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Preface

UNEP’s third Global Environment Outlook (GEO-3), published in 2002, presented four scenarios of
sharply contrasting futures, looking ahead over the next thirty years. 

The scenario story-lines were developed in close collaboration with a range of experts, from
different regions of the world. These story-lines and subsequent quantitative analysis led to estimates
in the GEO-3 Outlook Chapter of the scenarios’ impacts on a range of human and environmental
concerns, from hunger to climate change.

This technical report provides background information to the Outlook Chapter of GEO-3. On the one
hand, it elaborates some of the regional detail in the scenarios and provides analyses of the regional
significance of the impacts. On the other hand, it explains the methods used for the quantitative
impact analysis by the various teams that contributed to the chapter. 

‘Learning by doing’ has been the motto of the GEO process, simultaneously developing its flagship
report series and the network of collaborating centres. In support of this endeavour, this technical
report also formulates recommendations for work on outlooks in future GEO reports.

I would like to thank the authors of this technical report, some of whom have already moved on to
other responsibilities since their work on GEO-3, for their diligence and hard work and for their
perseverance in completing the report. I also thank the reviewers in the various regions.

Dr. Klaus Töpfer
Executive Director, United Nations Environment Programme 
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Abstract

The four contrasting visions of the world’s next three decades as presented in the third Global
Environment Outlook (GEO-3) have many implications for policy − from hunger to climate change,
from freshwater issues to biodiversity and from waste generation to urbanization. Quantitative
implications of the worldwide GEO-3 scenarios 2002-2032 are presented in this Technical Report. 

GEO is UNEP’s flagship report series. It delivers modern environmental assessments based on broad
and active participation by a large number of expert organisations. A key role is played by the GEO
network of collaborating centres, carefully spread over the regions of the world. In fact, the
development of this network is considered as important as the GEO reports.

Presenting a deeper analysis than the original GEO-3 report, this Technical Report quantifies the
impacts of the scenarios for all 19 GEO ‘sub-regions’, such as Eastern Africa, South Asia and
Central Europe. Regional impacts are discussed in the context of sustainable development. The
report summary compares the impacts of the four scenarios across regions – and for the world as a
whole - in the light of internationally agreed targets including those in the Millennium Declaration
where applicable.

The report details the analytical methods applied to the GEO-3 scenarios − Markets First, Policy
First, Security First, Sustainability First − and records the results of the analyses. It also provides
an account of key assumptions, models and other tools, along with the approaches used in the
analyses. 

Based on the methods and results, the report looks back on the process of producing the forward-
looking analysis for GEO-3. Were all analytical centres on the same track? Did the  approach
adopted for GEO-3 contribute to the overall GEO objective of strengthening global−regional
involvement and linkages? 

The report is intended for those interested in the background of the GEO scenarios,   for experts
interested in using region-specific findings of forward-looking studies on the environment and
sustainable development, and for practitioners carrying out worldwide and regional assessments,
like future GEO reports.
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1. Introduction 

1.0 Introduction

As part of its third Global Environment Outlook (GEO-3), the United Nations Environment
Programme (UNEP) developed a set of four alternative scenarios depicting developments for the
2002-2032 period. These scenarios were intended to stimulate thinking on different possible trends
in the environment at the global and regional level. The fours scenarios, together with their
environmental implications, were presented in the Outlook chapter of GEO-3. During and after the
work on this chapter, it became evident that there was strong interest in a more detailed description
of the scenarios, as well as in the analytical work done for the GEO-3 Outlook chapter. Interest was
also expressed in the process that was followed to describe and quantify the GEO-3 scenarios. This
technical report was written to meet that demand. 

1.1 The GEO Project 

The UNEP Global Environment Outlook (GEO) project was initiated in response to the
environmental reporting requirements of Agenda 21 and a UNEP Governing Council decision of
May 1995, which included a request to produce a comprehensive global state-of-the-environment
report. The GEO project has two parts – the GEO process itself and the GEO outputs, which include
the GEO report series. Many outputs are available, both in printed and electronic format. The various
components are presented below, with particular emphasis on the Outlook chapter of the GEO-3
report. 

1.1.1 The GEO process 

This is a consultative, cross-sectoral global environmental assessment process. Within the context of
sustainable development, it aims to bring environmental issues into the mainstream and integrate
them into the knowledge centres and decision-making of people in public and private organizations
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as well as those in other sectors of civil society. Furthermore, this process is geared to stimulating
action by providing options for improving the state of the global environment. It incorporates
regional views and stimulates consensus building on priority issues and actions through dialogue
between policy-makers and scientists at the regional and global level. It also aims to strengthen the
environmental assessment capacity in the regions through training and ‘learning-by-doing’.

The GEO process is co-ordinated by UNEP but it involves numerous partners (see Figures 1.1 and
1.2). The GEO Co-ordinating Team is based at the UNEP office in Nairobi – with representation in
the regional offices – and at its core there is a co-ordinated global network of collaborating centres
(CCs) (see Table 1.1). These centres have played an increasingly active role in preparing GEO
reports. Collaborating centres are now responsible for almost all of the regional inputs, combining
top-down integrated assessment with bottom-up environmental reporting. Other institutions provide
specialized expertise on crosscutting and thematic issues. Working together with the GEO Co-
ordinating Team, the CCs research, write and review major parts of the GEO reports. Specific
working groups provide advice and support. Other UN and international agencies also contribute,
mainly by providing substantive data and information on the many environmental and related issues
that fall under their individual mandates. They also participate in the review process. 

Each of these partners provides special expertise. At the same time, the learning-by-doing process
leads to a strengthening of capacity at these institutions and within UNEP. The particular areas
emphasized in capacity building are training in integrated environmental assessment and reporting,
training of trainers at the regional and sub-regional level, specialized technical training in relevant
areas, and the provision of equipment and basic funding to Collaborating Centres. 
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Table 1.1: GEO-3 Collaborating Centres

Arab Centre for the Studies of Arid Zones and Drylands (ACSAD) Syria

Arabian Gulf University (AGU) Bahrain 

Asian Institute of Technology (AIT) Thailand 

Association pour le Developpement de l’Information Environnementale (ADIE) Gabon

Bangladesh Centre for Advanced Studies (BCAS) Bangladesh

Brazilian Institute of the Environment and Natural Renewable Resources Brazil

(IBAMA)

Central European University (CEU) Hungary

Centre for Environment and Development for the Arab Region & Europe Egypt 

(CEDARE)

Commission for Environmental Cooperation of the North American Canada 

Agreement on Environmental Cooperation (CEC of NAAEC)

Earth Council Costa Rica

European Environment Agency (EEA) Denmark 

GRID-Christchurch/Gateway Antarctica New Zealand 

Indian Ocean Commission (IOC) Mauritius 

International Centre for Integrative Studies (ICIS) The Netherlands

International Global Change Institute (IGCI) New Zealand

International Institute for Sustainable Development (IISD) Canada

Island Resources Foundation US Virgin Islands 

Moscow State University (MSU) Russia

Musokotwane Environment Resource Centre for Southern Africa (IMERCSA) Zimbabwe 

of the Southern African Research and Documentation Centre (SARDC)

National Environmental Management Authority (NEMA) Uganda

National Institute for Environmental Studies (NIES) Japan 

National Institute for Public Health and the Environment (RIVM) The Netherlands

Network for Environment and Sustainable Development in Africa (NESDA) Côte d’Ivoire 

Regional Environmental Centre for Central and Eastern Europe (REC) Hungary 

RING Alliance of Policy Research Organizations United Kingdom 

Scientific Committee on Problems of the Environment (SCOPE) France

Scientific Information Centre (SIC) Turkmenistan

South Pacific Regional Environmental Programme (SPREP) Samoa

State Environmental Protection Administration (SEPA) China

Stockholm Environment Institute (SEI) Sweden and United States

Tata Energy Resources Institute (TERI) India 

Thailand Environment Institute (TEI) Thailand

University of Chile, Centre for Public Policy Analysis (CAPP) Chile

University of Costa Rica, Development Observatory (OdD) Costa Rica

University of the West Indies, Centre for Environment and Development Jamaica 

(UWICED) 

World Conservation Union (IUCN) Switzerland 

World Resources Institute (WRI) United States

   



1.1.2 GEO outputs

The GEO report series – GEO-1 (UNEP, 1997), GEO-2000 (UNEP, 1999) and GEO-3 (UNEP, 2002)
– are flagship UNEP publications. This series presents periodic reviews on the state of the world’s
environment and guidance on decision-making processes, such as the formulation of environmental
policies, action planning and resource allocation. The reports are typically underpinned by sound
scientific data and information. They use an integrated assessment approach, in which an analysis of
both the current state of the environment and environmental policy is made. They present global and
regional perspectives, are developed in a participatory and multi-stakeholder manner, and identify
priority issues. Moreover, the reports are forward looking, policy-relevant, and oriented towards
action and sustainable development. Further output of the GEO project includes regional, sub-
regional and national environmental assessments, as well as technical and other background reports,
a website (http://www.unep.org/geo/), products for young people (GEO for Youth), and a core
database (the GEO Data Portal).

The forecasting approach applied to the three GEO reports produced so far evolved markedly from
report to report. 

In the Outlook Chapter in GEO-1 (UNEP, 1997) and the accompanying technical report (UNEP/RIVM,
1997) a single ‘business as usual’ scenario was analysed, portraying the effect of a further convergence
of the world’s regions towards Western style production, consumption and resource management. A
fairly broad range of environmental issues was considered in the analysis, although difficult-to-model
issues such as fisheries or ‘industrial risks’ were not covered (nor have they been included in
subsequent GEO Outlooks). The GEO-1 impact analysis was already based on a system of interrelated
world regions. Computational tools used were an earlier version of PoleStar providing regionalized
assumptions and an earlier version of IMAGE producing spatially explicit impact estimates.
Rudimentary estimates of the effect of applying Best Available Technology to all investments
gradually over all regions was added to, though not integrated with, the GEO-1 scenario analysis.

The Outlook Chapter in GEO-2000 (UNEP 1999) shifted focus towards region-specific analyses of
alternative policies, up to 2015, contrasted with a baseline scenario. Each considered a specific issue,
for example fresh water in West Asia, urban air quality in Asia and the Pacific and forests in Latin
America and the Caribbean. A six-step methodology, applying a baseline-cum-variant set-up was
followed in these studies and described in a technical report (UNEP/RIVM, 1999). 

In GEO-3, the Outlook was designed to cater for a more strategic approach, beyond the policy-
optimization questions investigated by GEO-2000. Thus, GEO-3 looked further into the future than
GEO-2000 did. As will be elaborated in this technical report, the GEO-3 analysis explored
consequences and implications of alternative, comprehensively defined pathways into the future. It
considered four starkly contrasting, yet all plausible scenarios for society, with a strong narrative
component. The scope of the quantitative impact analysis was widened, in the style of GEO-1, but
this time around included estimates of the number of people living with hunger.

GEO-3 was published 10 years after the first Earth Summit in Rio de Janeiro (1992) and 30 years
after the Stockholm Conference on the Human Environment (1972). Since it was closely linked with
the Rio+10 preparatory process, it helped set an action-oriented environmental agenda at the World
Summit for Sustainable Development in Johannesburg (2002) and other relevant forums. 
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The time-frame adopted for the report is 1972 – 2032. The State of the Environment and a 30-year
Policy Retrospective (1972-2002) are complemented by a 30-year Outlook (2002-2032). The four
scenarios produced depict general developments during this period, viewed with an eye to the
environmental implications at the global and regional and sub-regional (local) levels. Although none
of the scenarios are intended to be predictions, the alternative futures provide insights into the
direction in which events might lead in this period (2002-2032).

A Core Scenario Group and regional scenario workgroups were instrumental in producing the
Outlook chapter of GEO-3. The teams involved in the development and analysis of the quantitative
aspects included the Stockholm Environment Institute (SEI), the National Institute for Public Health
and the Environment of the Netherlands (RIVM), the National Institute for Environmental Studies
of Japan (NIES), the Centre for Environmental Systems Research at the University of Kassel,
Germany (CSER), and the GLOBIO project at the Norwegian Institute for Nature Research (NINA).
Finally, the International Centre for Integrative Studies at the University of Maastricht, the
Netherlands (ICIS) and the RIVM assisted UNEP in co-ordinating the overall production of the
chapter.

1.2 The structure of the report 

This report is meant for professionals involved in environmental assessment and policy-making who
are interested in obtaining more insight into the process and tools used as well as the quantitative
results obtained during the preparation of the GEO-3 Outlook chapter. The report is not meant to
provide full details of the input data, assumptions or tools used. Specialists in quantitative modelling
of environmental/economic/social interactions who require more specific information are referred to
existing scientific publications and websites on the various analytical tools used. The contact
addresses of the main institutes which contributed to the production of the GEO-3 Outlook chapter
are included in the preliminary pages. Readers are invited to contact the individual institutes for
specific information on data input and the technical models. 

As for the GEO reports in general, the GEO-3 Outlook chapter focuses on global and regional
perspectives, showing sub-regional differentiation wherever possible. The GEO regional
classification was used as much as possible for the regional and sub-regional perspectives presented
in the report. However, for various reasons, variations were necessary in some cases; these were
always noted (see Table 7.1 for details). Some discussion is included on the issue of regional
classification in the Summary and Concluding Recommendations.

The analytical tools used (AIM, GLOBIO, IMAGE, PoleStar and WaterGAP) and the impact
variables provided by each tool for the GEO-3 Outlook Chapter are listed in Table 8.1. However,
several of these tools can also be used to analyse comparable (or even identical) variables. And
indeed, several ‘overlapping’ variables were analysed during the preparations for the GEO-3 Outlook
chapter (see Table 8.2). While not all of the results were included for all regions in the GEO-3 report
itself, these will be presented here; the overlaps will make it possible to carry out some interesting
cross-comparisons between the various tools and interpretations from different analytical teams.

The report is divided into an introductory chapter (Chapter 1) followed by seven specific chapters.
Chapter 2 describes the development of the GEO-3 scenarios, documenting the various steps taken
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to develop the narratives and the quantitative aspects of the four GEO-3 scenarios, including some
details on efforts to harmonize input data and assumptions for major driving forces among different
tools and teams. Each of the subsequent five chapters deals with one of the five analytical tools used
in the GEO-3 Outlook chapter and each presents the quantitative results for the environmental
implications of the four GEO scenarios (see Table 8.1). Chapter 8 cross-compares scenario
interpretations, tools and processes. Each chapter contains a discussion section that is specific to the
subject discussed. The Summary and Concluding Observations (see the end of the report) include a
traffic light-style comparison of the estimated impacts of the four scenarios (Table S.2), for the six
regions and for the world as a whole. The chapter provides an overall discussion of the approach,
lessons learned, and suggestions for future GEO scenario activities.
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2. Scenario description and quantification

This chapter describes the process, focusing on issues related to the desire to achieve global−
regional integration, and coherence and consistency of the narrative and quantitative elements of
the scenarios. As with any scenario development process, improvisation was, at times, required in
the creation of scenarios for the GEO-3 Outlook chapter. 

2.0 Introduction

The intention of the GEO-3 Outlook chapter was to meet certain criteria. These criteria, specified
below, will be dealt with in this chapter. It should:
• complement a 30-year retrospective on the environment, as presented in the preceeding GEO-3

chapters;
• view future developments with an eye to environmental implications;
• be relevant to the forming of environmentally relevant policy;
• demonstrate global−regional integration in process and content; and
• present scenarios comprising coherent and consistent narrative and quantitative elements.

On the basis of previous GEO work and other similar activities, it was decided that an iterative
process of scenario analysis, consisting of storytelling and quantitative scenario evaluation, could
satisfy these criteria. The value of using such a combination is that it builds on the strengths of both
approaches. Narrative scenarios can explore relationships and trends for which either few or no
numerical data are available, e.g. shocks and discontinuities. These scenarios can also more easily
incorporate human motivations, values and behaviour, and create images that capture the
imagination of the group targeted. Quantitative scenarios can provide greater rigour, precision and
consistency. Assumptions are explicit, and conclusions can be traced back to the assumptions. The
effects of changes in assumptions can be easily checked and important uncertainties indicated.
Quantitative scenarios can provide order-of-magnitude estimates of past, present and future trends
in, for example, population growth, economic growth or resource use. 

This chapter focuses on: (1) global-regional integration and (2) narrative-quantitative coherence and
consistency. This report will emphasize the process rather than the product, i.e. to what extent were
these two forms of integration successful, given the way in which the scenarios and the GEO-3
Outlook chapter as a whole were developed? Section 2.1 provides a history of the GEO-3 scenario
development, highlighting key events and decisions. Given this background, the two process issues
relevant to the narratives are addressed in section 2.2; this section briefly describes the resulting
GEO-3 scenario narratives. Sections 2.3 and 2.4 move on to quantitative aspects and harmonization
among the analytical teams. Primary emphasis is on the development of driving assumptions
specific to population and overall economic development, while the environmental impacts
themselves are the focus of Chapters 3 to 7.

2.1 Developing the GEO-3 scenarios: the first steps

The concept of developing and using scenarios as a major component of GEO-3 arose early in the
planning process, which started with a meeting of GEO Collaborating Centres in November 1999.
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As was the case for other aspects of the envisaged new GEO, a ‘game plan’ was drafted. The use of
scenarios was a key issue at both the first UNEP Internal GEO-3 meeting in Nairobi in February
2000 and the first Production Meeting in Bangkok from 4-6 April 2000 (see Table 2.1). The first
meeting devoted specifically to the Outlook chapter was the Expert Group Meeting hosted by UNEP
in Nairobi from 13-14 June 2000. Here, a number of internal and external experts were brought
together to discuss the conceptual framework for the chapter and the process for developing both the
qualitative and quantitative aspects of the scenarios.

The underlying premises of the process and themes of the scenarios for the GEO-3 Outlook chapter
were laid out at this Expert Group Meeting. There was prolonged discussion on the process, focusing
on the questions of global versus regional, and centralized versus decentralized, development of the
scenarios. The necessity of ensuring global consistency was also raised. At the same time, the need
for regional flexibility and the full involvement of the regions was highlighted. Regional
participation would be needed to promote ownership of the scenarios, but global coherence would
also need to be maintained. It was decided that the process should fully incorporate regional views
and participation, while maintaining a general global framework building on the extensive global
research work that had already been undertaken. It was agreed that there should be ‘mutual
conditioning’ where globally consistent themes have been developed; the regions would then be
given the flexibility to take these issues further (UNEP, 2000). In the initial game plan for the GEO-
3 report production, the theme on ‘vulnerability of human beings and ecosystems to environmental
changes’ had been suggested as a possible discussion thread running through the report. This is the
reason for considering vulnerability in the scenario development for GEO-3. At the regional level
other sub-themes would be chosen as possible points of entry into the discussion on many other
issues.
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Table 2.1: A temporal overview of the production of the GEO-3 outlook chapter

Date Location Event

Nov 1999 Nairobi GEO-3 Start-up Meeting

Feb 2000 Nairobi First UNEP Internal GEO-3 Meeting

Apr 2000 Bangkok GEO-3 First Production Meeting

June 2000 Nairobi Expert Group Meeting for the GEO-3 Outlook Chapter

July 2000 Boston, USA GEO-3 Core Scenario Group Meeting (in the text 

mainly referred to as “Planning Meeting”)

Sept 2000 Cambridge, UK Working Meeting for the GEO-3 Outlook Chapter

Oct-Nov 2000 various Regional consultations on the GEO-3 Outlook Chapter

Dec 2000 Geneva Drafting Meeting for the GEO-3 Outlook Chapter

April 2001 Hidalgo, Mexico GEO-3 Second Production Meeting

May 2001 First draft

October 2001 Second draft

Nov 2001 London UNEP/Shell Meeting of Scenario Experts for the

GEO-3 Outlook Chapter (in text also referred to as 

Scenario Experts Meeting)

March 2002 Final draft

May 2002 Launch of GEO-3 report

   



A Planning Meeting, held at the Stockholm Environment Institute in Boston, USA from 17-19 July
2000, was attended by representatives of Regional Outlook and global scenario focal points, along
with UNEP experts exploring possibilities to assess in GEO-3 the changes in human vulnerability in
function of environmental change, and a representative from the GEO UNEP HQ, in Nairobi,
collectively known as the Core Scenario Group. Several key decisions were made at this time. First,
it was agreed that four scenarios would be presented in the Outlook chapter. Second, as described in
Box 2.3, the starting point for the specific scenarios would be the work of the Global Scenario Group
(Raskin and others, 1998); however, their further development would also draw on other exercises,
such as the IPCC SRES (Nakicenovic and others, 2000) and the World Water Vision (Cosgrove and
Rijsberman, 2000) exercises.

The experiences with these two large, theme-oriented assessments formed an important background
for the GEO-3 scenario exercise (see Boxes 2.1 and 2.2 for details on the IPCC-SRESS and WWV
Scenarios). 
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Box 2.1: The IPCC-SRES Scenario Development Process

The development of the most recent set of emission scenarios for the IPCC is described in detail in a Special

Report on Emission Scenarios (IPCC, 2000). This report simply refers to the emission scenarios as IPCC-

SRES, or SRES scenarios.

The SRES process began with a general description of four global story-lines, each of which came to define

a single scenario family. The story-lines emphasized general developments in areas such as the degree of

globalization and the relative emphasis on economic growth and environmental concerns; no explicit

climate policies were included in the story-lines. 

Six modelling groups were invited to further implement and develop quantitative scenarios based on these

narratives. Notably, there was no formal effort to feed the results of the quantitative exercises back into the

narrative storylines once the basic features and driving forces were determined. This process ultimately

resulted in a total of 40 quantitative scenarios. Within each family, the quantifications, one per family, were

defined as the representative, or ‘marker’, scenario. Other scenarios within the family were classified as

either harmonized or non-harmonized, vis à vis those of the marker scenario, depending on their

assumptions for specific key drivers: population, gross domestic product and energy consumption.

In the SRES process, each modelling group provided a complete set of results for each quantitative scenario

produced. This theoretically allowed for the exploration of uncertainties arising from different

characteristics of these models (i.e. comparisons across scenarios within a family) and uncertainties from

looking into the unknown future (i.e. comparisons across scenario families). However, this necessitated an

important sacrifice. Since the models employ different regional classifications, all were required to

aggregate their results to four regions: OECD90, Africa & Latin America, Asia, and countries undergoing

economic reform. Even with this aggregation, Van Vuuren and others (2002) identified a number of

systematic differences between scenarios. They were unable to trace these differences back to either model

structure or specific assumptions in quantifying the story-lines.

   



In the IPCC-SRES process, the scenarios were all viewed as exploratory. Apart from prescribed
developments for population size, gross domestic product and energy intensity, the only constraints
placed on them were the exclusion of any policy actions specifically related to the issue of climate
change. For the WWV, two of the three scenarios were defined as normative. Specifically, these
WWV scenarios had a vision of future conditions with respect to water resources, and how these
were to come about. Interestingly enough, the nature of the normative scenarios changed in the
process of developing the scenarios. Originally, the normative scenarios were to be ‘Water Crisis’
and ‘Sustainable World’ scenarios. The initial commentary and quantification made it clear, though,
that the ‘Conventional World’ scenario was problematic enough, so it was decided to drop ‘Water
Crisis’ and instead have the scenario set include two sustainability-oriented scenarios. This resulted
in the final set of three scenarios: ‘Business as Usual’, ‘Technology, Economics and the Private
Sector’, and ‘Values and Lifestyles’.

A more detailed specification of the characteristics of the GEO-3 scenarios is given below:
• Each scenario was to be differentiated at the regional level (according to the GEO regional

breakdown), with some sub-regional differentiation where warranted. 
• The scenarios were to have a holistic approach to sustainable development but provide an

environmental window by emphasizing environmental descriptions and policies. 
• The narratives were to have the following descriptive dimensions (be based on the following

categories of driving forces): demographic, economic, social, technological, environmental,
cultural and political (governance) drivers; some variables could not be quantified (e.g. social,
political) but only described qualitatively. 
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Box 2.2: The World Water Vision (WWV) Scenario Development Process

The development of the WWV scenarios is described in Cosgrove and Rijsberman (2000) and Gallopín and

Rijsberman (2000).

The WWV process began with the development of three qualitative story-lines. These normative story-lines,

focused on water futures, postulated three general patterns of development: ‘Conventional World’, ‘Water

Crisis’ and ‘Sustainable World’. After an initial review, including some quantitative comparisons, the

storylines were refined into a first set of scenarios. 

These scenarios were presented to four modelling teams and widely circulated at regional and sectoral fora

for expert and public feedback. The feedback from the modelling teams and fora was used to revise the

scenarios, which were then again circulated for further quantitative analysis and comments. In all, three

rounds of iteration took place before the scenarios were finalized. Notably, the water problems posed by the

‘Conventional World’ scenario were significant enough to allow them to drop the ‘Water Crisis’. Two

variations of ‘Sustainable World’ were developed instead, resulting in the final set of three scenarios:

‘Business as Usual’, ‘Technology, Economics and the Private Sector’, and ‘Values and Lifestyles’.

Within the WWV process, the four modelling teams worked independently and in close consultation so as

to provide consistent and coherent results. They met three times and shared information, often with output

from one modelling team providing input to other modelling teams. This was particularly significant in

understanding the relationships between food and water security.

         



• The same environmental themes would be used throughout the report, both in retrospective and
prospective chapters. 

• The narratives were to include the current state (drawn largely from GEO 2000 and the draft
GEO-3 State of the Environment chapter), driving forces, a story-line into the future and a vision
of the future. 

• Possible impacts of the story-line and future vision were also to be described and used as a way
of describing vulnerability of humans to environmental change in each scenario. 

It was also agreed in Boston that although the narratives would be backed up by quantitative data,
there would be little time to compile new data, so the best available and credible global data would
be used for the global level and, where possible, data would be provided at the regional level. This
was a step backward from the original goal of creating full coherence between the narrative and
quantitative elements of the scenarios, but it was felt to be a more pragmatic choice. It also implied
that the narratives would have precedence over the quantification, i.e. the onus would be on the
quantification to show clear problems with narrative stories before these were changed. This is not
to say that quantitative information would not be used in developing the narrative stories, but only
that this information would not drive the process.

This point marked the start of the actual development of the global and regional narratives and the
quantitative aspects of the scenarios, with enormous efforts being made by individual contributors.
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Box 2.3: Parentage and evolution of the GEO-3 scenarios

As noted in Section 2.1, the development of the GEO-3 scenarios was built on other existing and ongoing

scenario exercises. In the Nairobi meeting in June 2000, the three archetypal scenario families and variants

used by the Global Scenario Group were introduced. These are Conventional Worlds (Reference, Policy

Reform), Barbarization (Breakdown, Fortress World), and Great Transitions (Eco-communalism, New

Sustainability Paradigm). At the same time, parallels were drawn between these scenarios and those

developed by the IPCC (IPCC, 2000), the World Water Forum (Cosgrove and Rijsberman, 2000) and the

World Business Council on Sustainable Development (WBCSD, 1998).

The initial narrative scenarios presented in Boston in July 2000 were, in effect, the original GSG scenarios:

Reference (renamed Conventional Development), Policy Reform, Fortress World and the New Sustainability

Paradigm (renamed Great Transitions). As the GEO-3 scenarios evolved, however, they began to assume a

character of their own. To some degree, this evolution began almost immediately, with initial attempts made

to provide quantitative underpinning to the scenarios. Whereas this relied in part on previous work by the

Stockholm Environment Institute to quantify the GSG scenarios, it also began to draw upon efforts by RIVM

and NIES to quantify the IPCC SRES scenarios and by the University of Kassel to quantify the WWV

scenarios. The efforts of the regional partners at the Cambridge meeting in September 2000, and especially

during the regional consultation meetings later that year, further enhanced the scenarios. Over the next year,

the evolution of the scenario narratives, while maintaining the spirit of the originals, took them further down

their own paths. This was also seen in the further quantification of the narratives, as described in this chapter

and in Chapters 3 to 7 of this report. One result of this process was that the scenarios in their final form

received new designations: Markets First, Policy First, Security First, and Sustainability First.

                



Parallel but periodically intersecting paths were followed in the development of these two aspects.
The nature of the process makes it useful to distinguish these paths. 

2.2 Further development of the narratives 

Based primarily on comments formulated during the Planning Meeting, the scenario narratives were
revised and presented at the GEO-3 Scenario Working Group Meeting on the Outlook chapter held
in Cambridge, UK from 11-15 September 2000. During the meeting, regional working groups began
the process of developing regional-level versions of the global narratives, focusing on regional
driving forces, environmental and social implications and policy dimensions (note that work in
Africa had begun earlier at a meeting in August). At the Cambridge meeting it became clear that all
four scenarios should be fully developed, as opposed to concentrating on Markets First and Policy
First, and only sketching the other two by way of backdrop. 

More detailed work was therefore undertaken during a series of regional consultations held in
October and November 2000. More complete regional narratives were developed, both during and
after these meetings. Parallel to this, the global narratives were further revised, primarily on the basis
of comments received during the September meeting in Cambridge. A background document
prepared by SEI was used in several of these meetings; subsequently, this document was converted
into a GEO Technical Report (Raskin and Kemp-Benedict, 2004). 

The global narratives and summaries of the regional narratives were brought together at a Drafting
Meeting of the GEO-3 Outlook chapter in Geneva, Switzerland in December 2000. This produced a
0-order draft of the Outlook chapter, including the scenario narratives. This draft was offered for
review and presented at the second GEO-3 Production Meeting in Hidalgo, Mexico, 2-6 April 2001.
During and shortly after this meeting, revisions were made, resulting in a first- order draft of the
chapter, which was then subjected to wider review.

At this point, a number of concerns were raised about the scenario narratives and the Outlook
chapter in general. Firstly, whereas the regional narratives had done a good job in most cases of
summarizing driving forces, and social and environmental implications in each scenario, they did
not tell dynamic stories. In other words, they did not depict the path by which regions moved from
the present to a situation 30 years on. Secondly, a clear and unnatural separation between global and
regional narratives remained, with little of the detail in the regional narratives represented in the
global narratives, and little of the global context and the importance of relationships between regions
reflected in the regional narratives. Thirdly, the environmental content and quantitative support for
the narratives was limited, inconsistent across the regions, and not fully consistent with the scenario
narratives.

In order to solve these problems the choice was made to fundamentally reorganize the narratives and
the chapter itself. The global and regional narratives were integrated to present more holistic stories
of the next three decades. Separate sections were developed specifically to present and compare the
social and environmental implications across the different scenarios on global and regional scales.
These sections presented more detailed quantitative analysis than had been undertaken in support of
the scenario narratives. The regional sections also added a separate sub-component, looking at the
implications of the different scenarios for specific events or developments within each region. This
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work, done in consultation with the regional writing and modelling teams, resulted in a new draft of
the chapter in October 2001. This draft received thorough review and was presented at the Scenario
Experts Meeting in London, UK on 1 November 2001. Based on the results of this meeting and the
review comments received, the scenario narratives, along with the quantitative analysis undertaken
in support of these, were revised once more, resulting in the final versions presented in the published
GEO-3 report. The driving forces considered for the four GEO-3 scenarios are described below
(copied from the GEO-3 Outlook chapter). For detailed scenario descriptions, the reader is referred
to GEO-3 itself. Summaries of the GEO-3 scenarios are presented in Box 2.4.

Driving forces
There are many socio-economic factors driving environmental change. How these factors evolve
will shape global and regional development and the state of the environment far into the future.
Trends may continue as they have in the past or change speed and direction — perhaps even going
into reverse. Trends may lead to convergence or divergence between circumstances in different
regions of the world. Trends in one region or responses to one driving force, may oppose others that
originate elsewhere, or they may run up against absolute physical limits. 

The scenarios explored in the pages that follow are based on certain assumptions about how these
driving forces will evolve and interact with developing situations, potential future shocks and human
choices. This section briefly describes the assumptions made about driving forces underlying the
scenarios and, in particular, how these assumptions differ from scenario to scenario. 

The seven driving forces under consideration are demography, economic development, human
development, science and technology, governance, culture and environment. The environment is
included as a driving force because it is more than a passive receptacle for change. Just as the
assumptions about human and societal behaviour shape the scenarios, so do the assumptions about
pressures exerted by the environment. 

Developments arising from each of the driving forces will not unfold in isolation from one another.
Issues will interweave and chains of cause and effect are likely to be hard to trace back to individual
sources. Finally, any number of possible future trends could be constructed from the available array
of variables. Narrowing down this range to a small, yet richly, contrasting set of futures that is
consistent, plausible, recognizable and challenging, will depend on the extent to which one starts out
with an intelligent set of assumptions.

Demography
Population size, rate of change, distribution, age structure and migration are all critical aspects of
demography. Population size governs to a great extent demand for natural resources and material
flows. Population growth increases the challenge of improving living standards and providing
essential social services, including housing, transport, sanitation, health, education, jobs and
security. It can also make it harder to deal with poverty. 

Rapid population growth can lead to political and social conflict between ethnic, religious, social
and language groups. Increases in the number of people living in towns and cities are particularly
important because urbanization means large changes in lifestyle, consumption patterns,
infrastructure development and waste flows. Population structure — the relative proportion of
children, persons of working age and elderly people within a population — has important
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repercussions for future population growth as well as for matching the provision of education, health
care, incomes and pensions to predicted needs. Finally, internal and international migration, whether
voluntary or forced, can sometimes ease and sometimes worsen the pressures that other demographic
factors and other forces place on society and the environment. 
Because so many of the people who will have children over the next 30 years have already been
born, much can already be said about population over that period. All of the scenarios assume
continued growth in global population, tailing off at the end of the period, as more countries pass
through the demographic transition. Nearly all the growth occurs in developing countries, with
North America as the only developed region with noticeable growth. Slightly lower population
levels are foreseen in Policy First and Sustainability First, reflecting the idea that policy actions and
behavioural changes speed up the transition to slower growth. In Security First, lack of effective
policy, and much slower economic and social development, combine to slow down the transition.
This leads to significantly higher population levels in this outlook, regardless of devastating
demographic trends or events such as the HIV/AIDS pandemic in Africa that might be expected to
have the contrary effect. 

Urbanization increases or remains stable in almost all regions in all the scenarios, with the greatest
increase in those regions currently least urbanized — Africa and much of Asia and the Pacific. In all
regions, much of the development occurs in large coastal cities, a shift with serious implications for
the coastal environment. 

Apart from the Antarctic sub-region, which has no permanent resident population, current and future
population structure differs markedly from region to region. North America, Europe and Japan have
significantly larger shares of elderly people, a pattern that persists and increases in all scenarios. This
trend is less marked in Security First, where advances in medical science (and hence in life
expectancy) make less headway in all regions. Other areas, particularly Africa, West Asia, Latin
America, and the Caribbean and South Asia, are dominated by youth. Their share of the population
in these regions — but not their absolute population size — gradually decreases over the next 30
years in all scenarios. 

In terms of migration patterns, Markets First and especially Security First are likely to have more
conflicts and inequality, provoking more and more movements of refugees and economic migrants.
Whereas more openness is assumed under Markets First, barriers to migration are expected in
Security First. Policy First and Sustainability First also assume more open migration, especially for
refugees and displaced communities. At the same time, more equitable sharing of resources for
economic development and international assistance reduce the need for migration.

Economic development
Economic development encompasses many factors, including production, finance and the
distribution of resources, both between regions and across sectors of society. Although the pattern
varies conspicuously, there has been a general trend towards more service-based economies.
Product, financial and even labour markets are becoming increasingly integrated and interconnected
in a worldwide economy with global commodity chains and financial markets. Similar trends are
appearing at regional level in several parts of the globe. These trends have been spurred on by
advances in information technology, international pacts designed to remove trade barriers or
liberalize investment flows and the progressive de-regulation of national economies. The same
advances have also allowed wealth produced by national and transnational mergers to become
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concentrated in fewer and fewer hands. There has also been an increase in inequality in terms of
income and resource use across — and often within — nations. For many nations the problem of
inequality is made worse by debt burdens that seriously constrain growth. As transnational
enterprises respond to global business opportunities, the traditional prerogatives of the nation-state
and the capacity for macro-economic intervention by the state are challenged anew.

In Markets First, most of the trends noted above are assumed to persist, if not accelerate. Economic
development outweighs social and environmental concerns in most international discussions.
Resistance continues, but no radical changes in policy result. Recognition that maintenance of
environmental and social conditions is important for ensuring economic development slows
economic growth down over time, but not very noticeably. 

In Security First, trends towards global integration continue for some parts of the economy, yet come
to a halt or even go into reverse for others. Over time, more and more activity takes place in the grey
or underground economy. 

Integration trends persist in Policy First and Sustainability First but are tempered by the introduction
of new policies and institutions to tackle social and environmental concerns. This reflects improved
understanding of the crucial roles of human, social and natural capital in determining economic
health. Changes in attitudes and behaviour in Sustainability First affect these trends more than in the
other scenarios as the whole notion of economic development becomes increasingly subsumed in the
broader concept of human development. 

The effect of these changes on per capita income shows a strong variation across regions and
scenarios. Average income growth in all regions is lowest in Security First, but is also very unevenly
distributed due to the greater inequality within regions. In the other scenarios, average growth at the
global level is similar but there are key differences between and within regions. In Policy First, the
more equitable distribution of growth allows average incomes of the wealthy to grow slightly slower
than in Markets First, whereas incomes rise more rapidly among the poor. The most dramatic
increases in income growth are seen in Africa, but also in parts of Latin America and the Caribbean,
Asia and the Pacific, and West Asia. The convergence in per capita incomes is even greater in
Sustainability First, especially as wealthier persons shift their emphasis away from market-oriented
production and consumption. However, large differences remain at the end of the 30-year period.

Human development
Health, education, security, identity and freedom are aspects of human development that are all
clearly related to economic development, yet go well beyond it. Dramatic differences in access to
these important human needs comprise a feature of the contemporary global scene. Impoverishment
and inequity are critical problems for the poorer countries but conspicuous pockets exist, even in the
richest countries. As the world grows more interconnected, these forces affect everyone directly or
indirectly, through immigration pressure, geopolitical instability, environmental degradation and
constraints on global economic opportunity. 

The United Nations, World Bank, International Labour Organization (ILO) and International
Monetary Fund (IMF) recently set out specific international development goals for poverty
reduction, universal primary education, gender equality, infant and child mortality, maternal
mortality, reproductive health and the environment. Achieving these goals depends on: ‘Stronger
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voices for the poor, economic stability and growth that favours the poor, basic social services for all,
open markets for trade and technology, and enough development resources, used well’ (IMF and
others, 2000). 

Among obstacles to achieving these goals are ‘weak governance, bad policies, human rights abuses,
conflicts, natural disasters and other external shocks. The spread of HIV/AIDS, the failure to address
inequities in income, education and access to health care, and the inequalities between men and
women. But there is more. Limits on developing country access to global markets, the burden of
debt, the decline in development aid and sometimes inconsistencies in donor policies also hinder
faster progress’ (IMF and others, 2000). 

Policy First and Sustainability First place emphasis on meeting basic needs and providing the
resources to meet them, even where this may hinder short-term economic growth. In Sustainability
First, relatively more basic needs’ provision comes from groups outside the public sector, both
businesses and non-governmental organizations. 

In Markets First, these issues are not addressed to the same extent, as it is taken for granted that
economic development naturally leads to social improvement. In addition, more of the facilities that
have traditionally been provided as public services are privatized. These trends are even more
pronounced in Security First, accompanied by greater inequality in terms of access. Where new
funds, whether public or private, are invested in development, physical security increasingly takes
precedence over social welfare.

Science and technology
Science and technology continue to transform the structure of production, the nature of work and the
use of leisure time. Continuing advances in computer and information technology are at the forefront
of the current wave of hi-tech innovation. Biotechnology galvanizes agricultural practices,
pharmaceutical development and disease prevention, though it raises a host of ethical and
environmental issues. Advances in miniaturized technologies transform medical practices, materials
science, computer performance and much more. The importance of science and technology extends
beyond the acquisition of knowledge and how it is used. Continuing concerns over the distribution
of the benefits and costs of technological development provoke much national and international
debate. Such concerns include technology transfer, intellectual property rights, appropriate
technologies, trade-offs between privacy and security, and the potential for information-poor
countries to find themselves on the wrong side of a ‘digital divide’. The ultimate resolution of these
matters influences the future development of science and technology, as well as their impacts on
society and the environment. 

In Markets First, it is assumed that the rapid technological advances of recent years continue, but
are increasingly driven by profit motives. Over time this may actually slow down development as
basic research is given less priority. Technology transfer, intellectual property rights and other issues
are tackled, but mainly to the advantage of those with greater power in the marketplace.
Environmental benefits largely come about as side-effects of efforts to improve the efficiency of
resource use. These patterns are even more pronounced in Security First, where — in addition —
the diversion of more and more public funding into security provision, coupled with social,
economic and environmental crises, means slower progress all round. 
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Rapid advances in science and technology are also assumed in the Policy First and Sustainability
First scenarios, but these are driven by different factors. Direct investment by governments,
subsidies and regulation — for example, pollution taxes — play a dominant role in Policy First. In
Sustainability First, these levers are overshadowed by changing preferences of both consumers and
producers. In both scenarios, greater caution on the part of governments and society at large may
slow down technological development in some areas but also helps to head off serious side-effects.
Greater efforts are also made to share the benefits of science and technology.

Governance
Governance refers to actions, processes, traditions and institutions by which authority is exercised.
It is most often associated with governmental bodies at the national level and with regional or global
institutions such as the United Nations, but this need not always be the case. Private institutions,
such as corporations and non-governmental organizations, also play an important role in
governance. In all cases, developments that affect participation, accountability, transparency,
corruption and civil strife have an important influence on the shape of the future. 

Although the forms and effectiveness of governance differ markedly around the world, various
tendencies can be identified. One tendency is towards greater individual autonomy and the
devolution of authority. This shift is expressed at the personal level in terms of a growing emphasis
on individual rights, especially women’s rights. It is also noticeable in the devolution of
governmental authority to smaller and more local units, and in separatist movements. The private
sector, too, has moved towards ‘flatter’ corporate structures and decentralized decision-making. A
second and somewhat opposite tendency is towards forms of greater regional integration and global
governance through such mechanisms as international trade and environmental agreements. Another
tendency is towards greater integration and the growth of networks within and across private and
public institutions. This is seen, in part, in the rise of global public policy networks and the
emergence of civil society as an important voice in decision-making in many regions. 

In Markets First, present trends are assumed to continue but with heavier emphasis on ensuring the
smooth functioning of markets. Efforts are focused on the development of international institutions
that will encourage free markets for resources, finance and products. In Policy First, greater
coordination is assumed, particularly at the level of international governance. This includes the
development of new institutions and more cooperation between the public and private sectors.
Significantly, these changes are driven from the top − by governments, corporations or large non-
governmental organizations (NGOs).

In Sustainability First, the shifts in governance are assumed to be driven much more from the bottom
up. Reflecting the changing values and making use of the trends towards greater participation, in
general, individuals and grassroots organizations become more and more involved in setting the
agenda, a lead that larger organizations then follow. Governments continue to govern but do so in a
fashion that involves more power sharing.

As with other aspects in the Security First scenario, assumed trends regarding governance differ over
time and across groups more than in the other scenarios. Corruption, ineffective governance and
reactions against both contribute to breakdown in parts of society. As societies regroup, governance
among the ‘haves’ is assumed to become more centralized and autocratic, but largely effective.
International coordination also bolsters the relative stability of these groups. The nature and
effectiveness of governance is mixed among the ‘have-nots’. 
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Culture
Culture includes the set of values and institutions that enables a society to develop and maintain its
identity. Cultural signatures differ around the globe and reflect, for instance, conflicting ideas about
the worth of economics as an integrating system of values or about the importance of technology
and technological change as springboards for human progress. Cultural signatures also hinge on
differing concepts of justice and fairness, and on differing beliefs about the relationship between
people and the natural and spiritual world. 

Recent history, particularly where racism, colonialism and genocide have been present, cannot be
overlooked. Much has been said about the expansion of Western culture to the detriment of other
cultures, about reactions to this spread and about possible clashes of civilizations as a result. To
some, it is clear that many individuals aspire to Western lifestyles, while others see Western values
permeating societies and associate them with selfish individualism and excessive consumption. This
spread represents both a cause and an effect of economic globalization, aided by the far-reaching
penetration of information technologies and electronic media. At the same time, there have been
clear signs of nationalist and religious reaction against it, sometimes resulting in terrorist activities
and in open warfare within or between nations. 

Among the four scenarios, Sustainability First assumes the largest shift from current trends in terms
of culture. The ascendancy of the values of solidarity, reciprocity, sufficiency and stewardship is at
the heart of this scenario. To the extent that these core values are not violated, tolerance is also a key
aspect of culture in this scenario. 

In Markets First, little change in current trends is assumed. As befits the basic notion of a market,
the trend towards individualism accelerates, as does a trend towards homogenization of culture. At
the same time, so does passive and active resistance by particular groups and regions. In Security
First, these and other trends lead to clashes that undermine many elements of society. Policy First
assumes a middle path between Markets First and Sustainability First; efforts to encourage some of
the trends of the latter compete with tendencies to follow the trends of the former.

