Government and the private sector play impor-
tant roles in creating the enabling environment for commu-
nity and NGO action through policies and funding. NGOs
and communities often know what needs to be done; they
just need such partnerships to make it happen. In all scenar-
ios, NGOs and communities can be more strategic in their
efforts to integrate environmental imperatives with political
reality.

Communities and NGOs bear twin burdens that must
be addressed separately: determining what actions they can
take to sustain ecosystems and human well-being and then
obtaining the political and financial support for that course
of action. Contributing to or developing the best course of
action from a technical perspective, given the uncertainties
and the array of possible options, is difficult enough. The
bigger challenge, however, may be getting the sustained po-
litical will and financial resources needed for adoption and
implementation. This becomes even more challenging in
the face of uncertainty and the inevitable setbacks as differ-
ent solutions are tried.

It is important therefore to look at what the scenarios
indicate about the political sphere in which NGOs and
communities will have to operate. Communities and
NGOs work to address the incentives and structural prob-
lems in all sectors that produce harmful environmental and
societal impacts. Whether communities and NGOs have
any impact on powerful actors depends on a few key fac-
tors, some of which the scenarios infer and even address
directly.

The particular strategies and degrees of success vary
widely, of course, depending on a country’s type of state,
stage of economic development, and civil sector maturity
and whether a particular NGO is local, national, regional,
or international. Despite the best intentions, not all NGO
and community efforts are successful. In general, though,
NGOs’ key instruments of success include using the power
of community organizing, the media, science, government-
mandated public participation forums, coordination be-
tween NGOs from economically developed countries and
economically challenged ones, and, more recently, strategic
collaboration with the private sector. Communities often
do not have access to or knowledge of the powerful politi-
cal elites, and thus they benefit from partnerships with
NGOs and the private sector in obtaining this access.

Financial grant support from the philanthropy sector is
critical to success for most NGO efforts, so the interests and
assets of foundations in each scenario must also be consid-
ered. NGOs are sometimes considered to include founda-
tions; there are over 60,000 registered foundations in the
United States alone, and many hundreds of community
foundations across the globe. The implications of the sce-
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narios for foundation assets, priorities, and spheres of opera-
tion are important because NGOs depend on foundation
support. It is important to note that the financial assets of
corporate foundations may be affected differently than pri-
vately endowed foundations in each scenario. Consider-
ation needs to be given to how each scenario might affect
the enormous remittances sent home by overseas workers,
and how those remittances help sustain community well-
being.

Foundations play an important role in funding the ef-
forts of communities, NGOs, and other actors in civil soci-
ety. The issues, approaches, and groups that foundations
support send strong signals to the rest of society about needs
and confidence in expected outcomes. Across all scenarios,
NGOs and community groups will need to devote re-
sources to gaining a better understanding of political reali-
ties and tailoring their strategies accordingly. Developing a
sound understanding of the forces that influence decision-
making and finding a way to participate effectively in those
arenas will be as important, if not more important, than
developing tailored, feasible solutions that address policy-
makers’ concerns. For instance, some of the recent progres-
sive solutions developed for air quality problems were suc-
cessful in receiving political support because NGOs helped
demonstrate economic benefits in addition to individual
health benefits, thus successfully countering corporate
claims that the costs of regulation were too high.

In Adapting Mosaic, where tailored solutions on more
local and regional scales are described, avenues for commu-
nities and NGOs can be expected to be open and inclusive.
This can lead to failures, though, for environmental solu-
tions that require international coordination. Foundation
support for NGO work might remain high, but multilateral
and bilateral support could decrease.

In TechnoGarden, where advanced technological solu-
tions are aggressively implemented and environmental
problems are explicitly addressed, it is likely that NGOs that
can contribute to this will be able to have influence. How-
ever, NGOs that advocate for changing some of the under-
lying economic and government incentives that cause the
problems may find themselves sidelined or challenged for
funding for the kind of solutions they would hope to advo-
cate.

Most challenging for NGOs and communities is likely
to be the Order from Strength world, where those with
economic and political power will ignore the social and en-
vironmental problems outside their nations in order to de-
fend their own wealth. The international collaboration and
funding that has been critical for NGOs in countries that
are not economically wealthy are likely to be severely com-
promised. The funds required to make any kind of signifi-
cant change on the ‘‘outside’’ will become even more
difficult, since societal chaos will be greater. But when
complete catastrophic breakdown on the ‘‘outside’’ threat-
ens to overwhelm those inside the barriers, it is likely they
will provide multilateral and bilateral funds to help address
the widespread hunger, disease, and environmental prob-
lems that threaten their security. If foundation endowments
are not adversely effected under Order from Strength,
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foundations might increase NGO support when they see a
decrease in bilateral and multilateral support.

The fortunes of communities and NGOs are most diffi-
cult to assess in the Global Orchestration scenario. The in-
ternational coordination efforts are likely to be structured
to provide for avenues of input for civil society. However,
the degree to which environmental problems are seen as
priorities is lower, so the results may be mixed. Global Or-
chestration could include greater international awareness of
global environmental problems and result in more grants
and other financial support for social and environmental
NGOs and communities in poor nations. At the same time,
it also describes the high risk of adverse impacts from cli-
mate change and little opportunity for NGOs and commu-
nities to foresee and prevent the thresholds at which further
ecosystem degradation and reductions in human well-being
might occur.

The many adverse outcomes envisioned for ecosystem
services and human well-being under Global Orchestration
and the other scenarios indicate that long-term sustainability
will not result from policies that only address economic and
social issues and that only focus on global scales. Current
and future policies from local to global levels reflect com-
plex relationships and interactions between governments,
industry, NGOs, and, increasingly, civil society. By working
together, all these actors might be able to create a world
that integrates the best aspects of the various scenarios: a
world that acknowledges the importance of natural and
human capital and the fact that loss of some natural capital
is completely irreversible, that uses adaptation and learning,
and that fosters innovation in technology and institutions.

