
3 Exploring the Future

133

The previous chapter examined past trends and ongoing transitions
that will need to be confronted in efforts to navigate a transition
toward sustainability.  This chapter looks to the future.  We recog-

nize that much of the continuing interaction between human develop-
ment and the environment will be a process of “muddling through.”  The
inevitable trial-and-error of selecting a course, learning, and correction
will be carried out less by efforts to think through our futures than by the
necessity of acting them out.  The decisive factor in determining how
effective, fair, and efficient this muddling will be is in our choices not of
analytic tools, but rather of the social institutions that help to provide the
incentives and feedbacks necessary for social learning.  We nonetheless
believe that the inevitable trials may be made more productive, and the
likelihood of costly and irreversible errors may be reduced through orga-
nized efforts to assess the possible future implications of  present trends,
relying on growing understanding of earth system processes and social
goals.  The international efforts in recent years to address threats to the
stratospheric ozone layer is a case in point.  Understanding as much as
possible about what the future may hold is important.  It can identify
things societies should try to avoid.  It can give useful insights about what
societies should do now to prepare for plausible contingencies.  It can
even help societies to learn what they ought to want for the future, by
helping to illuminate the alternatives before them, and some of the impli-
cations of trying to achieve alternative futures.

 In some respects, the future is known.  Using the laws of physics, the
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134 OUR COMMON JOURNEY

orbital location of the planets 100 years from now can be predicted with
considerable precision.  While prediction is often possible, however, in
many cases it is difficult, impossible, or irrelevant.  This may be true
because of incomplete causal knowledge, system complexity, insufficient
data about current conditions, the engagement of reflective humans in the
system, or combinations of all of these factors.  Some physical systems are
inherently chaotic.  At least within broad boundaries, their future perfor-
mance can not be known.  Social systems add another level of complica-
tion.  People react to their environments.  Their preferences and values
change, in part because of what they experience, in part because of what
their imperfect efforts to look into the future have revealed to them.
People and their organizations act strategically, based on what they think
others may do in response to different interpretations of the future.  Since
many of these reactions cannot be predicted, over time they impose pro-
gressively more serious limits on our ability to see the shape of possible
futures.

Even when the future performance of a system can only be described
in the most general terms, however, “what if” analysis can be useful.
Such analysis can help societies to explore what contingencies they may
face, determine how well they are prepared to deal with those contingen-
cies, and identify indicators for which they should be watchful.  If we can
find ways to generate a range of plausible alternative futures, we can use
them to evaluate different behavioral strategies for their likely efficacy
and robustness in the face of a range of alternatives, and for how easily
these strategies can be adapted to deal with unanticipated developments.

Efforts to structure and discipline our thinking about future possibili-
ties in the light of present knowledge and intentions may therefore have
an important role to play in shaping strategies for a sustainability transi-
tion.  This chapter explores various approaches that have been used to
explore the future toward addressing sustainability concerns.  It seeks to
evaluate their respective strengths and weaknesses as tools to aid in navi-
gating a sustainability transition, to illustrate the sorts of insights that can
emerge from their use, and to identify priorities for improving their per-
formance and practical utility.

STRATEGIES FOR EXPLORING THE FUTURE

Strategies for using science to explore possible futures in policy con-
texts may be evaluated on at least four criteria:  scientific credibility,
political legitimacy, practical utility, and effectiveness.1

Scientific credibility:  Such analytic strategies can make systematic
but skeptical use of available scientific knowledge in laying out not only
the likely conditions that might be encountered ahead, but also the pos-
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EXPLORING THE FUTURE 135

sible and the impossible ones.  Especially important would be these strat-
egies’ treatment of uncertainty.  Debates over what is known “for sure”
are unscientific and not particularly productive.  An overemphasis on
“consensus” assessments can clearly suppress the discussion of unlikely
but not impossible outcomes.  Needed as well are tools that can help to
structure the inevitable uncertainties—including the possible low-prob-
ability, high-consequence events and “surprises”—such that their impli-
cations can be critically evaluated and addressed.  Also important will be
the ways in which known and hypothesized long chains of causal links
are concatenated across multiple disciplines and multiple scales of analy-
sis.  These issues pose substantial technical challenges.  They also raise
fundamental questions about who should count as an expert, what should
be the meaning and nature of peer review, and how critical evaluations of
exploratory tools and the possible futures they illuminate can be most
helpfully conducted.

Political legitimacy:  Efforts to navigate a transition toward
sustainability are inherently social enterprises.  Individuals are, of course,
free to shape their own private images of the future and may use the
results in crafting their own policies.  But to the extent that societies seek
scientifically based explorations of possible futures to provide a common
foundation for collective action, it is crucial that the explorations be
viewed as fair and legitimate by those whose futures they might affect.
The credibility of future assessments to users is therefore also critical.  This
type of credibility may be related to, but is almost never identical to,
scientific credibility.  Issues about participation in the design and use of
exploratory tools, about transparency and openness in embodied values
and assumptions, and about the embedding of assessments in appropri-
ate institutional settings all come to the fore in efforts to satisfy this crite-
rion of political legitimacy.