Environment
Though the focus of this section is on the importance of socio-economic change in triggering
environmental impacts, it is clear that environmental change is a potent driving force in its own right.
Countries and regions must contend not only with unequal environmental endowments, but also with
acute environmental problems. Human impacts on the environment have aroused growing anxiety.
Atmosphere, land and water resources have been spoiled. Persistent organic pollutants and toxic
substances have accumulated in living organisms. Species have been lost and ecosystems degraded.
In addition, social and ecological systems are vulnerable to natural and human-influenced hazards
and catastrophes. 

The way natural systems react to these pressures (the rate, for instance, at which climate patterns
change as a result of higher concentrations of greenhouse gases, or the response of coastal
ecosystems to pollution) can have a large impact on social, economic and other natural systems. The
realization that individual states cannot shield themselves from environmental change is already
changing the basis of geopolitics and global governance.
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The scenarios presented here do not differ greatly in their assumptions about the environment as a
driving force. Most significantly, it is assumed that natural systems are in a more fragile condition
in Security First than in the other scenarios. This implies that ecosystem collapses and curbs on the
capacity of certain natural systems to provide goods and services are more likely, even when facing
the same pressures. In Policy First and especially in Sustainability First, the values of stewardship
and caring for the environment play a greater role in guiding science, technology and governance,
as well as in shaping economic and social development.
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Box 2.4: Summaries of the GEO-3 scenarios 

Markets First

Most of the world adopts the values and expectations prevailing in today’s industrialized countries. The

wealth of nations and the optimal play of market forces dominate social and political agendas. Trust is placed

in further globalization and liberalization to enhance corporate wealth, create new enterprises and

livelihoods, and in doing so, to help people and communities afford to insure against — or pay to fix —

social and environmental problems. Ethical investors, together with citizen and consumer groups, try to

exercise growing corrective influence but are undermined by economic imperatives. The powers of state

officials, planners and lawmakers to regulate society, economy and the environment continue to be

overwhelmed by expanding demands.

Policy First

Decisive initiatives are taken by governments in an attempt to reach specific social and environmental goals.

A coordinated pro-environment and anti-poverty drive balances the momentum for economic development

at any cost. Environmental and social costs and gains are factored into policy measures, regulatory

frameworks and planning processes. All these are reinforced by fiscal levers or incentives such as carbon

taxes and tax breaks. International ‘soft law’ treaties and binding instruments affecting the environment and

development are integrated into unified blueprints and their status in law is upgraded, even though fresh

provision is made for open consultation processes to allow for regional and local variants. 

Security First

This scenario assumes a world of striking disparities where inequality and conflict prevail. Socio-economic

and environmental stress gives rise to waves of protest and counteraction. As such, troubles become

increasingly prevalent and the more powerful and wealthy groups focus on self-protection, creating enclaves

akin to the present day ‘gated communities’. Such islands of advantage provide a degree of enhanced

security and economic benefits for dependent communities in their immediate surroundings but exclude the

disadvantaged mass of outsiders. Welfare and regulatory services fall into disuse but market forces continue

to operate outside the walls. 

Sustainability First

A new environment and development paradigm emerges in response to the challenge of sustainability,

supported by new, more equitable values and institutions. A more visionary state of affairs prevails, where

radical shifts in the way people interact with one another and with the world around them stimulates and

supports sustainable policy measures and accountable corporate behaviour. There is a much fuller

collaboration between governments, citizens and other stakeholder groups in decision-making on issues of

close common concern. A consensus is reached on what needs to be done to satisfy basic needs and realize

personal goals without beggaring others or spoiling the outlook for posterity.

                



2.3 Development of the quantification

As noted above, the quantification of the scenarios followed a parallel but periodically intersecting
path to the development of the scenario narratives. At the Planning Meeting in July 2000, the
Stockholm Environment Institute presented initial quantification for two of the proposed scenarios:
Conventional Development (predecessor of Markets First) and Policy Reform (predecessor of
Policy First). This was based on previous work of the Global Scenario Group using the PoleStar
software tool (Raskin, 2002). Whereas PoleStar offers a flexible and easy-to-use accounting
framework for organizing economic, resource and environmental information for alternative
scenarios (see Chapter 3 for more detail on PoleStar), it was agreed that this needed to be
complemented by further information on environmental impacts. These could only be provided by
other, more spatially explicit, and process- oriented modelling tools. 

Thus, prior to the Working Meeting in September 2000, RIVM undertook an exercise to provide
quantitative insights drawn from related global scenario studies (Bakkes and others, 2000). These
were derived principally from RIVM’s quantification of the IPCC SRES scenarios using the IMAGE
model (see Chapter 7 for more on the IMAGE model) and CSER’s quantification of the World Water
Vision Scenarios using the WaterGAP model (see Chapter 5 for more on the WaterGAP model).
Boxes 2.1 and 2.2 briefly describe the WWV and IPCC-SRES scenario developments. 

During the Regional Meetings in Autumn 2000, further efforts were made to quantify the scenarios,
particularly the regional aspects. Following a number of the regional consultations, the quantitative
assumptions (primarily for population and overall economic growth) used in the PoleStar system for
the Markets First and Policy First scenarios were reviewed and revised by SEI in light of the
narratives.5

As noted earlier, in the first draft of the chapter presented in Spring 2001, the quantitative support
for the narratives was limited to the Market First and Policy First scenarios. The data were also
inconsistent across regions and scenarios, and not fully consistent with the scenario narratives. Over
the next several months, efforts were made to rectify this situation. The set of quantitative data
eventually presented in the second draft in October 2001 was developed using all four tools
mentioned so far: PoleStar, AIM, IMAGE, and WaterGAP. Moreover, the AIM model of NIES was
introduced as another tool for providing quantitative elements for the scenarios, specifically for Asia
and the Pacific (see Chapter 6 for more on the AIM model). Data were presented for all four
scenarios. In each case, these were based in part on available scenarios having kinship with the
GEO-3 scenarios. Whereas the data were considerably more complete and consistent, the comments
on this draft, particularly those made at the Scenario Experts Meeting in November 2001, pointed
out the need to further improve on the consistency of the data inputs and to link the quantification
more clearly to the underlying narratives. 

Thus after the Scenario Experts Meeting, a tremendous amount of work needed to be done on the
quantitative aspects of the scenarios. In particular, the quantification had to be tailored more
specifically to the GEO-3 scenarios, while building on detailed work from already existing scenario
studies. To do so, a harmonization exercise was organized to bring the crucial assumptions on
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growth in GDP per capita for the four scenarios as closely in line as possible. Tables 2.2 and 2.3
present the eventual range of assumptions for population increase and growth of GDP per capita. The
tables present regional aggregates, rather than the subregional numbers that were actually used, in
order to allow a good overview that is based on comparable spatial units. The ranges indicate the
spread between the assumptions employed by the analytical teams. At the same time material
available through the existing integrated models was adapted after tests showed that it was related
enough to serve as a basis for the further GEO-3 scenario work6. The eventual growth rates of
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Table 2.2: Assumptions for growth rates of per capita Gross Domestic Product (GDP) 
2002 - 2032

Markets Policy Security Sustainability
First First First First

% per year; GDP expressed in purchasing power parity

North America 1.7 – 2.1 1.0 – 1.7 0.6 – 0.9 0.4 – 1.5

LatinAmerica and the Caribbean 2.0 – 2.4 2.4 – 2.5 1.6 – 1.8 2.7 – 3.1

Europe* 2.0 – 2.5 1.7 – 2.4 0.8 – 1.2 1.4 – 2.1

West Asia* 2.2 – 2.3 2.4 – 2.8 1.4 – 1.8 3.0 – 4.1

Africa* 1.6 – 2.5 2.7 – 3.0 2.1 – 3.6 3.5 – 3.8

Asia and the Pacific* 2.2 – 3.6 2.7 – 3.5 1.4 – 2.2 3.0 – 3.1

*The regional definitions differ between the tools involved; see table 7.1 

Table 2.3: Assumed annual average population growth 2002 - 2032

Markets Policy Security Sustainability
First First First First

% per year

North America 0.6 – 0.7 0.6 – 0.7 0.9 0.4 – 0.7

Latin America and the Caribbean 1.0 – 1.1 1.0 1.4 – 1.6 0.8 – 1.0

Europe* -0.1 – 0.2 -0.1 – 0.2 0.2 – 0.4 -0.2 – 0.2

West Asia* 1.7 – 2.2 1.7 – 2.1 2.3 – 2.5 1.7 – 2.0

Africa* 1.9 1.8 – 1.9 2.2 1.7 – 1.9

Asia and the Pacific* 0.7 – 0.8 0.7 1.2 – 1.3 0.6 – 0.7

World 0.9 0.8 – 0.9 1.3 – 1.4 0.7 – 0.9

*The regional definitions differ between the tools involved; see table 7.1 

6 There was no time to invent and test from scratch all the detailed assumptions on sectoral developments that make each
of the four story-lines concrete. This included how policies are reflected in physical measures, shifts in technology etc. In
integrated models like IMAGE and AIM, this represents a consistent fabric of many interrelated settings. Rewriting this is
a major undertaking that should have been commissioned earlier. Therefore the not unusual approach applied was to adapt
existing material after testing showed this to be possible. 

     



regional GDP per capita are shown in Table 2.2. And in the same period, the GLOBIO model was
introduced as a further tool with possibilities to contribute to the quantification (see Chapter 4 for
details on GLOBIO). 

The efforts to harmonize the key input assumptions among various analytical tools are elaborated in
Section 2.4. As a final step, new calculations were made for the four scenarios, using the now more
harmonized data and input assumptions. The final quantitative analyses are presented in the
published GEO-3 report and at a more detailed level in the current technical report. 

2.4 Further quantification - harmonization efforts

A consistent challenge to the quantification of environmental impacts, as envisaged for GEO-3, was
that the available GEO-3 scenarios needed to be interpreted further than the regional write-ups had
gone. A host of assumptions on the development of specific sectors, trade and tariffs, technology
diffusion, education and effectiveness of measures needed to be detailed and specified in the
development trajectories over time in order to analyse environmental impacts with relatively
powerful, integrated models such as AIM, IMAGE or WaterGAP. In line with the focus of GEO, this
elaboration needed to be regionally differentiated but globally coherent. 

Much of this more detailed interpretation could be potentially quickly achieved by adapting large
pieces of the recent IPCC Special Report on Emission Scenarios, for which the AIM and RIVM
teams had just elaborated regionally detailed scenarios (IPCC, 2000; Morita and others, 2000).
Similarly, material from the World Water Vision provided a useful basis. In general, it is not
uncommon to analyse the impacts of new scenarios by ‘borrowing’ detailed elaboration from
existing scenarios by marginally changing macro-economic assumptions and adding or leaving out
specific assumptions and policies. 

There are important similarities between GEO-3 and SRES story-lines. One is the correspondence
between the GEO-3 narrative for Security First and the SRES A2 narrative as elaborated for IPCC
by the RIVM team. The GEO-3 narratives for Markets First and Sustainability First, however,
resemble this team’s elaboration of the SRES A1b and B1-450 scenarios, respectively (IPCC, 2000;
Van Vuuren and De Vries, 2001; B1-450 includes climate policies). Finally, the Policy First scenario
can be associated with another RIVM elaboration of the SRES A1b scenario, this time including
several policy actions to improve the situation for a number of environmental and social endpoints. 

For this reason, the quantitative interpretation of these SRES-narratives had been taken as a starting
point for quantification of additional input data and assumptions by the RIVM team for each of the
GEO-3 narratives. Population data, as reflected in the GEO-3 scenarios developed with PoleStar by
mid-2001, were comparable to the IMAGE/SRES scenarios, but there were clear differences
between GDP data for Markets First and A1b. Especially in currently low-income regions, the A1b
scenario shows a very strong increase in GDP per capita (reflecting among other things the SRES
condition that its scenarios should show convergence between rich and poor regions of the world). 

The differences between GDP data for Sustainability First and IPCC’s B1-450 are fairly large, since
the GEO-3 values for GDP in Sustainability First – as provided by the PoleStar team – were
remarkably low. However, these differences can be traced back to the fact that the
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WorldScan/IMAGE modelling assumes that economic developments and transactions will continue
to be reflected in GDP. In contrast, the very low GDP/cap values for North America and Europe
recorded from PoleStar reflect the assumption that a growing part of transactions is done informally,
possibly via a local service exchange. In fact, what matters most for the GEO-3 scenario exercise is
the physical reality behind the numbers. In physical terms, the IMAGE/SRES B1 scenario can be
seen as a good representation of a world of Sustainability First.

Against this background, the November 2001 Scenario Experts Meeting in London had emphasized
the need for more visible harmonization of GDP per capita growth rates between the various teams
involved, as these numbers had played a role in the preceding consultations on the story-lines in a
number of regions. 

In practice, harmonization was implemented as IMAGE, AIM and WaterGAP brought forth new
calculations for Markets First, Policy First and Sustainability First. This was done on the basis of
pre-existing detailed material, but with key assumptions brought, as far as possible, in line with
GDP/cap numbers quoted by the PoleStar team. Conversely, PoleStar calculations for Security First
were to be redone on the basis of the A2 scenario from the set of SRES mitigation scenarios. The
latter was necessary because impacts of the scenarios on hunger were to come from the PoleStar
system. 

The assumptions for Security First had not been quantified in the earlier stages of work on the
outlook (at the time when regional consultations were taking place). Thus, strictly speaking, it was
not so much harmonization that was needed as agreement on what pre-existing material best fitted
the story-line of Security First.

Obviously, a key indicator like regional GDP per capita growth is intimately connected with the
underlying detailed story about investment climate, demographic developments, openness of
economies and the like. Thus, in the preparation of new model runs in response to the advice by the
London meeting, the regional GDP per capita growth rates in the pre-existing IMAGE, AIM and
WaterGAP material were only changeable to the extent of them being by and large consistent with
the ‘world’. This was manifested in the whole fabric of underlying assumptions or plausible
amendments to it. 

This was the first aspect to clarify. In realizing this aim, the RIVM team ran a test to determine if
conditions termed ‘exotic’ in a world of Markets First and Policy First (e.g. a worldwide increase in
trade barriers in Markets First) would have to be applied to make the GDP per capita numbers more
or less equal to PoleStar numbers. In other words, before re-doing impact analyses, a pre-analysis
was run to find out whether the changes in GDP per capita in Markets First and Policy First in the
various regions could be approximately reconstructed in the WorldScan/IMAGE macro-economic
framework. This was reflected in the GEO-3 story-lines developed with PoleStar by mid-2001. The
IMAGE work for SRES would be the starting point, assuming extra conditions consistent with the
GEO-3 story-lines. 

Fortunately, the pre-analysis showed that the GDP data for the Markets First scenario, as provided
by PoleStar in mid 2001, could indeed be reconstructed without assumptions that would be exotic to
the scenarios. Specifically, the growth rates could be reconstructed by assuming (within the assumed
uncertainty range of the modelling) a 15% slower GDP/cap convergence (see above) for the LAC
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region. Furthermore, one or more of the following marginal changes would be applied in the input
data and assumptions for the IMAGE/SRES A1b scenario: 
• less removal of trade barriers; or 
• no global convergence of risk on investments; or 
• a less steep increase in highly educated participants on the labour market (10% off the SRES

level); or 
• constant rather than increasing labour participation; or 
• no global convergence of the demand pattern in consumption–growth, but also no change in the

proportion of the demand for agricultural products, or housing, for example. 

Since these changes were small, we were confident that the detailed sectoral and regional input data
and assumptions for the IMAGE/SRES A1b could be scaled down to GDP data as included in the
mid-2001 GEO-3 scenarios without gross inconsistencies. In other words, the slower growth in GDP
per capita for Markets First could be translated into somewhat slower or later changes in lifestyle,
demand and technologies in each sub-region. 

Only the low growth rates for the African regions, as postulated in the mid -2001 GEO-3 scenarios
remained difficult to imagine without assuming that Africa stays an economic island in a world with
otherwise high growth, large international interaction and relatively rapid diffusion of technology.
However, the Markets First scenario assumes that ‘even as it struggles to deal with persistent
conflicts and the AIDS pandemic, Africa pushes ahead with economic modernization and greater
integration in the global economy’ (GEO-3, page 330). The explanation for the initial low growth
rates for Africa can be sought in current institutional and governance limitations. Thus we
interpreted the 30-year average, mid 2001, assumptions as a combination of relatively slow growth
in GDP per capita during the first half of the scenario period (2002-2016), while during the second
half (2017-2032), the reverse would apply. 

Subsequently, Policy First was interpreted to build on the Markets First scenario, but the atmosphere
of international trust and ambitious pursuit of social and environmental goals would entail: 
• ambitious energy and climate policies (see Annex 1), 
• a fast phasing-out of trade tariffs (towards almost zero in 2032),
• faster improvement in education in non-OECD countries (translating macro-economically as a

10% larger ‘skill upgrading’ by 2032), and
• ambitious productivity improvement in agriculture, almost like a second green revolution (see

Annex 1).

Security First was taken as identical to the IMAGE/SRES A2 scenario (IPCC, 2000). The basic
pattern of this scenario is regional contraction, both cultural and economic, with a correspondingly
slow change in demographic patterns and thus large population growth in low-income regions. 

Sustainability First was interpreted as being comparable to the IMAGE/SRES B1-450 mitigation
scenario (Van Vuuren and De Vries, 2001). This scenario envisions a globalizing world, with values
that lead to priority for environmental and social goals. This is made operational by assuming the
same environmental and agricultural policies as in the world of Policy First, but with more
ambitious energy and climate policies. This implies a high-tech interpretation of Sustainability First
(alternative interpretations can also be argued). Additionally, a strong development towards
integrated approaches was assumed (particularly changes in energy production and consumption)
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Markets First 2032 Policy First 2032 Security First 2032 Sustainability First 2032

PoleStar

IMAGE before harmonization

IMAGE after harmonizationComposition of the bars

Annual average % change

GDP per capita (PPP)

North America

Latin America and the Caribbean

Africa

Europe

West Asia

Asia and Pacific

0 5

0 5

Figure 2.1: PoleStar and IMAGE assumptions for growth rates of per capita Gross Domestic
Product (GDP), 2002-2032, before and after harmonization
Note: on harmonization of assumptions regarding Security First: see text

     



rather than towards end-of-pipe measures such as large-scale underground storage of carbon dioxide.
The GDP per capita growth rates for Sustainability First were derived by adjusting the B1-450 rates
in line with the derivation of Markets First from A1b, as described above. 

In summary, for most scenarios and regions the resulting two sets of assumptions have converged
(see Figure 2.1). There are still relatively large differences in GDP/cap for Markets First in Asia and
the Pacific and in Africa, but no differences for North America and Europe. As has been mentioned
earlier in this section, the different GDP numbers quoted for Sustainability First do not necessarily
reflect substantially different assumptions about physical developments. 

The conspicuous difference for Security First in Africa reflects an unintended difference in
interpretation. Although it was agreed to copy the assumptions for this scenario from the SRES A2
scenario, the projections made by the PoleStar team are unaccountably based on a different set of
quantitative assumptions. Most importantly, this set of assumptions for Security First has been used
in the estimate of people living with hunger. As this background influences the resulting impact
estimates, the incongruent PoleStar Security First number has been included in Figure 2.1. 

Making a detailed comparison between the growth assumptions in GEO-3 and other recent scenarios
with a similar time horizon, such as the baseline scenario of the OECD Environmental Outlook
(OECD, 2001) and IPCC SRES (IPCC, 2000), is not easy. A detailed comparison is hindered by
incongruent regional classifications and by the fact that some of the studies expressed growth in
market-based exchange rates as opposed to purchasing power parity. But it is in any case clear that
the GEO-3 growth assumptions for GDP per capita in developing regions under the Markets First
and Policy First scenarios are high when compared with the OECD’s baseline assumptions.

With specific reference to energy and land-related issues, assumptions were added as a quantitative
interpretation of the GEO-3 scenarios. Annex 1 lists the specific assumption on energy production.
Land-related issues are listed in some detail in Annex 2 and outlined below too, considering their
extensive influence on what happens to terrestrial biodiversity, for example, and to the spatial
differentiation of developments within the regions. 

The GEO-3 scenarios assume ambitious policies towards agricultural efficiency improvements to be
pursued in all but the Security First scenario. This corresponds with spending on research and
development, and fast technology diffusion in the Markets First and Policy First scenarios, and with
pro-nature policies in Policy First and Sustainability First. Such ambitious improvements in
agricultural efficiency slow down the rate of land conversion, which is driven by the increasing
demand for agricultural products from a growing population, increasing incomes and changing diets. 

The theoretically feasible yield of crops depends on sub-regional climate and soil conditions, and is
limited by less than ideal management practices, technology and know-how. The actual yield is
assumed to be scenario-dependent, but will increase in time. Actual yields for Policy First and
Sustainability First are 10% larger than for Markets First and Security First, thanks to larger
research expenditures, and more training and education. These crop yields are still achievable under
practical conditions, typically assuming an increase in irrigation (see Chapter 5 for irrigation).

The future of livestock production is particularly important for developments in environmental
problems. The efficiencies in livestock production are assumed in IMAGE to follow GDP growth,
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with sub-regions reaching the 1995 efficiency of OECD Europe as soon as their per capita GDP
reaches the 1995 income of OECD Europe. Specific sub-regional assumptions on the development
in carcass weight, feed efficiency and off-take rate for the various animals can be found on the
IMAGE CD main disk (IMAGE team, 2001a,b). A dominant, but not so speculative, assumption is
that current worldwide trends toward a lower degree of dependency on grazing systems
(Alexandratos, 1995; De Haan and others, 1999; FAO, 1996) are continuing, leading to an increasing
use of feed crops. 
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Figure 2.2: Natural land cover area 
Source: RIVM

   



Charts for natural land-cover area can be seen in Figure 2.2. The changes in agricultural land are
explained in Annex 2 (see also sections 7.7.2, 7.8.2, and 7.9.2 for land cover, land use and land
management assumptions respectively). Note that increases in natural land cover occur mainly
through abandonment of agricultural land (grazing areas, in particular) and re-forestation. As
explained in sections 7.8.2 and 7.9.2, the biodiversity value of agricultural land taken out of
production (e.g. in Australia) will remain modest for a long time. For re-growth of forest, this has
even been set in this modelling exercise at 100 years, meaning that natural land cover is considered
to have returned only after a 100 years.

The overall picture is one of strong contrast between the scenarios. In particular, the Security First
world sees the natural land cover rapidly and continuously decrease, driven by a combination of
sharp population growth and slow diffusion of efficient technologies. Land use for biofuels also
emerges as an important factor in Policy First, where the decrease in natural land cover is larger than
in Markets First because of a higher demand for biofuels due to imposed carbon taxes in the energy
system. Sharp decreases can be seen in Meso America and the Caribbean; Western & Central Eastern
and Southern Africa; South East Asia and South Asia.

The GDP and population estimates, as well as the land-use projections from this exercise, were
subsequently distributed by RIVM to the other analytical teams in January 2002.

2.5 Discussion 

The previous sections provided a brief sketch of the general route by which the GEO-3 scenarios
were developed, both their narrative and quantitative sides. Two important aspects in this respect are
how well the process was able to integrate the narrative and quantitative aspects, and the global and
regional components of the scenarios, and make them coherent and consistent.

As has been described above, the development of the narrative and quantitative components of the
scenarios followed somewhat parallel paths. It was decided early in the process that the narratives
would drive the process, implying that the primary function of the quantitative analyses would be to
support and illustrate the narratives. Note that this is almost the reverse of the case for the IPCC
SRES scenarios, where the quantitative modelling was the primary focus (IPCC, 2000).

The quantitative efforts focused on reproducing information from already available scenarios akin
to the GEO-3 scenarios, so as to illustrate the environmental implications that could be expected in
each scenario. This was largely unavoidable, as it had been recognized at the Planning Meeting in
July 2000 that time and resources to compile new data were scarce. Although some effort was made
to modify these existing scenario data to take some aspects of the narratives into account as the
development of the chapter proceeded, concerns were increasingly raised, both internally and
externally, about the remaining inconsistencies. It was only after the Scenarios Expert Meeting in
November 2001 that a major effort was made to better harmonize the quantitative material and
integrate it with the narrative stories. However, the possibilities of doing so fully were limited by the
rapidly approaching deadline for the full report, which precluded, among other things, further
extensive consultations with the regional teams. 
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The net result of all of this is that the scenario development process provided less opportunity for
integration between the narrative and quantitative elements than desired. It was only late in the
process that a major effort was made to ensure coherence and consistency between the qualitative
analyses and the narratives. There was also the difficulty in linking the initial quantification, partly
based on previous work by the Global Scenario Group and partly on impressions from regional
consultations, to impact estimates with deterministic models. It would have been preferred to have
iterative phases, with significant regional participation, in which the narratives could have been
further refined on the basis of the quantitative work and vice versa. A more successful example of
this was accomplished in the development of the WWV scenarios, where several rounds of iteration
were realized (Cosgrove and Rijsberman, 2000). 

More success was achieved in fulfilling the goal of global and regional linkages, especially as far as
the narratives were concerned. The early meetings included a strong representation from the regions.
During 2000 a core scenario team was put together in each region. These groups met as a whole at
the Planning Meeting in September of that year, where the global scenarios were reviewed and initial
discussions were held on their regionalization. These groups also coordinated the Regional Meetings
held that autumn, which brought together other participants from the regions to review the global
scenarios and to sketch regional details. These meetings lead to the production of much of the
regional material that was fed into the first and later drafts of the chapter. The core scenario teams,
along with other regional representatives, reviewed the various drafts of the chapter, were asked for
specific contributions in preparing the drafts, and participated in the second Production and Scenario
Experts meetings. Regional experts provided material for the specific developments presented in the
environmental implications section of each of the Chapters 3 to 7. At various points, they were also
contacted directly by the groups undertaking the quantitative analyses for the scenarios.

This does not mean that there were no problems with the global and regional linkages. As the
scenario approach was new for many of those involved, both at the global and regional level, it took
some time to reach common understanding. The blending of regional and global narratives took
place only after the first draft of the chapter had been completed. Due to the somewhat late
reorganization of the chapter, it was not possible to have further meetings in all regions, which could
have contributed more to the integration. Similarly, because of the timing of the preparation of the
quantitative aspects, in particular, the impact estimates, it was not possible to have as much feedback
from the regions as would have been desired.

Overall, the process of developing the scenarios for GEO-3 can be seen as a qualified success. This
was the first major scenario exercise undertaken as part of the GEO process; a tremendous amount
of groundwork has been laid for future efforts, including capacity-building in many of the regions.
It also represents one of the first efforts to undertake a scenario analysis that was globally
comprehensive, but with significant regional participation, and resulting in regionally differentiated
scenarios. Certainly, the developers of the scenarios for the Africa Environment Outlook, who
closely followed the scenario development for GEO-3, have already benefited from this process
(UNEP, 2002).
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3. Cropland degradation, built environment and 
hunger

Despite robust economic growth in the Markets First scenario, hunger, considered as a key poverty
indicator, declines only slowly (even in Markets First). Clearly, aggregate growth is a necessary, but
not sufficient, requirement for poverty reduction. 
Both expansion of the built environment and cropland degradation are likely to be significant
determinants of future pressure on land resources. While small in total area, they are at least as
important as yield increases for impacting marginal changes in agricultural land area. 

3.0 Introduction

This chapter provides background information on the variables provided by the PoleStar analysis for
the GEO-3 report. The aim of the chapter is twofold. First, it provides a justification of the analytical
methods. Second, it presents and discusses the changes in the variables over the course of the
scenarios, the reasons for the patterns seen in the scenarios and their policy relevance. For this 
GEO-3 scenario exercise three variables, cropland degradation, built environment and hunger, were
analyzed with PoleStar. (Some variables analysed with IMAGE, presented in Chapter 7, are also
related to land use and land degradation. Furthermore, the GLOBIO analysis of the impacts of
expanding infrastructure on biodiversity, presented in Chapter 4, is closely related to changes in the
extent of the built environment.) 

Section 3.1 gives a general description of the model and section 3.2 provides information additional
to Chapter 2 on the data inputs and assumptions used to develop quantitative illustrations of the
environmental and social consequences of the four GEO-3 scenarios. Subsequent sections describe
each of the variables analyzed for GEO-3 with PoleStar (UNEP, 2002); these are severely degraded
cropland in section 3.3; extent of built environment in section 3.4 and hunger in section 3.5. 

Variables are addressed using the following approaches: meaning of the given variable, available
data and information on the scenario analysis and assumptions, and scenario analysis results and
interpretation. Section 3.6 presents some discussion and conclusions on the PoleStar analysis.

3.1 Analytical framework 

PoleStar is a comprehensive, flexible and easy-to-use accounting framework for organizing
economic, resource and environmental information. It is a tool for examining alternative
development scenarios on national, regional and global scales. The user customizes data structures,
modelling relationships, time horizons and spatial boundaries, all of which can be expanded or
altered in the course of an analysis.

PoleStar’s approach to examining alternative socio-economic and environmental futures is to trace
the relationships between the drivers of change and indicators of their impacts. The nature of the
relationship can be based on models, existing studies, historical data or anticipated trends and is
likely to vary from study to study. The overall structure of the PoleStar calculations is illustrated by
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the PoleStar Main Menu, shown in Figure 3.1. Because of the complexities, uncertainties and the
involvement of human agents in the processes being studied, PoleStar has been designed in an open
manner. It is not a rigid model reflecting a particular approach to environment and development
interactions. Rather, data structures, time horizons and spatial boundaries can be customized, and the
level of detail across and within sectors or areas can be varied as needed. PoleStar can accept
information from formal models, existing studies or other sources. 

A PoleStar application begins with the Current Accounts, a snapshot of the current state of affairs
based on actual data. Scenarios are then developed to explore alternative futures, and environmental
and resource pressures are computed and evaluated with reference to user-defined sustainability
criteria. Current Accounts and scenarios are developed through a series of modules, indicated by the
buttons in Figure 3.1. The Pop, GDP, Income module contains the major economic, demographic
and social variables that partly drive the scenario. More detailed data and scenario assumptions are
introduced in the other modules describing Society (Households, Transport, Services, Industry,
Agriculture and Energy Conversion). Environmental Pressures are accounted for in the Resource
modules (Energy Resources, Minerals, Land and Water Resources) and in the Pollution modules
(Air, Water, Toxics and Solid Waste). The data in modules may be disaggregated by sub-region, sub-
sector (for example, household type, industrial category, transportation mode, crop), and process (for
example, farming practice, household equipment, manufacturing process, travel mode and vehicle
type). The number and types of regions, sub-sectors and processes can be adjusted in order to match
the aims of the analysis and data availability. Fundamental links between modules are predefined in
PoleStar’s Basic Structure – a default set of sub-sectors, processes and relationships – but these can
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be altered or expanded to meet the needs of an analysis. The PoleStar application used to develop
the GEO-3 scenarios has been substantially modified from the Basic Structure.

The Evaluation modules provide an overview of the environmental, resource and developmental
performance of a scenario in relation to sustainability targets. The Indicators screen allows the user
to specify particular scenario variables as indicators, and compare trends in indicators in different
regions or scenarios (see for instance figure 3.11 where the variable ‘hunger’ has been specified for
the GEO-3 scenarios). New sets of indicators can be developed as needed for a given application of
PoleStar. The Report Card provides an overview of how user-selected indicators compare to user-
defined sustainability targets (for example, critical ecological loads, safe minimum standards). The
tool includes a ‘bird’s-eye’ view of scenarios as a series of red and green sustainability indicator
lights. By evaluating and modifying scenarios in an iterative manner, scenarios that meet long-term
goals may be distinguished from those that do not, providing information for formulating policies
and actions for a transition to a desirable, feasible and sustainable future. In Figure 3.11, for instance,
the GEO-3 scenario paths for ‘hunger’ are compared with the goal set for 2015 at the World Food
Summit.

3.2 Input data and assumptions

The variables described in this chapter – cropland degradation, built environment and hunger –
illustrate several of the options possible with the PoleStar tool. Estimates for severely degraded land
rely mainly on sources outside PoleStar, especially UNEP’s study of global land degradation
(Oldeman and others, 1991), but are constrained by the scenario narratives (see the GEO-3 Scenario
development described in Chapter 2). The analysis of change in the area of the built environment
uses external information as well, but also a simple mathematical structure to generate scenario
assumptions. Finally, hunger estimates rely heavily on a relatively complex mathematical
framework that links income distribution with hunger levels, in which key variables are developed
in an external analysis based on scenario narratives. For further details the reader is referred to the
PoleStar website at http://www.tellus.org/seib/polestar/Publications.html 

Scenarios for land degradation, as described in section 3.3, are developed on the basis of past
patterns of severe degradation, adapted to conform to scenario narratives. The other variables
described in this chapter – built environment and hunger – depend on the population and GDP
figures outlined in the previous chapter. Scenarios are elaborated for built environment per capita,
with patterns differing according to the scenarios, as described in Section 3.4. The total area of built
environment is then given by the product of built environment per capita with population. For
hunger, GDP per capita is combined with a measure of income distribution (the Gini coefficient) to
estimate hunger incidence per capita. Hunger incidence is then multiplied by population for
estimation of the total undernourished population. Scenarios for income distribution are described in
Section 3.5.

In general, the Markets First scenario is developed on the basis of historical and broadly anticipated
patterns, while the other scenarios are constructed as departures from Markets First patterns. The
Policy First scenario attempts to bend a market-based trajectory toward a more sustainable path
through policy means. The Security First scenario depicts a world in which a market-based approach
has failed, and the environmentally and socially negative aspects of the Markets First scenario worsen.
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Finally, the Sustainability First scenario is seen as departing from the Policy First scenario. As the
limits of a top-down, policy-driven approach are realized, the shift toward sustainability is increasingly
accomplished through lifestyle changes. As the Sustainability First scenario moves away from the
Policy First scenario, the net effect represents a significant departure from Markets First patterns.

3.3 Severely degraded cropland

3.3.1 Description

The PoleStar variable ‘severely degraded cropland’ denotes land so degraded that it is of little value
for production. In the event that alternative land is available, severely degraded land will probably
be abandoned. If abandonment is not an option, yields will be strongly depressed. In either case, an
increase in the area of severely degraded land implies increased pressure on land resources and
increased vulnerability of the populations affected. Chapter 8 compares agricultural scenarios in
IMAGE and PoleStar. Compared to total crop area, additional degraded land is not extensive in
many regions; however, it is very extensive in Meso-America, South America, South Asia, North
West Pacific and East Asia and Africa (see Figure 3.3). Nevertheless, degraded land and conversion
to a built environment collectively turn out to be more than twice the net increase in cropped area as
seen in a recent FAO scenario (FAO, 2000a).

3.3.2 Scenario Assumptions 

The Markets First scenario is based on historical trends in cropland degradation rates, as reported in
UNEP’s Global Assessment of Soil Degradation (GLASOD) study (Oldeman and others, 1991;
GRID/UNEP, 1991) but adjusted in the light of the scenario narrative. The other scenarios depart
from the Markets First pattern consistent with the scenario narratives.

Four degrees of degradation, ‘light’, ‘moderate’, ‘strong’ and ‘extreme’, are distinguished in the
GLASOD study. According to the GLASOD study guidelines, the last two represent land so
degraded it must be pulled from production. These are differentiated one from the other by the effort
required to return them to use. Moderately degraded land is considerably reduced in quality, but can
still support some level of production. However, the GLASOD classification should not be
interpreted too stringently, either as a characterization of the current situation or as a basis for
scenario development. The assessment of current patterns has been challenged as being too
pessimistic (Alexandratos, 1995), while in scenarios, farmers’ responses to land degradation can be
expected to vary with the scenario assumptions. Consequently, the GLASOD assessment is used to
guide quantitative assumptions on degradation rates, but not to determine them.

Markets First
The PoleStar variable ‘severe degradation’ corresponds to the total of the GLASOD categories of
‘strong’ and ‘extreme’ degradation. In developing the Markets First scenario, attention is also paid
to rates of ‘moderate’ degradation, since the extent to which there has been moderate degradation in
the past can serve as an indication of likely future pressure of degradation. In most regions, scenario
rates are set between the historical levels of moderate degradation and the sum of the rates for strong
and extreme degradation due to such agricultural practices as reported in the GLASOD study. 
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To estimate rates, degraded areas were divided by 45, roughly representing the number of years
covered by the GLASOD study. Rates in regions where potential cropland is extremely scarce, such
as in West Asia, have been set below historically observed rates, as limited land resources are
expected to make protection or partial rehabilitation of degraded land economically attractive.
Globally, cropland becomes severely degraded in the Markets First scenario at a rate of around 30
– 40 thousand km2 per year.

Policy First
In keeping with the sustainability goals, land degradation in the Policy First scenario is assumed to
proceed at a rate under the historical rates. Up to 2015, cropland becomes severely degraded at a rate
of about two-thirds of the Markets First rate, or 1.8 Mha per year. Between 2015 and 2032, net
degradation slows considerably, stabilizing by the end of the period at an average rate of 0.25 Mha
per year. This is assumed to represent a balance of slowing degradation on active agricultural land
and significantly restoring currently degraded land.

Security First 
In OECD regions, where very few households lead an agriculturally sustained subsistence, intensity
of degradative activity is similar to that in the Markets First scenario. In non-OECD regions, where
many individual households rely on their own agricultural production, degradation rates amongst the
poor are more rapid as they work low-quality land with insufficient resources, while the most
productive agricultural land is expropriated and managed by the elite using agricultural practices
similar to those in industrialized regions. Abandonment of cropland is expected to be less prevalent
than in the Markets First scenario; this is because there are fewer alternatives due to exclusion from
more prosperous enclaves and crowding, as larger populations seek to produce their food on less-
productive land.

The net effect of expanding the use of marginal land, retention of degraded land and expropriation
and development of the most productive land is assumed to be rates of severe degradation similar to
those of the Markets First scenario in all regions. To quantitatively illustrate the scenarios, Security
First rates are set equal to the Markets First rates, while continued production on severely degraded
land is reflected in lower yields. The impact of the yield assumptions is reflected in land-use changes
and trade patterns in the larger PoleStar analysis, in which the cropland degradation scenario is
embedded; however, this analysis is not presented here.

Sustainability First
Compared to the other scenarios, relatively lower population pressure, more ecologically friendly
agricultural practices, greater access to resources through more broadly shared affluence and focused
attention on preserving and restoring renewable resources all contribute to a sharp decline in net
cropland degradation rates over the course of the scenario. Up to 2015, patterns are assumed to be
similar to those of Policy First, and rates are only slightly below those of the Policy First scenario,
at 1.6 Mha per year. However, there is net restoration of degraded land between 2015 and 2032, with
net degradation rates averaging just 0.7 Mha per year over the entire scenario period.
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3.3.3 Results 

The global extent of degraded cropland is shown through a scenario in Figure 3.2. Scenario-specific
patterns are discussed below, following a comparison of the Markets First scenario to the limited
available historical data so as to put the rates in context.

The Markets First global degradation rate is higher than the historical rate of 21.5 thousand km2 per
year suggested by the GLASOD study (since past rates of moderate cropland degradation are taken
into account when developing scenarios of future severe degradation). However, these rates are
apparently lower than some estimates of current rates of degradation. Unfortunately, it is often
impossible to make a direct comparison of land degradation estimates among different sources, since
they may include different categories, such as degradation from causes other than agricultural
practices. For example, Kendall and Pimentel (1994) report the combined effect from degradation
and loss to urban expansion. However, an indirect comparison in this case is possible: i.e. Kendall
and Pimentel report that cropland lost to urbanization and degradation takes place at a rate of over
100 thousand km2 per year. If the estimate of 28 thousand km2 per year due to land degradation in
this scenario is to agree with Kendall and Pimentel’s estimate, at least 70 thousand km2 of cropland
must be lost in conversion to the built environment. However, in the Markets First scenario, the total
increase in the built environment is estimated to be less than this − 50 thousand km2 per year on
average (see Section 3.4).

Conversion of other land uses to cropland – primarily forest and rangeland – is a major cause of
ecosystem modification. The Markets First rate of cropland degradation and loss to built
environment can be combined with total cropland requirements to estimate total conversion rates of
potentially arable land to cropland. While the PoleStar analysis includes a full agricultural scenario,
the focus in this section is on the specific indicators provided for the GEO-3 report. 
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For the present discussion, FAO, which has developed a scenario of agricultural production in
developing regions to 2030 (FAO, 2000a), has provided a suitable estimate of the net increase in
crop area over the next three decades. The FAO scenario presents an analysis of ‘what is likely to
be’ rather than a normative scenario of ‘what ought to be’ (Mahanani, 2001). In this, it differs
somewhat from any of the GEO-3 scenarios, which to some degree present someone’s normative
vision. Nevertheless, it is closest in spirit to the Markets First scenario, and can be taken to represent
a typical Markets First estimate of cropland expansion in the current illustration. In the FAO
scenario, cropland in developing regions expands at about an average of 35 thousand km2 per year
between 1996 and 2030. This is not the global increase in cropland, so it is not directly comparable
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Figure 3.3: Area of cropland degraded by 2032 since 2002
Source: SEI Boston
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to the global cropland degradation estimates reported here. However, in the past decades, most
cropland expansion has occurred in the developing regions. 

Assuming this pattern to continue, the figure of 35 thousand km2 for the developing world can be
taken as a Markets First estimate for global annual expansion in the next three decades. With this as
a base, different assumptions about land conversion will lead to a range of estimates for total
cropland conversion requirements. At the upper limit, if all of the severely degraded land were
abandoned, and if all new built environment was converted from cropland, roughly 113 thousand
km2 would have to be converted to cropland each year from other land types. At the lower limit, if
none of the severely degraded land is abandoned, and if no new built land comes from cropland, at
least 35 thousand km2 would have to be converted to supply requirements for new cropland and
cropland converted to the built environment. This suggests that a broad range of 35-113 thousand
km2 of additional cropland will be converted per year from forest or grazing land. The breadth of the
range is indicative of the considerable uncertainties surrounding degradation and conversion rates.
Note, however, that the range is compatible with historical rates of around 60 thousand km2 per year
in about 1980, according to the estimates of Houghton and Hackler (1995).

The extent of land degradation at the regional level is shown in Figure 3.3. The differences between
scenarios are similar for all regions in line with the assumptions outlined above. The Markets First
and Security First scenarios show the same patterns in illustrating the approximate equivalence for
this variable expected from the scenario narratives. The extent of degradation is less in Policy First
and least in Sustainability First. The differences in the absolute figures between regions reflect
historical patterns.

Compared to total crop area, additional degraded land is not extensive in many regions, although it
is very extensive in Meso-America, South America, North West Pacific, and East Asia and Africa.
Nevertheless, degraded land and conversion to the built environment collectively come to more than
twice the net increase in cropped area using the FAO scenario for cropland expansion. Removing
cropland through degradation, or reducing its yield, can add significantly to the total land area
required for conversion to cropland. As countries and research institutions strive to increase the
productivity of crops, it is at least as important to work to maintain the fertility of the land on which
those crops will be grown and, where possible, to restore already degraded land to a more fertile
state.

3.4 Extent of the built environment

3.4.1 Description

In both urban and rural settings, land is cleared and altered for businesses, residences, roads, parking
lots, parks, landfills, burial grounds and other uses – the built environment. Combined with
population growth, the increases in built environment per capita seen in the scenarios imply
substantial environmental pressures. While the built environment takes up a very small proportion
of the earth’s total land area in absolute terms (an estimated 2 per cent of total land area in 1995), it
represents a major cause of land conversion or land-cover change, often increasing at the expense of
arable land (Meyer and Turner, 1994; FAO, 2000c).
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The area of the built environment is not accurately known (Crosson and Anderson, 1992; Meyer and
Turner, 1994). Moreover, assessments are plagued by problems of definition. GEO-3 used a
combination of different sources and estimates to arrive at regional estimates for built-up land.
Historical data on the built environment are very scarce. In many countries and regions, urban
population growth lagged behind the growth in urban area in the mid-1980s (Meyer and Turner,
1994). In the USA this trend appears to have accelerated between 1982 and 1997 (USDA, 1994,
2000). Since countries usually converge toward patterns of transportation, urbanization and
habitation characteristic of the industrialized countries, built environment per capita is expected to
increase. 

Current estimates of the area of the built environment per capita, and scenario values, are shown by
region in Table 3.1.

3.4.2 Modelling 

Currently, Asia and the Pacific, much of which are characterized by relatively low incomes and high
population density, has not much built environment per capita. Regions with a higher income and
high population density, such as Europe, have built environment per capita that is higher than in the
Asian regions, but lower than in North America, where incomes are high and land plentiful. In Africa
and Latin America and the Caribbean, where land is plentiful but incomes relatively small, built
environment per capita is similar, and greater than that of Western Europe. In West Asia, incomes
are relatively high compared to other developing regions, while land is plentiful. Nevertheless, the
cost of water delivery constrains the expansion of the built area. Built environment per capita is
comparable to the levels in Latin America and the Caribbean, while below those in Africa.
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Table 3.1: Built environment per capita – current estimates and scenarios

2032

1995 2002 (est.) Markets Policy Security Sustainability
First First First First

km2/100 inhabitants 

North America 12.0 12.2 13.4 10.9 14.1 9.9

Latin America and Caribbean 5.0 5.2 6.4 5.4 6.7 5.5

Africa 6.4 6.5 6.6 6.3 6.9 6.0

Europe 5.0 5.1 5.7 5.3 5.8 5.3

West Asia 6.0 6.1 6.3 5.9 6.5 5.8

Asia and the Pacific 3.0 3.2 4.0 4.0 4.1 4.4

World 4.4 4.6 5.3 5.1 5.5 5.1

Source: SEI Boston
Sources for 1995 data: Günter Fischer, pers. comm.; WRI (1994); own estimates based on other regional values. For
North America, estimate based on US data, given by the area of “built-up land” (USDA, 1994) less the area of state parks
(USBC, 1992; 1995).