All the scenarios point to the importance of NGOs and
communities obtaining an understanding of the policies that
affect ecosystems and human health and then finding ways
to interact with the decision-makers who bring about
change. NGOs and communities can help to create policies
and practices that:
• adapt to deal with uncertain outcomes by allowing for

learning from experience and by using enough precau-
tion to avoid irreversible outcomes;

• are appropriate to the scale, region, and sector of society
affected while also attending to cumulative impacts
across scales;

• integrate multiple disciplines and examine trade-offs
among both direct and indirect values of ecosystems;

• incorporate both quantitative science and perhaps more
qualitative traditional and practitioner knowledge in the
proposed solutions; and

• are based on principles of transparency, participation,
equity, and attention to vulnerable groups.
The policy options that NGOs and communities can

advocate in negotiations with international, national, and
local governments include a primary focus on ways to re-
duce direct drivers of ecosystem change (such as policies
to encourage the sustainable harvest of forests or marine
resources, to reduce greenhouse gas emissions, or to create
protected areas) or on ways to protect human well-being.
Some policy options will do both, and others will involve
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trade-offs between short-term human needs and longer-
term ecosystem services.

International NGOs can play an important role in help-
ing local communities directly with conservation initiatives,
particularly when national and local government is weak or
does not give priority to conservation. It will be important,
however, for NGOs to simultaneously help increase the
capacity of those national governments to address conserva-
tion in an integrated way with other development objec-
tives, in order to ensure that conservation investments are
sustainable after NGO involvement ends.

The priority that international NGOs give as to which
ecosystems, habitats, and species to conserve from a global
perspective might not coincide with local communities’
perspective on conservation priorities. The scenarios indi-
cate the importance of strong local and national NGOs that
are not just sub-offices implementing the missions of inter-
national NGOs. Worldviews and values are different among
NGOs at different scales, and the policy priorities of inter-
national NGOs are most often appropriate for global-scale
concerns.

While bearing in mind the challenges, costs, and benefits
of integrated responses outlined in Chapter 15 of the Policy
Responses volume, vertical and horizontal integration of re-
sponses across sectors should be explored by partnerships
among actors. Sustainable forest management is one exam-
ple of an integrated response that attempts to conserve a
number of different ecosystem services (biodiversity, hydro-
logical processes, climate regulation, forest products, tour-
ism, cultural values, and so on) while also improving human
well-being. Sustainable forest management typically in-
volves a wide range of actors, including local communities,
NGOs, government, and the private sector. NGOs and
communities can profit from the lessons of these manage-
ment practices.

14.7 Implications for the Private Sector

14.7.1 Linkages and Stakes

This section documents the important yet often misunder-
stood nexus between ecosystem goods and services and the
private sector. ‘‘Private sector’’ is used here in the broadest
sense possible to include relevant private actors involved in
commercial business activities in local, national or regional,
and global settings, although the primary audience might
be firms and industries involved in food and agriculture,
biotechnology and pharmaceuticals, resource extraction
(forestry, mining, fisheries, and so on), and energy (petro-
leum, natural gas, and so on), as well as sectors with high
environmental impacts (such as basic industries like steel
and chemicals) and high material or resource dependence
(such as semiconductor and other high-technology prod-
ucts dependent on water and other resources). In many
countries, publicly owned companies also operate in these
sectors. They may be mandated to provide some public ser-
vices. However, if they have commercial concerns, they are
similar to those of private enterprises. Hence the key points
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summarized in this section are largely relevant for public
companies as well.

Greater synergy between ecology and private-sector in-
terests centers on two interrelated issues: first, how and
under what circumstances can business interests ‘‘internal-
ize’’ the ‘‘negative externalities’’ of resource extraction,
production, and consumption even when there are no legal
or short-term business interests to do so? Second, how can
feedback mechanisms be created between ecological con-
cerns and business interests through which signals of posi-
tive/negative trends can be channeled back between the
two sectors without formal governmental interventions that
are often too late and inadequate to prevent permanent en-
vironmental damage? Two other important issues or ques-
tions and implications from the MA process for the private
sector are worth noting:
• What are the impacts of environmental change on firms

and industries dependent on ecosystem services (such as
private timber, fishing, and agriculture businesses) as
well as firms and sectors affected by changes in ecosys-
tem functions (such as private petroleum or other com-
panies with high GHG impacts)?

• What key business opportunities and constraints are
likely to arise under different scenarios based on local
resource conditions (such as water availability and qual-
ity), public governmental rules (such as international
environmental conventions and local resource conven-
tions), and private governance regimes (such as interna-
tional nongovernmental mechanisms like the Global
Reporting Initiative and ISO 14001)?

14.7.2 Implications of Change in Ecosystem
Services

14.7.2.1 Implications of Indirect and Direct Drivers of
Ecosystem Services Change

The scenarios portray that an increase in per capita income
and material well-being is likely to lead to higher consump-
tion of electricity and production of industrial products.
Whereas richer countries are expected to maintain or ex-
pand their control of local and regional air pollution, the
same is not expected in poorer regions. For many multina-
tional business enterprises, the rise in per capita income and
material well-being in the poorer world are likely to trans-
late into new business opportunities. These will be balanced
everywhere by declines in the quality of the environment
in which to conduct business. Due to the increased influ-
ence of local communities and NGO participation in global
environmental governance, there is likely to be greater
pressure, particularly on highly visible brand-driven multi-
national corporations, to go beyond prevailing rules and
regulations and to play more of a role in improving local
environmental conditions.

14.7.2.2 Implications of Change in Ecosystem Functions

World total production of grains increases around 50% for
all scenarios, with larger differences between scenarios for
the poorer world regions. Some of the gains in agriculture
will be achieved through expansion of agricultural land and
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at the expense of uncultivated natural land. One robust
finding across all scenarios is that, up to 2050, 10–20% of
current grassland and forestland will be lost, mainly due to
the expansion of agriculture (and, secondarily, because of
the expansion of cities and infrastructure). While ecological
degradation is often portrayed as a conflict between ‘‘public
environmental interests’’ and ‘‘private business goals,’’ dif-
ferent types of ‘‘business conflicts’’ are likely to emerge in
the future. With tourism becoming the world’s largest em-
ployer and an important economic factor in many poorer
countries, native forestland and other natural resources will
be increasingly perceived as ‘‘vital business assets’’ of many
private companies.