Practical utility: Tools for exploring the future should also be usable,
and used.  Above all, this means that they must be relevant to real choices
faced by real individuals and institutions.  They need to be available to
potential users in a timely manner and sufficiently flexible that they
encourage exploration of a wide range of possible goals and choices.
Often, they will need to enable users to perform “what if” analyses of the
possible future consequences of present actions.  Since the realm of pos-
sible actions is often large, and the range of possible futures so wide,
practical utility may also require means for sorting through alternative
actions in light of users’ values and preferences.  Finally, useful assess-
ments must be sparing in their demands for time and other resources that
choice makers may find in short supply.

Effectiveness:  Finally, tools needed for exploring the sustainability
transition should be effective in actually illuminating pitfalls and oppor-
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136 OUR COMMON JOURNEY

tunities in the roads ahead.  This is admittedly a post hoc evaluation
criterion.  But individuals, institutions, and societies have been facing the
challenges of grappling with uncertain futures for a long time indeed.  It
should not be too much to ask of tools for exploring sustainable futures
that they be designed, and chosen, at least partially on the basis of their
past performances in analogous circumstances.

Various approaches to satisfy these criteria in exploring the future
have been adopted in forms that could be applied to sustainability issues.
These include (1) qualitative consultation among “knowledgeable” people
as in study panels; (2) formal elicitation of expert judgment in forms such
as subjective probability distributions; (3) creation of structured and in-
ternally consistent narratives or scenarios; (4) various forms of strategic
gaming; (5) formal extrapolation of past trends using statistical methods;
and (6) a wide variety of different kinds of causal modeling.  Often, several
of these methods are used together.  None of them provide more than
partial illuminations of the futures before us.  Each is limited in particular
ways. Each, however—when used critically, skeptically, and carefully—
can make a useful contribution.

Study panels such as those organized under the auspices of the
Brundtland Commission, the Intergovernmental Panel on Climate Change
(IPCC), the International Council for Science (ICSU) (e.g., the Scientific
Committee on Problems of the Environment), the U.S. National Research
Council (NRC), and the German Enquette Commissions are common
strategies for exploring possible future implications of our current under-
standing.  Such panels often make use of the other strategies outlined
below in various combinations.  The great strengths of these panels in-
clude the ability to draw on a wide range of expertise and stakeholders; to
build from data but to tap understanding as well; and to provide environ-
ments in which experts can challenge and learn from one another.  Com-
mon weaknesses include difficulties in quality control; a tendency to
exclude disenfranchised stakeholder groups; a vulnerability to group-
think; and the tyranny of consensus-seeking—a special problem in areas
as uncertainty-laden as those encountered in efforts to navigate a transi-
tion to sustainability.

Of the tools used by study panels and other methods in exploring the
future, one extreme consists of causal process models, such as those used
to simulate fishery yields and the general circulation of the atmosphere.2
The strength of approaches to modern modeling lies in their explicit in-
corporation of scientifically verifiable relationships, and in their ability to
make quantitative, if still conditional, forecasts of the implications of those
relationships.  Among their weaknesses remain their insatiable demands
for data, difficulties in incorporating the different types and levels of
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knowledge and understanding that characterize different disciplines, and
a host of computational problems.  We turn to recent developments in
modeling and integrated assessment that have begun to confront some of
these shortcomings in the following section.

At another extreme are strategies built around the use of narratives or
scenarios that tell a plausible and coherent story while relying on particu-
lar examples to provide context and details.3  A seminal example is Rachel
Carson’s account of widespread and enduring ecological damage from
some pesticides and other common substances, in her 1962 Silent Spring.
At their best, these approaches can do a relatively good job at addressing
complexity, context, and contingency.  A special form of narrative is fu-
ture history.  Future histories have been used effectively to explore sur-
prising futures beyond the normal range of extrapolation or projection.4
They are also receptive to the explicit incorporation of norms and values.
But they tend to be idiosyncratic, only partially constrained by scientific
knowledge, and lacking in the precision that many would like to have in
a navigational tool.  In this chapter, we turn to recent developments that
avoid some of these shortcomings under the discussion of scenario-based
approaches to exploring sustainability futures.

An intermediate strategy that has proven helpful for exploring the
future has been the use of extrapolation, drawing both on past trends and
on analogous circumstances elsewhere.  Relatively sophisticated examples
include work on trends such as decarbonization—the long-term reduc-
tion in the amount of carbon produced per unit of energy—and the demo-
graphic transition discussed in Chapter 2, the cataloging of environmental
degradation syndromes advocated by the German Advisory Council on
Global Change, and econometric forecasts of energy use.5  These ap-
proaches work well to the extent that they capture deep underlying forces
not readily subject to deflection.  Their great weakness is that, in the
absence of accompanying causal understanding, the limits to their appli-
cability are unknowable and their visions of the future are thus particu-
larly vulnerable to surprise.