     



Markets First 
In the Markets First scenario, growth in the built environment is guided by the assumption that built
environment per capita is constrained by the amount of land available, and within these constraints
is determined by cultural preferences and income. Support for this view can be found in Table 3.1.
Data on changes in the area of the built environment are scarce. For the Markets First scenario, built
environment in the OECD countries increases at a rate based on historical trends in the United
States, consistent with similar economic growth in the OECD. In the USA, developed land per capita
between 1982 and 1992 increased at about 0.6 per cent per year on average (USDA, 1994). While
this trend appears to be accelerating in the USA, it is unlikely that such a pattern can be replicated
in densely populated regions, and is likely to eventually become saturated in the United States as
well. Over the 30-year period of the GEO-3 Markets First scenario, it is assumed that built
environment per capita will increase in all OECD countries at half the historical US rate (0.3 per cent
per year) throughout the scenario. Rates in other regions gradually converge towards patterns seen
in OECD countries as their incomes rise, but with different convergence targets for different
countries consistent with the comments above. So Africa and Latin America & Caribbean converge
towards the OECD average, while the other regions converge towards the more compact value for
Western Europe and OECD Pacific.7

As noted above, water, rather than land, is the constraining factor in West Asia. The assumption of
convergence towards Western European values rather than towards the OECD average is based on
an assumption that the costs of expanding water delivery systems will limit the growth of the built
environment. The convergence pattern for non-OECD Europe, where land is also plentiful, is based
on the assumption that these regions will tend more toward Western European patterns than to North
American ones. In the case of Europe, alternative assumptions will have little effect on land
pressure.

Policy First
In the Policy First scenario, policies to protect forest and cropland from encroaching on human
settlements are expected to restrain the growth in the built environment in all regions in comparison
to the Markets First scenario, although this tendency is counteracted to some degree by relatively
higher income growth in developing regions. Specifically, all regions are assumed to approach the
Western European average. In Western Europe itself, human settlements become slightly more
compact throughout the scenario, a pattern also seen in Africa, North America and West Asia. The
developing regions approach the Western European pattern as their incomes approach base-year
OECD values.

Security First
Assumptions in the Security First scenario are similar to those in the Markets First scenario, but with
different rates of convergence of developing countries toward industrialized country patterns,
consistent with the different economic assumptions, and a higher rate of increase in the built
environment area in industrialized regions. This reflects the predominance of sprawling, unplanned
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7 Global built area in the scenario is not sensitive to the rate assumed in OECD countries. Under the convergence
assumptions, if OECD built environment per capita were to grow at the 1982-1992 US rate of 0.6 per cent/year, then the
global area of the built environment in 2032 would be 3 per cent larger. If OECD built environment per capita were held
at base-year levels, then the global area in 2032 would be 2 per cent smaller.

                    



settlements, as discussed in regional narratives. Combined with comparatively rapid population
growth, this leads to a substantial expansion in the built environment in this scenario. 

Sustainability First
In the Sustainability First scenario, populations and settlement patterns initially follow the Policy
First trend. However, led by a gradual shift in living patterns in wealthier regions, all regions begin
gradually to move toward relatively compact settlements. Specifically, all regions are assumed to
begin to converge to a common level of 0.5 km2 per 1000 persons, equal to the current European
average, a value that would only be reached by 2100. This is, of course, a regional average: as in
Western Europe today, built environment per person may vary considerably within the regions due
to climate, and local preferences and patterns. Combined with relatively low population growth
rates, this leads to very modest increases, and in some regions, decreases in the built environment. 

3.4.3 Results

Figures 3.4 and 3.5 show changes in built environment at the global and regional level. The patterns
seen in the graphs result from a combination of population growth and change in built environment
per capita. Ultimately, they depend on the rate at which land area per capita is changed to built
environment (the rate of convergence of built environment), which increases with income growth
rates and the level to which regions converge. In broad terms, differences between scenarios are
similar in all regions to the pattern seen at the global level. The built area is largest in Security First
due to rapid population growth and sprawl. It is next largest in Markets First, while the areas in
Policy First and Sustainability First are similar, and typically low. There are some departures from
this general pattern. In many sub-regions, the Sustainability First built area exceeds that of the
Policy First or Markets First scenario because of rapid convergence – a sign of relative affluence.
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Figure 3.4: Global area of the built environment
Source: SEI Boston

Note: Historical data not available for this variable
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This is particularly true in Asia, where settlement patterns are very compact, both in present and
future scenarios. It is not true in Africa, where the available land area per capita encourages
sprawling in all scenarios except Sustainability First; here compact settlements emerge for
ecological reasons. In all scenarios the built environment expands in nearly all regions, with two
exceptions: 1) Western Europe in Sustainability First and Policy First, where it contracts as
populations stabilize and built environment per capita declines, and 2) in North America in
Sustainability First, where populations keep growing but where the built environment per capita
(starting at a very high level) becomes significantly more compact in the course of the 30-year
scenario.
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Figure 3.5: Regional-scale built environment areas
Source: SEI Boston
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The size of the built environment is intimately associated with the question of transport. How will
the transport infrastructure evolve? This is a looming question, which is likely to prove much more
serious for developing countries in the short term than the greenhouse gas emissions that will emerge
with the increase in motorized transport. Increases in transport will raise problems of infrastructure,
congestion, noise, dust and other local pollution (in addition to greenhouse gas emissions). In North
America, continuing sprawl – reflected in increasing expansion of the built environment – is tied to
reliance on the passenger car as the primary mode of transport. As the built environment often
encroaches on good agricultural land, further pressure will be placed on agricultural systems. As
with cropland degradation, the absolute area of the built environment is generally small when seen
as a fraction of total land area, but the impact on limited availability of productive agricultural land
can be severe. Chapter 4 describes the GLOBIO modelling efforts for ecosystems impacted by
infrastructure development.

3.5 Hunger

3.5.1 Description 

Of the many factors that can affect hunger, we focus on those that are reflected in the distribution of
income. This captures many issues indirectly that are reflected in income differences. However, the
complexity of the situation should not be underestimated. So can conflict exacerbate problems of
access to food, even if superficially it may appear that incomes are sufficient, while targeted food
aid may alleviate problems without being reflected in income statistics. Hunger patterns are
determined in the scenarios by changes in income, income distribution and population. Broadly
similar patterns are seen in all regions, with the highest levels of hunger in Security First, the second-
highest in Markets First, the next-to-lowest levels in Policy First and the lowest levels in
Sustainability First. This pattern follows from the equity and population assumptions in the
scenarios. 

3.5.2 Modelling 

Hunger – chronic undernutrition – is reported in the GEO-3 scenarios as a key poverty variable. The
approach to estimating hunger in scenarios is illustrated schematically in Figure 3.6.8 Given a form
for the income distribution, the population suffering from hunger is estimated by calculating the
population below a hunger line – a threshold income below which most individuals are unable to
obtain the calories required to sustain a normal level of activity. As discussed below, hunger lines
are estimated in the base year from income distribution and hunger data, and increase in the scenario
as incomes rise. Note that Figure 3.6 represents a snapshot of the situation. At a later point in time,
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8 The methodology applied was developed for use at a national level. Both the Markets First and Policy First scenarios
were developed at the national level. However, the 21 GEO-3 sub-regions are sufficiently homogeneous that sub-regional
aggregate distributions might be sufficient. To investigate this possibility, the Markets First scenario was first developed
at a national level, and then at a sub-regional level, aggregated over countries. The results from the two calculations were
compared and were found to agree closely, with a correlation coefficient of 98 per cent. As the sub-regional level
calculation is more straightforward to implement, and the agreement with the national-level calculations is good, for the
GEO-3 scenarios the Security First and Sustainability First scenarios were developed using regionally aggregated income
distributions.

                       



income levels may have generally increased and the economy become more formal. This means that
there are fewer possibilities to obtain food via bartering and the like. Thus, the hunger line will tends
to shift upwards, with increasing average income. For a detailed discussion on this, see Gallopín and
Raskin (2002) and Kemp-Benedict and others. (2002). This approach to estimating hunger levels is
analogous to the use of a poverty line for estimating the incidence of poverty.9

To make the procedure operational it is necessary to specify the shape of the income distribution and
the value for the hunger line. The approach followed for the GEO-3 scenarios is based on that used
for the Global Scenario Group scenarios (Raskin and others, 1998, 2001; Gallopín and Raskin, 2002;
Kemp-Benedict and others, 2002). Note that all income figures are in purchasing-power parity (PPP)
terms.

Two common variables of income disparity are used in this report: the Gini coefficient and the ratio
in income of the lowest-earning 20 per cent to that of the highest-earning 20 per cent, called the low-
high ratio here. These variables can be illustrated with the aid of a Lorenz curve, a plot of the fraction
of total income held by a given fraction of the population, with the lowest income portion of the
population counted first (Figure 3.7). The Lorenz values for the lowest-earning 20 per cent, 40 per
cent, 60 per cent and 80 per cent of the population are the income quintiles (labelled in the figure).
The Gini coefficient is given by the ratio of the areas A and A+B in Figure 3.7. This coefficient can
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Figure 3.6: Approach to estimating hunger in the scenarios
From: Gallopín and Raskin (2002) 

Note: This graph represents a snapshot of the situation in a society.

9 Note that the hunger line is an idealization: in reality some people with income below the line may be sufficiently fed,
for instance through subsistence farming, while some above the line will not. Also note that the hunger threshold represents
more than the cost of food, since clothing, shelter and fuel must also be obtained even by those just able to meet their basic
nutritional needs. Also issues like increased land degradation can have adverse consequences on income ditribution, and,
hence, on hunger stressed population estimates.

           



be assigned values from zero to one, with zero representing complete equality. The low/high ratio is
given in terms of the quintiles as (Quintile 1)/(1 - Quintile 4), with a value of one representing
complete equality.

A database on income distribution and hunger was compiled for this analysis with national-level
data. Current Gini coefficients are not available for most countries, so the most recent values
available are used (see Sources listed under Figure 3.8). Statistics on the incidence of chronic
undernutrition were collected for developing and transitional countries by the FAO. Data from the
FAO’s State of Food and Agriculture 1999 are used for developing countries (FAO, 1999). For
transitional countries, data used are from the FAO’s State of Food Insecurity in the World 2000
(FAO, 2000b). Comparable hunger estimates are not collected for OECD countries. For the base
year, hunger in the United States is indicated by the prevalence of ‘food insecurity’ as defined and
measured by the US Department of Agriculture (USDA) (reported in Rose and others, 1995).
Hunger levels are estimated for countries with no data on hunger, but with income distribution data,
using the analytical framework described in Section 3.5. 

The remainder of this section is largely devoted to a description of the methodology used to estimate
hunger incidence.

The shape of the income distribution
While many variables might be required, in principle, to characterize a country’s income
distribution, we argue that they can be satisfactorily represented by a function of one parameter. This
conclusion, which substantially simplifies the task of developing income distribution scenarios,
relies on the following argument. If one parameter is sufficient to characterize income inequality,
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then any summary measure of inequality (such as the Gini coefficient, low/high ratio or one of the
quintile values) will depend only on that parameter. In this case, we should observe a strong
correlation between Gini coefficients and quintiles. A plot of quintiles measured against Gini
coefficients for a diverse set of countries shows a strong correlation (Figure 3.8).

A number of different one-parameter income distributions have been suggested as being reasonable
representations of real national income distributions. As in the analysis of Kemp-Benedict and others
(2002), we use a lognormal distribution function. When income is distributed lognormally, the
logarithm of income is normally distributed: i.e. the distribution of the logarithm of income has a
classic ‘bell’ shape. When plotted against income, rather than the log of income, the distribution has
a broad high-income tail, as in Figure 3.6. 

The Lorenz curve L(x, G) for a lognormal income distribution is given by

Equation 3.1: 

where x is the cumulative population fraction, G the Gini coefficient, σ(G) the standard deviation of
the logarithm of income, expressed as a function of the Gini coefficient, N(x) the cumulative normal
distribution and N-1(x) its inverse.
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The standard deviation of log income is given in terms of the Gini coefficient by

Equation 3.2: 

The low-high ratio can be expressed in terms of the Gini coefficient using Equations 3.1 and 3.2.
The low-high ratio R is given by

Equation 3.3:                               .

Equation 3.3 can be used to evaluate the suitability of the lognormal approximation for representing
income distributions in the scenarios. We asked whether the low-high ratio estimated using Equation
3.3 is a good predictor of the actual low−high ratio as estimated from measured quintiles. The
answer to this question was found in the examination of income distribution data for countries with
both Gini coefficients and quintile values. The low-high ratio was estimated using Equation 3.3 and
compared to the observed ratio. Results shown in Figure 3.9 reveal both a high degree of correlation
and a good fit to the lognormal prediction. If the fit were perfect, the slope would be one and the
intercept would be zero. In fact, the estimated value for the slope is 0.978 ± 0.026, where 0.026 is
the standard error, and the intercept is 0.003 ± 0.004. Thus, the estimated slope and intercept are each
within one standard error of their expected values.
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Hunger line values
For countries where both hunger and income distribution data are available, it is possible to calculate
base-year hunger lines. The estimated values for some developing countries and the USA are plotted
against income in Figure 3.10. The hunger lines in the figure tend to increase with income, a pattern
that is also seen in national poverty lines. This is related to the fact that more informal economies
are developing where informal income generation becomes more difficult. Likely reasons for this
pattern are discussed in Gallopín and Raskin (2002) and Kemp-Benedict and others (2002).

In the scenarios, national hunger lines increase from their base-year values toward US$ 3670 – the
current inferred value for the United States, as mean income approaches US$ 21880, the income at
which the regression line in Figure 3.10 intersects the constant line at US$ 3670. Above an income
of US$ 21880, hunger lines remain constant. In constructing the current accounts, the dashed line in
Figure 3.10 is used to estimate the incidence of hunger for countries where values are lacking. 

Income distribution 
To estimate hunger in scenarios, three values are required: average income, a measure of income
dispersion, such as the Gini coefficient, and the hunger line. Two of these are already specified:
average income levels are specified as a high-level driving variable for the scenarios, while hunger
lines are connected analytically to average income through the procedure described above (see
Figure 3.10). Consequently, the discussion below focuses on assumptions for income distribution, as
expressed by the Gini coefficient (see also discussion under Figure 3.6 on current Gini coefficients
(the most recent values available)).
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Figure 3.10: Hunger lines versus mean income measured and assumed in the study 
From: Kemp-Benedict and others (2002)
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Markets First
In the Markets First scenario, the Gini coefficient for the United States increases at half the historic
rate, while the other countries converge toward the US pattern, consistent with the central feature of
global convergence toward industrial country patterns in the scenario. The Markets First scenario is
one of convergence toward industrial country patterns, but there are some indications that other
industrialized countries may be converging toward US levels of inequality. Inequality has been
increasing in the United States for 30 years, and in recent decades inequality has increased in the
United Kingdom, Australia and some Western European countries, as social protection programmes
have failed to offset rising wage inequality (Ruiz-Huerta and others, 1999). While the causes of the
increase in wage inequality are not yet well understood, several contributing factors for the United
States have been identified: e.g. technological change, a decline in the strength of unions, a decline
in the minimum wage and, to a small degree, globalization (Freeman, 1999).

Policy First
In the Policy First scenario, the evolution of income distribution is constrained by two considerations:
the scenario target of cutting global hunger in half by 2025 and a plausibility constraint that income
distribution patterns remain within historically plausible bounds. Given the income growth
assumptions of the scenario, it is possible to meet the scenario target while remaining within plausible
bounds on the Gini coefficients. In the scenario, Gini coefficients in all countries converge toward a
common pattern set to allow the hunger reduction targets to be met in the scenario. 

Security First 
Gini coefficients in all regions converge toward a value of 0.60, higher than the current average level
in Latin America, where inequality has persistently remained among the highest in the world.
Regions do not reach that level during the scenario, but all regions see an increase in inequality
consistent with the emerging highly polarized world envisioned in the scenario and described in the
regional narratives. 

Sustainability First
Gini coefficients initially follow the Policy First path, but move away from Policy First patterns to
converge gradually toward the relatively low value of 0.30, characteristic of Germany today.
Regions do not reach that level during the scenario, but nearly all regions have seen a decline in
inequality. This is consistent with the shift in values described in the scenario narratives.

3.5.3 Results

Historical and scenario changes in the level of hunger at global level are shown in Figure 3.11. In
general, Markets First follows a trajectory close to the historical one. The historical decline in
hunger slows slightly in the Markets First scenario, partly because of persistent hunger in Africa: as
the hungry population in Africa comes to dominate in the global distribution, the slow rate of
advance in the region begins to impact global patterns. Note that even with sharply narrowing
income distributions in the Sustainability First scenario, the World Food Summit target of halving
hunger by 2015 is not reached – the level of effort required to meet the target rises as we approach
the target year of 2015, and the level of inertia seen in the scenario overpowers the drive toward
more equal distribution and lower poverty, at least in the short term. Table 3.2 shows regional
estimates while sub-regional differences in hunger in the scenarios are shown in Figure 3.12.
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Broadly similar patterns are seen in all regions, with the highest levels of hunger in Security First,
the second-highest in Markets First, the next-to-lowest levels in Policy First and the lowest levels
in Sustainability First. This pattern follows from the equity and population assumptions in the
scenarios, as described above. Note that in most regions there is a decline in the percentage of the
population that is hungry even in Security First. In this scenario, as for the others, there is relatively
robust growth in average incomes. The scenario features a globally connected and affluent group.
Moreover, there is an overall reduction in poverty as income levels and distributions converge, so
the standard of living of the poor approaches an intermediate level among all the countries today,
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Table 3.2: Hunger incidence – current estimates and scenarios

2032

1995 2002 (est.) Markets Policy Security Sustainability
First First First First

%

North America 2 2 1 0 2 0

Latin America and Caribbean 11 11 8 3 12 2

Africa 28 26 17 10 22 6

Europe 2 2 3 1 4 1

West Asia 12 12 10 5 11 3

Asia and the Pacific 16 15 9 4 11 2

World 15 14 10 4 12 3

                 



rather than the level of the poorest countries today. As a consequence, percentage rates for hunger
decline slightly in many regions. Nevertheless, as population growth is high, the absolute number
rises sharply. 

The differences between the scenarios illustrate the potential impact of income distribution on
poverty outcomes. The levels of distribution seen in the scenarios are well within historical norms.
Perhaps the strongest message forthcoming from this analysis is that ‘broad-based growth’ must not
be just a slogan but an actively pursued goal. Even if we set aside the goals of equity and poverty
reduction that drive the scenario narratives, persistent hunger will affect the success of other
initiatives discussed in GEO-3 and in this report.
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Hunger patterns are determined in our scenarios by changes in income, income distribution and
population (see also Section 3.5.2 on Modelling). Even though this captures many issues reflected
in income differences indirectly, the complexity of the situation should not be underestimated.
Conflict, for example, can exacerbate problems of access to food even if superficially it may appear
that incomes are sufficient, while targeted food aid may alleviate problems without being reflected
in income statistics. Since these aspects were not explicitly addressed, the situation in a world of
Security First may, in particular, be expected to be worse than our analysis shows. 

3.6 Discussion 

Two of the three PoleStar variables – land degradation and expansion of the built environment – are
connected intimately to other variables developed by other groups and described in this document.
Especially notable are two variables from the IMAGE analysis in Chapter 7: the risk of land
degradation and the area of mature natural forest. Chapter 8 presents a cross-model comparison,
which includes looking at land-related variables analyzed with IMAGE and PoleStar. The third
PoleStar variable, hunger, is a key poverty variable. As such, it provides some insight into human
vulnerability to environmental and social changes due to socio-economic conditions. It complements
other measures of human vulnerability and direct pressures on societies developed for the GEO-3
report, such as water stress forthcoming from the WaterGAP analysis and municipal solid waste
generation from NIES.

As with other GEO-3 variables, a key observation is the persistence of negative impacts despite
positive changes. Given reasonable rates of change in, for example, land restoration and agricultural
practice (or in settlement patterns), expansion of the built environment and loss of productive
agricultural land can be expected to persist over coming decades, placing significant constraints on
agricultural production. Income and income distribution are each subject to more rapid changes than
are agricultural practices and settlement patterns. As a consequence, hunger outcomes in the
scenarios vary across a wide range, indicating considerable scope for action. However, persistent
hunger over a period of decades emerges in all of the scenarios, and the World Food Summit goal
of halving hunger – from 800 million to 400 million – by 2015 seems out of reach, even in the most
optimistic scenario.

The research described in this chapter points to the need for improvements in the underlying
historical data. Each of the variables – land degradation, expansion of the built environment and
hunger – is difficult to analyse due to a lack of quality in the historical data. Where land-use
variables are concerned, a global assessment of land degradation is available in the GLASOD study,
but changes over time are poorly understood. Also, and perhaps more crucial, rates and patterns of
land restoration and soil conservation are poorly understood. The scenarios presented here offer a
plausible range of rates, and indicate what might be achieved with efforts to retain productive
cropland. Historical rates of change in the built environment, and the degree to which new built land
is converted from forest or agricultural land are also poorly known. The relatively small absolute
areas of the built environment, and of degraded cropland, compared to total agricultural area are
deceptive. They make large contributions to marginal changes in land cover, but it is at the margins
that ecosystems are destroyed; furthermore, the most vulnerable populations live there too. 
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In turning to the issue of hunger and of poverty in general, this exercise shows that income
distribution should be brought into analyses of the interaction between social and environmental
systems. In general, to understand human vulnerability to environmental stresses, it is important to
understand how populations are distributed –with respect to both income and space. For example, in
the analysis presented here, income growth in Markets First and Security First are comparable.
However, because of differences in income distribution, hunger is significantly more prevalent in the
Security First scenario. Populations in the lower tail of the income distribution are at risk from
ecosystem shocks, as are populations in arid and agriculturally poor areas, and peri-urban squatter
settlements and coastal zones. These conditions are not unrelated: often the most vulnerable will be
found on the edges of both the income and the spatial distributions. 
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4. Ecosystems impacted by infrastructure expansion

Infrastructure is the central nervous system of the modern world and essential to economic
development. At the same time it results in large pressures on biodiversity and ecosystems. GLOBIO
estimates for the four GEO-3 scenarios show that even in a Sustainability First world there will be
continued biodiversity loss as a result of infrastructural development and associated land use by
humans. Assumedly, the main difference among the three other scenarios is the rate at which
infrastructure and its impact grows as opposed to the eventual level of impact. Differences in trends
become most visible 50 years from now.

4.0 Introduction

4.0.1 Scope and structure of the chapter

GLOBIO is used to identify zones around infrastructure where biodiversity is currently impacted to
a certain degree. Specific assumptions on infrastructural growth allow us to estimate the impact of
future human expansion on future biodiversity. This chapter provides background information on the
GLOBIO analysis carried out for the GEO-3 Outlook chapter. 

The overall GLOBIO framework and database are briefly described in sections 4.2 and 4.3,
respectively, emphasizing the extensive literature review that provides the basis for GLOBIO.
Section 4.4 outlines the assumptions made by GLOBIO for the GEO-3 scenario analysis. GLOBIO
comprises both modelling assumptions for any future development and specific interpretations of the
GEO-3 scenarios. The chapter goes on to present the impact estimates produced for the GEO-3
Outlook exercise (Section 4.5) and ends with a brief discussion, reflecting on GLOBIO’s use for
GEO-3 and sketching the main results.

4.0.2 Description of the issue

The human resource demand continues to take an increasing toll on biodiversity. In less than 150
years humans have directly impacted and altered close to 47% of the global land area. Physical
infrastructure, including roads, ports and settlements, is necessary for producing, delivering and
accessing goods and services. It accounts for a major share of a country’s national capital. Expansion
of infrastructure into previously undeveloped areas open them up for industrialization through oil,
gas and mineral exploration, for example, and for logging, farming, official migration and tourism.
Infrastructure also stimulates more uncontrolled migration activities that often lead to hunting,
poaching, clear-cutting for farming and sometimes for growing illegal crops. Many of these
activities, planned or uncontrolled, result in deforestation, land degradation, flooding and land
conflicts (Skole and others, 1994; Houghton, 1994; Johnston, 1994; Chomitz and Gray, 1996; Reid
and Bowles, 1997; Mäki and others, 2001), as well as loss of biodiversity and ecosystems (see next
paragraph). 

Expansion of road networks causes fragmentation of landscapes and water systems (Andrews, 1990;
Kummer and Turner, 1994; Forman and Alexander, 1998; Lawton and others, 1998; Wilkie and
others, 2000; UNEP, 2001; 2002b). Draining of wetlands for infrastructural development also has
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enormous impacts on biodiversity such as migratory bird species (Johnston, 1994; Findlay and
Bourdages, 2000; Wilkie and others, 2000; Mäki and others, 2001; UNEP, 2001). Loss of biodiversity
due to infrastructural development has been reported for a broad range of species, including reduced
abundance of insects, amphibians, reptiles, birds, and small and larger mammals (UNEP, 2001). 

Many studies also emphasize that, in the long run, even more serious effects may be expected on
ecosystem functions as a result of altered ratios between numbers of animals, thereby altering
species co-actions and modifying animal behavior. Changes can, for instance, be expected in
predator-prey relationships, between generalist and specialist species, and in insects and wildlife
relationships. Expanded infrastructure will also accelerate the introduction of exotic, potentially
invasive, species (Forman and Alexander 1998, Kruess and Tscharntke, 1994; Lawton and others,
1998, Trombulak and Frissell, 2000). Infrastructure thus disrupts the physical environment, induces
changes in land use and land cover, alters the chemical environment and impacts on species numbers
and co-actions. 

4.1 Analytical framework

GLOBIO is a system that translates an analysis of hundreds of peer-reviewed studies on
environmental impacts of human expansion on biodiversity and ecosystems into spatially explicit
impact zones around infrastructure (see Figure 4.1 for the GLOBIO principles). GLOBIO links the
literature overview with current infrastructure patterns (for example, through remote sensing) to
designate zones around the infrastructure where biodiversity is currently impacted to a certain
degree; in general, the larger the distance to infrastructure, the lower the impact on biodiversity. The
impact of future human expansions on future biodiversity can be estimated by assuming certain
infrastructure growth factors in the various GEO-3 regions for the four GEO-3 scenarios (see
Chapter 2 and UNEP, 2002a).

The source for the review was literature covered by the Current Contents/Agriculture, Biology and
Environmental Sciences database (www.isiwebofknowledge.com). The database provides access to
bibliographic information from articles, editorials, meeting abstracts, commentaries and all other
significant items in recently published editions of over 1040 of the world’s leading journals and
books in agriculture, biology and environmental sciences. Publications on experiments were
excluded, with only articles strictly based on empirical investigations published in journals included.
The subject had to relate to fragmentation and disturbance effects (decline in abundance of species)
associated with roads and/or human transport. Article titles and keywords were searched for terms
like ‘landscape’, ‘habitat patch or patch’, ‘forest fragmentation’, ‘roads’ and ‘disturbance’ relating to
the period from January 1987 to October 2001. The result was a total of 309 relevant articles, cross-
checked with recent literature reviews to ensure essential studies are flagged, which, without an
extra check, even the best of literature searches can overlook. 

The literature study showed avoidance behaviour to be the primary response of most species to
human disturbance (Frid and Dill, 2002) as long as an alternative habitat is available (Gill and others,
2001). Species decline is often presented in relation to the size of habitat fragments (islands).
Linkages also exist between the degree of habitat fragmentation and road density (Aguilar, 2001).
On the basis of this review, it was concluded that avoidance and incremental loss of habitat could be
projected as a function of distance to infrastructure (Nellemann and others, 2003b). 
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4.2 Basic data and modelling assumptions

A data set was compiled for GLOBIO on a 1x1 km grid system and included such infrastructure as
dual-lane highways, primary or secondary roads, tracks, trails or footpaths, single, multiple and light
railroad lines, tramways, utilities, power and pipelines, and settlements. In North America and
Europe, traffic along tracks and trails is very limited in contrast to developing countries. Therefore
this category was not included for these two GEO regions. Data sources used to compile the data set
were: 
• the Digital Chart of the World (DCW based on VMAP level 0);
• the USGS Global Land Cover Characterization (GLCC) version 2, using the USGS legend (based

on AVHRR data from 1992-1993);
• population density from the Landscan 2000 database and
• various resource data from ArcAtlas.

A measure was defined for GLOBIO to characterize the extent of impact from infrastructure in a
given area. The review mentioned in section 4.1 showed almost 95% of all species to be impacted
by a decline of 50% or more in abundance within 0-5 km from any infrastructure. This range crops
up in the literature again and again, whether dealing with deserts or rainforests, high-altitude plains
or steppes, insects, reptiles, plants or large mammals. Figure 4.2 shows the typical distribution of
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Figure 4.1: The GLOBIO principles
Note: Denoted are zones of probability of reduced biodiversity with distance to infrastructure varying with
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impacts from infrastructure on species richness based on studies of more than 400 species, as
documented in the 309 selected articles. The measure of impact was formulated as the distance from
the infrastructural element within which a 50% decline or more in species abundance was recorded.
The actual distance is calculated from the empirical results as the square root of the surface area
affected. 

On the basis of the responses of species to disturbance arising from infrastructural development, as
documented in the literature reviewed, the four following impact zones for GLOBIO were then
statistically determined by looking at the distribution of declining species within a certain distance
of a particular infrastructure:
• ‘high impact’ – upper 50th percentile (i.e. the distance within which more than 50% of all species

is found to decline by over 50%);
• ‘medium-high impact’ - 25-50th percentile (the distance within which 25 to 50% of all recorded

species is found to decline by over 50%);
• ‘medium-low’ impact - 1-25th percentile (the distance within which up to 25% of all recorded

species is found to decline by over 50%); and
• ‘low impact’ - for areas further away.

For modelling impacts, GLOBIO takes into account that the extent of the impact zone surrounding
a given infrastructural element will be different for different land covers. For instance, the impact
zones will be smaller in forested areas than in open landscapes (Nelleman and others, in press). This
has been factored using the values shown in Table 4.1.
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Figure 4.2: Typical distribution of impact from infrastructure on species richness 
Source: Nellemann and others, 2003a

                   



Moreover, the extent of impact depends on the type of infrastructure. In the GLOBIO system,
infrastructure types with low levels of human traffic are assumed to have substantially less impact
(see Nellemann and others, 2001; Vistnes and others, 2001). Table 4.2 shows the impact adjustment
factors applied to different types of infrastructure. The percentages in the table were defined by
means of various tests using both hindcast-modelling dating from 2002 back to 1940 and using
documented changes in road networks in parts of the Northern Hemisphere (USA, Russia and
Scandinavia) and parts of Latin America. The analysis was performed per continental land mass,
with Europe and Asia analysed separately. Each continent was analysed in a Lambert Azimuthal
Equal Area projection centered on the continent with a resolution of 1x1 km.
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Table 4.1: GLOBIO zones for the current situation showing impact on species richness due
to disturbance from infrastructure 

Vegetation cover High impact Medium-high Low-medium Low impact  
(based on a reclassification (upper 50th impact (25-49th impact (1-24th

of GLCCv2) percentile) percentile) percentile)

km km

Croplands 0.0 - 0.5 0.5 - 1.5 1.5 - 5.0 >5.0

Grasslands 0.0 - 0.5 0.5 - 1.5 1.5 - 5.0 >5.0

Boreal and high altitude forests 0.0 - 0.3 0.3 - 0.9 0.9 - 3.0 >3.0

Deciduous forests 0.0 - 0.3 0.3 - 0.9 0.9 - 3.0 >3.0

Tropical forest 0.0 - 1.0 1.0 - 3.0 3.0 – 10.0 >10.0

Semi-deserts and deserts 0.0 - 0.5 0.5 - 1.5 1.5 - 5.0 >5.0

Wetlands 0.0 - 0.5 0.5 - 1.5 1.5 - 5.0 >5.0

Arctic tundra 0.0 - 1.0 1.0 - 3.0 3.0 – 10.0 >10.0

Ice, snow and barren 0.0 - 0.5 0.5 - 1.5 1.5 - 5.0 >5.0

Note: Distances are given perpendicular to the infrastructure element

Table 4.2: Adjustment factors to differentiate the estimated extent of the impact zones by type
of infrastructure 

Infrastructure

Highways, primary and secondary roads 100%

Trails, tracks 25% lower

Railroads 100%

Settlements 100%

Utilities 50% lower

Note: For example, 100% for roads means that a road will have the same impact zone as stated in Table 4.1 while 25%

for a track means that a track will have only 25% of the impact zones stated in Table 4.1.

     



4.3 Assumptions for future expansion

As reported in Chapter 2, four scenarios had been developed for the GEO-3 scenario exercise.
Functioning as the main link of these scenarios to GLOBIO modelling, the growth of physical
infrastructure in a given area is assumed to be proportional to the regional growth in GDP per capita
– in purchasing power parity- and is also dependent on human population numbers, location and the
exploitation of natural resources. More specifically, the following assumptions were made for all
scenarios:
• Infrastructure expands primarily away from existing infrastructure and by adding

interconnections, nodes and other forms of aggregation.
• Areas with current relatively high population density will experience relatively high rates of

growth in infrastructure.
• Areas with known timber, oil, gas or mineral resources will experience relatively high rates of

growth in infrastructure.
• Areas close to coasts will experience relatively high rates of growth in infrastructure.

The latter three assumptions were implemented as multiplication factors (either larger or smaller
than one) for determining the infrastructure growth rate at a resolution of 1x1 km. Table 4.3 lists
these multiplication factors.

Specific assumptions for the four GEO-3 scenarios hinge on the development of resource extraction
and exploitation in the 2002-2032 period placed against the background of historical changes in land
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Table 4.3: Multiplication factors for deriving local infrastructural growth for 2002-2032 from
growth in GDP/cap (ppp) 

Dominant feature of the area Ratio of growth in local 
infrastructure to growth
of GDP/cap (on ppp basis)

Distance to coast smaller than 50 km 1.25

Croplands 1.0

Grasslands 0.75

Boreal forest 1.25 

Broadleaf/tropical forest 1.75 

Semi-deserts and deserts 0.5 

Arctic tundra 0.75

Ice and snow/barren 0.25

Wetlands 1.0

Mineral deposits, gas & petroleum reserves within a 50 km radius 1.5

Population density 0-10 inhabitants / km2 0.5

Population density 10-50 inhabitants / km2 1.0      

Population density >50 inhabitants / km2 1.5              

Note: For example, it is assumed that within 50 km from petroleum reserves, local infrastructure grows 50% faster than

GDP/cap

            



use and road development for the various continents in the 1850 - 2000 period. In fact, it is assumed
for this analysis that the future developments in the exploitation of natural resources will determine
whether physical infrastructure will expand at the same rate, or either slower or faster, than during
the previous 150 years. 
• Markets First is a ‘let-loose’ situation where market forces take complete control of resource

development, and multinational corporations play a primary role in rate, location and impacts of
development. This corresponds with a large acceleration in resource extraction and exploitation.
Therefore an average annual growth of the area impacted by a physical infrastructure of 1.5% is
assumed up to 2032. (This is separate from situation-specific adjustments, as presented in Tables
4.1, 4.2 and 4.3.) The 1.5% average annual growth is comparable to the average of 1% per year
during the preceding 150 years. 

• Policy First is a continuation of the gradual development trends experienced during the last
century; i.e. an average annual increase of 1% in the growth rate of the area impacted by
infrastructure.

• Security First brings acceleration in the current regime for exploitation of areas for natural
resources extraction. This translates to an annual increase in infrastructure of 1.25 % compared
with the current 1% per year.

• Sustainability First assumes continued demand for resources; however, strategic regional
planning reduces and controls effects of human expansion better than in the current situation
thereby minimizing unwanted secondary developments. Networks of protected areas help reduce
and direct development into corridors, thereby reducing the extent of areas where biodiversity is
reduced. However, due to the spatial development pattern inherited from the past, this scenario
really reveals its benefits only after 50 years. Earlier, up to 2032, the annual growth of
infrastructure is assumed to be a 0.25 percentage point slower than the historical growth rate of
1%. The expansion starts to ‘flatten out’ around 2032.

Figure 4.3 illustrates this growth in infrastructure. For full details of the method, including the
historical analysis, see http://www.globio.info. 
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Figure 4.3: Assumed global average growth in physical infrastructure as determined by
resource extraction and exploitation

              



Finally, applying the earlier mentioned impact distances, the approximate future area of risk for
biodiversity is estimated at 1x1 km and then aggregated. 

4.4 Results

Global results
The GLOBIO analysis quantifies the cumulative effect of assumed differences in trends by 2032.
Figure 4.4 shows the global estimates and Map 4.1 the spatial pictures. 

In Markets First, with its global economic networks, biodiversity will be threatened in nearly 72%
of the land area by 2032. The GLOBIO projections suggest particularly large deterioration of
biodiversity for South East Asia, the Congo Basin and parts of the Amazon. 

In the future, only Sustainability First will eventually provide significant protection of ecosystems.
But even the Sustainability First scenario suggests that we can expect continued loss of biodiversity
in nearly 56% of the land area by 2032 (a 9% increase compared to 2002). 

By 2032 infrastructure development will assumedly run up against constraints when nearly 75-80%
of the global land area is impacted. This is mainly because of mountains at high altitude (UNEP
2003c), and polar and tropical deserts that present marginal interest in development unless
significant cost reductions take placein relation to water transport or other developments. In fact, the
World’s remaining non-impacted land will be mainly desert. However, continuous deterioration– or
improvement – may occur on almost 80% of the land area, depending on future policies. In contrast,
pressures on biodiversity will continue to increase in other areas beyond 2032 as a result of increases
in the built-up areas and further fragmentation, in particular with the Policy First, Markets First and
Security First scenarios.
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Clearly, halting ecosystem degradation and reversing the 150-year-long trend of declining global
biodiversity will only succeed with large efforts to protect the wilderness areas and control and limit
road development into undeveloped areas. In most areas, the ecosystem degradation not only
includes loss of biodiversity but also increased pressures on freshwater ecosystems, and natural
products such as pharmaceuticals and food resources, all of these related to social security and
potential conflicts.

Regional implications
In order to appreciate the changing impact on biodiversity in the regions of the world, the
infrastructure impact has to be seen in the context of related developments such as changes in
agriculture in these regions. 

North America
Biodiversity is under increasing pressure in North America. In Canada, large land areas have been
set aside for indigenous people, with a likely positive outlook for many of the ecosystems involved
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(UNEP, 2001). However, in most scenarios, very extensive mining, hydropower, oil and gas
development projects, along with forest road construction result in rapidly diminishing wilderness
areas. In the Security First and the Markets First scenarios, exploration processes will increase
substantially, as in Alaska, Yukon and Quebec. The Policy First scenario will continue most of the
current development, which so far highly exceeds conservation and restoration efforts. Only
Sustainability First can alter this process.

Latin America
Latin America contains some of the largest global reservoirs of biodiversity. Conversion of tropical
rainforest to farmland and ranches constitutes one of the greatest threats to biodiversity. Under
Policy First, current increased industrial exploration of oil, gas and minerals accelerating road
construction will continue, leading to more uncontrolled immigration and logging, and conversion
of land to plantations and farmland (with heavy losses of biodiversity) be it more at lower speed.
Sustainability First may change this path in 20-30 years, although some continued losses are
expected as a result of continued requirements for farmland and industrial development. Under
Markets First and Security First the mining, logging and oil sectors will continue to heavily increase
production as new areas will be required for development to at least maintain the current production
levels over time. Serious negative impacts on ecosystems and biodiversity due to infrastructural
expansion will be the result.

Europe
Most of Europe has been directly converted to farmland and production forestry, the most extreme
conversion being in Western Europe. The remaining low-disturbance areas are mainly confined to
mountainous areas and protected zones in places like Scotland and Scandinavia. But tourism and
recreational development is putting increasingly greater strain on these little-disturbed ecosystems.
Restoration of former wetlands has begun, but still on a much smaller scale than the continued
development of infrastructure, plantations and other human activities. Under Markets First and
Security First, increased pressures towards developing resources and infrastructure will reduce
remaining biodiversity, including loss of reindeer and wolf populations, and many insects and plants
that cannot adapt to chemical-intensive modern agriculture. Sustainability First will be required to
restore lost habitat, such as wetlands and traditional agro-ecosystems.

West Asia
In West Asia, comprising large desert regions and important wetland areas, further development of
dams and infrastructure will increasingly negatively impact on migratory bird and fish populations,
and on the Marsh Arab society. Under Policy First, Markets First and Security First, increasing
demand for irrigation water, agricultural land and hydropower will become detrimental to large parts
of the remaining biodiversity in this region in a very short time span. Under Sustainability First,
rapidly applied mitigation and restoration measures will help protect some of the remaining
biodiversity, although even then, losses will be expected due to the time lag of cumulative impacts. 

Asia and the Pacific
South East Asia is one of the sub-regions in the world with the strongest pressures on biodiversity.
In most of South East Asia Markets First and Security First scenarios, infrastructural expansion will
result in near complete deforestation or conversion to plantations by 2032. Loss of the complex
forest ecosystems means losses of many different flora and fauna species, e.g. the world’s only
remaining Orang-utan populations. Forest loss exacerbates the effects of landslides, flooding and the
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quality and quantity of freshwater supply, traditional energy sources and traditional medicine. Even
with Sustainability First, the situation will be critical for much of the remaining biodiversity in this
region. In Australia, New Zealand and the South Pacific, most of the productive lands have already
been developed, but Australia and New Zealand still contain large wilderness areas. However, also
here, industrial development and ranching, with the subsequent infrastructural expansion, will
greatly change landscapes and their biodiversity in the years to come.

Africa
Africa also holds large biodiversity reservoirs. With Markets First and Security First, pressures for
mineral and logging exploration will increase in the Congo Basin, resulting in increased
deforestation and illegal bush-meat hunting, with severe impacts on biodiversity. Expansion of
infrastructure will increase land pressures and disrupt traditional grazing cycles in parts of the Sahel
and across other semi-arid regions. This, in turn, may well increase land conflicts, land degradation
and desertification. In Sustainability First, changes for the better will only come about effectively in
10-15 years due to the severity of the water and land productivity pressures, and those due to
associated infrastructural expansion, facing many parts of this continent.

Polar regions
The Arctic contains the largest undisturbed, but very sensitive, wilderness remaining in the world. In
the Markets First scenario, the Arctic will, however, develop rapidly as it holds some of the largest
reservoirs of oil, gas and minerals. The resultant negative impacts of infrastructural expansion will be
large on migratory species of both birds and reindeer/caribou, for example, and also on indigenous
people. Security First will also accelerate the demand for the resources in the North, including
fisheries and petroleum. Even with Policy First, the protection of areas will not be able to keep up
with development rates of petroleum, minerals and hydropower. In addition, more tourism will be
made possible in the Arctic by expanding the infrastructural network of roads and airports. Under
Sustainability First, however, there may still be time to turn the prospects for the sub-region in the
right direction. The Antarctic is not yet open for development, but pressures from tourism and
exploration may over time open up this sub-region. Especially in a Markets First situation,
infrastructure will clearly expand, bringing with it negative impacts on ecosystems and biodiversity.

4.5 Discussion

4.5.1 The use of GLOBIO for scenario exercises

Infrastructure as the central nervous system of the modern world is essential to economic
development. At the same time it exerts large pressures on biodiversity and ecosystems (UNEP,
2002b). Infrastructure relates closely to local, regional and national industrial and human
development activities. It is an essential parameter in many societal issues, and most people can
easily associate with the benefits and costs related to infrastructure. Furthermore, it is very visual
and indisputable. All of the above arguments are used to explain why in GLOBIO expansion in
infrastructure is used as an umbrella pressure to analyse potential future impacts of society on
biodiversity and ecosystems. 

One strength of GLOBIO is its relative simplicity. In addition, GLOBIO results project a broad
review of scientific, peer-reviewed studies on impacts of infrastructural expansions on ecosystems.
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The zone-extent estimates can thus be updated when new studies are published. However, such
updates are expected to change the impact zones only slightly, as the number of studies already
considered is very large.

GLOBIO is primarily intended to help bridge the gaps between the aspects of global environmental
change that relate to infrastructural expansions and the impacts on biodiversity and ecosystems
(UNEP, 2002b). In general, the GLOBIO historical database shows a clear correlation between
infrastructural expansions and losses over time in biodiversity and pristine areas. GLOBIO can also
project the degree of disturbance. Simple historical trends are followed for the different scenarios
but with growth rates varying according to the scenarios. Due to its relative simplicity, GLOBIO can
conceivably be presented along with results from integrated models, such as IMAGE or AIM, for
more holistic presentations. Application of GLOBIO to GEO-3 represents a first-time attempt in
doing this. 