Although gains are made in access to fresh water, the
MA scenarios suggest a likely increase in the volume of pol-
luted fresh water, particularly in poor countries. Moreover,
the expansion of irrigated land (which contributes to the
increased production of grains) leads to substantial increases
in the volume of water consumed in arid regions of Africa
and Asia. The availability of and access to clean water is
likely to change the way private enterprises in the poor and
rich worlds conduct business in the twenty-first century.
For industries as different as agriculture and high technol-
ogy (semiconductor plants require enormous amounts of
water for chip production, for instance), water will increas-
ingly be a factor in determining where, how, and with
whom private enterprises conduct business.

14.7.2.3 Implications of Change in Biodiversity across Scenarios

Despite continued conservation efforts of the international
community, biodiversity loss is occurring at an unprece-
dented rate. A number of important issues and questions
arise for the private sector from the impact on biodiversity
across the scenarios. First, what is the connection if any be-
tween biodiversity decline and economics or business in-
tensity? If tropical Africa, which is not known as a rapidly
growing economic corner of the globe, is the region that
has lost the most vascular-plant species, what connection is
there between biodiversity loss on one hand and business
intensity on the other hand? Is it the case of just using the
wrong type of economic and business model?

Second, if land use change is the dominant driver of
biodiversity change (followed by changes in climate and ni-
trogen and sulfur deposition), how can private companies
best facilitate the prevention of biodiversity decline? Even
for private companies that are involved in the commercial-
ization of biodiversity resources (such as pharmaceutical
companies), it is not always clear what role they can play in
these complex global ecological dilemmas.

Third, how can the private sector as a group better mo-
bilize its efforts to prevent the continuing decline in the
quality of freshwater species, which are estimated to be
components of the most threatened ecosystems in the
world? It is undoubtedly more difficult to mobilize business
support for an issue like the protection of freshwater species,
which is rarely regarded as a business priority of most firms
and organizations.
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14.7.3 Possible Response Strategies and Options for
the Private Sector

Several near-term (�2010) and long-term (2030�50)
private-sector response strategies and options can be identi-
fied for the four MA scenarios. (See also Table 14.17.)

14.7.3.1 Global Orchestration

Under the near-term Global Orchestration scenario, most
firms and industrial sectors are likely to continue their busi-
ness as usual strategies. Existing global policy frameworks
like CBD and international organizations like the World
Bank will remain the key institutional focal points for the
private sector. The private sector will aim to manage its
environment-related business risks through involvement in
business and civil society forums like the Global Reporting
Initiative and by giving nominal financial and organiza-
tional support to global ecological dilemmas like water and
biodiversity loss. Certain business sectors like the financial
and insurance industries may prove to be more proactive if
the environmental management risk of lending to and in-
suring other businesses increases.

Table 14.17. Private-Sector Response Strategies and Options in
MA Scenarios

Scenario Near Term (2010) Long Term (2030–50)

Global Orchestration continuing reliance on ‘‘ineffectively’’ man-
existing global civil so- aged environmental
ciety-business-NGO multistakeholder
forums to address envi- forums may lead to
ronmental concerns greater reliance on

more-exclusive private
sector–oriented policy
forums

Order From Strength with increasing number multistakeholder
of boycotts and pro- forums and interna-
tests of western busi- tional organizations
ness interests, likely to be abandoned
increasingly difficult to by developing coun-
resort to multistake- tries as instruments to
holder forums to ad- govern the global eco-
dress environmental logical commons
policy concerns

Adapting Mosaic trends toward region- greater use of and reli-
ally based models of ance on a regionally
public-private partner- based corporate envi-
ships and collaborative ronmental manage-
activities to address ment strategic
environmental man- framework
agement and policy
concerns

TechnoGarden global environmental even more than the
frameworks are likely Global Orchestration
to be accepted as part scenario, clean energy
of a ‘‘normal’’ global business sectors are
corporate governance likely to represent

more-promising busi-
ness opportunities
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Under the long-term Global Orchestration scenario, the
scope of private-sector involvement in environmental mat-
ters is likely to depend on the ‘‘success’’ of existing environ-
mental policy and management frameworks. If the U.N.
and international policy framework turns out to be ineffec-
tive or businesses perceive it as an inefficient way to manage
environmental risks, the private sector may create a private,
business-directed policy alternative (such as the World Eco-
nomic Forum) with little to no accountability to civil soci-
ety. Key global ecological dilemmas will continue to get
nominal support from the private sector, but business firms
will still view them as under the primary stewardship re-
sponsibility of U.N. and other international institutions.

Business–civil society forums in the Global Orchestra-
tion scenario may develop a much stronger role in global
governance, but the development of these forums is likely
to come at the expense of national governmental capacity
and sovereignty as well as the ability of NGOs and commu-
nity groups to influence policy design and development.

Clean-energy business sectors under Global Orchestra-
tion, including hydrogen, solar, wind, and small-scale hy-
dropower, are likely to become major revenue streams for
the private sector and may usher in a radical transformation
of the global energy infrastructure and system. The likeli-
hood of this trend may depend a great deal on the relative
scarcity of and ongoing prices of petroleum and other fossil
fuel products.

14.7.3.2 Order from Strength

Under Order from Strength, there will be increased conflict
in the near term on strategies between firms and industries
in rich countries and those in poorer ones as well as within
the wealthy western block of countries (particularly be-
tween private actors in the United States versus Europe) on
a wide range of issues including genetically modified food,
climate change, and bio-intellectual property concerns.
Whereas private firms and industries in wealthy countries
will stress ‘‘efficiency’’ and ‘‘continued access,’’ their coun-
terparts in poorer nations (led by large emerging market
countries like China, India, and Brazil), with support from
their respective government and civil society actors, are
likely to demand ‘‘equity’’ and improved ‘‘terms of trade.’’

Business-civil society forums and global business
networks are likely to become even more dominated by
business and NGO interests from rich countries, with cor-
responding declining interest and support from private and
nongovernmental actors in poorer nations. International
government-business-civil society forums like the Global
Reporting Initiative and the U.N. Global Compact will be
increasingly perceived as institutional tools under the con-
trol of western private enterprises and governments. North
American and European multinational enterprises, particu-
larly those from the extractive and consumer products in-
dustries, will be increasingly subject to a wide array of
boycotts, protests, and civil actions from NGO and com-
munity groups in poorer nations.