Infrastructure projections as presented here also include a significant element of probability. First of
all, the reversibility of established infrastructure is very low. Only a fraction, if any, of established
infrastructure ever disappears. Secondly, the historical patterns described are not the result of short-
term economic ‘booms’ or political trends, but of a 150-year incremental pattern of development. As
resource demands continue to grow as a result of increasing consumption and growing populations,
the demand for infrastructure development in the future will increase as well, a development that is
very likely to continue in all scenarios. Indeed, perhaps the most significant part of the scenarios is
that even a minor slowing-down or acceleration in current trends will still lead to major increases in
pressures on biodiversity unless specific action is taken to control piecemeal development. This is
particularly true as wilderness areas are increasingly lost and infrastructure networks merge and link.

4.5.2 Results from the GLOBIO analysis for the GEO-3 Outlook

Assumedly, the main difference among the scenarios is the time at which maximum impact from
infrastructure will be reached and not the eventual level of impact. Obviously, differences in trends
will become more and more visible over time, typically 50 years from now and beyond. Noteworthy
in this respect is the very short time span, at least seen from the perspective of biodiversity.

By and large, in global terms, only Sustainability First will come close to limiting the expansion of
impact on species richness from infrastructure. This relates mostly to the growth of high-impact
zones. But even in a world of Sustainability First there will be continued biodiversity loss from
infrastructural development. 

The most striking finding in the GLOBIO analysis for the GEO-3 Outlook is that tropical rain forests
will continue to disappear at alarming rates if no measures are taken to reduce infrastructural
expansion for exploitation, particularly in South East Asia. On the other hand, it is also clear that
even 50 years from now there will still be some wilderness left – be it largely heavily fragmented or
confined to tropical deserts and the Arctic. 
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5. Water Stress

Water resources face severe stress in many regions of the world today. In all four GEO-3 scenarios
analysed, continuing population growth, economic development and climate change further increase
the number of people living in areas with severe water stress, particularly in developing countries.
Nevertheless, the reform-oriented scenarios do offer possible paths to more sustainable water use.

5.0 Introduction 

The Water−Global Assessment and Prognosis (WaterGAP) model combines geographically explicit
computations of water availability and water withdrawals on a river-basin scale worldwide. This
chapter discusses the variables ‘Water Stress’ and ’Population living in areas with severe water
stress’. Water Stress is a variable indicating the average degree of pressure placed on water resources
by anthropogenic water withdrawals in a river basin, thus providing a measure of quantity rather than
quality. The aim of this chapter is twofold: 1) to provide a scientific explanation of the modelling
methods, and 2) to present and discuss the results and the policy relevance of these methods.

Section 5.1 presents a general description of the model. Supplementary to the information presented
in Chapter 2, section 5.2 explains the data inputs and assumptions used by WaterGAP to model the
environmental consequences of the four GEO-3 scenarios. Section 5.3 describes the analysis results
and Section 5.4 comprises discussion and conclusions on the WaterGAP variables.

5.1 Analytical framework 

5.1.1 WaterGAP

The WaterGAP model, a global model estimating water availability and water use, was developed at
the Centre for Environmental Systems Research at the University of Kassel in Germany in co-
operation with the National Institute for Public Health and the Environment of the Netherlands
(RIVM). The aim of the model is to provide a basis: (i) to compare and assess current water
resources and water use in different parts of the world, and (ii) to provide an integrated long-term
perspective of the impacts of global change on the water sector. WaterGAP belongs to the group of
environmental models that can be classified as ‘integrated’, because they seek to couple and thus
compile knowledge from different scientific disciplines within a single integrated framework. An
overview of the model is presented below; for more detailed descriptions of the model please refer
to Alcamo and others (2000), Alcamo and others (2002) and Lehner and others (2001). 

WaterGAP comprises two main components, a Global Hydrology Model and a Global Water Use
Model (Figure 5.1). The Global Hydrology Model simulates the characteristic macro-scale
behaviour of the terrestrial water cycle to estimate water resources, while the Global Water Use
Model computes water use for the household, industrial, irrigation and livestock sectors. All
calculations made apply to the entire land surface of the globe (except the Antarctic) and are
performed for cells on a 0.5° by 0.5° spatial resolution,. At the moment this is the highest feasible
resolution for global hydrological models since climate input data is usually not available at higher
levels of detail.

The GEO-3 Scenarios 2002-2032 page 85

        



5.1.2 WaterGAP – Global Hydrology Model 

The WaterGAP−Global Hydrology Model calculates a daily vertical water balance for both land area
and open water bodies in each 0.5°-cell (Figure 5.2). The vertical water balance for the land fraction
in a cell includes a canopy water balance and a soil-water balance; balances are calculated as a
function of land cover, soil-water capacity, and monthly climate variables (i.e. temperature,
radiation, and precipitation). The canopy water balance determines which part of the precipitation is
intercepted by the canopy and directly evaporates, and which part reaches the soil as throughfall. The
soil−water balance subdivides the throughfall into evapotranspiration and total runoff. A different
vertical water balance is applied to open water bodies (lakes, reservoirs, and wetlands - based on a
global one-minute wetlands, lakes and reservoirs map by Lehner and Döll (2001)), where the runoff
is computed as the difference between precipitation and open water evaporation. The sum of runoff
produced within a cell plus the upstream discharge into a cell is transported through a series of
storages representing groundwater, lakes, reservoirs, wetlands and the river itself. Finally, the river
discharge is routed to the next downstream cell according to a global drainage direction map (Döll
and Lehner, 2002). This allows us to perform calculations for more than 10 000 ‘first-order’ rivers
(i.e. rivers that drain into the ocean or into inner-continental sinks). These cover the earth’s entire
land surface, except for the ice caps, and include more than 3 500 river basins larger than 2 500 km2. 

Calibrating the calculated total discharge to measured values (from GRDC 2000) is performed for
724 drainage basins worldwide, covering half the global land area, except the Antarctic. The
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historical long-term modelled average annual discharge is within 1 per cent of measured discharge.
For drainage basins without measured discharge data, runoff factors are regionalized by applying a
multiple regression approach. Döll and others (2002) provide a detailed description of the attuning
and validation of the WaterGAP Global Hydrology Model. 
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5.1.3 WaterGAP – Global Water Use Model 

The WaterGAP−Global Water Use Model computes water withdrawals and consumptive water use
for the main water-use sectors: households, industry, irrigation and livestock. Water withdrawal is
known as the total amount of water that is taken from the terrestrial part of the water cycle.
Consumption is understood as the part of the withdrawal that does not return to the terrestrial water
cycle. In other words, it is the proportion of water withdrawal that is lost by evapotranspiration
during the various processes of ‘use’. Water use in the household and industrial sectors is computed
annually, while for the irrigation sector, the sub-model operates on a daily basis. 

Each sector’s water use is computed as a function of ‘water-use intensity’ and ‘driving force’.
Variables representing ‘water-use intensity’ are per capita water withdrawals (households), water
withdrawals per unit of produced electricity (industry), gross irrigation water requirement per unit
of irrigated area (irrigation) and per-animal drinking-water use (livestock). 

Over time, societies are subjected to ‘structural changes’ and ‘technological changes’, which can lead
to changes in the water-use intensity. Structural changes reflect the idea that changes in water-use
intensity are connected, for example, to the development of economies and lifestyles (households),
the shifting of thermal to non-thermal power plants (industry), or to changes in climate or the types
of crops grown (irrigation). Technological changes complement structural changes and usually lead
to improvements in the efficiency of water use, and thus tend to decrease water-use intensities. 

For household and industrial sectors, historical structural changes correlate with income, and trends
are based on data provided by Shiklomanov (1997, 2000) for 26 different world regions. To be able
to compute scenarios of country-specific future water use in these two sectors, assumptions on
regional, structural and technological changes applied to country estimates for recent (i.e. 1995)
sectoral water use are assumed to be close to current levels (Shiklomanov, 2000; WRI, 2000). These
country-specific values are finally distributed to grid cells according to the spatial distribution of
population, and information on urbanization and access to safe drinking water. 

Computations for the irrigation sector rely on an irrigation sub-model, which calculates irrigation
water requirements by cell, reflecting an optimal supply of water to irrigated crops (Döll and Siebert,
2001). To compute net irrigation requirements (i.e. water consumption), the cropping patterns (rice
and non-rice crops) and optimal growing seasons for each cell with irrigated land are first modelled
as a function of long-term average climate, soil conditions and cropping intensities. After this, the
net irrigation water intensities are computed for each day of the growing season as the difference
between the crop-specific potential evapotranspiration and the plant-available precipitation. Taking
into account region-specific irrigation efficiencies (i.e. withdrawal to consumption ratio), the gross
irrigation water requirement (i.e. water withdrawals) per unit of irrigated area are calculated. Since
irrigation efficiency is subject to technological change, water withdrawals can be reduced through
this change (while in the model irrigation water consumption is assumed to remain unaffected by
technological change). 

Once the water-use intensities have been determined for each sector, total water use is obtained by
multiplying water-use intensities by the respective ‘driving forces’. The corresponding driving
forces for each sector are country-level scenarios for population (households), electricity production
(industry), irrigated area (irrigation) and number of livestock (livestock). 
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5.2 Input data and assumptions 

The WaterGAP model requires several scenario-specific driving forces on climate change and key
socio-economic developments to compute the future situation for water resources. In this section we
will describe how the main quantitative assumptions driving the scenarios have been derived. Most
driving force assumptions were provided either by the IMAGE 2.2 model (Chapters 2 and 7) or
borrowed from the extensively elaborated World Water Scenarios, developed in the context of the
World Water Vision exercise (see Chapter 2 and Cosgrove and Rijsberman, 2000).

5.2.1 Climate driving forces 

Computation of the current long-term average water resources and the average water use for
irrigation under normal climate conditions builds on a 30-year time series of monthly climate data
for the 1961 to 1990 period. Available water resources and water withdrawals for irrigation over the
last few decades are calculated for each year of the time series, providing the basis for the estimation
of long-term average conditions. To compute current conditions, WaterGAP uses observed data of
precipitation, temperature, number of wet days per month, cloudiness and average daily sunshine
hours on a 0.5° by 0.5° spatial grid covering the globe, available from the Climate Research Unit at
the University of East Anglia (New and others, 2000). Pseudo-daily precipitation values are
generated stochastically on the basis of number of wet days in a month and the total monthly
precipitation. 

Climate conditions under different scenarios are simulated by changing monthly temperature and
precipitation, while the other climate variables are kept constant. Future 30-year temperature time
series are obtained by adding the difference between the future long-term average and the present-
day long-term average, according to climate output from the IMAGE 2.2 model, to the historical
time series. The historical monthly precipitation time series is scaled by multiplying the precipitation
by the respective ratio between future and present-day precipitation, as calculated by the IMAGE 2.2
model. 

5.2.2 Socio-economic driving forces 

The main driving forces for water use by sector are country-level scenarios for population
(households), electricity production (industry), irrigated area (irrigation), and number of livestock
(livestock). Additionally, country-level scenarios for income play an important role in the
determination of structural changes in the water-use intensity and efficiency for the household and
industrial sectors. Water-use intensity in the irrigation sector depends on the types of crops grown
and the climatic conditions (see 5.2). Furthermore, in all sectors, water-use intensity may be reduced
by technological changes. 

Population data (distinguishing between urban and rural population) for the scenarios are based on
IMAGE 2.2 estimates for the world-regions. The country-level population estimates from the UN98
population prognosis at a medium birth rate for each country within a given region are scaled using
the population development obtained by IMAGE 2.2 for the regions. In Markets First, Policy First
and Sustainability First the global population increases to above 8.1 billion by the 2030s. In Security

The GEO-3 Scenarios 2002-2032 page 89

                



First, the increase is assumed to be even more marked, with global population growing to more than
9.2 billion by the 2030s (as described in Chapter 2, this volume). 

Electricity production (in TWh) is based on IMAGE 2.2 results for the world regions. The values for
the world regions are scaled to country values, assuming that all countries within a region follow the
same trend as the region itself. Total electricity production is assumed to increase in nearly all
regions under all scenarios. The highest increase in electricity production is expected in Markets
First, increasing by a factor of 3, and the lowest in Sustainability First, increasing by less than a
factor of 2. 

Income data (GDP) is based on estimates from IMAGE 2.2 for the world-regions, as described in
Section 2.4. The values for the world-regions are scaled to country values, assuming that all
countries within a region follow the same trend as the region itself. Average income growth in all
regions is relatively low and very unevenly distributed in Security First. Under the other scenarios,
income growth is higher at the global level (leading to a doubling in income by the 2030s), although
its distribution in the world-regions varies substantially across scenarios. In Policy First,
assumptions of a more equitable world cause average incomes to grow slightly slower in the richer
regions and rise more rapidly in the poorer regions than in Markets First, while Sustainability First
sees the greatest convergence in income of all the scenarios. However, large differences in income
between the countries characterize all scenarios. 

The expansion of irrigated area is seen to be one of the most critical determinants of water stress –
and two contrasting views prevail on whether the trend in irrigated agriculture expansion will
continue or bend. The assumptions for the GEO-3 scenarios here borrow from the World Water
Vision Scenarios (Cosgrove and Rijsberman, 2000), which discuss the role of irrigation in some
detail. True to the assumptions of the market-oriented ‘Technology, Economy and the Private Sector’
scenario of the World Water Vision, irrigated areas are assumed to expand across the globe by some
23 per cent in Markets First. The ‘Business-as-Usual’ scenario of the World Water Vision features a
more or less constant extent of irrigated areas worldwide, with no new initiatives to expand irrigated
areas. The Security First scenario adheres to this conservative assumption, as neither market forces
nor political initiatives are assumed to press for a major expansion of irrigated areas. The
assumptions in Policy First and Sustainability First are based on the reform-oriented ‘Values and
Lifestyles’ scenario of the World Water Vision to reflect attempts to arrive at a more sustainable
combination of agriculture and water management. This scenario leads to a much smaller increase
in irrigated areas worldwide (less than 5 per cent), with concurrent major redistribution of irrigated
land according to the water availability. In all scenarios, future expansion of irrigated land is
assumed to follow the current distribution of irrigated area (Döll and Siebert, 2000). 

The number of livestock is assumed to develop following a baseline scenario described in Alcamo
and others (1998). These assumptions result in an average increase of more than 1 per cent per year
in developing regions, a decrease of up to 0.3 per cent per year in industrialized regions for all
scenarios analysed here. 

Structural changes are driven, for example, by the development of economies and lifestyles
(households), changes in the proportion of water use from power plants and manufacturers
(industry), or changes in climate or the types of crops grown (irrigation). The assumptions pertaining
to structural changes are similar to those for the World Water Vision Scenarios. For the household
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sector, historical data show a trend in which average water-use intensity of households in a country
first sharply increases with income but eventually stabilizes at higher income levels. At the same
time, water-use intensity in the industrial sector decreases with income to level off at a higher
national income. These general developments are believed to continue for both households and
industry in Markets First and Security First. In Policy First and Sustainability First, changes in
lifestyles and values result in a reduction of water-use intensity by half compared to historical trends;
additionally, it is assumed that each individual will have access to a minimum of 14.6 m3 per year
(40 liter per day). Although no changes in the types of crops grown are assumed, changing climate
conditions in the irrigation sector alter water-use intensity. 

Technological changes complement structural changes and usually lead to improvements in the
efficiency of water use, and thus to a decrease in water-use intensities. The assumptions for
technological changes also borrow from the World Water Scenarios. Historical data indicates that
water-use intensity has decreased at about 2 per cent per year in both the household and industrial
sectors. In Markets First the rapid technological advances of recent years continues but slows down
over time to a value of 1 per cent per year. At the same time, irrigation efficiency continues to reduce
withdrawals in irrigation at 0.6 per cent per year. A similar pattern is assumed in Security First,
however, improvement in irrigation efficiency is somewhat slower at 0.3 per cent per year. Rapid
advances in technology continue at historical rates for the household and industrial sectors (2 per
cent per year) in Policy First and Sustainability First, while changes in irrigation efficiency are as
high as 0.9 per cent per year. 

5.3 Water Stress 

5.3.1 Description

Water Stress is defined here by the long-term average of the annual withdrawal-to-availability ratio
(wta). This ratio describes how much of the average annual renewable water resources of a river
basin are withdrawn for human purposes (in the household, industrial, agricultural and livestock
sectors). In principle, the higher this ratio is, the more intensively the waters in a river basin are used;
this reduces either water quantity or water quality, or both, for downstream users. According to this
variable, water stress increases when either water withdrawals increase and/or water availability
decreases. On the basis of experience and expert judgement, it is assumed that if the long-term
average wta-ratio in a river basin exceeds 0.4 (or 40 per cent), the river basin experiences severe
water stress (see, for example, Raskin and others (1997); Cosgrove and Rijsberman (2000)). 

An important aspect of this variable is that it is based on water withdrawals without consideration of
the fact that part of these withdrawals might be returned and re-used downstream without loss of
quality. In addition, the variable Water Stress describes the long-term annual average only and thus
does not consider important inter-annual or seasonal variations. Furthermore, Water Stress does not
take into explicit account available water infrastructure, water management capacity, or water
quality. Still, Water Stress as approximated by the withdrawal-to-availability ratio gives an initial
indication of where pressure on water resources is high in relation to the capacity of the water system. 

The variable ‘number of people living in areas with severe water stress’ shows an important
dimension of water scarcity by visualizing the population in a region or sub-region living in river
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basins affected by severe water stress. Not all the people in a river basin will be affected by severe
water stress to the same degree though. Nevertheless, this variable does give an indication of how
many people in a particular region are vulnerable to water-related stress. For instance, in many parts
of the world, the largest fraction of water abstraction, by far, is used by agriculture (FAO/Aquastat).
In such regions the main problem with ‘water stress’ is how agricultural practices can be adjusted to
a situation where there is less water. And in countries with high enough incomes, drinking-water
needs can be met through desalinization, for instance.

5.3.2 Modelling 

The Water Stress variable brings together information on the situation of water resources (i.e. water
availability) and water use (i.e. water withdrawals) per river basin. Both variables are computed by
the WaterGAP model, as described in section 5.1.

Water availability is computed by the WaterGAP Global Hydrology Model. In this context we define
‘water availability’ as the total river discharge, which is the combined surface runoff and
groundwater recharge. Long-term average annual water availability for the ‘current’ situation is
calculated on the basis of monthly climate input data from the climate normal period (1961 to 1990
time series). Computations of future long-term water availability under the scenarios make use of
climate change scenario data as described in section 5.2.1 above. 

Total water withdrawals comprise the sum of the water withdrawals for the four main water-use
sectors, i.e. households, industry, irrigation and livestock, as computed by the WaterGAP Global
Water Use Model. Due to data availability, ‘current’ water withdrawals per watershed for the
household and industrial sectors reflect the 1995 country-specific water-use data taken from
Shiklomanov (2000) and WRI (2000). Annual water use in these sectors is computed for the
scenarios based on the main driving-forces population, electricity production and structural changes
based on income. Current water withdrawals for irrigation are calculated for average climate
conditions (i.e. 1961 to 1990 time series, section 5.2.1) using the 1995 distribution of irrigated areas.
Water uses for irrigation under the four scenarios are modelled incorporating assumptions of climate
change and irrigated area expansion as described above. 

5.3.3 Results 

The description of the current Water Stress situation provides an important basis for analysing the
implications of differ, ent scenario assumptions. Therefore, before examining the pressure on water
resources under various scenarios, we will consider Figure 5.3, which displays the present-day
average water-stress situation as computed by the WaterGAP model. Roughly a quarter of the
terrestrial surface is, today, estimated to belong to the severe water stress category. Not surprisingly,
most desert areas fall into this category. Due to high anthropogenic water withdrawals, however,
some of the large river basins in China, most of the river basins on the Indian sub-continent, much
of Central Asia, most of Southern Africa, parts of the eastern coast of Australia, the Pacific coast of
Latin America, parts of Western Europe, and the south-western part of the USA are also included in
the severe water stress category. 
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The Water Stress situation is bound to change with changing water withdrawals (due to socio-
economic and/or climatic changes) and/or changing water availability (due to climatic changes).
Currently, a total of approximately 3 500 km3 water is withdrawn to meet water demands from
households, industry, irrigation and livestock. WRI (2000) summarizes the global annual water
withdrawal as follows: 71 per cent by agriculture (mainly irrigation); 20 per cent by industry; and 9
per cent by households. Large increases in water withdrawals worldwide are expected in Markets
First (up to some 4 800 km3 in the 2030s); this increase is particularly high in developing countries,
because continuing economic growth in low-income countries is assumed to lead to a larger water
demand across all sectors due to structural changes. However, total water withdrawals remain stable
or may even decrease in some industrialized countries (for example, in the USA and Western
Europe), resulting from further technological improvements. 

Water withdrawals are also estimated to decrease in Central Asia, with declining water needs for
irrigation (due to the combined effects of improved irrigation efficiency and increasing water
availability with changing climate conditions). In Security First, future water withdrawals generally
follow a similar pattern to that of Markets First, but the increases are somewhat lower in most
regions due to slower economic growth assumptions (leading to some 4 200 km3 worldwide in the
2030s). In Policy First and Sustainability First, total water withdrawals are computed to decrease
with structural changes in most parts of the world (leading to less than 2 800 km3 worldwide under
both scenarios in the 2030s). Yet, under these two reform-oriented scenarios too, assumptions on
population growth and economic growth result in substantial increases in water withdrawals in most
of Africa and parts of Asia. 
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Source: CESR 
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Simultaneously, climate change leads to a change in water availability for all scenarios. Due to the
relatively long delay in response of the climate system to changes in emissions, the geographical
patterns and magnitudes of change are similar in all scenarios. Water availability is assumed to
increase in some regions of the world, including Central Asia, the western parts of the USA, the sub-
polar regions and Eastern Africa. Conversely, water availability is computed to decrease
substantially in the Mediterranean region, in many Meso-American river basins, across Southern
Africa and Senegal, in most of Australia, in some river basins in West Asia and on the Indian sub-
continent. 

The combination of the trends in water withdrawals and water availability leads to significant
changes in Water Stress (Figure 5.4) between the ‘current’ situation (i.e. 1995) and the 2030s. Under
all scenarios, water stress decreases in the Mississippi River basin, in the Northern part of Western
Europe and in Central Asia. Large increases in water stress are expected for most developing
countries in Markets First and Security First. Increases in water withdrawals also lead to an increase
in water stress in most of Africa, Latin America and South Asia, in both Policy First and
Sustainability First, while for most other regions of the world water stress is reduced under these
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Figure 5.4: Changes in water stress for river basins up to the 2030s relative to the current
situation (i.e. 1995)
Source: CESR

Note: Changes in water stress are likely to be critical in regions with current high levels of water stress (as

shown in Figure 5.3) and further increases in water stress. 

           



scenarios. In Australia water stress decreases slightly under a Policy First and Sustainability First
scenarios, the reason being that due to policy measures to reduce water withdrawal the decreased
water availability problems can be absorbed. Under the Markets First and Security First scenarios
the decreases in water availability can not be overcome, which is why the stress increases in
Australia.

Currently, some 2 400 million people worldwide (more than 40 per cent of the total population) are
estimated to live in river basins under severe water stress. Under all four scenarios, the total number
of people in areas with severe water stress is expected to increase. The highest total number of
people living in areas with severe water stress is computed in Security First (some 4 700 million),
i.e. more than half of the expected world population in the 2030s under this scenario. Under Markets
First the number of people living in river basins with severe stress is slightly lower than under the
Security First scenario (some 4 600 million), but this still comprises more than half of the total
expected population in the 2030s under this scenario. Despite the reductions in water stress in many
regions of the world in both Policy First and Sustainability First, the number of people living in
areas with severe stress still increases to 3 500 million and 3 600 million worldwide, respectively
(amounting to more than 40 per cent of the expected total population). Figure 5.5 provides an
overview by sub-region under the four scenarios in 2032 of the population living in river basins with
severe water stress.

All scenarios show that the populous Asia and Pacific region remains one of the world regions with
the largest number of people living under severe water stress. At present, more than 1 600 million,
i.e. every second person in the region, live in a river basin under severe water stress. This makes
water stress one of the most pressing environmental problems in Asia and the Pacific region and,
according to any of the scenarios, will remain so for the foreseeable future. Particularly high
numbers of people living in areas under severe water stress are computed for the sub-regions of
South Asia (some 1 000 million) and East Asia (some 500 million). Increase in water withdrawals is
estimated to be the highest in Markets First for all sectors, especially due to the assumed further
expansion of irrigated areas. This leads to more river basins being taken up in the severe water-stress
category, particularly in South Asia and Southeast Asia. Although the overall growth in withdrawals
is somewhat moderated by slower economic growth and almost no expansion of irrigated areas in
Security First, water demand still rises in the industrial and household sectors. In Policy First and
Sustainability First, water withdrawals remain at current levels or even decrease in most of Asia,
mainly due to effective water-related policies, modifications in lifestyle and technology transfer,
resulting in structural and technological changes. However, this only leads to a slight decrease in
areas under severe water stress, while the total number of people living in river basins with severe
stress continues to increase. 

In relative terms, the West Asia region has the highest fraction of total population living in river
basins with severe stress (approximately 9 out of 10 people). In Markets First and Security First,
competition between users increases with increasing water withdrawals, and is even higher under the
Security First scenario. Although improvements in irrigation efficiency and minor shifts in irrigated
areas should lead to a decrease of water withdrawals for irrigation, this will not revert the water-
stress situation. In total, slight increases in water withdrawals are expected for both scenarios,
leading to a further increase in the number of people living in river basins with severe water stress
in the region. In Policy First and Sustainability First, water savings in the irrigation sector, together
with structural changes in the way water is used in the industrial sector, lead to a reduction in total
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water withdrawals. Still, in absolute terms, more people are assumed to be living in severe water-
stress river basins due to population growth. This makes international co-operation on water policies
to mitigate the impacts of water stress an imperative. 

In Africa nearly a quarter of the total population currently lives in river basins with severe water
stress. More than half of these 170 million people live in Northern Africa. In Markets First, total
water withdrawals are expected to nearly double, with particularly high increases in the sub-Saharan
regions. Similar increases are expected in Security First, although generally slower growth in the
economy decelerates the increase in demand. In both scenarios, the population living in areas under
severe water stress increases to around 40 per cent. Increases in water withdrawals in the sub-
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Figure 5.5: Population living in areas under water stress in 2032
Source: CESR 
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Saharan regions are also expected in Policy First and Sustainability First, although these increases
are considerably less than in the other two scenarios. This is due to a combination of technology
transfer, additional policies that encourage water savings in all sectors and a restructuring of the
irrigation sector. Nevertheless, as the population continues to grow, the number of people living in
areas with severe water stress will still double, even for these more reform-oriented scenarios. 

Similarly, in the Latin America and the Caribbean region nearly a quarter of the total population
currently lives in river basins with severe water stress. Most of these 110 million people live in
severe water-stress river basins in Mexico, Argentina and along the Pacific coastline of South
America. With increasing water withdrawals in Markets First and Security First, the area under
severe water stress increases in Meso-America and the Caribbean sub-regions but remains constant
in most of South America. The number of people living in severe water stress river basins increases
by a factor of two to three with the growth in population. The number of people living in areas with
severe water stress also increases in Policy First and Sustainability First, despite water withdrawals
and areas with severe water stress remaining roughly at current levels. 

In North America, large parts of the southwest of the United States are subject to high levels of water
stress; overall some 40 per cent of the total population live in river basins categorized as being under
severe water stress. Water withdrawals are projected to decrease under all scenarios in all sectors;
however, this effect is especially significant under the Policy First and Sustainability First scenarios
due to the strong action of further technological and structural change. As a result, some river basins
drop out of the severe water-stress category. Under these two scenarios, the number of people living
in areas with severe water stress decreases. Under Markets First and Security First, the total number
of people living in river basins with severe water stress increases with population growth, despite a
decline in percentage of population affected. 

High levels of Water Stress in Europe are generally related to high levels of withdrawals for industry
or irrigation. About 10 per cent of the European river basin area is found in the severe water-stress
category and about 30 per cent of the total population lives in river basins under severe water stress.
In Markets First, economic growth leads to a strong increase in water demand, especially in Central
and Eastern Europe. With these increases comes an expansion of areas with severe water stress and,
consequently, the number of people living in areas with severe water stress is expected to increase.
A similar situation occurs in Security First. The situation is very different in Policy First and
Sustainability First. Structural changes lead to significant decreases in water withdrawals for all
sectors across Europe. Further water-saving policies are even expected to revert the situation in
many of the river basins that currently experience severe water stress. Assuming these advances, the
number of people living in severe water-stress river basins drops significantly. 

5.4 Discussion 

The current Water Stress situation, along with the broad implications of developments under
different scenarios up to the 2030s, have been outlined on the basis of results obtained from the
WaterGAP model. 

When studying these results, it should be kept in mind that all model-based assessments have
unavoidable uncertainties linked to underlying model assumptions and available input data. For
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example, historical water-use data by sector (needed to derive structural change assumptions to
project water use) is scarce and often incomplete, particularly for developing countries. In the
absence of higher resolution data, it is assumed that regional trends in structural changes apply to all
countries within the region, while, in fact, the trends may vary considerably from country to country.
In general, it can be said that conclusions on future trends in water withdrawals for industrialized
countries have a lower uncertainty than for developing countries (Alcamo and others 2000). Another
example of uncertainty of the model output is that the hydrology model is attuned to matching
measured long-term runoff for some 700 drainage basins, which only cover about half the globe’s
terrestrial surface outside Antarctica. For the remaining river basins, model parameters are derived
from attuned river basins, making estimates of water availability more uncertain (Döll and others
2002). An additional uncertainty is related to the Water Stress variable. While it has become a widely
used indicator for primarily quantity-related pressure on water resources, there is some uncertainty
in setting the thresholds used to mark severe water stress. 

Furthermore, it should be stressed that top-down global assessments of water resources are not
designed to replace detailed vulnerability studies of particular river basins. Yet, they may
complement bottom-up river-basin analyses by offering consistent approaches to a wide range of
river basins by providing an overview of the different regions, including areas where more detailed
studies are limited or absent. They may also allow assessment of the developments within a
particular region in relation to the global context. Top-down global assessments also help to view
developments in individual river basins within their respective regional context, and in doing so,
allow identification of regional patterns. These characteristics of top-down model-based assessment
approaches make them valuable frameworks for comprehensive analyses of global environmental
change scenarios. 

Furthermore, care should be taken not to make unwarranted inferences when moving from the water-
stress indicator to the indicator on ‘number of people living in an areas with severe water stress’.
The reader should realize that the latter indicator does not automatically mean that future access of
all households to adequate water is likely to be imperilled. After all, the stress will often be felt
mainly in the agricultural sector. In higher-income parts of the world, this sector is relatively small
and in many developing regions efforts are underway to move away from dependency on
agriculture. In general, certainly in the Policy First and Sustainability First worlds, many
households will be able to re-allocate enough water away from agriculture to ensure that household
needs are met. Besides, in high-income countries drinking- water needs can, for instance, be met by
desalinization, which is increasingly becoming less expensive. And in countries where the water-
stress indicator is high, agriculture can be changed to focus on high-value crops and exports from
non-agricultural sectors so as to be able to import agricultural products that are water-intensive. For
such a strategy to work, the political situation needs to be such that a country can afford to be
dependent on food coming from abroad.

The WaterGAP-based analysis of the GEO-3 scenarios shows that in the longer term climate change
is bound to substantially impact water resources. Meanwhile, changes in water withdrawals due to
population development, economic activity and expansion of irrigation continue to dominate the
development of water stress in many regions of the world. In Markets First and Security First these
effects lead to a further intensification of the pressure on water resources in many of the currently
severely stressed river basins, and even to an expansion of the areas under severe water stress. The
expansion of these areas, combined with the continuing population growth in today’s severe water-
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stress areas, will cause an increase in the number of people living in areas with severe water stress
in both absolute and relative terms. While these increases are seen in all regions of the world, they
are particularly high in developing countries. 

The two reform-oriented scenarios, Policy First and Sustainability First, feature strong assumptions
on structural and technological changes. These changes lead to decreases in water withdrawals and
water stress in most industrialized countries, and even result in a decrease in the number of people
living in areas with severe water stress in Northern America, Europe and Australia. Yet, across most
of the developing world, the number of people living in areas under severe water stress is likely to
increase substantially in absolute terms. This trend is mainly due to continuing population growth in
today’s severely water-stressed areas, as in most regions the actual area under severe water stress
remains more or less constant or may even decrease as a result of the reduction of water withdrawals.
In this respect, the modelling results indicate that the reason for concern about the global water
situation remains under all scenarios. Nevertheless, the two reform-oriented scenarios show a path
to more sustainable water use based on improvements in water use efficiency and marked changes
in the irrigation sector. 

In total, the GEO-3 scenarios confirm that many regions of the world will be facing a big challenge
in the prevention or mitigation of future severe water stress. This challenge calls for substantial
structural changes to accompany further improvements in water-use efficiency. Scenario narratives
presented elsewhere (Cosgrove and Rijsberman, 2000) outline conceivable pathways to arrive at the
difficult but necessary changes in this regard. 
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6. Municipal waste and emissions in Asia and the 
Pacific 

The Asia-Pacific region is rapidly taking centre stage with respect to energy demand, with very high
growth rates in China and South Asia, and Japan. Consequently, future emissions from this region
are going to play a very important part in the rising global concentrations of greenhouse gases and
other types of environmental stress.

6.0 Introduction

In the GEO-3 scenario exercise the Asian-Pacific Integrated Model (AIM) is used to provide
projections of energy-related carbon dioxide, and sulphur and nitrogen oxide emissions, along with
municipal solid waste generation, in the Asia-Pacific region. Energy-related emissions of carbon
dioxide, sulphur dioxide and nitrogen oxide represent clear negative consequences of increased
energy use in our modern lives. Another negative consequence of the modern consumption pattern
is growth of solid-waste generation. There are complex interactions between the social, economic
and physical systems at various levels. The choices that individuals make about their consumption
goods, and the changes in behaviour of individuals caused by such economic impulses as price
deviations, lead to changes in the behaviour of producers in terms of choice of products and input
materials. This ultimately affects changes in the utilization of resource bases in the physical
environment. These systems also have feedback effects. For example, depletion of one type of
resource may lead to changes in inputs of production process and thus affect the cost structure of
firms. Producers send a price signal to the ultimate consumer, which could bring a change in the
consumption basket. Such interwoven systems make it necessary to employ appropriate analytical
tools such as integrated models to enable us to comprehensively understand the impacts of changes
of key driving forces in a variety of scenarios. 

Section 6.1 provides us with a general description of the model and section 6.2 with information,
additional to Chapter 2, on data inputs and assumptions used by AIM to model environmental
consequences of the four GEO-3 scenarios. The next sections describe the successive variables
provided by AIM for GEO-3 (UNEP, 2002) – energy-related carbon dioxide emissions in Section
6.3, energy-related sulphur dioxide emissions in section 6.4, energy-related nitrogen dioxide
emissions in section 6.5, and municipal solid waste in section 6.6. Each section briefly describes the
meaning of the given variable and its modelling. However, the core of section 6.3 to 6.6 presents the
results of the scenario analysis. Some overall discussion and conclusions on the AIM variables are
included in section 6.7. 

6.1 Analytical framework 

The Asian-Pacific Integrated Model (AIM) is a large-scale computer simulation model developed by
the National Institute for Environmental Studies in collaboration with Kyoto University and several
research institutes in the Asia-Pacific region. The AIM model assesses policy options for reducing
greenhouse gas emissions and avoiding impacts of climate change, particularly in the Asia-Pacific
region. It can also be used for analysis at the global level. The period of analysis can be medium-
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term (up to 30 years) to long-term (up to 100 years). The original AIM is an integrated ‘top-down
and bottom-up’ model, comprising an emissions model, a climate model and an impact model
(Matsuoka and others, 1995). The framework of this model is shown in Figure 6.1. The emission
model consists of a module on energy efficiency improvement, a module on energy service and a
technology selection module for regional models. For the global emission model, AIM uses a
general equilibrium model with higher sectoral aggregation, while regional models, applied only to
Asia, use a detailed representation of energy service and technology. The climate model is developed
to link emission and impact models. The impact model contains a spatial water-balance model, an
ecological model and a health impact model. It is used to estimate the increased risks of droughts,
floods, vegetation changes and malaria. 

A variety of − interrelated and interconnected − new models have been added to the group in the
course of development (shown in coloured boxes in Figure 6.2). These are AIM/Local,
AIM/Country, AIM/Trend, AIM/Impact (Country version), AIM/Ecosystems, AIM/Material and a
computable general equilibrium model – AIM/CGE. Some of the recent results of these models are
reflected in the Asia-Pacific Environmental Innovation Strategy Project (Fujino and others, 2001)
currently in progress. Of the various models in the AIM family, the AIM/Trend model (Fujino and
others, 2002; Fujino, 2001) has been the most relevant to the preparation of the GEO-3 Outlook
chapter. 

The AIM/Trend model is an econometric model to project the economic, energy and environmental
situation for a mid-term future. It calculates the relationships between each parameter through
regression methods using time-series data from 1971 to 1998 and extrapolates these relationships for
future projection, making simulations of energy supply and demand, Greenhouse Gas emissions,
Municipal Solid Waste, and water supply and demand, on the basis of data on population, Gross
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Domestic Product (GDP) and sectorial contributions to GDP (Figure 6.3). The simple structure of
this model makes it a unique communication tool for researchers and policy-makers at country level.
It can thus be used to consolidate country results in (sub-)regional contexts.
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6.2 Input data and assumptions 

Input and assumptions with regard to population and GDP are already described in Chapter 2.
Additional inputs and assumptions are used for the models. These inputs represent energy data,
emission factors and shares of value-added by various demand sectors. Assumptions on the
coefficients of autonomous energy efficiency improvement (AEEI) and generation efficiency of
various technologies are also needed. 

The chief data sources for energy were international publications of the IEA (1999) and UN (1995),
while emission factors were taken from IPCC (1997). For the assumption of AEEI and generation
efficiency, documented information was used wherever available. For countries where data were
absolutely insufficient, proxy assumptions, based on data from other countries, were made.

There are very few databases on solid waste. For the developed countries, long-term historical data
are available from OECD publications, e.g. OECD environmental data compendium reports on
municipal and industrial waste (OECD, 1999). However, just as for the developing countries, there
are no long-term historical data. Although some solid waste data are available (e.g. SSB, 1996;
1999) for China and CSO (2000) for India), the offer of historical data is rarely suffcient for the
analysis. As a result, we used the 1990 cross-sectional data on solid waste and economic activity for
65 countries in regression analysis for estimating parameters in solid waste generation, even though
other estimations for GEO-3 are based on country-by-country data. The data for solid waste
generation for the 65 countries were taken from a US EPA report (Adler, 1994). 

6.3 Energy-related carbon dioxide emissions

6.3.1 Description 

Energy-related carbon dioxide emissions are total carbon dioxide emissions from all energy uses:
e.g. industrial, road transport, other transport, agriculture and households.

6.3.2 Modelling 

The AIM/Trend model divides final energy demand into five sectors: IND (industry), TPR (transport
on road), TPO (transport others), AGR (agriculture), and OTH (other such as households). IVA
(industry value added), CAR (car holders), GDP, AVA (agriculture value added), and PFC (private
final consumption) are used as the driving forces for each final energy sector. Calculated are the
future trajectory projections of driving forces’ regression between GDP per capita, and IVA share of
GDP, number of cars per capita, AVA share of GDP and the PFC share of GDP. Elasticity between
driving force and final energy demand for each sector is calculated by regression analysis of
historical data. If the reliability of regression is low, a default value (=1) is set. Final energy demand
is calculated using driving force, elasticity and the AEEI for each final energy sector. The AEEI is
set for each GEO-3 scenario. Each share of fossil energy in the final energy demand sector, and
electricity use in each sector, is calculated by regression analysis with historical data. Share of heat
in each final energy sector is set in each GEO-3 scenario. Energy supply is in the form of electricity
and heat generated by power plants, heat plants and Combined Heat and Power (CHP) plants. 
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Power plants generate electricity and heat plants generate heat, whereas CHP plants can generate
both electricity and heat. All plants operate using fossil fuels (coal, oil, gas) and combustible
renewable waste. Power plants, however, can also generate electricity through nuclear power,
hydroelectricity, geothermal power and new technologies such as solar photovoltaic (PV) and wind
power. Efficiency of each energy plant is assumed to increase or be fixed, depending on the GEO-3
scenario. Each fossil-fired power plant share is calculated by regression with historical data. Non-
fossil-fired power plant supply is assumed by each GEO-3 scenario. For instance, in line with the
quantification and harmonisation of the scenarios, as explained in Chapter 2 (see sections 2.3 and
2.4 and Annex I of Chapter 2), the share of non-fossil fired power plant supply remains moderate in
Markets First and Security First scenarios but becomes important in Policy First and significant in
Sustainability First. Both the transformation efficiency from primary energy to final energy and the
transformation efficiency of electricity and heat are assumed to remain constant in accordance with
the latest historical data. Emissions of greenhouse-related gases (carbon dioxide, sulphur dioxide,
nitrogen oxides, methane, dinitrogen oxide, carbon monoxide) are calculated using energy supply
and emission factors. Kuznets curves are assumed, with sulphur dioxide and nitrogen oxides
explained in their respective modelling sections. The calculation flow in the model is depicted in
Figure 6.4. 
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6.3.3 Results 

Figure 6.5 shows the energy-related carbon dioxide emissions in the Asia-Pacific region in the four
scenarios. Emissions of carbon dioxide increase more rapidly under Markets First circumstances
because of high economic growth. In Policy First, advanced technologies are introduced to reduce
carbon dioxide emissions. Because a Sustainability First society shifts from conventional to
sustainable lifestyles, carbon dioxide emissions are somewhat mitigated. On the other hand, a
Security First society holds on to technologies with low-energy efficiency. Carbon dioxide
emissions increase most rapidly in this scenario everywhere except in Central Asia, where low
economic activities mitigate carbon dioxide emissions vis-à-vis Markets First. 

Figure 6.6 shows the change in energy-related carbon dioxide emissions by 2032 relative to 2002 in
sub-regions of the Asia Pacific. China, in the sub-region, ‘North West Pacific and East Asia’, India
in South Asia and Kazakhstan in Central Asia experience a maximum change in carbon dioxide
emissions over the 30-year period, while the South Pacific sub-region (including Australia and New
Zealand (ANZ)) experiences the least change in all the scenarios. An interesting observation is that
the ANZ and South Pacific sub-region and Japan show a decline in carbon dioxide emissions in the
Policy First scenario, because this scenario is more severe than Sustainability First scenario. In all
but Central Asia, carbon dioxide emissions are higher in the Security First scenario than in the
Markets First scenario for the reason mentioned above. 
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Figure 6.5: Energy-related carbon dioxide emissions in Asia and the Pacific as a whole
Source: NIES 
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6.4 Energy-related sulphur dioxide emissions 

6.4.1 Description 

Energy-related sulphur dioxide emissions are total sulphur dioxide emissions from all energy uses.

6.4.2 Modelling 

The AIM-Trend model is applied to calculate sulphur dioxide emissions, as described in section
6.3.2. As with the carbon dioxide emission factor, emission factors for sulphur dioxide and nitrogen
oxides are set for each country. Kuznets curves, which postulate an inverse U relationship between
income level and pollution, are assumed to deal with the changes in emission reduction rate
according to economic growth. In modelling this, thresholds are set as a function of GDP per capita
and at these thresholds the emission reduction rate changes (higher thresholds – or higher GDP per
capita – will show lower emission reduction rates).

6.4.3 Results 

Sulphur dioxide emissions will increase most rapidly in the Security First scenario, because little
money is invested to reduce sulphur dioxide emission in a low economic growth world (Figure 6.7).
In the other scenarios, the increase of sulphur dioxide emissions will be slow, as measures are taken
to avoid severe air pollution. This is especially so in Policy First and Sustainability First, where
sulphur dioxide emissions will be controlled more strictly. For Markets First it was assumed that no
specific government action is taken. With rising income levels, however, the need for a better
environment is recognized by all sectors of the society. In Markets First, therefore, voluntary
initiatives by business/industry and structural shifts in society will in the long run also show an
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Figure 6.8: Energy-related sulphur dioxide emissions in the five sub-regions of Asia and the
Pacific
Source: NIES 

Note the fine lines within the sub-regional, horizontal, bars. The segments of the bars are values for individual

countries. The stacking orders are mentioned in the chart.
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improved situation. Due to this Kuznets effect, a downward trend is observed in Policy First and
Sustainability First scenarios from around 2015, while this trend is observed in Markets First only 

Sub-regional results for changes in sulphur dioxide emissions by 2032 (Figure 6.8) provide
interesting observations. In the ANZ and South Pacific, sulphur dioxide emissions are reduced by 40
to 50 per cent between 2002 and 2032 in all scenarios. In modelling the scenarios, it is assumed that
all the industrialized countries would reduce their sulphur dioxide emissions regardless of the
scenario. Australia dominates emissions in the ANZ and South Pacific, and therefore the whole area
appears to be decreasing its sulphur dioxide emissions. In the North West Pacific and East Asia sub-
region, China’s emissions decrease at a slower rate than those of Japan. As a result, the sub-region
as a whole increases its emissions in most scenarios. Emissions also decrease in some countries in
the South East Asia, and North West Pacific and East Asia, sub-regions under Policy First and
Sustainability First scenarios. In all other regions emissions increase most rapidly in Security First
because of relatively low investment in emission reduction, especially in India and China, where the
emissions more than double over the 30-year scenario period. 

6.5 Energy-related nitrogen oxide emissions 

6.5.1 Description 

Energy-related nitrogen dioxide emissions represent total emissions of nitrogen oxides from all
energy uses: e.g. industrial, road transport, other transport, agriculture and households. 

6.5.2 Modelling 

The modelling applied to nitrogen oxide emissions also uses the AIM-Trend model, as described in
section 6.3.2. Kuznets curves are assumed for emissions of nitrogen oxides too; i.e. the emissions
per unit of activity decrease according to economic growth. 

6.5.3 Results 

Similar to other greenhouse gas emissions, emissions of nitrogen oxides also increase most rapidly
in the Security First scenario. Because of lower economic growth, there is less attention paid to
technological advancement, resulting in continued use of lower efficiency equipment. Emissions
increase more rapidly in the Markets First scenario than in the Sustainability First scenario. In the
Policy First scenario, a downward trend sets in after around 2025 in the Asia Pacific region (Figure
6.9) because of the Kuznets effect. 

Within the region, Australia, New Zealand and Japan show a reduction in emissions of nitrogen
oxides in all scenarios, although it is very small in Japan (Figure 6.10). Following the same trend as
that of sulphur dioxide emissions, emissions of nitrogen oxides also increase rapidly in the Security
First scenario in all sub-regions except ANZ and the South Pacific. In the Policy First scenario,
some countries in South East Asia also show a marginal decline in their emissions, although the net
emissions for the region show an increase. Even in Sustainability First scenario, South Asia and
Central Asia at least double their emissions between 2002 and 2032. 
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Figure 6.9: Energy-related nitrogen oxide emissions in Asia and the Pacific as a whole
Source: NIES 

   



Figure 6.10: Energy-related nitrogen oxide emissions the five sub-regions of Asia and the
Pacific
Source: NIES 

Note the fine lines within the sub-regional, horizontal, bars. The segments of the bars are values for individual

countries. The stacking orders are mentioned in the chart.
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6.6 Municipal solid waste 

6.6.1 Description

Municipal solid waste generation is an index of solid waste generation from household and
commercial sources. Total solid waste generation in the Asia-Pacific region in the year 1995 was
allocated an index value of 1. Index values for 2032 under each scenario relate to the index for the
base year. 

6.6.2 Modelling 

Data on solid waste generation, GDP and population show solid waste generation per capita to be
positively correlated to GDP per capita (Figure 6.11). From the historical analysis in Japan, the waste
generation per capita eventually levels off to the GDP per capita as shown in Figure 6.12. As a result,
the relationship between waste generation per capita and GDP per capita is adopted as shown in
Figure 6.11 and a regression curve is estimated. The implicit assumption is that if other Asian
countries follow a similar pattern to Japan, such a trend will be observed. Finally, the total municipal
waste generation is calculated from the estimated waste generation per capita and population
assumption. To construct various scenarios, this simple model assumes different pathways of
economic growth, taking into account various narratives of the scenarios. In such a simple
methodology, elaborate structural changes, distribution of goods, the urban and rural situation, and
the like are not modelled. 
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6.6.3 Results 

Because of the scarcity of data on solid waste, results are represented by index numbers normalized
to 1 in 1995.

Figure 6.13 shows the solid waste trajectories in the whole Asia-Pacific region by scenario. Solid
waste is generated the most rapidly in the Markets First scenario because it has the highest economic
growth rate. In the Policy First case, the solid waste generation will be restricted in the same way as
the carbon dioxide emissions. This restriction on solid waste could take place for two reasons. First,
there is a policy push for recycling, which reduces the material requirements and hence waste
generation. Secondly, there is a need to reduce solid waste, because overall capacity to treat waste
is limited in many Asian-Pacific countries. In a Security First world, low economic growth rate will
result in low municipal waste generation; successful implementation of municipal-waste generation
reduction policies and efficient recycling will be introduced in the Sustainability First scenario. As
a result, the generation of municipal solid waste will increase even more slowly. 

Figure 6.14 presents changes in municipal waste generation per country in 2032 relative to 1995. In
the Markets First scenario, the increase in the South East Asia sub-region is almost 200 per cent. The
increase is especially large in India because of the large economic growth and population. 
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A similar situation exists in China, in the North West Pacific and East Asia sub-regions. Among the
other sub-regions, Central Asia experiences the most change in its municipal waste generation, i.e.
an increase of 3.5 times. Countries in this sub-region, such as Kazakhstan and Uzbekistan, have
economies in transition and therefore the changes in consumption behaviour brought about by
opening up these markets could be one of the reasons for such a trend. In the Policy First scenario,
changes in waste generation are smaller than in the Markets First scenario. The South East Asia,
South Asia and North West Pacific and East Asia sub-regions show a significantly lower increase in
their waste production in a world of Policy First, as compared to Markets First. These three regions
also show a significantly smaller change in their waste generation in the Sustainability First
scenario; the increase in the North West Pacific and East Asia sub-region in Sustainability First is
almost half when compared to the development in Markets First. Except for Central Asia, the
increase in waste generation in the Security First scenario is, in all sub-regions, larger than for
Sustainability First. In this sub-region, the economic growth rate for Security First is much lower
than that for Sustainability First, and as a result, the increase in waste generation in Security First is
also small. 
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6.7 Discussion 

This chapter has presented the framework of the Asian-Pacific Integrated Model (AIM) and the
modelling results provided for the GEO-3 Outlook chapter. The overall picture emerging in the Asia
Pacific region from the emission trends of carbon dioxide, sulphur dioxide and nitrogen oxides, and
the generation of municipal waste, is that the region will experience rapid growth of all these
environmental pollutants in all four GEO-3 scenarios. Only in a few countries will trends be reversed
to a small extent. For both sulphur dioxide and nitrogen oxide emissions, there will be an eventual
decrease in all but the Security First scenario. Furthermore, the Kuznets effect is more pronounced
and occurs earlier for sulphur dioxide emissions than for emissions of nitrogen oxides. The latter are
more persistent because the technology for their removal is in a less advanced stage of development
than for sulphur dioxide. Secondly, the cost of removal for nitrogen oxides is higher. While it is
difficult to predict which, if any, scenario will emerge as the future unfolds, it is clear that immediate
actions are required to control the incidence of increased environmental burdens on air, land and
water. 

The AIM results presented in GEO-3 are limited to a few variables, but as explained in the
framework in section 6.1, the model is capable of providing results for other variables for the Asia-
Pacific region, as well as for other regions of the world. The AIM/Material model, constructed for
assessing policies affecting carbon dioxide emissions and solid waste, for instance, finds application
in Japan (Masui, 2001) and India (Rana and others, 2001). New results from AIM are also reflected
in the Asia-Pacific Environmental Innovation Strategy Project of the Government of Japan. AIM
results have been included in IPCC studies as well as comparison studies under the Energy
Modelling Forum (EMF) of Stanford University, USA and the ACROPOLIS project of the
University of Stuttgart, Germany. 
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7. Emissions, climate, land and biodiversity 

Impacts of the four GEO-3 scenarios have been estimated for issues ranging from climate change to
soil degradation risk. The analytical method involves a rather detailed interpretation of the
scenarios and modelling on a fine spatial grid. Striking delays are found between action and result,
underlining the responsibility of current decision-makers for both the next generation and the
succeding ones. Many of the impacts show strong differences between and within North and South.
For many of the issues analysed, the Sustainability First world shows a clear turn for the better.
Besides, the analysis clearly demonstrates that careful policy co-ordination will be required to make
progress; integrated, forward-looking strategies are bound to bring significant benefits, including
cost savings.

7.0 Introduction 

This chapter provides the background to the variables supplied by the RIVM for the production of
the GEO-3 Outlook chapter (UNEP, 2002). The aim of the chapter is twofold. It first explains the
methods used and then presents the actual findings, the major reasons for the changes over time and
the policy relevance of the findings. 

The IMAGE 2.2 model is generally described in section 7.1, while section 7.2 provides information
in brief on the data inputs, assumptions and scenario interpretation used by the RIVM to analyse the
environmental consequences of the four GEO-3 scenarios. The main reference is to Chapter 2; see
especially section 2.4 for details. The subsequent sections discuss methods and results for the
following variables: 
• Nitrogen loading of coastal marine ecosystems, in section 7.3 
• Energy-related sulphur dioxide emissions, in section 7.4 
• Energy-related carbon dioxide emissions, in section 7.5 
• Carbon dioxide concentrations, rate of average temperature change and change in precipitation

totals, in section 7.6 
• Risk of water erosion of soils, in section 7.7
• Natural forest change, in section 7.8 
• Terrestrial biodiversity (using the Natural Capital Index), in section 7.9

A discussion and several conclusions on the analysis of these variables can be found in section 7.10. 

7.1 Analytical framework 

The Integrated Model to Assess the Global Environment (IMAGE) has been the central tool for the
analysis reported here. IMAGE, developed at RIVM, initially to assess the impact of anthropocentric
climate change (Rotmans, 1990; Rotmans and others, 1990), is a dynamic integrated assessment
framework to model global change. Later it was extended to include a more comprehensive coverage
of global change issues in an environmental perspective (IMAGE team, 2001a,b). The current main
objectives of IMAGE are to contribute to scientific understanding and support decision-making by
quantifying the relative importance of major processes and interactions in the society-biosphere-
climate system. 
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IMAGE provides dynamic and long-term perspective modelling on the systemic consequences of
global change up to 2100. The model was set up to give insight into causes and consequences of
global change up to 2100 as a quantitative basis for analysing the relative effectiveness of various
policy options for addressing global change. Figure 7.1. provides an overview of the current IMAGE
modelling framework. 
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There are two models associated with, but not integrated in, IMAGE; used to provide basic input
information for the IMAGE model. These are the general equilibrium economy model, WorldScan
(CPB, 1999), and the population model, PHOENIX (Hilderink, 2000). The WorldScan model
provides input for IMAGE on economic developments, and - PHOENIX provides input on
demographic developments for both IMAGE and WorldScan. 

The WorldScan model is a typical Applied General Equilibrium model based on neo-classical
economic theory. The model design focuses on international economics, but can also be applied to
analyse energy, transport, trade and environmental policies. WorldScan distinguishes twelve world
regions, with output being transferred to the IMAGE 2.2 regions (see Table 7.1). Eleven sectors are
distinguished in the regional economies. As inputs to production in each sector, WorldScan
distinguishes the products, low-skilled labour, high-skilled labour, capital and, finally, a fixed factor
(land and resources) from other sectors. It models growth of GDP as a function of the growth of
‘physical’ capital, labour and technology, taking into account those in the labour force in low-income
regions working in low-productivity subsistence sectors. Trade is calculated within the model, i.e.
endogenously. It is only in the long term that changes in trade lead to changes in the degree of
specialisation of the economies modelled in WorldScan. WorldScan calculations allocate macro
consumption over time and categories, taking into account that consumer behaviour is region-
specific. Moreover, depending on a region’s GDP growth, WorldScan takes into consideration that
consumption preferences show a certain convergence towards the OECD (CPB, 1999; Bollen and
Manders, 2001).

The PHOENIX model is an interactive tool using an integrated-systems’ dynamic approach to
describe, position and analyse a broad spectrum of demographic issues to gain insights into changes
in population size and structure (age structure, number of households and urbanisation rates). The
two main sub-models of PHOENIX, the fertility and mortality sub-systems, describe historical and
future reproductive behaviour and mortality patterns in relation to socio-economic aspects (e.g.
income, education and health services) and environmental conditions (e.g. access to food and
drinking water and malaria risk areas). Socio-economic input is derived from WorldScan, whereas
IMAGE modules provide the environmental input. In return, simulations of population size by
PHOENIX are used as input variables for IMAGE and WorldScan, which finally results in consistent
scenarios (Hilderink, 2000). 

The output of the WorldScan and Phoenix models feeds into two basic parts of IMAGE (see yellow
box in Figure 7.1):
• The Energy-Industry System, which calculates regional energy consumption, energy efficiency

improvements, fuel substitution, supply and trade of fossil fuels and renewable energy
technologies. On the basis of energy use and industrial production, the system computes
emissions of greenhouse gases, ozone precursors and acidifying compounds (De Vries and
others, 2001).

• The Terrestrial Environment System, which, amongst other aspects, computes land-use changes
on the basis of regional consumption, production and trading of food, animal feed, fodder, grass
and timber, with consideration of local climatic and terrain properties (Leemans and Van den
Born, 1994; Zuidema and others, 1994; Klein Goldewijk and others, 1994; Kreileman and
Bouwman, 1994). 
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Emission and land-use change estimations are used, for example, to calculate changes in
atmospheric composition and climatic properties by resolving the changes in radiative forcing
caused by greenhouse gases, aerosols and oceanic heat transport (Eickhout and others, 2002). There
are, in fact, linkages between the models within each IMAGE system, along with linkages and
feedback links across these systems. 

IMAGE 2.2 quantifies a broad range of sustainable development and environmental variables. The
variables ‘nitrogen loading of coastal ecosystems’ and ‘terrestrial biodiversity (using the Natural
Capital Index)’ are calculated using additional models on the basis of IMAGE 2.2 output. All
variables are organized on the basis of the Pressure-State-Impact-Response framework. A
description of each variable, along with corresponding references to the literature, can be found in
the user documentation on the CD-ROM ‘The IMAGE 2.2 implementation of SRES scenarios’
(IMAGE team, 2001a,b). An in-depth overview of IMAGE 2.1 as a whole is given in Alcamo and
others (1998). 

IMAGE 2.2 simulations cover the period from 1995 up to 2100. Data for 1970-1995 are used to
calibrate the Energy Industry System. The Terrestrial Environmental System is calibrated over a
longer period (1765-1995), since the biosphere reacts with a time lag to human distortion (Leemans
and others, 2002). Simulations up to the year 2100 are made on the basis of scenario assumptions
on, for example, demography, food and energy consumption, and technology and trade (see mainly
section 2.4).
IMAGE 2.2 is mainly applied to global assessments. However, IMAGE performs many of its
calculations either on a high-resolution terrestrial grid of 0.5° by 0.5° (many of the land- related and
environmental variables) or for linked world regions (e.g. energy-related variables). The world
regions are based on the GEO-2000 sub-regional breakdown (see Table 7.1). The sub-regional
breakdown was changed for GEO-3, however, this new breakdown was not applied to the GEO-3
scenario exercise, since it involves a major, time-consuming operation to change a breakdown in
large integrated models like IMAGE, AIM and WaterGAP. This requires extensive calibration
preceded by the collection of material to calibrate against. In fact, attuning the IMAGE 2.2 sub-
regional breakdown to the previous (GEO-2000) revision had just been finalized when preparations
for GEO-3 started.

7.2 Input data and assumptions

The scenarios needed to be interpreted further to estimate environmental impacts as described in the
following seven sections. For example, inter-linkages, effectiveness of measures and dynamics over
time needed to be detailed, paving the way for a coherent quantified impact assessment of the GEO-
3 scenarios for the variables listed in secton 7.0 using IMAGE.

How the material has been adapted to the GEO-3 story-lines and quantitative assumptions for
population and economic development is described in section 2.4. Annex 1 lists the specific
assumptions made on energy production and consumption for the quantitative interpretations of the
GEO-3 scenarios, while Annex 2 describes the assumed changes in land-related issues. The resulting
developments in land cover and land use affect many of the variables in this chapter. A summary of
the changes is provided in Figure 2.2.
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7.3 Nitrogen loading of coastal marine ecosystems 

7.3.1 Description

The variable ‘nitrogen loading of coastal marine ecosystems’ quantifies the anthropogenic share in
total nitrogen loading of coastal ecosystems. At the sub-regional level employed in GEO-3, nitrogen
loading can be taken as a proxy for a wider range of land-based pollution on the coastal ecosystems.
It also indicates eutrophication of coastal ecosystems, in particular. The growth of algae in marine
waters is often nitrogen-limited (in contrast with many freshwater systems that are phosphorus-
limited). Large outflows of nitrogen at the mouth of the river may result in blooms of algae that make
water bodies unsuitable10 for recreational and other uses and, in worse cases, are even toxic to
aquatic life. 

7.3.2 Modelling

Natural nitrogen compounds, with their origin in groundwater and leached from the soil, are in
continual transport by rivers. Activities like agriculture (diffuse nitrogen sources) and discharge of
industrial and domestic waste water (point nitrogen sources) cause anthropogenic nitrogen to be
added to river water. 

The main diffuse sources of anthropogenic nitrogen are the inputs from nitrogen fertilisers, animal
manure and biological nitrogen fixation in agriculture, though natural soils may also be subject to
considerable atmospheric deposition on top of natural nitrogen (from both natural and anthropogenic
sources). Nitrogen in soils occurs mainly as nitrate that may be denitrified to nitrogen gas. This gas
leaves the soil and is no longer available. Nitrate also leaves soils through surface runoff or soil
leaching. Since nitrate is highly mobile in soils, it is easily leached to shallow and deep aquifers
during periods of excess precipitation. Groundwater flowing to surface water is generally a mixture
of water with varying residence times. Groundwater recharged more than 50 years ago, when fewer
nitrogen compounds were used than today, contributes much less nitrate to surface water than
groundwater from more recently infiltrated precipitation. Denitrification, surface-runoff, soil
leaching and groundwater transport depend on climate, soil conditions and soil hydrological
conditions. As a result of these processes, only a fraction of the nitrogen input to soils will reach river
water, often with a considerable delay.

Industrial discharge and domestic waste water are the main point sources of anthropogenic nitrogen
to river water. When these discharges, along with atmospheric nitrogen and nitrate from soil and
groundwater enter a river, part of the nitrogen is removed from the water, primarily through metabolic
processes through which it is then transferred to biota, the atmosphere or the stream sediments.
Factors influencing this are temperature, availability of organic matter, nitrate concentration near
sediments, and the stream flow regime and water residence time. Urban areas close to a river mouth
(thus having a short waterresidence time) will contribute more nitrogen at the river mouth than cities
further away from the coast. However, this was not taken into account in this scenario exercise. 
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10 Eutrophication can cause a decrease in oxygen and finally even a lack of oxygen, both of which appear to have become
more prevalent in many estuaries and coastal seas. Low oxygen conditions have resulted in significant losses of fish and
shellfish resources.

    



Global 0.5° by 0.5° resolution quantitative estimates have been made for the fate of nitrogen from
diffuse and point sources under the current situation. For point sources – mostly urban
agglomerations - the estimates are based on population densities, sanitation coverage and wastewater
treatment levels. Estimates for diffuse sources cover atmospheric deposition, agricultural inputs and
natural releases from ecosystems. Calculations are based on local hydrology, climate, geology, soils,
and land use, combined with 1995 data on crop production, nitrogen inputs from fertilisers and animal
manure, and estimates for ammonia emissions, biological nitrogen fixation, and atmospheric nitrogen
deposition. Historical nitrogen inputs are also used to describe the nitrogen flows in groundwater
(Van Drecht and others, 2001). Van Drecht and others (2001) combined the results from their detailed
calculations to estimate current nitrogen loads originating from major drainage basins (see Map 7.1). 

Current nitrogen loading estimates were then aggregated per GEO-3 region for the GEO-3 main
report, with nitrogen discharge at the river mouth assigned to the corresponding GEO regions as a
whole. For this Technical Report, figures are presented in more detail for the GEO-3 sub-regions
(see Figure 7.2). The variable shown is the share of anthropogenic nitrogen loading in total loading
at river mouths. Zero (0) indicates a pristine situation, while 0.5 indicates a contribution of
anthropogenic sources equal to the natural loading. A value close to 1.0 indicates a much larger
loading from anthropogenic nitrogen sources than the natural loading.

With reference to the future under the four scenarios presented in GEO-3, the potential increase in
human-induced nitrogen loading up to 2032 was estimated in a qualitative, expert-based fashion.
The factors considered (also listed in the column heads of Table 7.2) are: 
• changes in meat production and handling of related animal manure;
• changes in fertiliser use, considering such aspects as present use, subsidies and policies towards

increased agricultural efficiency;
• changes in emission and deposition of nitrogen oxides and ammonia;
• changes in population size and per capita emission (the more meat in the diet, the higher the

nitrogen compound content of in human excreta); 
• changes in urbanisation, sanitation coverage and sewage treatment. 

The combination of these factors was studied in more detail for the current Technical Report, scaling
down to sub-regional level. In particular, a possibility has been taken into account that in some sub-
regions in some scenarios, sewage pipeline infrastructure will be extended to keep up with
urbanisation, while the expansion of sewage treatment facilities will either not take place or will lag
behind a few decades. Under such circumstances the anthropogenic nitrogen loading at river mouths
would, temporarily, be effectively increased. Thus the sub-regional estimates presented here are
somewhat more somber than the regional estimates given in the GEO-3 main report, especially for
a world of Security First in low-income regions.

7.3.3 Results 

Global results 
Map 7.1 and Figure 7.2 gave an overall impression of current nitrogen loading at the river mouth,
assigned to the originating drainage basins On average, global anthropogenic loading is currently
slightly greater than natural nitrogen loading. But the differences between the world’s drainage
basins are large. 
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The anthropogenic loading of nitrogen to coastal marine ecosystems is expected to increase further
in all scenarios. Generally speaking, the potential increase in three decades from now on is largest
in a Markets First situation and smallest in a Sustainability First situation (see Table 7.2). But even
when sustainability comes first, there will be an increase of nitrogen load in most regions, driven by
population growth, diet changes and policies towards more intensive cropland farming. Only the
highest-income sub-regions show a reasonably benign trend in nitrogen load. 

For most aspects that determine nitrogen loading, the direction of change within a given sub-region
is the same, although there is a large variation between scenarios. These variations mainly occur for
nitrogen inputs that are relatively easy to influence through policy action, and that will show effects
in relatively short time frames. For instance, the level of sewage treatment in a Markets First and a
Security First world would, in many places, not keep up with urbanisation and sanitation coverage,
thus giving sizeable or large increases in terms of nitrogen loading of coastal ecosystems; while
sizeable decreases are expected for Policy First and Sustainability First situations. Clearly, policy
action and changes in values in the latter two futures exert a direct positive effect in a relatively short
time. On the other hand, population-related changes include slow-changing dynamics. Different
trends here, important as they are in the long run, will only result in so much change within a 30-
year period. 

Regional results 
Figure 7.2 shows estimates of current nitrogen loading for each GEO sub-region, illustrating the
considerable differences among and within regions, with values of the nitrogen export index ranging
from 0.25 in Western and Central Africa to above 0.8 in West Asia and in North West Pacific and
East Asia.
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Anthropogenic load as fraction of total load

0  - 0.2 Dominated by natural load

0.2-0.4

0.4-0.6

0.6-0.8

0.8-1.0 Dominated by man-made load

Map 7.1: Share of anthropogenic nitrogen in total loading in 2002 at the river mouth,
originating from the drainage basin
Source: RIVM 
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Over the next 30 years there will be an increase in anthropogenic nitrogen loading in almost all sub-
regions in every scenario, albeit with clear differences (see Table 7.2). In imagining the impact 30
years from now, one should take into account the prospects for increase or decrease in combination
with the current situation. If the prospect for increases is rated as small, and if current nitrogen
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loading is already large, the future pressure will also be large (compare, for example, South America,
Western Europe and West Asia in Table 7.2). 

The anthropogenic nitrogen loading in predominantly high-income areas such as Western Europe
and Australia, and parts of the Pacific, will typically increase only slightly, or even slightly decrease,
in all scenarios. However, in North America, overall increases are rated as being noteworthy or
considerable as a result of noticeable increases in all nitrogen sources, partly driven by a larger
population increase than in Western Europe. 

In predominantly low-income regions, the current situation varies among and certainly within
regions: Southern, Western and Central Africa show relatively small anthropogenic nitrogen loading;
Eastern and Northern Africa, relatively large; South America, small; Meso-America and the
Caribbean large. Differences are the result of characteristic patterns in population density,
agricultural activity and intensity (Van Drecht and others, 2001).

In most of Asia, Africa and Latin America, as well as in West Asia, the potential increase in nitrogen
loading is larger than in the high-income regions. Increases are mainly due to increases in population
and in per capita emissions, following changes in affluence and hence in diet. More and more
intensive agricultural production also contributes to the increases. A particularly important factor for
the differences between the scenarios in the next 30 years is that in some sub-regions in some
scenarios, sewage systems would be extended to keep up with urbanisation, while the expansion of
sewage treatment would not take place or lag behind by a few decades. Co-ordination of sewer
pipeline network extension and sewage treatment can make a big difference. 

Overall, the combination of heavy current loading with prospects for extreme increase is most
worrying. This combination seems to occur in South Asia, North West Pacific & East Asia, and West
Asia. In particular, South Asia emerges from the analysis as being a prospective ‘candidate’ for large
increases in nitrogen loading of coastal marine ecosystems, even in the Sustainability First world. 

Somewhat less extreme, but also not really reassuring, are the ratings for Meso-America and
certainly Northern Africa. The Mediterranean (bordering on a mixture of higher and lower income
countries) comes under special pressure because of a combination of heavy current loading and
trends like urban growth with inadequate wastewater treatment, tourism and intensively farmed land
situated close to major river mouths. 

Western and Central Europe, and Eastern Africa and the Indian Ocean islands are currently already
showing relatively high loading, but future increases are less worrying.

Overall policy implications
Increasing urban populations with increasing sanitation coverage will give rise to more than
proportionally increasing nitrogen loading of coastal marine ecosystems. Investments in sewage
water treatment can solve much of this problem, but only if it keeps up with urbanisation and
sanitation. Well co-ordinated sewage treatment can make a large difference.

Agricultural activities will expand and intensify in most regions, leading to increasing inputs into
groundwater and surface waters. Policies in areas with high-density agriculture should aim at
improving the efficiency of nitrogen use to prevent leaching losses from soils.
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7.4 Energy-related sulphur dioxide emissions 

7.4.1 Description 

The variable ‘energy-related sulphur dioxide emissions’ relates to all sulphur dioxide emissions
resulting from all energy uses. 

Deposition of sulphur dioxide and sulfate is one of the main causes of acidification in soils and
water. Acidification may damage terrestrial and aquatic ecosystems if critical levels are exceeded.
Sulphur dioxide also has direct impact on vegetation, and causes damage to materials, buildings and
monuments. Sulphur dioxide can also be directly toxic to humans, its main action being on the
respiratory system. Indirectly, it affects human health as it is converted to sulfate in the form of fine
particles. These particles reflect sunlight and therefore have a cooling effect on climate. Due to the
relatively short lifetime of the particles, this effect is concentrated in regions where the emissions
occur (mainly in the Northern Hemisphere).

7.4.2 Modelling

IMAGE results are presented for all regions in this Technical Report. In the GEO-3 Outlook chapter,
however, AIM results were used for Asia and the Pacific (as documented in Chapter 6 of this report;
IMAGE and AIM results are compared in Chapter 8).

Regional energy-related emissions of sulphur dioxide are calculated in the ‘energy emissions’
submodel of IMAGE 2.2 by applying emission factors to energy consumption and production for the
nine energy sectors and five energy carriers. The energy sectors are listed below: 
• five energy end-use sectors, i.e. industry, transport, residential (households), services

(commercial and public) and others (agriculture, etc.) 
• energy consumption by electric power generation
• other energy transformation 
• fossil fuel production (coal production, flaring of gas associated with oil production, gas

transmission, etc.) 
• marine bunkers (international shipping). 

The energy carriers include solid fuel (coal and coal products), heavy liquid fuels (HLF; diesel,
residual fuel oil and crude oil), light liquid fuels (LLF; LPG and gasoline), gas (natural gas and
gasworks gas) and modern biofuels (such as ethanol).

The most important energy-related sources of sulphur dioxide in most regions are coal and oil
combustion in the electricity generation and industrial sectors. Most of the sulphur contained in fuel
is oxidized to sulphur dioxide during fuel combustion. 

OECD regions have implemented emission controls for sulphur dioxide in electric utility plants.
These are switching from coal to natural gas for power generation, flue de-sulphurisation,
construction of new, more energy-efficient power plants, and decreasing the sulphur content in coal.
Other energy sectors implemented other sulphur emission reduction controls, such as flue gas
desulphurisation in industry and tightening sulphur standards for fuel for road transport. 

page 130 Emissions, climate, land and biodiversity

              



Future sulphur dioxide emissions under all GEO-3 scenarios are modelled as sulphur-control
scenarios with changes in fuel mix (substitution of direct use of coal by other fuels, and lowering
fuel sulphur standards), transition to clean coal technologies (Flue Gas Desulphurisation) and other
measures. Emission factors for sulphur dioxide from coal combustion depend primarily on the
implementation of Flue Gas De-sulphurisation. 

The 1995-2010 period assumes full implementation of current national and international emission
policies (such as the 1999 UN-ECE Gothenburg Protocol for Europe and the Amendments of the
Clean Air Act in the USA), and implementation of various other sulphur control policies for the long
term. The timing of convergence of these factors to the final level of OECD regions depends mainly
on the income level (Markets First), environmental awareness (Policy First and Sustainability First)
and the seriousness of environmental impact (Security First). 

Sulphur dioxide emissions represent a model output in itself, but are also used as model input in the
atmospheric chemistry model of the atmosphere-ocean system (see also section 7.1). The issue here
is that sulphur oxides form sulfate aerosols that reflect sunlight and therefore have a cooling effect
on climate. Due to their relative short lifetimes, the effect of the aerosols is concentrated in regions
where the emissions occur (mainly in the Northern Hemisphere).

7.4.3 Results 

Global results 
Figure 7.3 shows the trends in energy-related sulphur dioxide emissions featuring sharp divergence
among the four GEO-3 scenarios. Despite strong economic growth, and thus more industrial activity,
sulphur emissions in lower-income regions continue to decrease under the Sustainability First
scenario at the same speed as over the last decade due to two important factors. One factor is the
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Figure 7.3 Global energy-related emissions of sulphur dioxide
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strict sulphur policies all over the world. Second, and at least as important, is that systematic changes
in the energy system – bending strongly towards energy efficiency, the use of sustainable energy
sources and, in the shorter term, fuels switches from coal to natural gas − also strongly decrease
sulphur emissions. In this way, the Sustainability First scenario is shown to be an important example
of the synergies that can be established between changes in the energy system to decrease
greenhouse gas emissions and decrease regional and local air pollution. 

The situation under Sustainability First clearly contrasts with Security First, where sulphur
emissions start to increase sharply due to weak environmental policies and increasing use of coal in
both higher and lower income regions. The use of coal in many regions is partly a result of the fact
that regionalisation assumed in the Security First scenario forces regions to use their domestic
energy sources – which in some regions is mainly coal. The sharp increase in sulphur emissions
worldwide seems to signal a remarkable trend breach over the last decade with its clear decreases.
But in fact, the global historical trends are introduced by a time-specific combination of factors,
including the economic decline in Central Europe and the Former Soviet Union, the emission
decreases in high-income regions and, at the same time, a strong growth in sulphur emissions in low-
income regions. 

Developments under Markets First are only slightly less dramatic than under Security First.
Continuing decreases in sulphur emissions in higher income regions are more than nullified by
increasing emissions in lower income regions. Severe environmental deterioration will nevertheless
stimulate these countries to apply stricter environmental policies. Eventually, by 2040, this results in
a bending of the trend towards overall global decrease in sulphur emissions. 

The situation under Policy First resembles Sustainability First, though sulphur dioxide decrease
only becomes visible around 2010. Again, the larger share of the emission decreases are driven by
systematic changes within the energy system. Similar to a Markets First future, continuing decrease
in sulphur dioxide emissions in higher income regions is initially nullified by increasing emissions
in lower income regions. Around 2010 the slow overall increase quickly changes to a clear decrease
thanks to a gradual replacement of coal by gas and in the longer term by renewable energy. 

Decreases in sulphur dioxide emissions are a classic example of pollution abatement that closely
follows policy measures. Measures, such as fuel switching or large-scale desulphurisation, are
typically large-scale and have an all-or-nothing character. Sharp decreases in sulphur emissions are
coupled with a strong cooling effect (see section 7.6). Careful coordination with climate policies will
therefore be needed, especially in the coming decades. 

Regional results 
The bar charts on absolute emissions and changes in 2032 relative to 2002 show interesting
differences between the sub-regions (see Figure 7.4). Some of the largest emitters, the OECD
regions in particular, will move to the group of smaller emitters over the coming decades, changing
positions with present medium to large contributors in Latin America, the Caribbean and Asia, and
the Pacific. Only North West Pacific and East Asia will remain top emitting sub-regions, though
large decreases are achieved under Policy First and Sustainability First conditions. Responsible
mechanisms behind those trends were already described for the global level in the previous section.
Each region has its own explanation, however.
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North America currently belongs to the largest emitters of sulphur dioxide (certainly per capita), but
this situation will change drastically for all scenarios over the coming decades due to continued
implementation of strict sulphur policies as found in the amendments of the Clean Air Act in the
USA. 

Similar to North America, emissions in Europe and Central Asia will continue to decrease sharply.
Current national and international emission policies, under the umbrella of the 1999 UNECE
Gothenburg Protocol for Europe, aim at considerable reductions by 2010. These trends will be
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continued after 2010 in all scenarios, although less intense under Security First than Sustainability
First. The downward trend in emissions under Security First is even nullified in the European region
due to increased use of coal. 

The increased emission of energy-related sulphur dioxide by 2032 in Latin America and the
Caribbean is the combined result of increasing population, growth of production and consumption.
This leads to more than a doubling of emissions by 2032 in a Security First world, still showing
remarkable increases under Markets First and Policy First, but with less dramatic consequences
under Sustainability First. Replacement of fossil fuels by renewables (sun and wind) in the Policy
First scenario is supplemented in Sustainability First with other measures. In Meso-America and the
Caribbean this even results in a decrease by 2032 compared to the current emission levels. 

Emissions of sulphur dioxide are currently very small in Africa, and will remain so in the coming
decades, though they do increase significantly percentagewise. Similar mechanisms are behind the
changes in Africa, and Latin America and the Caribbean. 

Emissions in West Asia and Asia and the Pacific are currently moderately large, with the exception
of the North West Pacific and East Asia sub-region (very large), and the Australia, New Zealand and
South Pacific sub-region (very small; with future trends similar to those in North America and
Europe). The increases anticipated in South Asia (without Iran) and North West Pacific and East
Asia are alarming. They play a dominant role in the global increase as foreseen in the Security First
and Markets First scenarios. Emissions in all sub-regions in West Asia and Asia and the Pacific (with
exception of Australia, New Zealand and South Pacific) will continue to grow as the combined result
of economic growth and increasing population. 

Overall policy implications 
The only way to turn around the alarming sulphur dioxide emission trends in Asia and the Pacific,
and to a lesser degree in Latin America and the Caribbean, is by introducing stringent environmental
policies. In three of the scenarios, relatively strict policies are assumed, that is in Markets First and
Policy First (in particular, driven by considerations on human health protection), as well as in
Sustainability First. However, in the Markets First scenarios the impacts of these policies are
completely offset by an increase of activities – which results in rising sulphur emissions. In Policy
First and to an even larger degree in Sustainability First, the sulphur policies are combined with
systematic changes within the energy system. Only in Sustainability First does this result in actual
decreasing sulphur emission in Asia and the Pacific. 

The Sustainability First scenario is an important example of the synergies that arise between changes
in the energy system to address greenhouse gas emissions and decrease of regional and local air
pollution. 

Sulphur dioxide is converted to sulfate particles that reflect sunlight and therefore have a cooling
effect on climate. Due to the relatively short lifetime of the particles, this effect is concentrated in
regions where the emissions occur (mainly in the Northern Hemisphere). Thus, decreasing the
emission of sulphur oxides will necessarily ‘unveil’ a certain level of climate change that thus far
has been counteracted by sulfate aerosol. Careful co-ordination with climate policies will therefore
be needed, especially in the coming decades. 
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7.5 Carbon dioxide emissions 

7.5.1 Description 

Climate change is widely recognized as a serious potential threat to the world’s environment and its
inhabitants. The potential consequences of further increases in global temperature include rising sea
levels, changing patterns of precipitation, floods and droughts, changes in biota and food
productivity, and increase in infectious diseases. Although the greenhouse effect, the major process
behind climate change, is a natural phenomenon, atmospheric concentrations of anthropogenic
greenhouse gases have grown over the past century, and an increase (in historical terms) in global
mean temperatures has been observed (see section 7.6). There is new and stronger evidence that
most of the warming observed over the past 50 years is attributable to human activities (IPCC,
2001). This exercise considers only carbon dioxide, the biggest contributor to global warming. 

The variable ‘carbon dioxide emissions’ covers emissions from land use, industrial production and
energy use. Industrial sources include emissions from non-energy use of fossil fuels (mainly
feedstock) and industrial activities such as cement production. Land-use sources of carbon dioxide
include burning forest biomass (after deforestation) and fuelwood; releases during waste treatment
after disposal of such consumer goods as paper, furniture and building materials; and vegetation
restoring to its potential natural state through growth. This last source arises after forest clearing or
after agricultural land is abandoned. In the initial stage of re-growth, carbon is released due to soil
respiration, but is followed by a net uptake of carbon, expressed as a negative emission value. The
majority of energy-related carbon dioxide emissions, however, arise from the combustion of fossil
fuels for energy production and consumption, including emissions from gas flaring. 

7.5.2 Modelling 

In this report IMAGE results for carbon dioxide emissions are presented for all GEO regions, while
in the GEO-3 Outlook chapter AIM results were used for Asia and the Pacific, as documented in
Chapter 6 of this report. IMAGE and AIM results are compared and discussed in Chapter 8.

Energy-related carbon dioxide emissions are calculated, similarly to energy-related sulphur dioxide
emissions (see section 7.4.2), i.e. by multiplying energy use by emission factors. Again, emission
factors for 1995 are taken from the EDGAR 3.0 database (Olivier and others, 2001). Net carbon
emissions from biofuel combustion (both traditional and modern) going into the atmosphere are
assumed to be zero. Note that the demand for biofuels is used as input to the Land Cover Model of
IMAGE, where it influences the need for agricultural land and subsequent land-use emissions due
to deforestation. 

For carbon dioxide emissions from industry, the two sources included are cement production and
non-energetic use of fossil fuels (feedstock). The historical (1970-1995) activity level of these
industrial processes is based on data from the literature. For the 1995-2100 period, the cement
production is related to population growth, and the level of other industrial activities to energy end-
use consumption in industry, as simulated by the TIMER model (see Figure 7.1). Final emissions are
calculated by applying the same methods as used for energy-related emissions, except for chemical
feedstock emissions, for which the atmospheric release fraction is taken into account. 
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In 1995, about 25 per cent of the global carbon dioxide emissions from land use was released
through wood and biomass burning during deforestation or shortly thereafter as fuelwood. Carbon
dioxide emissions from wood products (the so-called timber pools) are divided into two categories:
• pulpwood and particles (with an average lifetime of 10 years); 
• saw logs, veneer and other industrial round wood (with an average lifetime of 100 years). 
Biofuel demand is estimated using the energy demand module in TIMER, whereas food, feed and
timber demand is calculated in the agricultural economy model. Population and economic growth
are used as input for both, applying scenario-dependent assumptions. 

7.5.3 Results

Global results
Figure 7.5 clearly illustrates the dominance of energy-related carbon dioxide emissions over carbon
dioxide emissions from industrial production and land use. The current share of energy-related
emissions in total emissions is about 75%. The other two sources become even less important over
time in all scenarios. This is due to a steady increase of energy consumption and accompanying
carbon dioxide emissions (in lower income regions, in particular). Future emissions from industrial
production and land use remain roughly the same in most scenarios. Only in the world of
Sustainability First do agricultural efficiency improvements, decline of population and reforestation
rapidly decrease the contribution from land use to almost zero in the third decade of this century.
The decrease in land-use emissions in Markets First is mainly due to the decline in the population.

More important is the shift between 2020 and 2030 under the Sustainability First scenario: global
energy-related carbon dioxide emissions change course from increasing to decreasing. This is also
visible in the Policy First scenario, although it is not as strong and starts later. This shift marks the
decoupling of carbon dioxide emissions and energy consumption. It results from efficiency
improvements and replacement of coal by renewables, nuclear energy and biofuels; changes that are
stimulated by strong climate policies under Sustainability First and Policy First scenarios. Climate
policies and sustainability values do not play a major role in the worlds of Markets First and Security
First. Here, energy consumption and accompanying carbon dioxide emissions grow considerably,
leading to a strong divergence of emission trends between the four scenarios by 2032, further
reinforced in the succeeding period. 

Compared to the emissions related to energy consumption, the share of carbon dioxide emissions
from land use is small and is anticipated to decrease over time. The role of decreasing land-use
related emissions in achieving the Kyoto targets will thus be limited. Forests, agricultural land and
other terrestrial systems, nevertheless, offer a significant mitigation potential through carbon
sequestration. In addition, these systems may allow time for other options to be further developed
and implemented. 

Regional results 
The divergence described above is also visible at regional and sub-regional level (see energy-related
carbon dioxide emissions in Figure 7.6). Emissions in the Markets First and Security First scenario
strongly increase in most regions, compared to the other two scenarios. Under the Sustainability
First scenario emissions from higher income regions are the same or even considerably smaller in
2032 than in 2002. Emissions in lower income regions are typically larger in 2032 than in 2002 for

page 136 Emissions, climate, land and biodiversity

                               



The GEO-3 Scenarios 2002-2032 page 137

Figure 7.5: Global carbon dioxide emissions from all sources
Source: RIVM
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all scenarios, a pattern linked to the growing energy consumption resulting from growing economic
activity and an increasing population. 

The 2032 emissions of energy-related carbon dioxide in North America in the Policy First and
Sustainability First scenarios will be well below 2002 levels. However, realisation of these trends
requires a clear re-orientation of current practice, since current policies are not effective enough with
regard to sustainability and climate change. 
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Energy-related carbon dioxide emissions in Europe and Central Asia increase under most scenarios,
except in the Sustainability First world, where a slight decrease occurs for Western Europe. The
shorter term target of the Kyoto Protocol is met in Policy First and Sustainability First worlds, but
not in our Markets First or Security First scenarios.

As a result of both population and economic growth, energy-related emissions of carbon dioxide will
show a sharp increase over the coming decades in all scenarios in Latin America and the Caribbean,
and in Africa. In Eastern Africa and the Western Indian Ocean islands the increase is even more than
700 per cent. Dramatic as this figure may seem, such extremes are merely a consequence of the
current emissions in these sub-regions being small. Per capita emission levels will remain lower than
of those in high-income regions. They will account, in absolute terms, for most of the considerable
global increase of carbon dioxide emissions by 2032. 

Developments in Asia and the Pacific very much reflect the situation as described for the sub-regions
above. South Asia and South East Asia show more resemblence to the lower income regions. The
other sub-regions compare more to the trends in the higher income regions. 

Emissions in West Asia, including Iran and Turkey, also will increase over the coming decades in all
scenarios due to growth in population and economic activity. 

Overall policy implications
The potential for increase of greenhouse gas emissions in the next 30 years is huge. Trends in carbon
dioxide emissions in this period will strongly determine climate change in the rest of the 21st
century, as explained in section 7.6. 

In this light, it is important to note that the scenarios feature widely different yet conceivable
emission trajectories. The two scenarios that assume deliberate social and environmental policies
(Policy First and Sustainability First) lead to a stabilization of global emissions, or even a
decreasing trend, respectively, by the end of the scenario period. In contrast, the other scenarios
(Markets First and Security First) feature continous increases in emissions. The latter holds for the
world as a whole and in particular for the regions that carry most weight in terms of future emissions:
North America; South Asia; and North West Pacific and East Asia. 

In other words, there is large scope for policy. As more than 80 per cent of emissions comes from
the energy system, climate policy can only be effective if it leads to fundamental changes in the
production and consumption of energy. 

In addition, strengthening the capacity of ecosystems to sequester carbon – by aforestation and
reforestation – could modestly contribute to a net decrease in global carbon emissions.

7.6 Carbon dioxide concentration and climate change

7.6.1 Description
(see also section 7.5.1)

The variable ‘atmospheric concentrations of carbon dioxide’ presents the global carbon dioxide
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concentration in the atmosphere as the net balance between carbon dioxide emissions from fossil
fuel combustion, industrial production, deforestation and carbon dioxide uptake by mature
vegetation, vegetation after re-growth and oceans. 

Carbon dioxide is the major greenhouse gas contributing to change in global average temperature,
accounting for roughly 80 per cent of the warming effect. The variable ‘change in average
temperature’ represents the rate at which temperature is changing. Apart from absolute temperature
and temperature change, the rate of temperature change is important since sensitive ecosystems may
not be able to adapt at high rates of change. Research has shown that extensive damage to
ecosystems is probable at rates greater than 0.1 degree Celsius per 10 years (Vellinga and Swart,
1991). Results are also presented for changes in annual total precipitation. 