In the long term, the conflicts in Order from Strength
between private business interests in wealthier countries and
those from the poorer world are likely to intensify to the
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point that the work of the World Trade Organization and
other global business and trade-setting bodies will be seri-
ously impaired if not collapse altogether. Although the
economies of poor countries are better integrated into the
international political economy and more multinational
corporations become ‘‘local businesses’’ in emerging mar-
kets, the recognition of mutual interests between multina-
tional corporations and local businesses in those nations will
be difficult to sustain in this scenario.

The serious deterioration and possible collapse of mutual
interests between actors in the richer and poorer countries
is likely to make it very difficult for different stakeholders to
form much-needed partnerships and collaborative activities
addressing sustainable ecosystem management. This situa-
tion will be further hampered by weakened global gover-
nance institutions that have traditionally helped ease
tensions and broker collaborations between the public and
private stakeholders in the two worlds. Highly visible mul-
tinational enterprises from North America and Europe are
likely to be most negatively affected under this scenario.

14.7.3.3 Adapting Mosaic

In the near-term Adapting Mosaic scenario (as in Techno-
Garden), there is likely to be great symmetry between the
interests of the private sector, governments, and civil society
actors in governing global ecological commons. Unlike the
TechnoGarden scenario, however, there will be less empha-
sis on global environmental frameworks like the Conven-
tion to Combat Desertification and more emphasis on
regional environmental policy mechanisms.

With the locus of governance moving toward individual
regions around the world, regional organizations such as the
Asian Development Bank, the U.N. Economic and Social
Commission for Asia and the Pacific, Asia-Pacific Eco-
nomic Cooperation, and so on as opposed to global organi-
zations are more likely to serve as partners for the private
sector in addressing sustainable development concerns. One
impact of this trend is likely to be greater reliance on re-
gional partnerships and collaborative activities in addressing
ecosystem management. A wetland conservation project in
Indonesia might involve such a diverse set of stakeholders
as a Filipino NGO, a Japanese company, and the Asian De-
velopment Bank. In addition, the growing importance of
local communities as co-managers of ecosystems and local
resources in this scenario can open up new opportunities
for partnerships with businesses, be they local, national, or
international enterprises. Nevertheless, business will also
have to seek new alliances with local communities in order
to open up new opportunities, which might not always be
an easy task.

Over the longer term, the threat of a global backlash to
multinational corporations is lower under Adapting Mosaic
due to the greater emphasis on a regional approach to envi-
ronmental governance. At the same time, the likelihood of
policy fragmentation, particularly in the way the private
sector manages global environmental dilemmas like climate
change, water, and biodiversity loss, is likely to increase. An
important impact of Adapting Mosaic on the environmental
strategy of the private sector might be greater reliance on
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and use of a regionally based corporate environmental stra-
tegic framework. A number of companies in Asia, North
America, and Europe already use a regional environmental
management framework, and under Adapting Mosaic this
approach will probably become the environmental strategy
of choice for many private enterprises, particularly for large
multinational corporations.

14.7.3.4 TechnoGarden

In this scenario, there will be great symmetry in the near
term between the interests of the private sector, govern-
ments, and civil society in governing the global ecological
commons. Global environmental frameworks like the Con-
vention on Biological Diversity and the Ramsar Conven-
tion are likely to be accepted as a normal part of doing
business on a global scale and integrated into existing busi-
ness regulatory frameworks like the ISO series. Even coun-
tries that are opposed to international environmental
regimes will be pressured by companies in their own coun-
tries to accept prevailing global environmental norms.

Nongovernmental business policy forums and environ-
mental business networks will grow in importance in terms
of policy salience, especially those that have a strong tech-
nological component. Private-sector enterprises in the clean
energy and technology sectors should benefit commercially
from recognition of the economic value of ecosystem ser-
vices and the mainstreaming of environmental technologies.
Companies in the fossil fuel and carbon-intensive industries
will be under growing pressure to reposition themselves and
will possibly be forced to sell certain businesses (such as coal
and certain carbon-intensive extractive sectors).

Over the long term, the proactive policies of Techno-
Garden resulting from the recognition of the economic
value of ecosystem services may be undermined if the bulk
of the ‘‘perceived’’ benefits of these policies go to multina-
tional corporations in wealthier countries at the expense of
local businesses in poorer ones. There might also be in-
creased global tensions if governments and private firms in
North America and Europe block poor-country access to
innovative green technologies due to intellectual property
concerns. The type of criticism that is now leveled against
western pharmaceutical companies for their role in posing
barriers to AIDS medicine distribution in Africa may in the
future extend to multinational companies involved in the
research and development of green technologies.

A green technology fund similar to the model of estab-
lishing a global fund to finance the phaseout of ozone-
depleting substances and to combat AIDS in the developing
world may be established by private and public stakeholders
to finance and disseminate cost-effective environmental
technology systems to local communities in the poorer
countries. Even more than in the Global Orchestration sce-
nario, clean energy business sectors including hydrogen,
solar, wind, and small-scale hydropower are likely to repre-
sent promising business opportunity in TechnoGarden, and
the building blocks to establish a cleaner global energy in-
frastructure and system are likely to be established.

Table 14.18 summarizes the primary stresses and selected
response options for the private sector under the four MA
scenarios.
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Table 14.18. Private-Sector Primary Stresses and Selected Response Options in MA Scenarios. All values are estimates of relative
comparison among scenarios. Many responses apply to more than one stressor.