7.6.2 Modelling

The atmospheric carbon dioxide concentration is determined by the carbon fluxes from earth to
atmosphere and vice versa (see Figure 7.7). The largest fluxes are natural; these used to be in
equilibrium in pre-industrial times but are now disturbed by human combustion of fossil fuels for
energy use, and industrial and deforestation activities. The atmospheric concentration of carbon
dioxide is increasing as a consequence, causing a larger uptake of carbon by oceans and terrestrial
vegetation (usually referred to as carbon dioxide fertilization). Table 7.3 compares reported values
for the 1980s from IPCC (2001) and corresponding IMAGE 2.2 values. 

Carbon fluxes represented in IMAGE 2.2 include atmospheric carbon dioxide emissions from
energy use, and production and industrial processes, as well as global fluxes between biosphere, 
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oceans and atmosphere. The atmospheric increase or decrease is the sum of all carbon fluxes. Carbon
dioxide emissions from energy and industry are the sum of emissions from energy use and industrial
production (mainly cement), as computed by the TIMER emission model (see section 7.1 and Figure
7.1). 

The land-use related carbon fluxes caused by anthropogenic activities are calculated with the
terrestrial carbon model of IMAGE and include:
• emissions caused by deforestation for agricultural expansion and the timber industry 
• emissions caused by the use of traditional biomass as a fuel 
• emissions caused by decay of timber products (short-lived with lifetimes up to 10 years, for

example, paper and pulpwood and long-lived with lifetimes up to 100 years, for example,
industrial roundwood for construction) 

• uptake by re-growth of forests after timber extraction or abandonment of agricultural land (Net
Ecosystem Production of re-growing vegetation).

Fluxes from natural, full-grown vegetation are mainly driven by carbon dioxide fertilization:
increasing atmospheric carbon dioxide concentration results in a net uptake by vegetation. This
natural flux is calculated with the terrestrial carbon model as well. Carbon uptake by oceans is the
sum of the oceanic uptake of carbon dioxide by dissolution and biological uptake by phytoplankton.
These processes are simulated with the ocean carbon model.
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Table 7.3: Global carbon fluxes in the 1980s as reported by IPCC and calculated with
IMAGE 2.2.

IPCC IMAGE 2.2

Pg of carbon per year

Atmospheric increase 3.3 ± 0.1 3.5
Emissions (fossil fuel, cement) 5.4 ± 0.3 5.7
Ocean-atmosphere flux -1.9 ± 0.6 -1.9
Land-atmosphere flux -0.2 ± 0.7 -0.3
comprising:
Land-use change1) 1.7 1.1

(0.6 to 2.5)
Residual terrestrial sink2) -1.9 -1.4

(-3.8 to 0.3)

Sources: RIVM (Eickhout and others, 2002); data sources: IPCC (IPCC, 2001) and RIVM (IMAGE team, 2001a and b)

1. ‘Land-use change’ in IMAGE 2.2 is determined by the emissions caused by deforestation for agricultural expansion
and the timber industry, and by the use of traditional biomass as a fuel and emissions due to decay of timber products
(short-lived, with lifetimes up to 10 years - e.g. paper and pulpwood - and long-lived, with lifetimes up to 100 years
- e.g. industrial round wood for construction). The uptake by re-growth of forests after timber extraction or
abandonment of agricultural land is subtracted from these land-use emissions to determine the carbon dioxide land-
use emissions caused by anthropogenic activities (see also section 7.9 on the Natural Capital Index).

2. The terrestrial sink calculated by IMAGE 2.2 as mentioned in this table is the uptake by natural, full-grown
vegetation. Hence, this uptake is mostly determined by the fertilization effect.

Note: One Pg equals one million kilotons

             



Net carbon fluxes are distributed equally over the troposphere (the lowest meteorological layer in
the atmosphere), resulting in global concentration levels. These are expressed in parts per million by
volume (ppmv). In IMAGE 2.2 the carbon dioxide concentration is calculated as 0.4688 ppmv
carbon dioxide per petagram carbon net emitted.

Climate change is modelled in IMAGE 2.2 with the Upwelling-Diffusion Climate Model. It
represents the core model of the Atmospheric Ocean System and converts concentrations of different
greenhouse gases and sulphur dioxide emissions into radiative forcing and subsequent temperature
changes of the global mean surface and the oceans. It is based on the MAGICC model of the Climate
Research Unit (CRU) (Hulme and others, 2000). The MAGICC model is the most widely used
simple climate model within the IPCC (IPCC, 2001). More details on MAGICC can be found in
Raper and others (1996) and Hulme and others (2000). The implementation of MAGICC in IMAGE
2.2 and the calculation of the radiative forcing is described by Eickhout and others (2002).

Climate-change patterns are not simulated explicitly in IMAGE. Instead, the global mean
temperature increase as calculated by IMAGE is subsequently linked with the climate patterns
generated by a general circulation model (GCM) for the atmosphere and oceans, and combined with
observed climate means over the 1961-1990 period (New and others, 1999). Linking takes place
using the standardized IPCC pattern-scaling approach (Carter and others, 1994) and additional
pattern-scaling for the climate response to sulfate aerosols forcing (Schlesinger and others, 2000).
GCMs are currently the best tools available for simulating the physical determining global climate
dynamics and regional climate patterns. Most GCMs agree on the global patterns of climate change:
• temperature increases above land are more rapid than above the oceans 
• temperature of land at high latitudes increases more sharply than at low latitudes 
• temperature of land in winter increases more sharply than in summer
• total precipitation increases with increasing temperature 
• maritime regions generally get wetter 
• continental regions could become dryer. 

Regionally, however, there are large differences between the different GCMs, especially in
precipitation-change patterns. When regional-specific climate results are shown, four different GCM
patterns are used to indicate the differences in the possible regional climate results. Differences in
the runs indicate some of the uncertainty caused by regional variation in climate-change patterns
(not the global mean).

We analysed the GEO-3 scenarios for four different GCM runs from the IPCC Data Centre:
• ECHAM4 of the Deutsches Klimarechenzentrum DKRZ in Germany 
• CGCM1 of the Canadian Centre for Climate Modelling and Analysis in Canada 
• GFDL-LR15-a of the Geophysical Fluid Dynamics Laboratory in the USA
• HADCM2 of the Hadley Centre for Climate Prediction and Research in the UK 

To take the uncertainties in the forcing by sulfate aerosols into account, IMAGE 2.2 uses results
from a GCM from the University of Illinois at Urbana-Champaign (UIUC), where specific analyses
are performed to take the non-linear effects of sulfate aerosols into account (Schlesinger and others,
2000). The influence of sulfate aerosols depends very much on where they are emitted.
Consequently, reductions in sulphur emissions in Asia can have a different impact on grid-specific
climate results than reductions in sulphur emissions in Europe. Therefore in our approach, we
superimpose specific GCM sulfate results on the greenhouse-gas-only results. 
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In contrast to the other regions, projections for temperature changes in the Polar regions have already
been presented in the GEO-3 main report since these changes are so large. These projections, too,
were based on results from four different Global Circulation Models in combination with IMAGE
2.2. For each of the GCMs, the spatially differentiated pattern of temperature change (1 per cent per
annum growth in equivalent greenhouse gas concentration from 1990 onwards) for a reference
scenario was taken north of 66° north and south of 66° south latitude. This pattern was then scaled
on the basis of global average temperature changes for each of the scenarios, as calculated by
IMAGE 2.2. Finally, the temperature change for the Arctic and Antarctic was calculated. The GCM
results, taken from the IPCC Data Distribution Centre for Climate Change and Related Scenarios for
Impact Assessment (IPCC-DCC, 1999) are used for the Polar regions. Results come from HadCM2,
ECHAM4, CSIRO Mk2 and CGCCM1. 

7.6.3 Results 

Global results 
Figure 7.8 shows the development of the atmospheric concentration of carbon dioxide over time for
the four GEO-3 futures. The trajectories, which are close to each other, start to diverge only by 2020.
This delay is the result of the long residence time of carbon dioxide. The concentration of this
greenhouse gas in the coming decades arises from the legacy of the emissions in past decades. The
build-up of concentrations of greenhouse gases follows the trends in emissions, but with
considerable delay between emissions and the resulting concentrations. Although emissions under
Sustainability First and Policy First show a shift from increase to decrease around 2030, this only
results in slowing down the build-up of atmospheric carbon dioxide in the Sustainability First world
after 2050. 

Only the Sustainability First scenario is situated in a trajectory for stabilization of the carbon dioxide
concentration at 450 ppmv. The 450 ppmv stabilization level is associated with a global temperature
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change that is anticipated to carry a relatively small risk for effects from climate change, i.e. 2
degrees Celsius above pre-industrial levels in 2100. Total greenhouse gas concentration, including
methane and nitrous oxide, follows a similar trajectory to carbon dioxide but is approximately 100
ppmv higher (expressed in carbon dioxide equivalents). 

Largely due to emissions in past decades, but also given the maximal feasible emission reduction
options for the coming years, atmospheric carbon dioxide will continue to increase and temperature
change cannot be avoided. Figure 7.9 shows that this change will exceed 0.1 degrees Celsius per 10
years. In Sustainability First the rate at which the temperature changes over a 10-year period levels
off and actually slows down before 2032. However, even in 2050 it is still well above the 0.1 degrees
Celsius per 10 years. The high rates of change for Policy First and Sustainability First during the
first quarter of the century correspond with the rapid abatement of emissions of sulphur dioxide
under these scenarios. 

These reductions have partly already been set down in several international agreements (such as the
1999 UN-ECE Gothenburg Protocol for Europe and the Amendments of the Clean Air Act in the
USA); however, in the case of Sustainability First and Policy First they are also a result of changes
in the energy system corresponding to the climate policies assumed. Sulfate aerosols reflect sunlight
and accelerate cloud formation and therefore have an assumed cooling effect on climate. Due to their
relative short lifetime, the effect is concentrated in regions where the emissions occur (mainly in the
Northern Hemisphere). The short-term upward pressure on the rate of climate change (by reducing
the cooling effect of aerosols) from abatement of sulphur dioxides might be less if climate and
acidification policies were carefully coordinated. 

Regional results 
Regionally differentiated estimates for climate impacts of the scenarios were not available for the
GEO-3 main report except for the Polar regions. However, after GEO-3, such estimates were
prepared for this Technical Report in view of its deeper consideration of regional significance. 
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Before discussing the findings on change in average annual temperature, we should note that by
averaging the temperature increase per region, we have masked significant signals that might appear
on a more detailed scale. For example, Western and Eastern Europe will experience clearly different
trends in North (stronger warming and wetter) and South (often drier). The following pattern
emerges (Fig 7.10):

No cooling is projected for any region in any scenario.

Canada, Greenland and Alaska, as well as Eastern Europe will show warming according to all
climate patterns applying to the scenarios. The largest warming is projected in Markets First: up to
more than 2.5 degrees Celsius increases of annual average temperature by 2052. Even Sustainability
First features an average annual warming of over 2 degrees Celsius over this period. But the global
rate of change is, at least, levelling off for the latter scenario (see Fig 7.9). 

For other regions, less consistent messages are obtained by applying the scenarios to different
climate patterns. But clearly, the Sustainability First scenario delivers annual average temperature
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increases of approximately 1 degree Celsius by 2052 in Latin America and the Carribean, Africa,
South East Asia, East Asia and Australia & New Zealand. In contrast, warming in these regions or
sub-regions could be doubled in the Markets First scenario. Differences between Security First and
Policy First in these regions or sub-regions are not very large judging by the temperature increase
between 2002 and 2052. However, considering the rate of temperature change, Policy First seems
to be heading in the ‘right’ direction, as opposed to Security First.

Most of the warming is foreseen near the North Pole. This is a consistent message in all climate
patterns to which the scenarios were applied. In fact, almost all studies indicate that Arctic
temperature increases by a factor of two larger than the average global change (compare Figures 7.9
above and 7.11 below; note the difference in unit). Figure 7.11 shows that large increases in average
polar temperature can be expected for each of the scenarios, especially in the Arctic. Policy First and
Sustainability First feature the largest increases up to 2032. This corresponds with rapid abatement
of emissions of sulphur oxides under these scenarios. The diversions only start to show later in the
century, due to the fact that temperature change in the coming decades is largely the legacy of
changes in greenhouse gas emissions over the past decades. Figure 7.11 clearly shows that the
change in temperature between 2002 and 2032 is far larger than the spread of results between the
models. The warming in Antarctica is less pronounced, supposedly due to buffering ocean currents
near Antarctica. 

In summary, North America and West Asia will experience increasing climate change impacts in all
scenarios, but at a somewhat less steep rate in the Sustainability First scenario. Remarkably, Canada
and other northern parts of North America as well as Eastern Europe feature large and increasing
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changes in all scenarios, even in Sustainability First. Western and Central Europe face increasing
changes in Markets First and somewhat slower warming in the other scenarios. For Africa, Latin
America and Asia and the Pacific, warming does occur, but the favourable change of trends in a
world of Sustainability First (viz. a slowing down of temperature increase by the middle of the
century) is rather outspoken for these regions.

Adding changes in precipitation to the analysis makes the picture more complex, because the various
projections of precipitation changes are less consistent. Moreover, precipitation changes in
combination with temperature change are less straightforward to translate into ‘good’ or ‘bad’.
Furthermore, changes in annual regional totals are only part of the story when it comes to changing
precipitation patterns. For example, there is much difference between extra precipitation falling
evenly distributed over time or in the form of extreme downpours. Likewise, if the typical winter
precipitation in elevated areas shifts from snow to rain, many factors in the drainage basin will
change without necessarily changing the annual precipitation total. 

Notwithstanding these limits to the analysis, precipitation changes are presented here (Figure 7.12)
to show that there is more to regional impacts of climate change than temperature change alone.
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Clearly, between 2002 and 2052 North America will become wetter in all scenarios according to all
climate patterns. From a perspective of overall agricultural yield, this will soften the unfavourable
effects of the rapidly increasing temperature. 

The combined result, drier and warmer, is equally unfavourable for all scenarios. The Australia and
New Zealand sub-region, too, becomes not only warmer but also drier in line with all climate
patterns. The combined result is unfavourable for all scenarios, but least so for Sustainability First.
The rest of Asia and the Pacific is a notoriously difficult part of the world in climate modelling. Here,
the projected differences between the four climate patterns tend to be larger than those between the
four GEO-3 scenarios. Furthermore, if the area as a whole gets wetter, as suggested by three of the
four climate patterns, it is still difficult to judge at this level of analysis whether the combined effect
on ecosystems and livelihoods will be mostly favourable or unfavourable.

Relatively large changes in precipitation totals are projected for Africa, but the direction of change
is not consistent across the various climate patterns. While GEO-3 scenarios seriously differ in the
projected change in average temperature for Africa, Sustainability First being least unfavourable and
Markets First most unfavourable, they do not greatly differ in projected precipitation total. 

The pattern for Latin America and the Carribean resembles that of Africa: no consistent signs of
scenario-related differences for the projected changes in precipitation total. Sustainability First is
still clearly the least unfavourable because it features the slowest temperature increase.

Overall policy implications
This study clearly shows the long delays with which the effects of current and future emissions start
to become visible in atmospheric concentrations, and possibly in the enhanced rate of global
temperature and as changes in precipitation. These long delays make it difficult to adjust policies and
values well enough in advance. In low-income countries in particular, it will be difficult to prioritize:
obviously economic growth will, in the first place, be used to reduce poverty and improve one’s
well-being. However, to anticipate in time and act upon the negative side-effects of growth in
production and consumption, such as enhanced carbon dioxide emissions from increasing energy
consumption, it is likely that changes in energy production and consumption will be required in the
short term in all sub-regions. Only then can the long-term trend in climate change, due to increasing
carbon dioxide emissions, be slowed down and eventually stopped.

7.7 Risk of water erosion of soils

7.7.1 Description 

The proportion of an region that will be sensitive to water erosion of soils is used here as an indicator
of the change in physical risk of water erosion of soils, not considering possible human actions to
counter or prevent erosion. 

The world’s land resources play an important role in the production of food used to feed the world’s
population. When these resources are degraded through activities such as deforestation or lack of
proper agricultural management, the productive capacity is reduced. The main types of soil
degradation are wind erosion, water erosion, chemical degradation (e.g. salinisation), and physical
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deterioration (e.g. soil compaction). Water erosion, as one of the soil degradation processes
occurring most extensively at global level, has been singled out for this study. Water erosion is
influenced by natural conditions in and around the soil and terrain, but also in the way the soil is
used. Good integrated soil management practices can prevent much potential damage.

7.7.2 Modelling

The risk that water erosion will occur is calculated in IMAGE 2.2 by combining three indices, for
terrain erodibility, rainfall erosivity and land cover (see Figure 7.13): 
• The terrain erodibility index is based on soil (bulk density, texture, soil depth) and terrain

properties (slope angle), both of which are assumed to be constant in time.
• The rainfall erosivity index is an expression of the intensity of rainfall, calculated as maximum

monthly rainfall divided by the number of days it rains (rain days) for each month. Since we
assume that the number of rain days does not change, a change in monthly rainfall will lead to a
change in the rainfall erosivity.

• The land-cover pressure expresses the type of land cover. It is large for most agricultural crops,
and small for natural land-cover types such as forests. The risk of water erosion is always largest
in agricultural areas, independent of the soil and climatic conditions; this is so for both temperate
and tropical regions. Changes in land cover and land-cover pressure are related to technological
developments, changes in diet (for instance, in meat consumption), the food trade and other
factors. 

Noteworthy here is that this modelling effort simplifies the issue, since, given the changing risk,
management practices can make an enormous difference in actual erosion. Mechanical conservation
measures (contour ploughing, deviation ditches, and terracing, in combination with clever water-
harvesting techniques and agronomic soil conservation practices, such as mulching and reduced or
zero-tillage) will prevent much water erosion in the real world.
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Conversely, another simplification is that the land-cover changes as modelled here are not influenced
by the gradual decrease in overall land productivity caused by degradation. In reality, land
transformations in some regions (for instance, from forest to agricultural land needed to maintain the
existing total production level in the area) may be larger than in a situation without land degradation. 

To guide the analysis of the risk index for water erosion of soils, we made a comparison between the
IMAGE index values and the erosion severity classes of GLASOD (Oldeman and others, 1991).
Four classes were defined to roughly correspond with the GLASOD classes (see table below). Using
this classification of the water-erosion risk index, we found that modelled estimates for the global
land area for 1990 corresponded for approximately 85 per cent with the GLASOD inventory, which
combines area extent and degree of degradation:

IMAGE water-erosion risk index GLASOD severity class 

< 0.15 ≈ no/low
0.15-0.30 ≈ medium
0.30-0.45 ≈ high

> 0.45 ≈ very high

Details on the IMAGE 2.2 Land Degradation Model (LDM) used for this analysis can be found in
the user documentation on the IMAGE 2.2 CD-ROM (IMAGE team, 2001a,b). This documentation
includes a qualitative description of the water erosion process, as described in detail by Hootsmans
and others (2001). The water erosion model is based on the work of Batjes (1996), who used a
simplified version of the Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978).

7.7.3 Results 

Global results 
Compared to the present situation, the soil area with a high water erosion risk increases by 2032 by
approximately 35 per cent in all scenarios (see solid lines in Figure 7.14). The main cause is the
expansion of areas cultivated for food and biofuel crops, accompanied by a low degree of protection
of the soil surface and, in some regions, increasing rainfall erosivity under all scenarios due to
climate change (see section 7.6). Climate changes are more or less equal for all scenarios, because
the changes in the coming 30 years are the result of emissions of the past few decades. It is only after
2032 that results start differentiating per scenario (see dotted lines in Figure 7.14). This is partly due
to ongoing increases in agricultural land conversions (needed to meet the increasing demand for
agricultural produce as a result of population growth and dietary patterns) and partly to delayed
climate change impacts of the 2002-2032 emissions. When looking to 2052, the areas at high risk in
the Sustainability First scenario smooth out to a level below the Markets First level. The Policy First
world level approaches the Security First world level due to the larger demand of biofuels. Details
are presented in Figure 7.15 and discussed below.

A glance at Figure 7.14 next to Figure 3.2 provides a rough indication of the amount of land
management effort that is implied in the bending of trends under the Policy First and the
Sustainability First scenarios. (Figure 7.14 relates to all agricultural land; water erosion only;
biophysical erosion risk without extra management effort; based on detailed spatially explicit
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modelling. Figure 3.2 relates to cropland only; all forms of degradation; based on assumed
departures from historical trends of net degradation, reflecting the story-lines.)

Regional results
Figure 7.15 shows the area with high water-erosion risk to increase significantly in nearly all
regions. Exceptions are Central Europe (without Turkey), Australia and New Zealand, where the
area with a high erosion risk decreases, mainly as a result of gradually decreasing grazing areas. In
general it is clear that the changes in areas with a high risk of water erosion of soils will be
considerable within a 30-year period, while the differences among scenarios are small. 

In the Americas, and also in Africa and West Asia, increases in areas with a high water erosion risk
occur most in a Security First world, mainly due to a larger food demand (due to larger population
growth) combined with slower technological improvements. These two trends lead to the most rapid
expansion of agricultural land (both to feed the population and for fodder) at the cost of forest land.
To make matters worse, improvements in land management seem least likely in a Security First
world; in all regions. Western Europe seems least influenced by a Security First situation (lower
increases in high risk areas than under the other scenarios). 

The Security First world shows little demand for biofuels in most regions, leading to a smaller
increase in the associated agricultural land. Although the production of biofuels is not regarded as
high risk in terms of water erosion of soil, this smaller increase still translates to a somewhat smaller
water erosion risk in the Security First scenario, for example, in Western Europe. Erosion risks in
Meso-America and the Caribbean, already large by global standards, increase in all scenarios but to
a different degree. South America follows the same pattern but at lower risk levels. On the one hand,
increasing incomes, especially in a world of Sustainability First, lead to shifts in consumption
patterns (more meat at the cost of cereals and starchy roots). On the other hand, agricultural
technology increases land-use efficiency at different speeds in the various scenarios. In addition, the
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world of Markets First shows a particularly strong tendency towards intensification in livestock
farming. As a consequence, the grazing land required is less, while the agricultural land required for
concentrates (feed and fodder crops) is more.

In Latin America and the Caribbean, soil and forest degradation are still numbered among the most
prominent environmental issues in all scenarios. In Markets First, but even in the Policy First
situation, and much more pronounced in Security First worlds, the area with a high risk of water
erosion increases sharply and the agricultural frontier continues to expand into rainforest
ecosystems. This expansion is driven by large-scale commercial livestock farming and industrial
cropping, along with influxes of immigrants attracted by these developments and new infrastructure
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projects (see also chapter 4). Exacerbated by drought, many more desertification hotspots are
evident by 2032.

In much of Africa, growing populations, increasing average income and changes in climate all
contribute to an increasing water erosion risk. The greater demand for agricultural products under
Policy First and Sustainability First conditions implies a risk of water erosion that may be larger
than in Markets First. The sharper increase apparent in a world of Security First (see, for example,
West and Central Africa on the bar charts in Figure 7.15) reflects the greater area of land brought
into agriculture under this scenario in order to meet the demands of the still rapidly increasing
population. It also indicates a relative inability to fall back on food imports as well as diminishing
rates of return from improving agricultural practice.

In the Markets First and Security First scenarios in West Asia, transformation of agricultural land to
built-up areas (urbanisation, industrial activities, infrastructure and tourism) continues in the absence
of effective land protection policies. The land remaining under agriculture is sensitive to water
erosion. In Policy First, implementation of a regional food demand management strategy results in
more food being imported from other regions, which spares agricultural land from increased
pressure for local food production. The same trends are shown in the Markets First and
Sustainability First situations. Agricultural land comes under the most pressure in a Security First
situation (least food imports). 

In Asia and the Pacific, the growing populations, and the spread of agriculture and climatic changes
imply an increasing risk of water erosion in many parts of the region in all scenarios, especially in
mountainous areas. The oceanic sub-regions – the South Pacific and Australia & New Zealand – are
the least threatened, while South and South East Asia feature high risks of water erosion and large
increases in all scenarios. In the Policy First and Sustainability First scenarios, the effect of less
sulfate aerosol and thus more rapid climate change leads initially to a somewhat higher risk;
however, in the longer term, other drivers dominate. 

By global comparison, differences between the scenarios in Europe are small. The changes are
driven mainly by the net expansion of cultivated areas for food to meet changing diets, and are
indirectly driven by increased land use for the large-scale production of modern biofuels. In Markets
First a slow shift in Eastern Europe from grazing-dependent livestock to reliance on feedstock
somewhat increases the agricultural area at risk. Under Policy First, land use for biofuel production
increases faster, especially in Eastern Europe. Security First shows a slower increase in land at risk.
In Western Europe this is due to slower increases in crop, grazing and biofuel land. Central Europe
experiences less growth in especially the production of biofuels. In Eastern Europe grazing land
decreases less rapidly. Agricultural land at risk increases less in Sustainability First because per
capita consumption of meat and milk is smaller, leading to a smaller area required for grazing and
for feed and fodder production in all sub-regions. 

Overall policy implications 
Measures to maintain the productivity of agricultural land have always been important, for example,
for the protection of marginal grazing land and low-potential agricultural land. If our projection for
water erosion risk of soils is anything to go by, such measures will be increasingly important in the 

The GEO-3 Scenarios 2002-2032 page 153

                                   



next 30 years for:
• adaptating to climate change 
• avoiding a still larger demand for agricultural land to compensate for productivity losses
• addressing the consequences of intensifying livestock production, which will drive the

conversion of grazing land to land for feed and fodder production.

The key areas on the global scale here are still Meso-America and the Caribbean as well as South
and East Asia and sub-Saharan Africa. 

7.8 Change in natural forest area 

7.8.1 Description

Natural forest cover is seriously deteriorating in most parts of the world. In regions around the
Mediterranean, this deterioration has occurred since the Roman Empire, while in most other regions,
the process started more recently, although it can still go as far back as several hundred years. Forests
are cleared to open up new agriculture land, including grazing land for livestock and land for
industrial exploitation (such as timber and pulp), but also to create space for urban development and
infrastructure. Furthermore, long-range atmospheric pollution from heavily industrialized areas is a
relatively new threat to forests. Besides, natural forests are destroyed through, and do not always
recover from, large-scale and re-current fires. As a result, the world’s wood resources are under
serious threat, while forests are a key repository of biological diversity; furthermore, the species,
communities and ecosystems they form play a central role in the functioning of the biosphere and
the climate system. 

The variable ‘natural forest area change’, is the area of mature forests that has not been harvested
using clear-cutting since 1972. The current analysis is made from a biodiversity perspective,
considering changes in the area of forest of 100 years or older (see also section 7.9 on the Natural
Capital Index). Consequently, younger re-growth and plantations are excluded from the analysis. 

7.8.2 Modelling

This analysis is designed to shed light on the impact of the four GEO-3 scenarios in terms of loss of
natural mature forest. The causes considered are limited to clearing natural forest for timber or for
agricultural use of the land. Other analyses for GEO-3 considered the more comprehensive impact
of the scenarios on ecosystems, including forests (see also section 7.9 on the Natural Capital Index
and Chapter 4 on the GLOBIO contributions). 

The Terrestrial Vegetation Model and the Land Cover Model of IMAGE 2.2 were used to model
change in forest area (IMAGE team 2001 a, b). The natural forest area is quantified based on the
actual distribution of natural vegetation, as well as potential vegetation and actual land cover. More
precisely, each natural land-cover class is assumed to contain a particular percentage of forest cover.
Based on a comparative study of different forest classifications, the forest fractions for each natural
land-cover class are defined as follows: 10 per cent of a tundra vegetationis considered to be
forested, 30 per cent of grassland, steppe and wooded tundra, 50 per cent savannah, 60 per cent of
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scrubland, 90 per cent of tropical woodland and 100 per cent ofcool coniferous and boreal forests,
temperate forests, and warm and tropical forests. Some natural land-cover types do not contain any
forest, such as deserts and ice. 

For GEO-3 natural forest is defined as the area of forest excluding plantations that has not been
harvested using clear-cutting for at least 100 years. This is the minimum time considered necessary
for forest re-growth to become ecologically valuable again. In fact, this restoration time varies
strongly between regions and ecosystems. The 100-year period is merely an average estimate (see
section 7.9 on the Natural Capital Index for details). 

In the next step future natural forest clearing is simulated for each scenario on a global 0.5° by 0.5°
grid cell resolution. Clearing is modelled as a function of the demand for wood, pulp and
fuelwood/charcoal. This demand is to be satisfied by natural forest and regrown forest – the latter
including plantations in the IMAGE modelling. The production of wood, pulp and
fuelwood/charcoal is spatially allocated considering the distance of each grid cell from population
centres or ports and the demand for additional agricultural land. The latter is spatially allocated
considering each grid cell’s suitability and location. 

Finally, all areas covered with forest in 1972 that are used during the scenario period for logging
through clear-cutting or cleared for agricultural production after 1972 are taken as showing a
decrease. The year 1972 was chosen as the reference year because GEO-3 looks back 30 years and
forward 30 years. In fact, it is an arbitrary choice. Although the forest area will increase in certain
scenarios due to re-growth after clear-cutting (for instance, in plantations) or after abandonment of
agricultural land, the scenario period up to 2032 or 2052 is not long enough for such re-growth to
sufficiently restore biodiversity values. Therefore, the results from this analysis will show shrinkage
of mature forest for all scenarios. The question is: how much?

7.8.3 Results 

Global results 
Figure 7.16 shows the overall shrinkage of the global natural forest area under each of the four GEO-
3 scenarios, though this trend is more profound in Security First than in the other scenarios11. The
large decreases in forest area in the Security First future start occurring immediately in 2002. Until
around 2020 a less dramatic, but nonetheless, downward trend exists for the other three scenarios.
In the first two decades the trends do not differ among these three futures. Between 2020 and 2032
the Policy First world starts showing more drastic decreases. Differences in trends become more
pronounced in the period between 2032 and 2052, with decreases in a Policy First world
approaching those in the Security First scenario. The reason for this decrease in Policy First stems
from an increasing demand for biofuels as a result of increased carbon taxes in the energy system.
Given the slow rate of substitution of energy suppliers, this demand for biofuels only picks up
significantly after 2020. 
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The sharp decrease under Security First in most sub-regions is caused by a complex of factors. There
are, in fact, two mechanisms influencing change, which often balance out: i.e. explosive population
growth on the one hand, and relatively low economic growth on the other. The low economic
growth, combined with self-reliance, results in a slower transition to a more meat-intensive and high
caloric intake per capita. This effect offsets the pressure caused by an increasing population in
Security First. However, the same regionalized world is also characterized by a slower rate of
technological improvements, resulting in a greater need for land to obtain the same amount of food
as in Policy First, for example. 

Thus, although some areas are protected for the exclusive benefit of the elites, the aim of self-
reliance, causing over-exploitation of forestland for fuelwood, food and shelter, results in dramatic
natural forest losses in a world of Security First. In most higher income regions populations also
increase but at a lower rate than elsewhere; forests are less protected than in other scenarios and
technological efficiency is less. However, the slower growth in average per capita income combined
with less drastic population increase also results in slower growth in regional demand for wood. In
addition, there is less use of biofuels in this scenario and thus a correspondingly smaller increase in
crop area. The latter two aspects can result in smaller forestland conversion. The degree to which
forest land decreases thus varies among sub-regions, depending on which of the pressures dominates
(see some detailed examples below in Regional Results). 

The area with natural forest in Markets First is decreasing. Due to technological advances in
agricultural efficiency and to efforts of government and business to protect forests, however, the
need to convert forests into agricultural land is less pronounced (from 2020 onwards even less than
in a Policy First world). 

The trend in a Policy First scenario is less positive than in a Markets First situation, due to, for
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example, carbon taxes and investments in non-fossil-fuel energy sources, which result in some
regions in an increased use of biomass as energy sources. Although this is considered good
environmental practice in general, it does have adverse implications on the forest area since modern,
large-scale cultivation of biofuels increases the demand on agricultural land and thus on forest land
to be cleared. 

In Sustainability First the behaviour of consumers changes in favour of natural forests. There will
be government policies to protect natural forests and their biodiversity, as well as local initiatives
such as community-based natural resources management programmes. For all of this to happen it is
assumed that economic growth too will show a positive development so that poor people indeed
have an alternative. As a result the natural forest area stabilizes soon after 2032. 

Regional results
Figure 7.17 illustrates that sub-regions with the largest forest areas in absolute terms are not the sub-
regions with the largest potential decreases in forest area. The largest forest surfaces in absolute
numbers exist in North America, South America and Eastern Europe, but decreases in the four
futures and differences among them are smaller than in the other sub-regions (only the Security First
world in South America shows rather drastic negative changes). Note, however, that biodiversity in
coniferous and boreal forests is clearly less than in tropical forests (Rodenburg and others, 1995).
Thus, although relatively greater amounts of forest land will be maintained in North America and
Northeastern Europe, these are not the most valuable forestlands from a biodiversity point of view. 

Moderately large forest surfaces exist in Central and Western Africa, and South East Asia. Here,
decreases are large under all scenarios (much larger than in the previous thirty years). Differences
among the scenarios are moderate. Western Europe and the Australia, New Zealand and South
Pacific sub-regions have relatively small forest surfaces and show small changes (the latter sub-
region even shows a small increase – see Figure 7.17) and little variation among scenarios. Meso-
America and the Caribbean, Eastern and Southern Africa, Central Europe, South Asia and North
West Pacific and East Asia all have very small forest areas in absolute terms, with Northern Africa
and West Asia having almost no forest land. Decreases in forest area are serious over time for all
scenarios and differences between scenarios vary according to the region. 

Compared to the previous thirty years (not shown in the graphs), North West Pacific and East Asia
is the only sub-region where the decrease in natural forest area slows down. But this is after the
almost 60 per cent decrease – re-growth excluded – in this sub-region between 1972 and 2002.
Meso-America and the Caribbean, as well as Eastern Africa, will see the rate of decrease in natural
forest area continue at the previous rate or be faster, with Security First almost doubling it. The
projected decrease for South Asia and South East Asia would mean an almost doubling of the rates
during 1972-2002, up from 30 per cent in South Asia and 12 per cent in South East Asia. 

In lower income regions forest area decreases are mainly the result of cutting forests to increase the
agricultural production. This is most prevalent in Meso-America and the Caribbean, Africa and
much of Asia. Reasons are described above (see global results) under a Security First world. The
process of increased use of biofuels, as described above for the Policy First world, also has a clear
influence in these regions. The Security First future illustrates all these developments more
profoundly, but the results are mixed, depending on the dominating factor in the sub-region (as
described above). 
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The decrease in mature forest area in Western Europe is also caused by an expansion of agricultural
land. This reversal of the trend in the past thirty years is related to increasing exports of food
products and cultivation of modern biofuels. Interestingly, this sub-region shows a slower decrease
in mature forest area in the world of Security First. This is because of a slowdown in increasing
demand on the world food market; lower per capita income also results in lower per capita demand
for wood. This scenario also shows less use of biofuels. Central Europe features almost the same
pattern of changes in mature forest areas, but these changes are driven by clear-cutting forests for
timber (with re-growth not considered here).
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In North America, on the contrary, decreases in the Security First world are larger, compared to
Europe, where the larger population and lower technological efficiency are the dominating factors. 

After the loss of almost half the natural forests in South America in the past thirty years, there is now
is a positive move to integrate forestry and economic development. Especially in the world of Policy
First and Sustainability First this trend will continue and spread. These scenarios are characterized
by more supportive administrations and compliance monitoring, making these strategies more
successful. In the world of Sustainability First, a small increase in forest area is even realized due
to the transition of other vegetation types into forest under the influence of climate change. In
contrast, in the world of Security First, the aim of self-reliance results in a substantial loss of natural
forest due to the increased need for agricultural land to answer the increased demand for regional
food. Economic growth and export developments in South America are also not as low as in other
regions under a Security First situation. This, too, results in relatively more forest loss in Security
First. 

Large deforestation in Africa can be expected, especially in the Security First world and, in
particular, in Eastern and Southern Africa. An estimate for the fate of the small forest area in
Northern Africa is difficult to make, but pressures on this forest area will be large in any scenario.
The decrease in natural of forests in Western and Central Africa in the Markets First scenario is, in
comparison to the other scenarios, limited due to technological improvement in the agricultural
sector. 

The natural forest area in Asia and the Pacific decreases considerably, especially in South Asia and
South East Asia. Differences among scenarios are small. The main reason is again that a complex of
factors lead to an increasing demand for agricultural land at the cost of forested land. Only in
Australia and New Zealand does an increase in forest area occur due to the natural transition of other
vegetation types to forest under the influence of climate change.

Overall policy implications
Forest protection is very much needed in large parts of the world (and is already taking place in some
mainly higher income regions); however, protection can be least expected in those situations where
it is most required (under conditions of Security First). 

Given the large decreases in forest land in all scenarios, forest certification (a voluntary, market-
based instrument focusing on quality of forest management rather than on quality of forest products)
is considered a necessary, and at the same time, promising approach for the future of natural forests.
Conceivably, the scenarios differ in the degree to which this approach can be backed up with
government rules and public information. 

There is a global trend towards greater reliance on plantations as the source of industrial wood (see
GEO-3 [page 93] and FAO 2001– Global FRA 2000). Plantations can provide for many of the forest
functions, such as providing industrial wood and other forest products, watershed protection, carbon
sinks and the like, while at the same time protecting valuable biodiversity in natural forests. 

This analysis is better at identifying downward trends, such as occurring in the Security First world
in a number of currently low-income regions. However, history over the past thirty years as assessed
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in Chapter 2 of GEO-3 strongly suggests that policy regulation and better technology in a higher
income situation as in the Policy First scenario will not be enough either for altering trends in
deforestation. Eventually, a change in behaviour and values is required – much more like the
Sustainability First scenario. Improvements in human well-being, economic growth and reduced
population growth form a pre-requisite for positive change. For instance, even gradual, small-scale
infiltration into natural forests by a poor local population has dramatic results in the long term and
can not be avoided through environmentally sound policies alone. 

7.9 Terrestrial biodiversity

7.9.1 Description 

The variable ‘natural capital index’ is an index that approximates terrestrial and aquatic biodiversity
of natural ecosystems and agricultural land. Biological diversity – or biodiversity - is the term given
to the variety of life on earth and the natural patterns formed. This diversity is often understood in
terms of the wide variety of ecosystems (terrestrial and aquatic), plants, animals and micro-
organisms, including genetic diversity of food crops and domestic animals. Biodiversity loss at the
specis level occurs when natural ecosystems are reduced through conversion to agricultural or urban
use (loss of quantity) and/or when natural ecosystems are degraded (loss of quality). Such
degradation of terrestrial and aquatic systems occurs due to a mix of human influences, such as
climate change, chemical pollution, disturbance due to fragmentation from infrastructural
developments or due to forms of exploitation such as tourism, hunting and gathering. All such
influences reduce both the distribution and the abundance of animal and plant species. A general
effect is that the abundance of many rare species declines, while the abundance of some – mostly
common – species increases, resulting in increased uniformity. 

7.9.2 Modelling 

Data availability
A crucial question is whether the current trends of species biodiversity loss are likely to continue in
the future. Ideally, to assess and foresee changes in extinction rates and species abundance, species
and ecosystems must be monitored, using comprehensive methods for sampling and analysis.
Unfortunately, much of the relevant information on the status of species and the condition of
ecosystems do not exist globally, and then when available, are highly qualitative and generally
fragmented. The lack of a quantitative overview of global trends makes it difficult to project
development trends into the future, such as for the four GEO-3 scenarios in this exercise. As an
alternative, it is worthwhile to focus on the causes (drivers or pressures) of biodiversity loss to obtain
a proxy view of biodiversity trends in certain futures. 

The Natural Capital Index 
To by-pass species biodiversity data problems, a pressure-based version of the Natural Capital Index
(NCI) was developed using a number of proximate drivers (or pressures) as a crude measure for
ecosystem quality. This pressure-based NCI (NCI-pb) provides an indication of the future state of
natural terrestrial ecosystems compared to the current state as a result of four pressures. The Nature
Capital Index is defined as the product of the ecosystem area size – or habitat - (quantity) and its
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quality measured against a baseline situation. Changes in habitat are caused by conversion of natural
ecosystems into agricultural and built up land, and vice versa. In this GEO-3 Technical Report,
future trends in such land-cover changes (quantity) have been estimated using models. Next, current
and future ecosystem quality has been approximated through an analysis, again using models, of
four proximate pressures assumed to have a major influence on biodiversity. 

The NCI principle 
The pressure-based Natural Capital Index ranges from 0 to 100. An NCI-pb of 100 indicates a
situation where the total area under consideration is undomesticated and where the pressures on this
area do not exceed the minimum thresholds set (see below). An NCI lower than 100 indicates a
certain level of loss in ecosystem quantity and/or quality. An NCI of 0 means that the quality of the
entire ecosystem has been reduced to zero (converted into agricultural land or built-up area). Only
terrestrial and freshwater natural ecosystems were considered for the GEO-3 main report and this
Technical Report, even though the NCI can also be applied to marine and agricultural ecosystems. 

Ecosystem quality
Four proximate quality pressures
Four pressures were selected to approximate ecosystem quality: i) population density; ii) primary
energy use; iii) rate of temperature change; and iv) clear-cutting of forest and abandoning
agricultural land. Pressure (iv) addresses re-conversion processes, such as re-generation from
logging and restoration of abandoned agricultural land. These four pressures were chosen because:
• they could be quantified for 2002 and 2032 per 0.5° by 0.5° grid cell for the entire world (using

the IMAGE 2.2 model); 
• knowledge on dose-effect relationships and critical levels, i.e. how various levels of the selected

pressures affect biodiversity, was available from literature (Ten Brink, 2000); 
• they are different in the way they exert their effect on biodiversity: 
• temperature change and clear-cutting have a direct effect on biodiversity, although on different

time-scales;
• population density represents various local pressures such as disturbance, fragmentation, habitat

loss, water extraction and exploitation;
• energy use represents more large-scale pressures such as acidification, eutrophication and

pollution. 

The range for each proximate quality pressure 
Based on a literature review the range of each selected pressure was defined as follows: 
• P1 = population density: min-max range is 10-150 persons per km2 (Source: Hannah and others,

1994; Harrison, 1992; Terborch, 1989); 
• P2 = primary energy use: min-max range is 0.05 - 100 Peta Joule per km2; 
• P3 = rate of temperature change: min-max range is 0.1-1.0 °C in the final 10 years of the

projected period (Source: Hootsman and others, 2001); and
• P4 = time past after clear-cutting of forest or after abandoning agricultural practice: min-max

range is 0–100 years (derived through expert judgement by RIVM staff). This pressure has a
memory effect. In operation it is the remaining time required to restore biodiversity after forest
has been clear-cut or agricultural practice abandoned. It is assumed that a 100-year restoration
period after cutting or abandonment will return maximum ecosystem quality. Quality is assumed
to be zero right after cutting or abandonment. Obviously this is a simplification, which ignores
differences in regeneration speed between the various forest ecosystems. 
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The calculation protocol for ecosystem quality 
Eosystem quality per sub-region, or biome, is estimated as a function of the above four ecosystem
quality pressures. For each of the four pressures, the range was divided into 1000 pressure points:
from no effect (0 pressure points) to complete deterioration (1000 pressure points). Within each
range, the number of pressure points was calculated by interpolation between minimum (0 points)
and maximum pressure (1000 points). 

Overall ecosystem quality was then assessed by multiplying the ongoing effect of clear-cutting or
past agriculture (P4) with the aggregated effect of the three other pressures, all scaled between 0 and
100 to express a percentage: 

Equation 7.1: Ecosystem Quality = P4 x (1 - (P1 + P2 + P3) / 1500)

Note that the total number of pressure points for the aggregated three pressures could, theoretically,
become 3000. However, when one single pressure exerts maximum pressure (1000 points), this will
already have such detrimental effects on the quality of the ecosystem that additional points from one
or two of the other pressures will not make much difference. For the purpose of this study, it was
therefore decided to set the maximum number of total pressure points for P1+P2+P3 at 1500.
Consequently, the estimated quality will be minimal in areas with a total number of pressure points
of 1500 or more. See for details Ten Brink (2000 and 2001), and Ten Brink and others (2000).

Calculating the NCI 
As a final step the Natural Capital Index (NCI) can be calculated by multiplying the two components
(quantity and quality), both scaled between 0 and 100 to express a percentage. The outcome of the
multiplication is also found between 0 and 100 (see Equation 7.2 and also under Results below).

Equation 7.2: NCI = Ecosystem Quantity x Ecosystem Quality

Limitations of the pressure-based NCI 
It should be emphasized that these results are rough estimates only and based on pressures that are
model outcomes in themselves. The pressure-based NCI allows aggregation and projection into the
future only because it is a crude measure. Above all, the key limitation is that the NCI treats the
biodiversity value of all ecosystems alike, whether tundra or tropical rainforest. With regard to
especially dynamics of change, many local, but significant, factors that make a difference to
biodiversity are not included, such as extensive grazing, fire and exploitation. In reality, impacts of
the various pressures are probably not linear. Furthermore, effects related to climate change and
density of energy use are long-term. This means that in ecosystems in the northern regions, which
are already under significantly large pressure from the current rate of climate change, the effects
shown by a decrease in the pressure-based NCI have not yet materialized (Ten Brink, 2000 and
2001). Finally, whereas the key strong point of the NCI is that it can be aggregated across regions
on the one hand, it may also mask changes over time by averaging on the other. For example,
averaging gains in Chile against losses in Mexico.
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7.9.3 Results 

Global results 
The current (2002) Natural Capital Index-pb score for terrestrial and freshwater ecosystems in the
entire world is 59 per cent, based on a quantity value of 79 per cent and an aggregated quality value
of 75 per cent (see Figure 7.18 and Equation 7.2). 

Estimates of the NCI-pb for 30 years from now on indicate that none of the GEO-3 futures can
prevent biodiversity loss in that period. Besides, differences between the scenarios are small. The
indices would end up between 52 and 55 (see bar chart in Figure 7.21). Only when looking more
than 30 years ahead does the picture become more diverse (see Figure 7.19).
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In a Sustainability First world, where changes in values are featured as well as vigorous biodiversity
protection policies, a recovery towards the 2002 situation would occur between 2032 and 2052
(apart from extinct species), mainly due to lowering of the pressures and consequently expected
improvements in ecosystem quality. Under Policy First circumstances the index would not change
between 2032 and 2052. It drops even further between 2032 and 2052 in Security First and Markets
First futures, due to both decreasing ecosystem quality and habitat loss (quantity). 

Regional results 
Changes are relatively small in the Northern Hemisphere compared to often more drastic negative
changes in the Southern Hemisphere (see details in Figures 7.20 and 7.21). This is partly due to the
fact that much (semi-)natural area in the North has already disappeared or is already heavily
affected, while in the Southern Hemisphere, the current situation is often still relatively positive so
that there is much more to lose in future. Furthermore, biodiversity in the cold and temperate natural
areas in the high latitudes is generally lower than in the tropical regions nearer the Equator.

Figures 7.20 and 7.21 show the combined effect of habitat loss (ecosystem quantity) and ecosystem
quality. The bar charts show absolute changes in natural capital by 2032; the maps show changes by
2032 and 2052 relative to the 2002 situation. These clearly illustrate that the biodiversity impacts of
the scenarios really start to differ in the 2032-2052 period. Before 2032 the four GEO-3 futures do
not show too much difference; trends become more pronounced by 2052. The general tendency is a
reduction of nature quality, concentrated mainly in the Southern Hemisphere and especially the
Andes region, Central and South Africa, and Asia and the Pacific, as well as the boreal forest belt of
Europe. These negative trends are the result of pressures from growing populations, accompanied by
increased resource use in growing economies. All this results in more and more conversion of natural
areas into domesticated land (reduced quantity) and in more and more disturbances in still relatively
natural areas (reduced quality).

From 2032 onwards trends begin to differentiate, with only Sustainability First moving towards a
sharp decrease in pressures by 2052. Certainly, 50 years from now the strongest increases in
pressures will occur in a Markets First situation; Policy First and Sustainability First worlds
showing roughly comparable results in the 2002-2032 period. 

All futures show strong conversions from natural to domesticated land in Central Africa and in large
parts of Asia. In a Security First world, and to a less degree in a Markets First situation, conversion
to domesticated land occurs scattered all over the world. Under Sustainability First, and certainly
under Policy First circumstances, domestication is concentrated mainly in Central Africa and parts
of Asia.

Much of the domestication occurs at the cost of forest, savannahs and grassland. Some sub-regional
details are described in Box 7.1 to illustrate changes in natural capital of savannahs and grassland.
Pronounced trends develop over time in the natural capital of savannahs and grasslands in Africa,
West Asia, some other parts of Asia, parts of Europe and parts of the Americas, all with clear
differences for the various futures. Box 7.1 also discusses briefly how underlying causes of trends
can sometimes be masked at the aggregated natural capital index level, which is a combination of
both quality and quantity.
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Box 7.1: Detailed sub-regional differences in future natural capital of savannahs and
grassland

Focusing only on those sub-regions where reasonably large areas are currently covered with savannah or

grassland, differences between the sub-regions are listed below:

• In Sub-Saharan Africa sizeable to extra large decreases occur for all futures by 2052, even in a

Sustainability First situation. Only in Eastern Africa, in a world of Sustainability First, will the decrease

be small
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Figure 7.22. NCI of savannah grasslands for five sub-regions and underlying quantity 
and changes for Sustainability First scenario
* Note: 100% is the ‘no impact’ situation; see the ‘NCI principle’ in Section 7.9.2

             



In some regions domesticated land is actually converted into natural areas (the dark green patches
in the maps). This is mainly due to re-forestation and climate changes. In Western Europe the
conversion into natural land is even larger in a Security First world than under the Sustainability
First scenario. This is due to the assumption that agricultural demand in Western Europe decreases
under Security First, which results in a smaller area required for grazing and the production of
concentrates, thereby creating an opportunity for re-growth and an increase in biodiversity. In
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• In Latin America and the Caribbean noticeable decreases occur under Policy First and Markets First

circumstances; sizeable decreases occur in a Security First situation. While a Sustainability First world

shows only a small decrease occurring in the regional NCI of the grasslands and savannahs in South

America, Meso America shows a sizeable decrease by 2032, followed by a recovery later on.

• In the USA no changes will occur under the Security First situation; small increases will appear in the

Markets First and Policy First worlds; noticeable increases by 2032 under Sustainability First

circumstances will even become sizeable increases by 2052.

• In West Asia sizeable to large decreases will occur under all scenarios and from values that are already

low to start with. The decrease is extra large under a Security First situation.

• In South and South East Asia large decreases will occur in the natural capital of grasslands and

savannahs, with only small differences between the scenarios. In contrast, East Asia would only see small

changes occurring, with even sizeable increases under Sustainability First and Policy First situations by

2052. In Australia and New Zealand sizeable increases would occur under all future scenarios

As illustrated above, differences in natural capital trends in grassland and savannah are large for the various

sub-regions. The underlying causes of trends can sometimes be masked at the aggregated natural capital

index (NCI) level, which is a combination of both quality and quantity (see Figure 7.22)

For Meso America and the Caribbean and North West Pacific and East Asia, Figure 7.22 shows the NCI

slightly increasing in both sub-regions (4 and 5 percent point increase respectively). The quantity of

savannah in both sub-regions increases.

However, the bar chart also shows that while the quality component of the NCI improves slightly in North

West Pacific and East Asia it is slightly reduced in Meso America and the Caribbean. The gain in savannah

area in Meso America and the Caribbean, which takes place at the expense of other natural systems, will be

accompanied by a decrease in ecological quality of the savannah. In other words, a gain in the overall NCI

is not by definition positive in all respects.

Likewise, the modelling results for Eastern Africa and the Indian Ocean Islands in terms of the overall NCI

show a very small decrease only. However, a look at the quality and quantity components separately shows

the increase in savannah area in the sub-region to mask a drastic future quality decrease.

An examination of the projections in Figure 7.22 for two sub-regions within one region, for instance South

East Asia and NW Pacific and East Asia, illustrates that sub-regional differentiation is necessary. A rather

modest regional average change in quality or quantity may be the average of a clear increase in part of the

region and a serious decline in another. Future impact on biodiversity can thus best be analysed at a fairly

detailed special resolution (in the GEO framework: sub-regional or more detailed), while highlighting the

underlying components of biodiversity change and at least distinguishing impacts on quantity and quality.

                                     



biodiversity terms, however, domesticated land that is converted into natural areas is of low quality
during the first decades. Furthermore, the circumstances of Security First make it somewhat doubtful
that this opportunity will be used. In contrast, the circumstances of Sustainability First make it likely
that grazing in Western Europe is to some degree extensified, i.e. enlarging the agricultural area
while increasing its biodiversity value.

Overall policy implications 
The development of a well co-ordinated biodiversity monitoring programme is urgently required.
Such a programme would provide adequate information in support of policy development and
decision-making on the conservation and sustainable use of natural resources. 

The NCI shows pressures on global biodiversity to increase, but with large regional differences. This
emphasizes the urgency of developing effective responses. A continuation of current trends, in terms
of growing populations, increasing consumption, growth of greenhouse gas emissions and further
exploitation of natural resources, will not only impact biodiversity negatively in the directly
foreseeable future but will also limit possibilities to effectively restore biodiversity in the long-term.
Unfortunately, policies and actions taken now do not have an immediate effect. Often, the desired
results only become apparent in the long term.

7.10 Discussion 

The modelling of environmental impacts described in this chapter took advantage of recent
regionally differentiated work with the IMAGE model for the IPCC mitigation scenarios. A pre-
analysis has shown that the generally slower GEO-3 growth of GDP per capita could be
reconstructed using assumptions that are plausible in both GEO-3 and IPCC scenarios. Therefore,
we concluded that the already existing IPCC material could indeed be adapted to the GEO-3
scenarios (see for details section 2.4). 

Specific interpretation needed to be added to the GEO-3 scenarios, in particular, for energy and
agricultural policies. This implied a tendency towards high-tech approaches in the worlds of Policy
First and Sustainability First. For the latter, the assumed policies are even more ambitious and come
in addition to the changes in lifestyle and governance. 

Due to the ambitious pursuit of productivity and efficiency increases in agriculture, changes in land
use play a central role in the findings presented in this chapter. The emphasis on land use follows,
in part, from the method of analysis. However, the projected large pressure on land resources is not
artificial. While it is well known that production and use of energy is a key to many of the world’s
environmental problems, the role of changing land use is now highlighted as being equally
important. The scenario impacts on the third key resource, fresh water, are presented in Chapter 5. 

Striking differences between pathways represented by the scenarios have been found for land
conversion and energy-related carbon dioxide emissions. In terms of regional differences, the land-
use driven changes in Africa (Western and Central) and Asia (South and South East) stand out.
Energy-wise, the overall distinction is hardly surprising: North America, Europe and Australasia
with, at best, stabilising carbon dioxide emissions (and, at worst, steep increases), and the rest of the
world with large variations in increase. However, in a world of Sustainability First, the important
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region of North West Pacific & East Asia approaches stabilisation of energy-related carbon dioxide
emissions. 

The increase in pressures on biodiversity stands out as being particularly ominous in all scenarios, but,
in particular, in Markets First and Security First. A look beyond the global averages reveals even
bleaker prospects for land-based biodiversity in currently low-income regions, holding much of the
earth’s remaining richness in terms of species diversity. This sombre outlook, with not much variation
between the scenarios during the first decades, is in line with the projections of GLOBIO (Chapter 4). 

Overall results specifically for the seven variables analysed in this chapter:
• Potential increases in nitrogen loading (a proxy for a wider range of land-based sources of

pollution in coastal marine ecosystems) seem largest in Northern Africa and South Asia, even in
a Sustainability First situation. Generally, a world of Markets First shows the largest increases.
For nitrogen sources that are relatively easy to influence through policies, such as wastewater
treatment, the degree of change in an area varies considerably among scenarios. 

• Decreases in sulphur dioxide emissions form a classic example of pollution abatement that
closely follows policy measures. This is one of the reasons why future energy-related sulphur
dioxide emissions show a large diverence among the four GEO-3 scenarios. Some of the largest
current emitters will move into the group of smaller emitters. The latter will change position with
the present medium to large contributors. 

• There also is a strong divergence in carbon dioxide emission trends among the four scenarios.
Under Policy First and Sustainability First futures a de-coupling of emissions from GDP growth
occurs in the third decade. Emissions continue to increase in Markets First and Security First
worlds. Not unexpectedly, lower income regions will account for most of the considerable global
increase in carbon dioxide emissions by 2032. 

• Overall, atmospheric carbon dioxide will continue to increase and temperature change cannot be
avoided in the first half of this century. In the Polar Regions, temperature increases are twice as
large as the average global change. The rate of change that is slowed down in Sustainability First
is moving in the right direction, but even in 2050 it is still far beyond the limit at which damage
to ecosystems is regarded likely.

• The greatest increases in water erosion risk of soils occur where water erosion is already serious,
such as sub-Saharan Africa, Meso-America and the Caribbean and South and East Asia. In most
regions, the risk of water erosion increases most in a Security First world. To make matters
worse, the likelihood of effective soil management seems smallest in this future. 

• Decreases in global forest area are profoundly large in the Security First future, a downward
trend that picks up immediately in 2002. Until around 2020 a less dramatic, but downward, trend
also exists for the other three scenarios. Between 2020 and 2032 the Policy First world starts
showing more drastic decreases. In light of the assessment over the past 30 years, the better
management, better technology and more efficient agriculture of Policy First do not seem enough
to really compensate for the rapid increase in agricultural demand and expansion of other
domesticated land; thus altering trends in deforestation. 

• Up to 2032, natural capital will decrease in all parts of the world for all futures chosen, especially
in Central Africa, Latin America and West Asia. The negative trends are smallest in the Northern
Hemisphere, but this is mainly due to the fact that much biodiversity has already been lost there
in the past. A look beyond the 30-year horizon reveals strong negative trends continuing in a
world of Markets First and Security First but veering back in some regions in the world of
Sustainability First. 
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For many of the above issues, only a world of Sustainability First shows a clear positive turn.
Sometimes the turn is visible only beyond 2032. Policy First, ambitious as it may be in terms of
environmental and social goals, if pursued through better governance, management and technology,
would seem to be insufficient in the long run. Climate change is a point in case. The world of
Security First bluntly illustrates poverty in many situations as a major cause/driver of environmental
problems. 

Part of the challenges of Policy First is that future environmental policies require careful
coordination. Conclusions from GEO-3 (in Chapter 5: Issues for Action) therefore underline the link
of global environmental strategies with such issues as poverty, lifestyle and governance. However,
when focusing on environmental policies proper, co-ordination issues become visible from the
scenario analyses with IMAGE, emerging at first sight as dilemmas e.g.: 
• Land use for biofuels (a measure to decrease carbon dioxide emissions) competes with land

requirements for food production and nature. 
• An increase in intensive farming reduces the need for converting nature into agricultural land, but

often leads to more nitrogen loading of coastal ecosystems. 
• Efforts to conserve special nature areas are partly cancelled out by climate change if classical

fixed perimeter conservation is not adapted
• Decreasing large-scale air pollution also decreases its cooling effect; however, energy and

climate policies will eventually more than make up for this. 

These dilemmas stem from the adverse effect that an environmental measure in one area can have
on another issue. The other side of the coin is that integrated, forward-looking strategies are bound
to bring large benefits, including cost savings, when compared with piecemeal, defensive
approaches. 

In addition, many issues are laced with legacies from the past that dominate the present and even the
coming decades. Conversely, action taken may not have an immediate effect. In other words, the
results of significant actions now only become apparent in the long-term future. The delays are not
only caused by biophysical systems such as the climate system, but education, demographics, capital
stock and infrastructure can change only so much per year. Obviously this ‘supertanker’ character of
global change is a political handicap in reaching the proverbial global deal that will link
environmental and developmental goals. 

On a different note, the delays between action and result also visualize the need for policies on
adaptation to mid-term changes that can no longer be avoided. 
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8. Cross-comparisons and review of the analytical 
process 

GEO-3 was produced by various teams – including regional experts – using a variety of analytical
tools. But did these teams, working in parallel, base their work on a similar interpretation of the
scenarios? What does a comparison of the projections by the various teams tell us about the
uncertainty in the models? To what extent did the analytical set-up contribute to the aim of truly
involving the GEO network in the assessment?

8.0 Introduction

Models and related tools were used to quantify scenarios in GEO-3, as they can add greater rigour,
precision and consistency to qualitative story-lines. In order to arrive at high-quality results for a
broad spectrum of environmental issues, the GEO-3 Outlook was written using specific modelling
frameworks and teams – each authoritative in its own field of environmental science – to estimate
specific variables (see Table 8.1 and S.1). 

Working with multiple modelling frameworks raises a number of issues, such as possible divergence
in the backstage interpretation that the teams may have given to many aspects of the scenarios in
order to arrive at quantification and assessment. 

As a first step in exploring these issues, a background description (Section 8.1) briefly considers the
nature of the GEO-3 scenarios and that of the tools used in the quantification. It covers the current
use of the analytical tools, including the intended process of iteration between model-based
quantification and narrative story-lines (Sub-section 8.1.3), the interpretation of the narrative story-
lines by the different analytical teams (Sub-section 8.1.5), and the allocation of roles. Among other
things, this section compares GEO-3 with two recent exercises that also combined narrative story-
lines with quantitative modelling: the IPCC SRES and World Water Vision (WWV) (Sub-section
8.1.6). 

Building on this, in Section 8.2 a closer look is taken at the quantitative results of the GEO-3
scenario exercise. Overlapping outcomes from some of the teams – using different tools – are
compared and differences and similarities are evaluated. This analysis is based on GEO-3 data, but
it was carried out after the main report was published. Sub-section 8.2.1 compares the results
obtained with AIM and IMAGE 2.2, while Sub-section 8.2.2 compares PoleStar results with IMAGE
2.2 outcomes. Incongruent outcomes based on the same narrative may be attributable to differences
in input data and assumptions among analytical teams (i.e. different interpretations of the story-
lines), but they may also be the result of differences in the characteristics of the tools described in
Section 8.1. A comparison of the outcomes can provide an indication of at least part of the
uncertainty involved. 
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Finally, in Section 8.3 the findings of this chapter are discussed. Questions such as the following are
addressed: 
• Was the GEO-3 multiple modelling approach useful, given the priorities of the overall GEO-3

process?
• How well do the overlapping outcomes of the analytical tools compare, and what does this say

about the consistency of the teams’ interpretation of the GEO-3 narratives?
• Did the process of quantifying the GEO-3 Outlook measure up to UNEP’s goal of strengthening

its regionally distributed assessment network?

8.1 Background

8.1.1 The blend of analytical approaches used in the GEO-3 Outlook
Chapter

An important aspect related to the interpretation of the narrative story-lines that must be clear at the
outset is the question of whether the scenarios are seen as explorative or backcast scenarios. The key
issue here is to what extent the future image, or vision, constrains the scenario. An explorative
scenario begins with the question ‘What if the following were to happen?’ It then maps out the paths
of possible futures, usually involving statements on a set of assumptions about the current state of
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Table 8.1: Analytical tools and the impact variables they provided for the GEO-3 Outlook
Chapter

Variables provided for the GEO-3 Outlook Chapter

PoleStar Cropland severely degraded 

Extent of built environment

People living with hunger

GLOBIO Ecosystems impacted by infrastructure expansion

WaterGAP People living in areas with severe water stress

AIM Energy-related carbon dioxide emissions

(here used only for modelling Energy-related nitrogen dioxide emissions

Asia & Pacific) Energy-related sulphur oxide emissions
Municipal solid waste generation

IMAGE Nitrogen loading of coastal marine ecosystems
Energy-related sulphur dioxide emissions
Energy-related carbon dioxide emissions
Carbon dioxide emissions from all sources, rate of average 
temperature change & change in annual total precipitation
Risk of water erosion of soils
Natural forests excluding re-growth
Pressures on natural ecosystems & Natural Capital Index

           



the world, the way the world works, and how people will respond to future events. These
assumptions do not necessarily reflect the conventional wisdom on what is most likely, but they do
need to be plausible.

Alternatively, a backcast scenario begins with a vision of the future and asks the question: ‘How can
we get there from where we are today?’. This also requires a set of assumptions about the current
state of the world, the way the world works, and how people will, or could, respond to future events.
These assumptions are, however, tailored to finding and following one of the possible paths that will
lead to the postulated future. Of course, in answering this question, one may come to the conclusion
that this vision of the future is extremely unlikely or impossible, given the time-frame. This can be
one of the most important insights gained from such a backcasting scenario exercise.

Backcasting thus places greater restrictions on both the storytelling and the use of quantitative tools,
as the choice among different plausible sets of assumptions is constrained by the need to reach a
particular final state of affairs. Of course, the extent to which this is the case will depend on how
detailed the definition of that state is.

In GEO-3, the Policy First scenario was originally intended to be a backcast scenario and it had
specific policy goals. However, as the process of elaboration and analysis progressed, Policy First was
increasingly treated as one of four explorative scenarios. As far as model-based quantification is
concerned, two problems emerged. One was that a number of modelling frameworks were not
primarily designed to develop or analyse backcast scenarios. The other was that some of the targets
appeared difficult to achieve under the assumptions of this specific scenario. Eventually, the GEO-3
scenario set came to include characteristics of both types of scenarios, explorative as well as backcast.

The various teams involved in GEO-3 have different perspectives as regards this issue. The PoleStar
team, for instance, stayed close to the roots of the scenarios in the Global Scenario Group and to the
ideas initially tabled in September 2000. As a consequence, PoleStar simulations for Policy First,
Security First as well as those for Sustainability First were constrained by the attributes of the 2032
vision in all of these scenarios. For other teams, recent experiences with the WWV and IPCC-SRES
scenarios influenced their contributions to the GEO-3 scenario exercise.12 These teams approached
all four scenarios of the GEO-3 set as explorative scenarios.

8.1.2 The nature of the analytical tools used 

An important issue in scenario development is ascertaining to what extent system behaviour in the
past is valid for the future. The two extremes with respect to this issue are ‘free storytelling’ and
‘fully deterministic modelling’. Unconstrained storytelling allows any new thought about the future
to be considered valid. Full determinism – the classical scientific way of looking at small and well-
defined systems – presumes that the future will unfold according to fixed rules that can be derived
from empirical observations and theories derived from historical behaviour. The tools chosen for the
GEO-3 Outlook represent positions on a spectrum between these two extremes. 
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Related to this is the balance that each scenario-developing tool13 strikes between the conflicting
goals of internal consistency and flexibility. While all scenario designers strive to build consistent
scenarios, the actual tools used differ with respect to built-in consistency. A large degree of built-in
consistency makes the scenario designer’s work easier, since less detailed checking and review are
required per iteration. However, it has the drawback that the scenarios may miss important features
of how real social, environmental and economic systems actually behave – after all, the consistency
is internal; it does not, in fact cannot, mean that the model is consistent with all the possible
dynamics that are found in real systems.

In practice, the gap between the relatively deterministic models used in the GEO-3 Outlook (IMAGE
2.2, AIM and WaterGAP) and ‘simple’ tools such as PoleStar and GLOBIO is smaller than it might
at first appear, since the parameters in the deterministic models can be changed to extend the
possible range of scenarios. One area where there is a difference is the fact that PoleStar and
GLOBIO are modified by scenario designers at a ‘general’ level, for example, according to a trend
in average agricultural land area per capita in a region over the whole scenario period. Deterministic
models, however, are modified at a ‘detailed’ level. An example is the ‘sub-model project’ level, at
which the growth or decline in various types of agricultural land use are projected onto a map
according to separate developments for a series of determinants such as exports, disposable income,
diet and agricultural technology. 

The most appropriate level of modification will depend on the particular scenario exercise for the
tool being used. For instance, in some scenario exercises an interactive dialogue with a non-expert
audience is more important than in others. The tools discussed in this report each have different
potential for use in flexible interaction with non-experts. A broad study like GEO-3 benefits from
the complementary strengths of each approach. 

Moving towards the deterministic end of the spectrum, WaterGAP, AIM and IMAGE 2.2 attempt to
describe the environmental system in the context of socio-economic developments using an
interdependent set of mathematical models. These models are defined by starting conditions and a
set of algorithms allowing the future to unfold in a continuous, incremental manner. In regional
socio-ecological systems this can be described as a premise of structural continuity, since structural
relationships based on observations from the past limit the scope for ‘possible’ futures. Some of
these relationships are widely accepted (such as features of energy systems that cannot change faster
than investment rates allow). Other relationships, however, are more contentious (e.g. the impact of
changes in savings rate on changes in an energy production mix).

The requirement for consistency between such assumptions is an important reason for pleading
structural continuity in deterministic models. The move towards energy intensity modelled in
IMAGE 2.2, for example, depends on such factors as energy demand, the price development of
energy carriers and economic growth. Within their structural constraints, however, the models can
explore a range of possible futures, as assumptions at the parameter level can represent different
directions in future developments, producing fundamentally different results. The advantage of
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deterministic models is that they provide a measure of feasibility, i.e. if certain developments (such
as major changes in agricultural productivity or capital stock) are achievable, given constraints of
population growth and economic development. A drawback is that it is more time-consuming to
employ these detailed models than a tool like PoleStar.

In contrast, the emphasis in GLOBIO and PoleStar is on assumptions rather than structural
continuity. Tools like PoleStar were designed to easily quantify scenarios with structural breaks and
discontinuities. The framework allows the user to decide on a set of exogenous assumptions that are
not as strictly constrained by such consistency rules, as is the case with the more deterministic
IMAGE 2.2. PoleStar is based on fundamental balances (economic accounts, energy, land, water and
food balances) that only impose broad constraints on how the world can change. Specific scenarios
are then constructed by drawing on a range of tools (including mathematical models such as inequity
as a function of income, but also external studies, qualitative descriptions and expert review).
Nevertheless, there are clearly constraints in PoleStar, such as accounting rules in which fractions
cannot exceed the whole, or where a system changes at a certain rate.

As discussed in Section 8.1.1, several of GEO-3 scenarios were, in fact, originally developed from
backcasts that were geared to creating visions of the future in 2032. Unlike WaterGAP, AIM and
IMAGE 2.2, the PoleStar simul ations are constrained by quantitative attributes, allowing the
scenario to bridge the gap between initial and future conditions. The more ‘deterministic’ models
may reflect the future state in their internal algorithms, which is why multiple runs will be required
to realize the conditions postulated for the future. In contrast, the ability to quantitatively specify
future conditions as a constraint in simulation was fundamental to the design of PoleStar.

Thus, if we compare the final and intermediate outcomes derived using the different tools, we would
expect more drastic changes and differences in the results generated by PoleStar and GLOBIO than
in those coming from WaterGAP, AIM and IMAGE 2.2, where changes tend to be slower and
smoother, and differences more gradual.

In addition to the degree of determinism, the tools used for the GEO-3 Outlook differ in at least one
other key aspect, namely, the spatially explicitness of the impact projections. While PoleStar
provides impact projections at the same resolution as the assumptions (i.e. those from the GEO-3
sub-regions), models such as IMAGE or WaterGAP deliver their land and water-related output
mapped onto a 1/2 x 1/2 degree grid (equivalent to approximately 50 x 50 km at the equator) or all
10 000 ‘first order’ rivers. Much of the effort expended in designing and updating these models is
being devoted to ensuring that the integration in their projections also holds at the grid-cell level.
The AIM model, too, is capable of delivering land-related results on a high-resolution grid, although
this capability was not used in the projections for emissions and waste generation provided for GEO-
3 by AIM. GLOBIO even delivers map-based output on a 1 x 1 km grid, which is enormously
detailed for a global tool, but it compensates for the detail by keeping the modelling very simple.

Spatially explicit models have an important influence on regionally differentiated studies such as
GEO because the spatial pattern can be used to either refute or support the aggregated regional or
sub-regional figures. In other words, they help to tell the story of the significance and plausibility of
particular projections. They can also be used to highlight changes that are averaged out in
regional/sub-regional totals, such as large spatial shifts in agriculture under the influence of climate
change (see for example Alcamo and others, 2003). Yet, as with any set of underlying data in
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forward-looking analysis, the maps themselves should be interpreted with care – they are more
useful for pattern analysis than for pinpointing actual changes on the map.

8.1.3 How the analytical tools were used 

In developing scenarios that combine narrative and quantitative elements, a number of options exist,
providing different answers to the following questions: 1) to what extent is there iteration between
the development of the narrative stories and the quantification?; 2) how are the narrative storylines
interpreted while doing the quantification?; and 3) if more than one framework is used for
quantification, to what extent do they complement each other (i.e. does each quantify a different
aspect of the scenario) and to what extent do they overlap (i.e. with each providing its own
quantification of the same aspects of the scenario)? 

Before comparing quantitative findings across the teams, the remainder of section 8.1 briefly
characterises the analysis of environmental impacts for the GEO-3 Outlook in terms of the above
questions, comparing the GEO-3 Outlook process with other recent global scenario studies. This is
the subject of sub-sections 8.1.4 through 8.1.6. 

8.1.4 Iterating between developing story-lines and model-based 
quantification

In an ideal scenario exercise, there would be a number of iterations during which the narratives and
quantification provide mutual feedback. This would allow for greater integration of the strengths of
the two approaches, leading to richly described, empirically grounded, consistent, coherent
scenarios. The drawback lies in the amount of time and resources this requires.

In the IPCC SRES process, the modelling tools were only used to develop quantitative scenarios
once the basic features and driving forces of the narrative story-lines had been determined. There is
no indication – at least, in the published reports – that there was any feedback from the quantitative
analysis to the story-lines. In the WWV process, on the other hand, there were three formal rounds
of iteration between the qualitative scenarios and the modelling efforts (along with commentary
from regional and sectoral forums). In fact, the initial round of feedback led to an overall revision
of the scenario story-lines (see Box 2.2). Nevertheless, the strong emphasis on the narrativeswas
maintained, as described by Gallopín and Rijsberman (2000, p. 17):

The approach followed deliberately focused on the development of qualitative scenarios
initially, to allow incorporation of the many social, economic, environmental and cultural
factors that play a major role in shaping the water future, but may not be modelled
quantitatively. The development and discussion of qualitative scenarios served as a platform
for consultation among many stakeholders from different disciplinary backgrounds and a
variety of stakeholder perspectives. Mathematical simulation models were used subsequently
to analyse the consistency and coherence of the qualitative scenarios, explore some of the
consequences and help fill in some of the gaps.
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For much of the time, the quantitative efforts in the GEO-3 process centred on reproducing
information from scenarios that were already available and had a similarity with the GEO-3
scenarios in order to illustrate the types of environmental consequences that might be expected in
each scenario. This was not so surprising, as it had been agreed at the Planning Meeting in July 2000
that there was neither the time nor sufficient resources to develop new data. Although some efforts
were made to modify existing scenario data to take into account some aspects of the GEO-3
narratives, concerns were increasingly raised – internally and externally – about the remaining
inconsistencies. 

It was only after the Scenarios Expert Meeting in November 2001 that a major effort was made to
better integrate the quantitative material and narrative stories. The possibilities for doing this were
limited by the rapidly approaching deadline for the full report, which precluded, among other things,
further extensive consultations with the regional teams. It was also difficult to link the initial
quantification, which was partly based on previous work by the Global Scenario Group and partly
on impressions from regional consultations, to the impact estimates generated by the deterministic
models. The net result was that the scenario development process provided for less than ideal
integration between the narrative and quantitative elements. 

8.1.5 Interpretation of narrative story-lines

Because of their different structures, different tools may generate different estimates for the
environmental consequences of the same scenario. Of more concern are the input assumptions made
by the teams and embedded in the tools. Any given scenario narrative leaves room for interpretation
when it comes to setting of specific quantitative representations. In addition, what may be exogenous
inputs for some tools may be endogenous for others, e.g. energy efficiency can be a direct input or
can be calculated from other factors such as relative prices and rates of investment. It may also be
the case that, even if they are not formally linked in the tool itself, the users of the tool may have
good reasons for maintaining certain relationships between various input assumptions. The key
conditions that should be fulfilled are that the quantitative assumptions themselves ought to be
consistent with the narratives and that the way they are used remains consistent with the narratives14.
Within these constraints there is typically a range of options.

In deriving the assumptions for quantitative input into the GEO-3 scenarios, the choice was made to
ensure that the different teams respected the narratives as constraints, but to accept the use of
different numbers. Furthermore, we closely scrutinized the process of harmonising the assumptions
for population and GDP per capita, as these are the key underlying drivers in all of the analytical
tools. This harmonization was undertaken by SEI and RIVM, with all of the teams except SEI
eventually using the input assumptions and intermediate projections, e.g. for land use, that were
provided by RIVM (see Sections 2.2, 2.3 and 2.4 for details of these efforts).
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even when the numerical assumptions look different at first sight.

     



In the IPCC-SRES process, a similar approach was taken, but more flexibility was allowed because
of the number of quantitative scenarios produced. Within each of the four SRES scenario families,
one of the quantitative scenarios was defined as the representative, or ‘marker’, scenario. Further
scenarios within the family were classified as either ‘harmonized’ or ‘other’ scenarios. For a scenario
to be considered harmonized, the input assumptions for specific key drivers – population, gross
domestic product, and final energy – were required to fall within a certain range around those in the
marker scenario, at both the global level and that of the four SRES regions. In the case of WWV, the
different modelling teams worked together to produce a consistent set of scenario assumptions.
PoleStar quantified the driving forces affecting population, economic growth, electricity production,
equity, and food security. Furthermore, in some cases output from one model was used as input in
another model to ensure consistency. 

8.1.6 Multiple model exercise

Different modelling frameworks have different strengths and none can fully capture all of the
richness of a narrative story. From that perspective, it is valuable to use a variety of models to
address the various aspects of the narrative stories. At the same time, if the modelling frameworks
can provide overlapping data, this makes it possible to explore the uncertainties arising from the
differences among the quantitative frameworks, as well as those arising from different underlying
assumptions. For this, however, the different models must be able to provide quantitative data at the
same spatial, temporal, and structural aggregations.

The approach taken in the main GEO-3 report was to present separate variables (e.g. water stress)
as quantified by one specific model (e.g. WaterGAP). This meant that the effects of differences in
model structure would not be revealed in the results, but a wider range of variables could be
considered. However, the estimates produced with the various tools do in some cases comprise
comparable variables, so it was possible to make some comparison within scenarios across the
models. See 8.2 for the results of these comparisons.

In contrast, in the SRES process each modelling group provided a complete set of results for each
quantitative scenario it produced. As noted in Box 2.1, however, most comparisons required the
models to provide data at a high level of aggregation, specifically at the level of four major regions:
OECD90, Africa & Latin America, Asia, and countries engaged in economic and institutional
reform. Given the emphasis in the GEO process on regional and sub-regional detail, this would have
been an unattractive option for the GEO-3 scenarios. Furthermore, even with this level of
aggregation, problems remain in relation to determining whether the source of the differences found
is a direct result of the model structure vis à vis input assumptions (Van Vuuren, 2002). 

In the WWV process (see Box 2.2), the different modelling teams and models provided both
overlapping and complementary information. Through a series of three meetings and further
interaction, the teams worked to provide a consistent, coherent set of results. This was done by
discussing driving forces, defining shared assumptions, and exchanging data and information,
including cases where output from one model was used as input for another. In the end, each group
presented its own output separately .
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8.2 Comparison of findings between teams

The variables calculated in GEO-3 were based on specific modelling frameworks (see Table 8.1).
These frameworks allow calculation of more variables than those actually used in GEO-3, however,
and there is some overlap in the variables quantified (see Table 8.2). This makes it possible to
compare the frameworks using overlapping outcomes. The comparison is based on scatter plots
(Figures 8.1 and 8.2) in which outcomes for the one model can be read on the x-axis, and for the
other on the y-axis. The left hand sides of Figure 8.1 and 8.2 relate to the 2032 levels; the right hand
sides relate to the changes between 2002 and 2032. The scatter plots are supplemented by two
statistical measures that test how significant the similarity is between two data sets (see Box 8.1 for
details).

This section evaluates whether there is consistency between modelling teams in the assumptions
they made for the quantitative interpretation of story-lines on the basis of overlapping outcomes.
Differences in overlapping outcomes between two analytical frameworks may be attributable to
differences between the modelling teams (Potting and others, 2002), for example in the:
• definition of the variables
• model structure (see also sub-Section 8.1.2 on the nature of the tools)
• regional classification
• input data for the base year for scenario calculations
• interpretation of story-lines (and/or specific assumptions).

Below we evaluate the differences in overlapping outcomes between the frameworks in the light of
the issues discussed above.
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Table 8.2: Variables that are compared between PoleStar, AIM, and IMAGE 2.2

PoleStar AIM IMAGE 2.2

Energy-related emissions of carbon dioxide in GEO-3 regions X X

Energy-related emissions of carbon dioxide in GEO-3 sub-regions 

in Asia and the Pacific X X

Energy-related emissions of nitrogen dioxide in GEO-3 sub-regions 

in Asia and the Pacific X X

Energy-related emissions of sulphur dioxide in GEO-3 sub-regions 

in Asia and the Pacific X X

Cropland in GEO-3 regions X X

Pasture in GEO-3 regions X X

                  



8.2.1 AIM and IMAGE 2.2

For a number of variables, results derived from NIES were incorporated in the GEO-3 Outlook,
using the AIM model for the Asia and Pacific region and its sub-regions (see Table 8.1). However,
RIVM results for the Asia and Pacific sub-regions are available as well, based on IMAGE 2.2. This
makes it possible to compare the two teams’ interpretations. 

Figure 8.1 compares the teams’ quantifications of future energy-related emissions of carbon dioxide,
nitrogen oxides and sulphur dioxide. In these plots, an ideal similarity between the teams’

page 184 Cross-comparisons and review of the analytical process 

BOX 8.1 Statistical tests used to compare sets of findings between teams

Scatter plots as in Figures 8.1 to 8.2 are an obvious way to visualize differences and similarities between

data from two modelling frameworks. Provided that x-axis and y-axis have the same scale (as is the case

here), the scattering of data around the mirror line gives a first indication of how well the two modelling

teams compare.

The estimate by team x for scenario i applied to region j (in brief: xij) will always differ somewhat from the

corresponding estimate by team y. We may want to know if the differences between the teams’ sets of

estimates for the various scenarios and regionsi are statistically significant. To answer this question, we

should first define what we mean with ‘differences’. We could test if the overall means (µx and µy) of the

two groups differ, but may also look at the median or other percentile values. We could look if the variances

(σx
2 and σy

2) differ between the two sets, focus on skewness or kurtosis, or test if the cumulative distribution

functions of the estimates of the two groups (denoted as Fx and Fy ) differ significantly.

In this Chapter we have chosen two statistical non-parametric tests: the Wilcoxon signed ranks test and the

Kolmogorov-Smirnov two-sample test. Both tests are non-parametric, meaning that we do not depend on

assumptions on distributions of the data xij and yij. The Wilcoxon signed ranks test utilizes information about

the relative magnitude and the direction of the differences within pairs (xij,yij) The test gives an answer to

the question if the differences can be considered to be insignificant (H0 hypothesis) as opposed to the

hypothesis of significant differences (H1 hypothesis).

The Kolmogorov-Smirnov two-sample test is a test of whether two independent samples have been drawn

from the same population (or from populations with the same distribution function). In other words, we test

if there are significant differences between Fx and Fy. The test is sensitive to any kind of differences in the

distribution from which the two samples were drawn – differences in location (central tendency), in

dispersion, in skewness, etc. The H0 hypothesis is that Fx = Fy , while the H1 hypothesis is Fx ≠ Fy.

In both tests we accept the H0 hypothesis of no differences if the probability value of the test is more than

0.05, i.e. we want to be 95% certain before rejecting this hypothesis. Otherwise, we accept H1. The

probability values are the numbers quoted next to the scatter plots.

Because the size and direction of change of environmental pressures, compared between the four scenarios,

is key information for the messages of GEO-3, we have compared the teams’ estimates of changes in

addition to the levels (of, for example, carbon dioxide emissions). The scatter plots on the right-hand side

relate to changes 2002-2032. 

                  



The GEO-3 Scenarios 2002-2032 page 185

Energy related emissions of sulphur dioxides

0 1 2 3 4 5

IMAGE

0

1

2

3

4

5

A
IM

million kton C

Energy related carbon dioxide emissions

KS=0.95

W=0.10

0 2 4 6 8 10 12

IMAGE

2

4

6

8

10

12

A
IM

1000 kton N

Energy related emissions of nitrogen oxides

KS=0.43

W=0.00

0 10 20 30 40

IMAGE

10

20

30

40

A
IM

million kton S

KS=0.95

W=0.00

0 100 200 300 400

IMAGE

100

200

300

400

A
IM

-100

0

KS= 0.72

W=0.74

100 200 300 400 500

IMAGE

0

100

200

300

400

500

 
A

IM

0

-100

KS=0.72

W=0.60

0

100 200 300

IMAGE

100

200

300

A
IM

0-100

KS=0.72

W=0.16

S
o
u
th

 A
si

a
N

o
rt

h
 W

es
t 

P
ac

if
ic

 a
n
d
 E

as
t 

A
si

a

S
o
u
th

 E
as

t 
A

si
a

A
u
st

ra
li

a,
 &

 N
ew

 Z
ea

la
n
d

 &
 S

o
u
th

 P
ac

if
ic

Sustainability First

Security First

Policy First

Markets First

KS = "p" value of the Kolmogorov-Smirnov test

W  = "p" value of the Wilcoxson signed-ranks test

%

%

%

2032 absolute levels according

to AIM and IMAGE

2002-2032 change according

to AIM and IMAGE

%

%

%

Figure 8.1: AIM and IMAGE 2.2 scenario results for selected variables in Asia and the Pacific

  



projections would show as scatter in the form of a narrow ellipse around the mirror line. Box 8.1
explains the statistical tests that were used in addition to this graphical comparison. 

At first sight, the pattern displayed in Figure 8.1 may seem less than ideal. However, the largest
differences between the results from the AIM and IMAGE teams relate to East Asia alone. As will
be explained, these are due to a difference in estimates of developments in the energy sector in that
sub-region between 1995 and 2002, i.e. before the start of the scenario period. In fact, most of the
remaining pattern shows a reasonable similarity. 

The fact that the Asia and the Pacific region in IMAGE does not include Iran will have contributed
to the difference seen in the base year for the South Asia sub-region. This discrepancy makes the
sub-region in IMAGE 15% smaller in terms of population and 40% smaller in terms of land area.
Central Asia – another area causing a large discrepancy in the definition of this region – is not
included in the comparison in this chapter because it is in a completely different region in IMAGE.
However, these discrepancies in regional definition are not responsible for all of the base year
differences in the Asia and the Pacific region. 

More importantly, it could be asked if the regional definitions influence the comparison of
projections between the teams. This seems to be the case, but again only for South Asia. The
reasoning is as follows. Although no separate story-lines have been prepared for individual countries
within South Asia, it can be presumed that the worlds of Markets First and Security First will be
more dissimilar for Iran than for India, the other large country in the sub-region. Thus, we would
expect Markets First and Security First to be further apart in the South Asia impact projections
carried out by the IMAGE team than in those done by the AIM team. Indeed, for carbon dioxide
emissions – the impact variable that is the easiest to compare – this is the case in IMAGE (Figure
8.1, top right-hand graph, South Asia).

Having discussed the potential effect of differences in base year data and regional definitions, four
observations can be made about the teams’ apparent consistency of interpretation. These are
discussed below.
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Table 8.3: AIM and IMAGE 2.2 data for energy-related emissions in 2002

Carbon dioxide Nitrogen oxides Sulphur dioxide

AIM IMAGE AIM IMAGE AIM IMAGE 

2.2 2.2 2.2

mln kton C 1000 kton N 1000 kton S

South Asia* 0.41 0.34 2.45 1.44 4.20 4.14

North West Pacific and 1.51 1.21 5.31 3.82 17.19 15.45

East Asia

South East Asia 0.20 0.20 1.10 0.69 2.48 1.14

Australia & New Zealand & 0.11 0.10 0.35 0.41 0.97 0.52
South Pacific

* Without Iran for IMAGE 2.2

           



Firstly, viewing all scenario results together, the similarity between the teams looks better for the
changes between 2002 and 2032 (the scatter lies symmetrically around the mirror line) than for the
absolute emissions (the scatter lies on the AIM side of the mirror line). However, the difference for
absolute emission estimates can largely be traced back to the 2002 data of the two teams (see Table
8.3). For carbon dioxide, for instance, emission projections for most of Asia and the Pacific
correspond reasonably well among the models. 

Only for East Asia (China, mostly) did the two teams produce different projections. In East Asia
emissions grew relatively fast between 1980 and 1995, while since 1995 emissions in the sub-region
have probably declined due to a decline in the use of coal. As a result, the emission trends since 1995
are more uncertain in East Asia than in the rest of the region. Reflecting this, the two models,
calibrated against different datasets and different years, show different trends over the 1995-2002
period. For 1990, their emission data are in fact similar.

In addition, AIM emission estimates for nitrogen oxides and sulphur dioxide for the whole region in
2002 are larger than those produced by IMAGE15. There is no obvious explanation for this
difference. But it relates to the base year, not to the developments over the scenario period.

Notwithstanding the differences for the base year, the statistical tests applied to all AIM and IMAGE
scenario results together do confirm similarity. That is to say: most of the results indicate a similarity.
Only the Wilcoxson test for the absolute numbers for emissions of nitrogen and sulphur oxides
shows a lack of similarity, reflecting the fact that too many of the data points lie on one side of the
mirror line rather than around it.

Secondly, considering the interrelationships among the outcomes of the four scenarios, the AIM and
IMAGE results are consistent. For example, see the quadrangular constellation formed by the carbon
dioxide plots for NW Pacific and East Asia. The scenario results show Security First in the upper
right corner, Markets First in the lower right corner, Policy First in the lower left corner and
Sustainability First in the upper left corner. The pattern for other regions is similar.

Thirdly, the teams are consistent regarding the ranking of the sub-regional emissions in absolute
terms. Roughly speaking, the North West Pacific and East Asian emissions are larger than South
Asian emissions, which in turn are larger than South East Asian emissions, which are larger again
than the emissions in Australia, New Zealand and the South Pacific.