Stresses and Responses GO OS AM TG

Ecosystem stress—climate change ●●●● ●●●●● ●●●● ●●●

Reduce emissions of greenhouse gases ❊❊ ❊❊ ❊❊❊❊

Invest in clean energy and technologies ❊❊❊ ❊ ❊❊❊ ❊❊❊❊

Ecosystem stress—food and land use ●●● ●●●● ●●● ●●

Reduce consumption of forestry and other ecological assets ❊❊ ❊ ❊❊❊ ❊❊❊

Develop green labeling and purchasing policies ❊❊❊ ❊ ❊❊❊ ❊❊❊❊

Ecosystem stress—water ●●●● ●●●●● ●●● ●●●

Reduce consumption of water ❊ ❊❊ ❊❊

Establish market-based pricing system ❊❊ ❊ ❊❊ ❊❊❊

Ecosystem stress—biodiversity loss ●● ●●●● ●● ●●

Reduce economic activities around ecologically sensitive areas ❊❊ ❊❊ ❊❊❊

Invest in ecotourism, sustainable agriculture, and other forms of conservation enterprises ❊❊❊ ❊❊ ❊❊❊ ❊❊❊❊❊

Key: GO � Global Orchestration; OS � Order from Strength; AM � Adapting Mosaic; TG � TechnoGarden

D � developing countries; 1 � higher-income countries
Stresses: 5 ● � severe stress, 0 ● � no worse than 2004

Responses: 5 ❊ � success likely, 0 ❊ � unfeasible/ineffective

14.8 Synthesis
The MA scenarios contain a huge amount of information
about the possible directions of socioeconomic and envi-
ronmental developments over the next few decades, includ-
ing the direct and indirect driving forces of ecosystem
changes. Model-based assessments and verbal scenario stud-
ies explore their implications for the condition and services
of ecosystems in large world regions over time as well as the
repercussions of ecosystem changes on human well-being.
This chapter organizes this rich information base according
to the explicitly declared or implicitly pursued interests,
values, and mandates of selected key social groups and inter-
national organizations. The chapter’s sections identify
emerging ecosystems-related stresses, risks, and opportuni-
ties and provide assessments of conceivable response options
to manage those threats in the contexts of the four MA
scenarios for each stakeholder group.

Given the diversity of interests and mandates of the
stakeholders on the one hand and the availability and pro-
spective effectiveness of their response options on the other
hand, the four futures hold rather different threats and reac-
tion opportunities. Yet a meaningful attempt to synthesize
the main insights for the global society as a whole needs to
incorporate the scenario outcomes.

A comparative evaluation of the scenarios based purely
on the nature and magnitude of ecosystem-related stresses
would be inadequate. It is not only the threats and opportu-
nities that count but also the capacity of the affected stake-
holders to manage the risks and seize the opportunities. A
seemingly minor ecosystem change might have grave impli-
cations if the affected stakeholders lack effective measures
to cope with it, including the financial or other incapacity
of implementing conceivable mitigation measures.
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Although the implications of the MA scenarios for na-
tional governments constitute an important part of this
chapter, governments are not included in the ranking of
risks and response options of the four futures. There are
two main reasons. The first is the multifaceted interests and
responsibilities of governments in regulating how societies
affect ecosystems and make use of their services. This en-
compasses an immense diversity of conceivable interven-
tions, of which, however, the appropriateness of one or
another depends on many societal and biophysical factors.
But the main reason for not preparing a ranking for govern-
ments is that in the prevailing political structures govern-
ments have the largest potential to influence the driving
forces that determine how the future will unfold. This
means governments can best shape which of the four arche-
types depicted in the MA scenarios will dominate the future
of the global society. Accordingly, governments have the
primary responsibility to foreclose unfavorable directions
and to usher their nations toward sustainable development.

None of the scenarios can be singled out as the most
desirable future. Each scenario has several positive and neg-
ative characteristics because each entails different combina-
tions of relatively smaller or larger ecosystems stresses and
more or less stakeholder capacity to cope with the emerging
risks. Unfortunately, it is not possible to handpick a combi-
nation of drivers and ecosystems management strategies to
achieve what might appear to be the best selection of fea-
tures across scenarios because of the need to make socioeco-
nomic choices among mutually exclusive options and the
biophysical trade-offs among ecosystems functions and ser-
vices. Chapter 12 provides ample evidence of the latter.
Thus, not even the most brilliant and committed policy-
makers operating in a highly cooperative international
community could achieve such dreamworld futures.
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The cornerstone of masterly policy-making is finding
the best compromises among conflicting objectives, making
the appropriate interventions to achieve them, and doing
regular reassessments of policies against anticipated and un-
anticipated outcomes. Our hope is that the MA scenarios in
general and this chapter in particular provide useful insights
for public policy-makers and private stakeholders to make
informed choices and choose the appropriate measures now
and as the future unfolds.
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Appendix A

Color Maps and Figures

Figure 6.3. Reporting Regions for the Global Modeling Results of the MA. The region labeled OECD does not correspond exactly with
the actual member states of the OECD. Turkey, Mexico, and South Korea, member states of OECD, are reported here as part of the regions
Northern Africa/Middle East, Latin America, and Asia, respectively. All countries in Central Europe are reported here as part of hte OECD
region. This reporting definition is used because regions have been aggregated from the regional definitions of the models used. IMAGE and
WaterGAP models have used a slightly different definition. (Millennium Ecosystem Assessment)

Figure 7.5. Income per Person, per Capita (GNI) Average, 1999–2003. National income is converted to U.S. dollars using the World Bank
Atlas method. U.S. dollar values are obtained from domestic currencies using a three-year weighted average of the exchange rate. (World
Bank 2003)
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Figure 7.6a. Average GDP per Capita Annual Growth Rate, 1990–2003

Figure 7.6b. Average GDP Annual Growth Rate, 1990–2003 (Based on data downloaded from the online World Bank database and
reported in World Bank 2004.)
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Figure 7.9. Metals Intensity of Use per Unit of GDP (PPP) as a
Function of GDP (PPP) per Capita for 13 World Regions
(Nakićenović et al. 2003). Metals include refined steel and MedAlloy
(the sum of copper, lead, zinc, tin, and nickel). GDP here is mea-
sured in terms of purchasing power parities (PPP). The dashed
curves are isolines that represent a constant per capita consumption
of metals. The thick line indicates the inverse U-shaped curve that
best describes the trends in the different regions as part of a global
metal model. (Van Vuuren et al. 2000)
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Figure 7.10. Energy Intensity Changes with Changes in per
Capita Income for China, India, Japan, and United States.
Historical data for the United States since 1800 are shown. Data are
converted from domestic currencies using market exchange rates.
(Nakicenovic et al. 1998)

Figure 7.11. Energy Intensity Changes over Time for China,
India, Japan, and United States. Data are converted from domestic
currencies using market exchange rates. (Nakićenović et al. 1998)

................. 11411$ APPA 10-21-05 13:46:35 PS



520 Ecosystems and Human Well-being: Scenarios

Figure 7.13. Variations of the Earth’s Surface Temperature, 1000–2100. The temperature scale is a departure from the 1990 value. For
1000–1860: variations in average surface temperature of the Northern Hemisphere are shown (corresponding data from the Southern
Hemisphere not available) reconstructed from proxy data (tree rings, corals, ice cores, and historical records). The line shows the 50-year
average, the grey region the 96% confidence limit in the annual data. For 1860–2000: variations in observations of globally and annually
averaged surface temperature from the instrumental record. The line shows the decadal average. For 2000–2100: scenarios and IS92a using
a model with average climate sensitivity. The grey region marked ‘‘several models all IPCC SRES envelope’’ shows the range of results from
the full range of 35 SRES scenarios in addition to those from a range of models with different climate sensitivities. (IPCC 2002)
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Figure 7.14. Past and Future Carbon Dioxide Concentrations. Atmospheric carbon dioxide concentrations from year 1000 to 2000 are
from ice core data and from direct atmospheric measurements over the past few decades. Projections of carbon dioxide concentrations for
2000 to 2100 are based on six illustrative IPCC SRES scenarios and IS92a (for comparison with the IPCC Second Assessment Report).
(IPCC 2002)
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Figure 7.15. Concentration of Greenhouse Gases (IPCC 2002)
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Figure 7.16. Trends in Global Consumption of Nitrogen Fertilizers, 1961–2001 (IFA 2004)

Figure 7.18. Trends in Global Consumption of Phosphate Fertilizer, 1961–2002 (IFA 2004)
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Figure 7.22. An Overview of the Causative Patterns of Tropical Deforestation (Geist and Lambin 2002)

Figure 8.1. Prime Critical Uncertainties Distinguishing MA Scenarios
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Figure 9.3. Global Energy Consumption in MA Scenarios (IMAGE 2.2)

O

O

Figure 9.5. Global Greenhouse Gas Emissions in MA Scenarios (IMAGE 2.2)
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Figure 9.9. Exceeding of Acidification and Nitrogen Deposition Critical Loads in the Order from Strength and TechnoGarden
Scenarios in 2050 (IMAGE 2.2)

Figure 9.12. Change in Precipitation in 2050 Compared with Current Climate under the Global Orchestration Scenario (IMAGE 2.2)
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Figure 9.13. Causes of Concern in Third Assessment Report of the IPCC (IPCC 2001)
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Figure 9.18. Land Use Patterns in Two Scenarios in 2050. The maps on the left indicate global cover in 2000 and 2050. The maps on
the right indicate the cause of changes in land use between 2000 and 2050, including shifts in biome types as a result of climate change.
(IMAGE 2.2)
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Figure 9.20. Nitrogen Fertilizer Use under Different Scenarios

Figure 9.28. Crop Yield for the Order from Strength Scenario from 2000 to 2100. Red indicates a significant decrease; yellow for a
stable yield; blue signifies a significant increase. (IMAGE 2.2)
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Figure 10.10 Potential Plant-Species Diversity as Determined by Climate Patterns. Blue tones represent increases in diversity relative
to present, and reddish tones represent decreases in diversity. Potential plant-species diversity represents diversity when ecosystems reach
equilibrium with climate. (Millennium Ecosystem Assessment)
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Figure 10.11. Species Richness of African Ticks in 2000, at a Resolution of 0.5 Degrees. This map is based on climate-driven estimates
of species ranges for 73 of the approximately 240 African species. The numbers in the legend indicate the number of tick species by grid
cell. Tick species richness is highest in East Africa, Kenya, and Tanzania. There are pockets of high diversity in the Eastern Highlands of
Malawi and Zimbabwe, the Cape, and West Africa; the lowest species richness occurs in the desert areas.

Figure 10.12. Predicted Changes in Tick Species Richness (per one-half degree cell) in Africa by 2100 in MA Scenarios. The number
on the legend indicates the number of species that are gained or lost from each grid cell relative to a 2000 baseline estimate.
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Figure 10.13. Threat to Natural Ecosystems from Climate Change Following the Biome Approach in the IMAGE 2.2 Model in MA
Scenarios
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Figure 10.16. Nitrogen Deposition, Sensitivity, and Exceedance of Critical Loads for Order from Strength Scenario in 2050. In these
maps for sensitivity, red tones indicate insensitive.
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Figure 10.21. Change in Annual Water Availability in Global Orchestration Scenario in 2100. Numbers indicate the location of river
basins in Figure 10.20. Shades from grey through red indicate regions that are drying.
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Figure 11.1. Changes in Human Well-being and Socioecological Indicators for MA Scenarios, 2000–50. Each axis in the star dia-
grams on the left represents one of the five human well-being (HWB) components as defined by the MA Conceptual Framework. The
area inside the pentagon represents HWB as a whole. The ‘0’ line represents the status of each of these components in 2000. If the yellow
line moves more toward the center of the pentagon, this HWB component deteriorates in relative terms between today and 2050; if it moves
toward the outer edges of the pentagon it improves. The diagrams on the right show the changes for three indicators representing
socioecological variables. The ‘0’ line represents the current status. If the green line moves toward the center of the triangle, the status of the
indicator deteriorates in relative terms compared with today; if it moves more toward the outer edges of the triangle it improves.
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Figure 11.2. Changes in Currently Industrialized and Developing Countries for Human Well-being Indicators for MA Scenarios,
Today–2050. Each axis in the star diagrams on the left represents one of the five human well-being (HWB) components as defined by the
MA Conceptual Framework. The area marked by the lines between the arrows represents HWB as a whole. The ‘0’ line represents the status
of each of these components today. If the yellow line moves more toward the center of the pentagon, this HWB component deteriorates in
relative terms between today and 2050; if it moves toward the outer edges of the pentagon HWB improves.
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Abbreviations and Acronyms