Fourthly, the Security First and Sustainability First scenarios feature higher levels of emissions in
AIM than in IMAGE 2.2. Regarding Security First, IMAGE 2.2 contains a built-in response
mechanism that starts to include policies as soon as emissions of nitrogen and sulphur oxides
become so large that policy-makers will presumably have to take action, simply to maintain
acceptable living conditions in their cities. Since AIM does not contain such a mechanism for
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15 AIM emission data is based on country data from the Asian and Pacific region. The primary source for the IMAGE 2.2
data is the EDGAR database. Different from AIM, the EDGAR database is not based on self-reported country data, but
calculated from activity factors and emission factors from international sources. There may therefore be some
variations between AIM and the EDGAR database for Asian and the Pacific data. IMAGE 2.2 is calibrated using the
EDGAR database, but does not necessarily reproduce the EDGAR data for every single year.

               



Security First, this may explain why the AIM projection exceeds that of IMAGE 2.2 for this
scenario.

The differences between the Sustainability First results in AIM and IMAGE 2.2 seem to be largely
attributable to assumptions about whether strict environmental policies are introduced. In this
scenario, IMAGE 2.2 presumes that stringent environmental policies are combined with ambitious
climate policies all around the world. AIM does not take such policies into consideration, but its
environmental Kuznets effect16 sets in relatively early under the Sustainability First scenario. This
explains why AIM emissions of energy-related nitrogen oxides and sulphur dioxide for
Sustainability First and Policy First are always lower than for Markets First and Security First, but
not why these emissions for Sustainability First are clearly larger in AIM than those in IMAGE 2.2.
Apparently stringent environmental policies in combination with ambitious climate policies as
presumed in the IMAGE 2.2 interpretation of Sustainability First lead to larger emission reductions
than the Kuznets effect in AIM.

In all, the quantitative interpretations of the GEO-3 story-line for the changes in energy-related
emissions up to 2032 seem consistent between the two teams. This good overall consistency may be
partly due to the harmonization process in SRES-IPCC (see Box 2.1) and post-SRES in the IPCC
Third Assessment Report-Working III (IPCC, 2002), in which both teams took part. In addition, the
general model structures of AIM and IMAGE 2.2 have important similarities. However, the teams’
interpretations differ regarding the stringency of environmental and climate policies in a
Sustainability First world and regarding responses to very large air polluting emissions in a Security
First world. But these differences in interpretation and subsequent quantification are relatively
specific. 

8.2.2 PoleStar and IMAGE 2.2

The introduction to this chapter highlighted the differences between PoleStar and IMAGE 2.2. The
main emphasis in PoleStar is on flexibility (in order to be able to consider a wide range of
assumptions in scenarios). This approach is different from that taken in a more deterministic model
such as IMAGE 2.2 in which the description of the environment system is detailed and defined by
initial conditions and where the future unfolds in a continuous, incremental way. Another feature of
IMAGE 2.2 is the high spatial resolution for issues related to land use. This – together with the clear
difference in focus between the two tools – makes it particularly interesting to compare scenario
outcomes for energy-related carbon dioxide emissions, pasture and cropland between PoleStar and
IMAGE 2.2. As this section shows, the results from PoleStar and IMAGE 2.2 seem at times to
conflict and at others to reinforce each other, with the two approaches coming together at a broad
level.

The GEO-3 Outlook shows the results from IMAGE 2.2 for energy-related emissions of carbon
dioxide, but PoleStar estimates for this variable are available as well. This makes it possible to
compare PoleStar and IMAGE 2.2. Comparison is also possible for cropland and pasture areas.
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16 The environmental Kuznets curve hypothesis postulates an inverse U relationship between income level and pollution
(see Chapter 6 for details).

                        



Estimates of changes in these areas were not included in the GEO-3 Outlook, but they underpin, for
example, the projections with IMAGE that relate to terrestrial biodiversity and the risk of water
erosion of soils. Figure 8.2 shows the scatter plots and the results of the statistical tests, Box 8.1
explains the statistical tests, and Table 8.4 presents data for the base year.

Differences in regional definition introduce some distortion into the comparison, but this is only
significant for West Asia. For the other regions, the relative differences at the regional level are not
that large, even though some rather big countries (Iran, Turkey, Kazakhstan and the other republics
in Central Asia) are classified in the ‘wrong’ region. But West Asia is much smaller and therefore
the difference between its GEO-3 definition and its IMAGE definition is significant. (The IMAGE
region includes a land area that is two-thirds larger and in the base year it has more than double the
number of people and double the GDP.) Presumably, including Turkey and Iran in the IMAGE
definition of West Asia creates a bias towards stronger growth. Indeed, the changes for carbon
dioxide emissions between 2002 and 2032 – the impact that is easiest to compare – suggest that this
is the case.

First, the projections for energy-related carbon dioxide emissions are compared (see the top row in
Figure 8.2).

In terms of the 2032 levels of carbon dioxide emissions, the overall picture is that the PoleStar and
IMAGE estimates are rather similar, especially for the regions with large emissions in 2032 (Asia
and the Pacific, North America and Europe). However, the projected changes between 2002 and
2032 are scattered roughly along a line below the mirror line. In other words, the PoleStar emission
increases are consistently smaller than those derived from IMAGE. But because the PoleStar
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Table 8.4: PoleStar and IMAGE 2.2 data for selected variables, 2002

Energy-related Cropland area Pasture area

emissions of carbon 

dioxide

PoleStar IMAGE 2.2 PoleStar IMAGE 2.2 PoleStar IMAGE 2.2

mln kton C                      mln km2                               mln km2

North America 1.88 1.75 2.32 2.12 2.67 2.47

Latin America and the Caribbean 0.48 0.36 1.62 1.59 6.75 6.24

Africa 0.29 0.23 2.12 1.83 8.90 9.11

Europe* 2.07 1.69 3.56 3.06 1.96 3.84

West Asia** 0.22 0.34 0.17 0.52 1.51 2.08

Asia and the Pacific*** 3.09 1.84 5.69 4.90 13.03 10.72

* With Central Asia and without Turkey for IMAGE 2.2

** With Iran and Turkey for IMAGE 2.2

*** Without Central Asia and Iran for IMAGE 2.2
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Figure 8.2: PoleStar and IMAGE 2.2 scenario results for selected variables

  



calculation starts with larger emissions in the base year, the resulting 2032 levels are not that
different. 

Second, the projections related to land use are compared (middle and bottom row in Figure 8.2).
Briefly, the background to the cropland and pasture estimates with PoleStar and IMAGE 2.2 is as
follows. Estimates of the demand for agricultural products in the two models take into account
similar factors, such as changes in disposable income, diet and import/export – all at the sub-regional
level. Demand for biofuels is factored in by IMAGE (as a sizeable component in some scenarios and
some regions), but not in PoleStar. On the supply side, both teams have presumed changes in
livestock practices due to modernization and development, in particular changes from grazing to
feedlots. These changes increase the demand for cropland and reduce that for pasture, since feedlots
rely heavily on crop production for animal fodder as opposed to pasture. A key difference, especially
for land-related projections, is that IMAGE projections are spatially explicit – projected onto and
checked against the map at a relatively detailed resolution. It is these spatially explicit land use
projections that were used in GEO-3 as a basis for estimating impacts on for example biodiversity,
erosion risk and water stress. 

In Figure 8.2, the projections for total cropland area in 2032 in absolute terms lie mostly scattered
along the PoleStar/IMAGE mirror line (middle row, left-hand graph). In other words, with the
exception of some region-scenario combinations, the two teams produced estimates for the 2032
cropland areas that are not so dissimilar. 

However, the comparison of the changes between 2002 and 2032 (right-hand graph) reveals a
picture that is almost random. In fact, it suggests that the 2032 areas estimated by the two teams are
similar mainly because the total cropland areas are very large and the changes are a mixture of
relatively small losses and gains – very different from the development of the carbon dioxide
emissions. 

In two specific cases the teams estimated very different changes in cropland area: Security First in
Africa and Markets First in Latin America and the Caribbean. Presumably, the Security First
projection by the PoleStar team can be attributed to differing assumptions about the development of
GDP per capita in Africa under this scenario (cf. Figure 2.1). In combination with substantial
increases in population and slow growth in agricultural productivity, this would indeed lead to
increases in agricultural land that are much larger than in the other scenarios. 

The trebling of cropland area in the LAC region reflects a quantitatively different scenario
interpretation: the PoleStar team calculates on the basis of a much larger expansion of cropland as a
result of the changes in livestock farming (from grazing to feedlots) mentioned earlier in this section. 

For regional pasture area, too, the total areas projected by the two teams for 2032 are similar when
absolute numbers are considered (Figure 8.2, bottom left), while the projected changes are anything
but similar (bottom right). Most significant in the scatter plot for changes in pasture is the fact that
the IMAGE 2.2 increases and decreases are very large compared to those estimated with PoleStar.
In fact, there is almost no change for total pasture area in PoleStar in most regions. Conversely, in
Security First the PoleStar team estimated relatively large increases in North America, Europe, and
Asia and the Pacific, while the IMAGE team projected decreases.
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Not surprisingly, the background to the generally larger changes projected by the IMAGE team for
Africa and West Asia is a difference in model structure. The IMAGE 2.2 model assumes a traditional
pastoral system – with ruminants such as goats and sheep – throughout the scenario period, rather
than assuming that such ruminants will in future be managed increasingly under livestock systems
such as zero grazing. This assumption leads to exaggerated estimates for pasture in Africa and West
Asia, where the increase in demand for meat and milk is partly met by an increase in the number of
small ruminants. In contrast, for cattle, IMAGE 2.2 does model a transition from pasture to feedlots.
(This is an important factor in the increased risk of water erosion of soils in South America, as
discussed in section 7.7.3.) However, on this basis the IMAGE team projects a larger decrease in
pasture land than PoleStar for regions such as Europe and the Americas. 

Taken together, the PoleStar and IMAGE 2.2 interpretations of the story-lines seem qualitatively
consistent at this point. But the structure of the tools, possibly together with differences in
interpretation at the parameter level, as well as the incongruent interpretation of Security First by the
PoleStar team lead to very different projections of the size of changes in pasture land. In effect, all
the large increases – both those shown by the IMAGE team and those from the PoleStar team – seem
exaggerated, but for different reasons. 

In summary, the scatter plots show more similarity between PoleStar and IMAGE 2.2 for energy-
related carbon dioxide emissions than for pasture and cropland. This is as expected. Modellers are
known to share a conceptual understanding of the energy system, but it is widely acknowledged that
issues related to land use are far less well understood and difficult to model. For example, land use
is to a large extent affected by legal and other institutions, domestic and foreign food demand,
changes in diet, as well as farmers’ decisions about changing production systems. PoleStar does not
model these issues explicitly and IMAGE 2.2 does so only partially. Nevertheless, both tools are to
some extent geared to capturing the resulting changes in cropland and pasture areas. The same
pattern was visible in SRES-IPCC (IPCC, 2000), where the results from the modelling teams are
also better matched for energy-related issues than for land-related issues.

Thus, the overall conclusion is that the PoleStar and IMAGE 2.2 quantifications of the GEO-3 story-
lines compare reasonably well for energy-related carbon dioxide, while the differences among the
teams for cropland and pasture areas are rather large. These are mostly attributable to differences in
modelling; yet the best explanation is the fact that the modelling of land-related issues is still in its
infancy. 

8.3 Discussion

This chapter reviews the role that the quantitative assessment undertaken by three modelling teams
played in the development of the GEO-3 scenarios. It addresses questions concerning different types
of scenarios, different types of modelling frameworks, and different ways in which quantitative
models can and have been used in scenario development. Finally it has compared specific model
outcomes across models where possible.

What has been the net result of this and what lessons can we draw from this assessment? Here, we
attempt to provide an answer to this by addressing the three questions posed in the introduction to

page 192 Cross-comparisons and review of the analytical process 

     



this chapter: 
• Was the GEO-3 multiple modelling approach useful, given the priorities of the overall GEO-3

process?
• How well do the overlapping outcomes of the analytical tools compare, and what does this say

about the consistency of the teams’ interpretation of the GEO-3 narratives?
• Did the process of quantifying the GEO-3 Outlook measure up to UNEP’s goal of strengthening

its regionally distributed assessment network?

The multiple modelling approach was tailored to meet the priorities of GEO-3, i.e. to provide
regional and sub-regional information on key environmental indicators in the future. More
information was made available than would have been possible from any single model.Furthermore,
where possible, a regional model was used to provide specific information for the largest region –
Asia and the Pacific.

At the same time, it must be pointed out that even using multiple models, estimates for the future
values of a number of important other indicators could not be produced. Among these are the
numbers of individuals without access to clean water, levels of biodiversity loss, and impacts from
water stress. Estimates for some of these indicators may be available from other models, either
existing or under development, but some may be beyond the capabilities of conventional modelling.
In addition, the process of assessment undertaken in GEO-3 – especially the linkages between the
models and between the models and the narratives – leaves open a number of questions related to
consistency that need to be addressed in future exercises. 

From the comparison of overlapping outcomes, the interpretation of the scenarios by the teams at
SEI, NIES and RIVM appears to be largely consistent. On the inconsistencies, the main points of
interest are as follows.

On the one hand, there are the regional GDP projections. A harmonisation exercise on these was
carried out (see more details in Section 2.4). The pattern of similarities and remaining differences
after harmonization can be summarized as follows:
• For most regions results from the teams engaged in this exercise converged. For initial GDP

assumptions that in some cases were quite different among the teams, averages could eventually
be decided that were agreeable to all teams and applicable in all tools.

• There was a lack of understanding only with regard to the economy in Africa vis à vis the rest of
the world (the extent to which Africa will share in growth in a globalizing world). A compromise
was chosen for this scenario exercise.

• Some differences in regional GDP projections remained for Security First in Asia and the Pacific.
These differences are the result of imperfections in the GEO process – mainly a lack of time to
communicate in more depth – rather than due to differences in interpretation. 

• There are only symbolic GDP differences for Sustainability First, related to the future role of
GDP as a key indicator in a world of Sustainability First rather than to a different interpretation
of the scenario.

On the other hand, there are the findings related to the impacts that the scenarios have on the
environment, resources and the incidence of hunger (direction of change, relative effect of the
scenarios, regional differentiation). On this, the projections by the various teams generally go in the
same direction and support the narratives. There seems to be greater-than-average uncertainty with

The GEO-3 Scenarios 2002-2032 page 193

                     



regard to:
• the magnitude of the changes in regional pasture and cropland areas (although the teams seem to

agree on the types of changes under the various scenarios)
• whether anti-pollution measures will become politically inevitable when certain levels of threats

to health are reached including dangerous pollution in megacities, even in times when
environment generally speaking is not a priority.

Energy-related estimates seem to be more consistent among the teams than land-related estimates.
This is in line with the current state of science and therefore somewhat reassuring. (However,
energy-related policy issues have in turn advanced to a stage where more precise answers are
required, such as: can an atmospheric stabilization of 450 ppm of carbon dioxide be attained under
this scenario?)

The answer to the final question follows to some extent from the answer to the first. The timing of
the quantitative analysis, most of which occurred toward the end of the scenario development, did
not allow for extensive feedback from the regional partners, who were able to contribute much more
to the development of the scenario narratives. In the next round of the GEO, this needs to be handled
much more carefully. A comparison with similar studies, such as WWV, shows that this is not
impossible, given sufficient commitment from the participants. Finally, it must be admitted that no
a-priori, concrete policy issues were identified for the scenarios to address. This meant that, at times,
the regional and global partners were not clear as to the purpose of the scenarios, which made it more
difficult for them to provide detailed comments.
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Summary and concluding observations

Six specialized centres have collaborated with UNEP in the production of the GEO-3 Outlook
chapter. This took place in cooperation with a large group of experts who participated in regional
and global consultations, and in the review of interim outputs to ensure a regional perspective.
During this participatory Outlook production process a wealth of material was produced for the
GEO-3 scenarios and their impacts on the environmental situation. In fact, the GEO-3 scenario
material provided richer stories and data than could be presented in the GEO-3 main report. 

This technical report provides a more detailed description of the methods used by the teams who
carried out the GEO-3 scenario analysis. It also describes the regional significance and background
of the impacts for all the GEO themes in more detail than would have been possible in the limited
space of GEO-3. Since the authors are part of the GEO process itself, the report is not meant to be
an independent external evaluation, but rather a look behind the scenes.

The focus is on quantifying impacts, and critically analysing model-based findings vis-à-vis the
story-lines. Chapters 3 to 7 describe the analytical tools used by the different teams and present the
quantitative results for a number of environmental implications of the four GEO scenarios. 

Before and after this, Chapters 2 and 8 touch upon a number of cross-cutting issues. These are, for
example, consistency between the analytical teams, involvement of regional specialists, and the
development of the Outlook project over time.

An innovative approach was used for the GEO-3 Outlook chapter, in which multiple, contrasting
scenarios were considered to evoke visions of how the world might develop, and what such a
development would mean for the environment in the various regions. The Outlook was also meant
to sketch the importance of a broad-based drive for the kind of society and environment we desire
in preference to à la carte and piecemeal measures. 

The following four contrasting scenarios were developed in the GEO-3 process: 

Markets First – a world in which market-driven developments converge on the prevalent values and
expectations in industrialized countries.

Policy First – a world in which concerted action on environmental and social issues occurs through
ambitious but incremental policy adjustments. This world is aimed at maximizing the benefits
offered by better management and technology.

Security First – a world of fragmentation, where inequality and conflict, brought about by social,
economic and environmental stresses, prevail.  

Sustainability First – a world in which a new development paradigm emerges in response to the
challenge of sustainable development, and supported by new values and institutions.

A mixture of analytical tools and participatory approaches was used for the quantification of the
story-lines and analysis of their impacts on the environment. Specifically, the analysis has dealt with
the differences in impacts between the scenarios, globally as well as regionally. Table S.1
summarizes the variables analyzed and the tools used. 
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Table S.1: Variables analysed and tools used to produce the GEO-3 Outlook Chapter

Theme Variables Tools Analysis characteristics

Hunger People living with hunger PoleStar Income inequality

Land resources Cropland degraded PoleStar Scenario-dependent changes
Changes in built environment in regional trends

Soils at risk from water erosion IMAGE Deterministic & spatially explicit 
modelling

Forests Changes in mature natural IMAGE Differences in shrinkage/expansion 
for 1972-2032; spatially explicit. 
Re-growth within this period is left  
out of the comparison because of 
its small contribution to biodiversity
during the first decades.

Biodiversity Ecosystems impacted by GLOBIO Scenario-dependent, spatially 
infrastructure expansion explicit changes in regional trends

Terrestrial biodiversity IMAGE Change in natural areas and key 
pressures on remaining natural 
areas; spatially explicit. 

Freshwater People living in areas with WaterGAP Change in water balance and
resources water stress population, by drainage basin

Coastal marine Loading with nitrogen IMAGE Effective loading from 6000 
ecosystems compounds drainage basins from all sources, 

man-made and natural, via all 
routes. Semi-quantitative estimates 
of change potential per sub-region 
under each scenario

Atmosphere Energy-related sulphur AIM and Emission coefficients
dioxide emissions IMAGE

Urban areas Energy-related nitrogen AIM and Emission coefficients
dioxide emissions IMAGE Includes emissions from transport

Municipal solid waste generation AIM Related to GDP/cap and projected to 
in Asia and the Pacific follow similar trends as Japan 

during the past two decades

Climate Energy-related carbon dioxide AIM and Emission coefficients
emissions IMAGE
Carbon dioxide concentrations IMAGE Emissions from all sources and 

uptake of carbon dioxide   

Changes in regional and global a IMAGE Concentrations of all major 
verage temperature and in greenhouse gases; cooling effect of
regional annual precipitation aerosols. Uncertainty in regional 

projections shown by applying four 
global circulation models

Note: The order of themes in this table corresponds with the order in the GEO-3 main report. AIM estimates relate to
Asia and the Pacific only.

   



This summary concludes by asking what can be learned from the scenario exercise as a whole.
Rather than repeating the conclusions of GEO-3, we  provide suggestions in the ‘learning by doing’
spirit that has characterized the GEO process since its inception. The focus is on insights into
scenario impacts, contributions to capacity-building and preparations for future outlooks, in
particular: 
• additional insights, which are more comprehensive and regionalized than could be reported in

GEO-3 itself, are incorporated into environmental developments over the coming decades and
the potential for change.

• approaches to the preparation of future GEO-style Outlooks in terms of overall set-up and
implementation, analytical methods and the way the work on the GEO-3 Outlook contributes to
capacity-building for integrated environment assessment. Capacity-building is an objective of the
GEO process that is every bit as important as the GEO reports proper.

Potential for environmental change in the next half-century

Table S.2 below provides a synopsis of the regional environmental developments under the four
scenarios as analysed in this report. This ‘traffic lights’ table is founded, as much as possible, on
model-based outcomes for major environmental themes in the light of the GEO-3 scenario story-
lines and on objectives of environmentally sustainable development as expressed in multilateral
agreements, the Plan of Implementation of the World Summit on Sustainable Development and the
Millennium Development Goals.

Box S.1 briefly describes how the synopsis was derived. Annex 4 lists the information inputs used
for each issue. The broad issues listed in the first column of Table S.2 correspond with the
environmental themes described in the retrospective of the 1972-2002 period in GEO-3. The second
column in the table lists the specific variables analysed.  

An important reason for compiling this synopsis was to compare regions. But in order to reduce the
overview to manageable proportions, it had to be limited to the regional level, as opposed to the sub-
regional level applied elsewhere in this technical report. Therefore, significant differences within the
regions themselves may be obscured in this synopsis, in particular in the case of the large and diverse
region of Asia and the Pacific.

If the synopsis in Table S.2 is viewed simply as if the themes were independent and of equal weight
and as if the regions were of equal weight, a number of developments can be noted as described below.

Continuation of the environmental divide
The distribution of red signals across the regions strongly suggests a continuation of the
‘environmental divide’ throughout the coming decades between high-income and low-income
regions. This divide characterized the 1972-2002 trend, as highlighted in GEO-3. 

The number of red signals for Africa, Asia and the Pacific, Latin America & the Caribbean and West
Asia is strikingly larger than for Europe and North America. Moreover, only for North America do
green signals outnumber red signals. Obviously, the continued momentum of population growth in
the South plays a major role. Connected to this is the double challenge of reducing poverty among
a growing population in these regions, and at the same time reducing pressures on the environment. 
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Table S.2: Synopsis of scenario impact estimates

Theme Operationalized by Scenario Afr A&P Eur LAC Nam WA World

Hunger Percentage of Population Markets First

remaining hungry; Policy First

based on income distribution Security First

Sustainability First

Land Built Environment Markets First

Use & Policy First

Agricultural Land Security First

Sustainability First

Biodiversity Impact of infrastructure Markets First

& Policy First

Natural Capital Index Security First

Sustainability First

Land Cropland degraded & Markets First

Degradation Area with high risk of Policy First

water-induced soil Security First

degradation Sustainability First

Fresh Water Percentage of Population Markets First

(Quantity  living in areas with Policy First

aspects) severe water stress Security First

Sustainability First

Coastal Nitrogen loading at Markets First

Zones river mouths Policy First

Security First

Sustainability First

Forests Change in natural Markets First

forest  area Policy First

(regrowth excluded) Security First

Sustainability First

Urban Change in energy-related Markets First

Areas nitrogen oxide emissions Policy First

from all sources Security First

Sustainability First

Atmosphere Change in energy-related Markets First

SO2 and NOx emissions  Policy First

from all sources Security First

Sustainability First

Climate Rate of temperature change Markets First

Policy First

Security First

Sustainability First

Key: 

Increase in problem and/or persistant large problem

Some improvement or deterioration

Decrease in problem 

Inconsistent results from global circulation models

Source: RIVM, based on information in this technical report and the GEO-3 main report
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Box S.1 Process of deriving the ‘traffic lights’ table in Table S.2

The ‘traffic lights’ table presents a simplified synopsis of the impacts of the four GEO-3 scenarios on a

number of environmental variables in the GEO regions (excluding the Polar Areas). The table aims to

compare different developments, whicht might well arise in the future. It is not meant to provide a concrete

predication of a specific scenario.

The traffic lights table is the product of a judgmental process, i.e.: 

• Themes were operationalized by narrowing them down to specific issues. For example, the theme of

Land Use is assessed using the information on ‘built environment per capita’ and on ‘agricultural land

use’. Operationalization was carried out using both information presented in this technical report and that

found in the main GEO-3 report.

• Estimates for the issues dealth with were collected from the tables, charts and figures presented in the

previous chapters of this report.

• The outlooks for the next thirty years were compared with the current trend of an issue in question so as

to see the degree of change across different themes and scenarios. For themes that feature particularly

large delays between changes in driving forces and environmental impacts such as climate, developments

for the next 50 rather than 30 years have been considered. 

• We are aware of interdependencies between the themes or issues, for example between land-use change

and developments in biodiversity. At a more general level too, the driving forces and impact variables

interact and form a complex and, often, a region-specific array of linkages. However, it was a conscious

decision to juxtapose the issues here, keeping to the breakdown in the main GEO-3 report.

• The comparison was done in the light of the text provided on the various themes covered in this report

and the story-lines that were developed for each GEO-3 scenario. For example, data on the changing risk

of water-induced degradation of soils were interpreted in the light of the possibility of management to

counteract these risks described under the various scenarios, for example through soil conservation. 

• The table highlights differences and similarities between regional impacts. In addition, a ‘world’ column

has been included to provide an overview of the impacts on global scale. For some issues, such as climate

change, the impact for the world as a whole is a pertinent outcome directly from model-based analysis.

For other issues, such as the population living in areas with water stress, the signal in the ‘world’ column

is a weighted average of the regional signals.

• Climate signals for the world as a whole were assigned on the basis of the trend in rate of change in

annual average atmospheric temperature in the final years of the scenario period (direction of the curve

towards 2052, Figure 7.9). Climate signals for the regions were assigned on the same basis but adjusted

with a view to the cumulative change in temperature that the region would incur under a particular

scenario. For example, the global rate of change in average temperature by the end of the Sustainability

First scenario does warrant a green signal. But over the whole scenario period Northern Africa will run

up increases of 2 degrees Celsius in average temperature according to three of the four climate models

used. (Figure 7.10) Thus, a ‘yellow’ signal is allocated for Africa.

• Estimates for emissions of nitrogen oxides in 2032 by sub-region, as considered for the theme Urban

Areas, were added to this Technical Report as Annex 3. These estimates were neither reported in the

GEO-3 main report nor in the previous chapters of the Technical Report.

• Generally, a red signal shows an increase of a large problem in the context of internationally articulated

objectives. A yellow signal shows either improvement or deterioration in the problem, and a green signal

reveals a significant decrease in the problem.

                       



In most cases our analysis did not consider the differences between regions in terms of their capacity
to cope with environmental change (amounting to differences in vulnerability). This would probably
have shown the disadvantage of Africa even more strongly. In fact, the limited macro-economic
modelling that was carried out for GEO-3 left questions. One of these concerned the degree to which
Africa will share in the global growth of prosperity in a globalizing world (see Section 2.4). 

Broad bifurcation in the impacts
The distribution of red and green signals over the scenarios (i.e. over the four rows corresponding
with each theme) reflects the broad bifurcation that characterized the set of scenarios from the outset.
On the one hand, a strengthening of currently dominant trends – either perceived as a market utopia
in Markets First or as a world of strong tensions between cultures in Security First – leads to the
highest counts of strongly increasing or persistent problems. 

On the other hand, there are scenarios favouring different trends, i.e. featuring an ambitious change
in priorities. These scenarios either remain within the limits of better management and technology
in Policy First or move on to a new development paradigm in Sustainability First. Both run up a
much lower score of red signals. Thus, in a very broad fashion, the divergent political, cultural,
economic and demographic paths into the future (as told in the scenario story-lines) are revealed
through differential impacts on biophysical systems from our largely model-based analysis. 

Furthermore, even though our analysis only projects one or two future human generations,
Sustainability First already distinguishes itself as the only scenario for which the number of green
signals begins to approach the number of red ones.

For at least one theme, this report brings an insight that would have deserved mentioning in the main
GEO-3 report. The insight is that almost the only possibility to slow the growth of pressures on
marine coastal ecosystems in the next decades will be to ensure that wherever there is any
investment in expanding the sanitation for growing cities, sewage treatment expands at the same
time.

Dillemmas surrounding land use
Land-use changes as evaluated in Table S.1 show a counter-intuitive pattern, with most red signals
appearing for the Sustainability First world, indicating dilemmas surrounding land use. 

To begin with, there is the production of modern biofuels in the future as a measure to decrease
carbon dioxide emissions, which competes with land requirements for food production and nature. 

The second point relates to the need to cater for populations that are generally more affluent  and
therefore change their diets accordingly. Productivity increases in farming that would help reduce
the need for converting nature into agricultural land often lead to more pressures on the surrounding
ecosystems, for example, through accumulation and transfer of nitrogen and pesticides. 

And thirdly, while the story-lines of some scenarios describe an increase in conservation of
‘undomesticated’ areas, such as the Siberian and Alaska tundra or the cerrado in South America,
these efforts will be partly cancelled out by climate change caused by emissions from the past.
Avoiding this might require much larger buffer zones around protected areas to accommodate
climatic shifts, which in turn will involve land issues. 
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Finally, the only red signal for North America relates to land use. It flags urban sprawl, ever-
increasing in all scenarios, but in particular under the conditions of Security First.

Delays in effect of policy action
Last, but by no means least, when comparing the gist of the story-lines with the quantified impact
estimates on the bar charts and maps, it is inescapable that changes in the biophysical environment
generally trail behind changes in attitudes and political atmosphere as sketched in the story-lines.
This tells us that improvements in the world of Policy First and Sustainability First may not be
harvested fully within the 30-year time horizon used for GEO-3. 

The delay is caused by a multitude of factors, not all of them biophysical, ranging from demographic
momentum to the time needed in education, replacement of capital stock and year-on-year
improvements in resource efficiencies, to the longevity of some human-induced changes in the
climate system. 

This is not to say that all improvements under these scenarios are trivial or invisible. Rather, it is a
reminder that timely action is required because of the sluggish ‘super tanker’ nature of many
processes involved.

Analytical approach and organization of the assessment

The vision of a truly integrated assessment process is one of the reasons why GEO is so appealing.
For example, the GEO process aims at delivering an integrated view of the various environmental
themes, in which interlinkages are considered. In addition, it aims at applying global as well as
regional perspectives. Another aim of integration in the GEO process is to report on the environment
in the context of sustainable development. 

Furthermore, GEO aims at capacity-building while at the same time delivering meaningful
assessments. In fact, the development - over time - of GEO’s methods of analysis and reporting in
terms of content is closely connected with the development of the GEO process and partnership
network.

Consequently, when trying to formulate suggestions for those preparing future Outlooks, it makes
sense to focus on aspects where the process this time round was not as integrated as it might have
been. Thus, the observations have been grouped as far as possible into six categories showing the
most apparent aspects hampering such a process but which could be improved.

Planning and coordination
Although learning-by-doing is an important and useful strategy of the GEO process, GEO-3 has
shown that Outlook activities in a single edition of the report (GEO-1, GEO-2000, GEO-3, etc.) need
to be more explicitly planned and carried out in an integrated manner from beginning to end. This
should encompass both the analytical work and the participatory process. While sacrificing some
flexibility, explicit planning in terms of effective use of the capacity within the GEO network at both
global and regional levels would deliver considerable gains.
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In this respect it is recommended that early on in the preparation of future GEO outlooks a distinct
phase of policy scoping is included. The purpose of the scoping would be to identify and agree well
in advance on the particular policy questions to be answered in the Outlook. What is more, given the
growing number of people and centres involved in the GEO process, a common leading question
becomes increasingly necessary to move from scenario formulation and analysis to an assessment of
political significance. Thus, determining the policy questions as an explicit step would be a natural
evolution from the explorative approach adopted in compiling the first three GEO Outlooks.

Such an approach would also make GEO more effective in capacity-building by requiring the
collaborating centres to increasingly link the science-oriented and the policy-oriented aspects of
their analyses.

The role of forward-looking analysis within the GEO assessment framework has clearly grown
during the GEO-3 production. However, in the future the overall assessment capacity could gain in
strength if retrospective (in GEO-3, the 1972-2002 period) and prospective analyses (in GEO-3, the
2002-2032 period) are carried out hand in hand. This would provide valuable experience to the GEO
network in combining the best of empirical analysis with creative investigation of driving forces and
alternative futures. Given the complexity of the process, cross-linkages and the usual time
constraints, the challenge will be to synchronize the work on scenarios and state-of-the-environment
and current policy. 

Another recommendation in relation to organizing the Outlook as a whole is to incorporate into the
planning one or more iterations between the development of the story-lines and model-based
quantification along the lines of the process used for the recent World Water Vision (see Box 2.2). 

An explicit project phase for reviewing the story-lines on the basis of early model results would also
enable developers of the story-lines to make revisions such as dropping, adding or merging
scenarios. This would help to improve the link between the two paths of research (qualitative story-
lines and quantitative models), resulting ideally in ‘computer-aided storytelling’ (see also ‘Nature of
tools’ and ‘Harmonization’ below).

Enhancing capacity
An important objective of the GEO process is to further develop the capacity to carry out integrated
and policy-oriented assessments. This relates to expertise and skills, both at the global level (UNEP
headquarters and collaborating centres with a global focus) and the regional level (regional UNEP
offices and collaborating centres with a regional focus). As pointed out in Chapter 2 of this report,
GEO-3 made much progress here by involving the full network of collaborating centres in the
Outlook chapter. 

Key characteristics of the process for the producing the GEO-3 Outlook chapter comprised
providing a basis in pre-existing stories and data sets accessible through the GEO network, stepwise
interpretation by regional experts and broad consultations within the GEO network, and a
finalisation phase by six expert centres from the GEO network, with emphasis on the worldwide
analysis. 

However, more progress is possible in strengthening the capabilities of the GEO network. This
applies, in particular, to cooperation between regionally and globally focused centres. In order to use
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the possibilities of future GEO studies more fully, its managers should among other things
realistically plan for involvement of regional experts in draft worldwide analyses. In this respect, the
compilation of GEO-3 has taught us that stricter and more comprehensive project phasing from
beginning to end would pay off, especially in the later stages of the quantification and analysis of
the environmental impacts of the scenarios by allowing sufficient time for consultation and follow-
up.

Overall, it can be concluded that more institutional cooperation and collaboration may be required
to further enhance assessment capacities of the network as a whole. One possibility in this direction
would be to set up a system of secondment between the centres, in particular between centres
specializing in global analysis and those focusing on a particular region.

Regional grouping
A hallmark of the GEO process has been the differentiation of global analyses by region. Although
a challenge, it makes the GEO assessment more meaningful in many respects. In particular, regional
differentiation allows the inclusion of regional dynamics and closer representation of the sustainable
development context. In addition, as more GEO assessments are being carried out, differences
between the regions prove to be an important part of the story.

GEO-3 has further strenghthened the regional dimension, both through involvement of regional
experts in defining and elaborating the scenario story-lines, as mentioned in the previous section, as
well as by specifying the regional differences in the scenario impacts, as elaborated in this report.

Ever since the GEO process began, one complication – for quantitative modelling in particular – has
been the modification of country groupings into sub-regions and ultimately regions. UNEP and GEO
try to keep in step with shifting requirements for the country groupings in UN work in general, and
in UNEP’s regional work in particular, especially as the relation between GEO and the latter has
greatly intensified over the past years. As a result of these factors, the GEO-1 regional and sub-
regional classification was modified for GEO-2000, and again before the work on GEO-3 started.

This modification was particularly difficult to accommodate in the model-based quantification in the
Outlook chapter, because the larger models used for many of the impact estimates in GEO-3 do not
simply build up their outcomes on the basis of independent country statistics. Instead, modelling
involves various scale levels and flows between countries, e.g. goods or water. The models simulate
situations at regional and sub-regional levels, with complicated routines to localize impacts on a
map. 

Thus, changing the regional breakdown of such models is a major, time-consuming operation
requiring extensive model recalibration, preceded by an exhaustive collection of material to calibrate
against, usually going back 100 years. Obviously, care and restraint should be exercised in changing
any statistical classification. 

For example, the IMAGE model used for many impact estimates in the GEO-3 Outlook had been
changed to the GEO-2000 regional breakdown only just before GEO-3; this breakdown was
subsequently maintained for GEO-3. The estimations of water stress with the WaterGAP model also
complied with the older, GEO-2000 regional breakdown.

The GEO-3 Scenarios 2002-2032 page 205

   



As regional differentiation is essential to GEO, regionalized impact estimates for GEO-3 were still
provided even if some countries were grouped differently. Discrepancies in regional grouping
between modelled results and the GEO-3 breakdown have been flagged in the graph labels.
However, this method is less than perfect since, depending on the size of the country in the ‘wrong’
region, the connection between story-lines (following the ‘official’ GEO-3 regional breakdown) and
impact estimates is hindered. 

Nature of the scenarios 
One conspicuous discontinuity in the Outlook process concerned the nature of the scenarios :
explorative (what if....) or backcast (how can we....). Chapter 2 describes how the various GEO-3
scenarios evolved as the initial scenarios were adapted to the GEO process. In fact, analysts had
different notions, and that remained a source of confusion. In terms of recommendations to the
makers of future GEO Outlooks, this underlines the obvious need to articulate the leading policy
question or questions at the start of the assessment process.

Another recommendation at this point is not only to be conscious of, and explicit about, the scenario
set-up applied to the current outlook, but also to be explicity about how this may differ from the
scenario approaches applied in previous GEO reports. 

GEO-3 used a set of four contrasting scenarios, while GEO-2000 included a different analysis aimed
at questions of regional policy optimization with a closer time horizon, thus applying a scenario
scheme of baseline-with-variant. GEO-1, opening the GEO series in an agenda-setting mode, kept
the analysis almost completely restricted to a business-as-usual scenario. This scenario illustrated
what would happen if current trends prevailed and the world  gradually started to adopt Western
lifestyles and the related pattern of resource use. 

These approaches serve different purposes and are equally valid. Explaining this may help readers
and GEO centres to see the change as broadening the range of tools and approaches rather than
contradicting previous work.

For GEO-3, a basic question to be asked in retrospect is what the added value has been of four
scenarios over a simpler scheme consisting of a baseline and a policy variant (as applied in GEO
2000). The answer to this question must be that a thirty-year time horizon is thought to be too far
away to safely assume a baseline (i.e. a highly probable development of the key driving forces
worldwide). Therefore, given the time horizon, there is not much choice other than using a set of
contrasting scenarios. 

However, for many impacts the thirty-year horizon is too close to fully appreciate the changes in
environmental trends set in motion. For future analyses of this kind it is recommended to include
some form of further outlook (perhaps one additional human generation) to show the contrasting
developments playing out. This would more clearly show the significance of current policies. The
2032 and 2052 biodiversity maps in Figure 7.20 illustrate this point. More generally, the
recommendation is to be flexible in the application of any default time horizon.

Nature of the analytical tools
GEO-3 involved specialized tools used by different teams in different places. This multi-mode set-
up broadened GEO’s scientific and regional basis considerably. It also generated useful experiences
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for subsequent GEO Outlooks, and contributed to one of the important aims of UNEP’s entire GEO
process, namely, to strengthen environmental assessment capacity in the regions through training
and ‘learning by doing’. 

From the start, the exercise was designed to involve two classes of tools. As explained in Chapter 8,
one class is represented by PoleStar and GLOBIO – trend-based tools, which are particularly useful
for supporting consultations on sharply different global ‘solutions’. This class of tools offers quick
turn-around output on the basis of participants’ input; the possibility to employ these tools in an
interactive process with a lay audience is very useful in scenario processes. 

An example of the other class is IMAGE (with WaterGAP and AIM also belonging to this class). Its
greatest strength is found in the delivery of a regionally interlinked, structurally continuous path
from present to future using more robust economic models and land-use projections. This latter class
is sometimes designated as containing ‘medium complexity models’ thought to be halfway between
tools such as PoleStar and true earth system models. 

In practice, GEO-3 has shown that connecting the approaches of the PoleStar and IMAGE types of
tools is far from straightforward. Part of the problem is that the tools – and the teams applying them
– report on a largely overlapping range of variables but with a different purpose and correspondingly
different ‘weight’ of the underlying modelling. As explained in Chapter 8, an important point of
debate between the two approaches is whether to focus on structural change or on structural
continuity. 

A focus on structural change involves tools that are designed in the first place to explore and
advocate the necessity and potential for ‘transitions’ in society: quick and radical changes to the
trends of the past in production, consumption, institutions or migration. In contrast, a focus on
structural continuity involves tools that are geared towards the possibilities for, and constraints of,
such changes; they can be used for a critical examination to see if a particular strategy is not merely
wishing the problems away.

Furthermore, most of the ‘deterministic’ models involved in the GEO-3 scenario analysis produce
spatially explicit results, for example for land-use changes. This is very useful for an assessment
such as GEO – for critically investigating the plausibility of projected scenario impacts; for relating
modelled impacts to sub-regional context; and for identifying shifts that disappear in regional
averages.

However, the cross-comparison in this report between results from IMAGE and the PoleStar tool
casts doubt on the sizes (although not on the direction) of some of the larger land-use changes
projected with either tool. The differences identified in this case could be traced to differences in
modelling structure, assumed rates of change, etc. However, the general impression is that modelling
land-use change is far less mature than, for example, modelling energy issues.

Harmonization in multi-team and multi-tool scenario analyses
For GEO-3, the harmonization exercise between quantitative scenario interpretations described in
Chapter 2 of this report came late in the process, requiring a good part of the model-based analysis
to be redone, and so reducing the time left to involve regional experts. However, the harmonization
did improve the consistency of the analysis using both classes of tools. 
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Nevertheless, a tantalizing idea for future outlooks has been left behind, i.e. to bring together the
strengths of both approaches in a meaningful way, especially as both are available within the GEO
network. In other words, it is recommended to devote some attention within, or annexed to, the GEO
network to explore tools that cater for the analysis of radical, structural changes, while allowing
critical analysis based on existing stocks and proven rates of change. As these novel tools have to
support GEO analyses, they should also support regionally differentiated analysis, taking into
account the linkages between regions. 

Other global assessment processes, such as any follow-up work on the Millennium Ecosystem
Assessment, are also likely to benefit from such novel tools. For a start, one could attempt to develop
a common communication interface through which the results of several different tools can be
displayed. This is not the same as an overarching integrated model, but it would help the process of
interaction. 

Another aspect of multi-team scenario analyses is the division of issues and scenarios over the
teams. To date there has not been much experience with multi-team, multi-model worldwide
assessments. The GEO-3 analysis was structured in such a way as to allow the teams to analyse
specific impacts across all four scenarios, for example, the impact of the local balance of freshwater
use and availability. This maximized the possibility of inter-scenario comparison. However, it did
not ensure that teams would always interpret the scenarios in the same way. 

Another aspect of multi-team scenario analyses is the division of issues and scenarios over the
teams. To date there has not been much experience with multi-team, multi-model worldwide
assessments. The GEO-3 analysis was structured in such a way as to allow the teams to analyse
specific impacts across all four scenarios, for example, the impact of the local balance of freshwater
use and availability. This maximized the possibility of inter-scenario comparison. However, it did
not ensure that teams would always interpret the scenarios in the same way.

Chapter 8 of this report looked into this aspect after the GEO-3 main report had been completed and
published. Except for one clear case, there was no sign found of inconsistent interpretation among
the teams. For this reason, the GEO-3 set-up deserves to be recommended, albeit on two conditions:
first, that a crosscheck as carried out in Chapter 8 is done during, not after, the preparation of the
assessment; and second, that key intermediate results are exchanged between teams. An example of
the latter is the exchange of maps of future land use among several centres during the GEO-3
Outlook preparations.
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Annex 4. Data sources for the ‘traffic lights’ table
(Table S.2)

Theme Operationalised by Data derived from
Hunger Percentage of population that

remains hungry
Figure 3.12
Section 3.5

Land Use Extent of built environment Table 3.1
Section 3.4

Agricultural Land Annex 2
Biodiversity Impact of Infrastructure Map 4.1

Section 4.3
Natural Capital Index Figures 7.20 and 7.21

Section 7. 9
Land use
degradation

Cropland degraded Figure 3.3
Section 3.3

Area with high risk of water-
induced soil degradation

Figure 7.15
Section 7.7

Freshwater
(quantity aspects)

Percentage of population living in
areas with severe water stress

Figures 5.3, 5.4, and 5.5
Section 5.3

Coastal Zones Nitrogen loading at river mouths Table 7.2
Map 7.1
Section 7.3

Forests Change in natural forest area
(re-growth excluded)

Figure 7.17
Section 7.8

Urban Areas Energy-related nitrogen oxide
emissions from all sources

Annex 3
GEO 3 main report, Chapter 2

Atmosphere Energy-related emissions of sulphur
dioxide

Figure 7.4
Section 7.4

Energy-related emissions of
nitrogen oxides from all sources

Annex 3
GEO 3 main report, Chapter 2

Climate World: Global rate of temperature
change

Section 7.6

Regions: Change in regional annual
temperatures 2002-2052; change in
average temperature in the Polar
regions (both based on four global
circulation models)

Section 7.6

 