AI aridity index

AKRSP Aga Khan Rural Support Programme

AMF arbuscular mycorrhizal fungi

ASB alternatives to slash-and-burn

ASOMPH Asian Symposium on Medicinal Plants, Spices and
Other Natural Products

AVHRR advanced very high resolution radiometer

BCA benefit-cost analysis

BGP Biogeochemical Province

BII Biodiversity Intactness Index

BMI body mass index

BNF biological nitrogen fixation

BOOT build-own-operate-transfer

BRT Bus Rapid Transit (Brazil)

BSE bovine spongiform encephalopathy

Bt Bacillus thuringiensis

C&I criteria and indicators

CAFO concentrated animal feeding operations

CAP Common Agricultural Policy (of the European Union)

CAREC Central Asia Regional Environment Centre

CBA cost-benefit analysis

CBD Convention on Biological Diversity

CBO community-based organization

CCAMLR Commission for the Conservation of Antarctic Marine
Living Resources

CCN cloud condensation nuclei

CCS CO2 capture and storage

CDM Clean Development Mechanism

CEA cost-effectiveness analysis

CENICAFE Centro Nacional de Investigaciones de Café (Colombia)

CFCs chlorofluorocarbons

CGIAR Consultative Group on International Agricultural
Research
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CIFOR Center for International Forestry Research

CITES Convention on International Trade in Endangered
Species of Wild Fauna and Flora

CMS Convention on the Conservation of Migratory Species
of Wild Animals (Bonn Convention)

CONICET Consejo de Investigaciones Cientı́ficas y Técnicas
(Argentina)

COP Conference of the Parties (of treaties)

CPF Collaborative Partnership on Forests

CSIR Council for Scientific and Industrial Research (South
Africa)

CV contingent valuation

CVM contingent valuation method

DAF decision analytical framework

DALY disability-adjusted life year

DDT dichloro diphenyl trichloroethane

DES dietary energy supply

DHF dengue hemorrhagic fever

DHS demographic and health surveys

DMS dimethyl sulfide

DPSEEA driving forces-pressure-state-exposure-effect-action

DPSIR driver-pressure-state-impact-response

DSF dust storm frequency

DU Dobson Units

EEA European Environment Agency

EEZ exclusive economic zone

EGS ecosystem global scenario

EHI environmental health indicator

EIA environmental impact assessment

EID emerging infectious disease

EKC Environmental Kuznets Curve

EMF ectomycorrhizal fungi
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E/MSY extinctions per million species per year

ENSO El Niño/Southern Oscillation

EPA Environmental Protection Agency (United States)

EPI environmental policy integration

EU European Union

EU ETS European Union Emissions Trading System

FAO Food and Agriculture Organization (United Nations)

FAPRI Food and Agriculture Policy Research Institute

FLEGT Forest Law Enforcement, Governance, and Trade

FRA Forest Resources Assessment

FSC Forest Stewardship Council

GATS General Agreement on Trade and Services

GATT General Agreement on Tariffs and Trade

GCM general circulation model

GDI Gender-related Development Index

GDP gross domestic product

GEF Global Environment Facility

GEO Global Environment Outlook

GHG greenhouse gases

GIS geographic information system

GIWA Global International Waters Assessment

GLASOD Global Assessment of Soil Degradation

GLC Global Land Cover

GLOF Glacier Lake Outburst Flood

GM genetic modification

GMO genetically modified organism

GNI gross national income

GNP gross national product

GPS Global Positioning System

GRoWI Global Review of Wetland Resources and Priorities for
Wetland Inventory

GSG Global Scenarios Group

GSPC Global Strategy for Plant Conservation

GtC-eq gigatons of carbon equivalent

GWP global warming potential

HDI Human Development Index

HIA health impact assessment

HIPC heavily indebted poor countries

HPI Human Poverty Index

HPS hantavirus pulmonary syndrome
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HWB human well-being

IAA integrated agriculture-aquaculture

IAM integrated assessment model

IBI Index of Biotic Integrity

ICBG International Cooperative Biodiversity Groups

ICDP integrated conservation and development project

ICJ International Court of Justice

ICRAF International Center for Research in Agroforestry

ICRW International Convention for the Regulation of
Whaling

ICSU International Council for Science

ICZM integrated coastal zone management

IDRC International Development Research Centre (Canada)

IEA International Energy Agency

IEG international environmental governance

IEK indigenous ecological knowledge

IFPRI International Food Policy Research Institute

IGBP International Geosphere-Biosphere Program

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

NFP national forest programs
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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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Biodiversity (continued)
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314–330
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314
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private stakeholders and, 511
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changes in economic sectors by selected countries,

184
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ecosystem consequences of, 187–189
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tourism and the environment, 189–191, 190
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in scenarios, 230, 284, 456–457

income. See Income growth

integrated assessment models and, 105–106

liberalization, effect of, 4, 175

national security and, 500
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Ecosystem approach, 25

Ecosystem feedbacks, 47, 49–50, 50

Ecosystem function and species abundance, 403, 404

Ecosystem management, 59–62

changes in human behavior and, 458
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political ecology and, 63–64
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Ecosystem services. See also Cultural services;
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complex and cascading effects of trade-offs, 447
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future of, 10–12, 48, 122
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trade-offs of. See Trade-offs

transitions among scenarios, 140–142, 141
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values associated with, 30–31, 31, 63
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boundaries for, 25
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envisioning future for, 2
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simplification of, 446

types by geographic area, xiv
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Ecuador and aquaculture, 47
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421–422
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acidification and, 395–397
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forecasting loss, 394–395
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temperature and, 396
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450–451
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future
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493
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Global Assessment of Soil Degradation (GLASOD), 208

Global Environment Outlook (UNEP), 40, 106, 148,
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air pollution, 316–318, 476–477

benefits and risks of, 137–138, 138, 230, 286, 456

biochemical discoveries, 354
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climate change, 389–391, 477

combined threats, 477

freshwater biodiversity, 392–398

habitat loss, 381–387, 476, 502

marine biodiversity, 398–401

overexploitation, 476, 502
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biological pest and disease control, 360
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child malnutrition, 338
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crop area and livestock numbers growth, 365–366
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diseases, emerging, 269–270

drylands, 267, 487–491
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sociopolitical drivers of change, 312
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Patch dynamics, 55–56

Path-dependency, 462

Percolation theory, 56

Pest control. See Biological pest and disease control
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transport models, 87–88, 89–90
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Plant diversity. See Biodiversity, future of
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Polestar model, 104, 105
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Policy synthesis for stakeholders, 459, 469–515

Political drivers of change, 312. See also Sociopolitical

drivers of change

Pollination, 359–360

Population growth, 175, 176–182, 177, 182, 304–307

aging of population, 306–307
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modeling and. See Modeling
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multiple futures for, 39
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overview of, 126–129

purpose of using, 32, 48–52, 121, 148, 450, 451, 454

quantification and narrative requirements for, 40
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robust findings across, 285
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agricultural science and, 196–199, 197
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in scenarios, 199

innovation and technological change, 196, 458
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change
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Sensitivity analysis, 156
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Smuggling and failed states, 260
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Social learning, 61–62
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Social surprise. See Surprise
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in scenarios, 194

................. 11411$ INDX 10-27-05 08:40:23 PS



559Index

public participation in decision-making, 28,

191–192

role of state relative to private sector, 192

war and ecosystem services and human well-being,

193

Soil degradation, 355–358, 356–357

South Africa

blackfly Simulim chutteri, 47

Working for Water program, 504

South Asia

as hot spot region, 363

comparison across scenarios, 363

South Korea

economic acceleration in, 308

endangered species in Demilitarized Zone, 261

Southern Africa

in Adapting Mosaic scenario, 254, 256

in Global Orchestration scenario, 237, 238

Southern African Millennium Ecosystem Assessment,

228

Southern African Sub-global Assessment, 213

Spatial scales

ecosystem service interactions and, 434

linkages with temporal scales, 150–151, 151, 453

Spatial trade-offs, 444–445

Special Report on Emissions Scenarios (SRES), 40, 41,

42, 43, 49, 58

energy use assumptions from, 312

focus of, 466

MER-based income projections used in, 307

models used in, 106, 107

projected climate changes, 201

qualitative and quantitative scenarios combined in,

148

Species abundance and ecosystem function, 403, 404

Spruce budworm, 53

SRES. See Special Report on Emissions Scenarios

Stakeholders. See also Decision-making process

importance of, 24

interactions between communities, NGOs, and

other response actors, 509–510

interviews with, 3, 4, 121, 122–124, 124–125

policy synthesis for, 459, 469–515

scenarios’ usefulness for, 459–461

Storylines. See Development of scenarios

Sub-global assessments and multiscale scenario

development, 170–171, 171

Sub-Saharan Africa

environmental refugees in, 181

in Adapting Mosaic scenario, 253

in Global Orchestration scenario, 237

in Order from Strength scenario, 242, 245

in TechnoGarden scenario, 259

rapid changes in scenarios, 300

rinderpest virus in, 211
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Sulfur dioxide emissions, 316, 318, 476–477

Supporting ecosystem services, 360, 416

comparison across scenarios, 458

PAGE 559

policy-makers ignoring, 433, 443–444

trade-offs and, 436

Surprise

ability to cope with, 226

climate, ecology, and carbon, 49

defined, 39
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trade-offs between ecosystem services, 438, 474
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years 2015–30, 258–262
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year 2050, 263–264

year 2050–2100, 264

Technology. See also Science and technology drivers

agricultural. See Agriculture
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in scenarios, 152, 309–311, 311, 461
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application of theories, 58–59, 64

community ecology and, 54–56

disturbance, succession, and patch dynamics, 55–56

evolutionary theory, 52

food webs, bioaccumulation, and trophic cascades, 56
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quality
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World Bank food production and demand projections,

82–83

World Business Council for Sustainable Development,

40–41, 43

World Commission on Environment and Development

report (1987), 187

World Health Organization, 416

World Summit on Sustainable Development, 475, 494.

See also Johannesburg Declaration

World Tourism Organization, 190

World Trade Organization, 239, 474

World Water Vision, 41, 148

Z
Zambia mine effluent remediation by natural wetlands,

440, 442, 443, 446

Zebra mussel invasion, 210, 441, 445

................. 11411$ INDX 10-27-05 08:40:25 PS



Island Press Board of Directors

Victor M. Sher, Esq. (Chair), Sher & Leff, San Francisco, CA

Dane A. Nichols (Vice-Chair), Washington, DC

Carolyn Peachey (Secretary), Campbell, Peachey & Associates, Washington, DC

Drummond Pike (Treasurer), President, The Tides Foundation, San Francisco, CA

Robert E. Baensch, Director, Center for Publishing, New York University, New York, NY

David C. Cole, President, Aquaterra, Inc.,Washington, VA

Catherine M. Conover, Quercus LLC, Washington, DC

Merloyd Ludington, Merloyd Lawrence Inc., Boston, MA

William H. Meadows, President, The Wilderness Society, Washington, DC

Henry Reath, Princeton, NJ

Will Rogers, President, The Trust for Public Land, San Francisco, CA

Alexis G. Sant, Trustee and Treasurer, Summit Foundation, Washington, DC

Charles C. Savitt, President, Island Press, Washington, DC

Susan E. Sechler, Senior Advisor, The German Marshall Fund, Washington, DC

Peter R. Stein, General Partner, LTC Conservation Advisory Services, The Lyme Timber Company,
Hanover, NH

Diana Wall, Ph.D., Director and Professor, Natural Resource Ecology Laboratory, Colorado State University,
Fort Collins, CO

Wren Wirth, Washington, DC

PAGE 561................. 11411$ DIRS 10-27-05 08:40:28 PS


	Millennium Ecosystem Assessment：Scenarios
	UnEncrypted324
	UnEncrypted325
	UnEncrypted326
	UnEncrypted327
	UnEncrypted328
	UnEncrypted329
	UnEncrypted330
	UnEncrypted331
	UnEncrypted332
	UnEncrypted333
	UnEncrypted334
	UnEncrypted335
	UnEncrypted336
	UnEncrypted337
	UnEncrypted338
	UnEncrypted774