When uncertainty precludes conventional scientific analysis, yet
quantitative estimates are needed for use in analysis, it is sometimes
possible to obtain the judgments of experts in the form of subjective prob-
ability distributions.  Such judgments are no substitute for solid under-
standing of the relevant science.  But when decision makers cannot wait
for better science, expert judgments can be used on an interim basis to
provide some grounds for more informed policy choices.  The decision
analysis community has developed these methods and employed them in
a variety of applications.6   Formulating interview procedures and obtain-
ing expert judgments relating to large, complex natural and social systems
pose significant challenges.  However, there are a number of examples of
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successful applications in such contexts as depletion of stratospheric
ozone, long-range transport of sulfur air pollution, the assessment of
earthquake structural risks, possible climate change in the face of in-
creased atmospheric carbon dioxide, and energy modeling.7  Expert elici-
tation often reveals a richer and more diverse array of expert opinion than
is typically captured in the reports of traditional consensus expert panels.8
But subjective probability distributions can be wrong as often as expert
opinion.  For example, an elicitation of estimated probabilities of weather
modification success from 113 atmospheric scientists in 1968  found uni-
versal optimism about the expected success of modifications that 30 years
later have either been abandoned or never scientifically validated.9  Simi-
larly, there is strong evidence that scientists have been overconfident in
the past about the accuracy with which they know the value of basic
physical constants.10   Additionally, there is strong evidence of consistent
overconfidence in the literature on behavioral decision theory.11

A strategy complementary to several of those described above is based
on the creation of comprehensive accounts for resource use and pollutant
emissions associated with particular futures.  Such accounts are impor-
tant because the multisectoral character of environment-development in-
teractions makes it difficult to avoid analytic blunders such as double-
counting the same water in independent agricultural and industrial
analyses, or the same land in separate studies of energy and food produc-
tion.  Similarly, in the absence of comprehensive accounting frameworks,
emissions of large-scale pollutants such as carbon dioxide can be underes-
timated when only some sectoral sources are considered.  Starting with
pioneering work by Resources for the Future in regional environmental
management, reflecting integrated studies of the basins of the Potomac,
Delaware, and Ruhr rivers, comprehensive accounting frameworks have
helped to minimize such errors in careful efforts to explore alternative
futures.12   Such contributions notwithstanding, it is important to realize
that accounting strategies provide a tool for exploring the future only
when used in conjunction with other approaches.

Finally, a number of assessment methods have begun to emerge that
combine elements of representation and deliberation.13  The most devel-
oped of these methods, strategic gaming, is a special form of study panel
that developed in military contexts seeking to address major uncertainties
in future environments.14  Military approaches have been adapted for use
in civilian contexts, in both corporate planning and a broad range of
public policy analyses germane to sustainable development.15  Strategic
gaming has proven an excellent way to integrate scientific models and
human ingenuity into evaluations of possible future implications of
present decisions.  The weakness of this approach is that it is very good at
teaching lessons that have little to do with the real world, and that it
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EXPLORING THE FUTURE 139

makes extraordinary demands on the time and resources of the analytic
community.

In practice, some of the most interesting and potentially helpful efforts
to explore possible futures relevant to a transition toward sustainability
have entailed mixed strategies drawing on a combination of those out-
lined above.  The following sections therefore discuss in more detail the
present and potential contributions of three mixed strategies that seem
particularly promising for exploring such possible futures:  integrated
assessment models, scenarios building, and institutionally oriented efforts
to incorporate such tools into regional systems of policy development and
adaptive management.

INTEGRATED ASSESSMENT MODELS

Integrated assessment models seek to link in a consistent fashion for-
mal models of the environment and society.16   Examples—some discussed
in more detail below—include the Club of Rome’s Limits to Growth, the
International Institute for Applied Systems Analysis’ RAINS (Regional
Air Pollution Information and Simulation) model of acidification in Europe,
the Latin American World Model, and the TARGETS (Tools to Assess
Regional and Global Environmental and Health Targets for Sustainability)
model of regional and global environment and health for sustainability in
the Netherlands.17

Early Efforts

Early efforts in developing integrated assessment models included
systems dynamics studies and, at the global scale, the Club of Rome’s
Limits to Growth.18  This work helped to draw attention to sustainability
issues, but largely failed to satisfy criteria of scientific credibility.  A sec-
ond round of integrated modeling took place in the context of the energy
crises of the 1970s.19   Again, while detailed predictions were not the
strong points of these models, they did manage to provide insight into the
structure of problems at the interface of society and environment.  Les-
sons learned from these early efforts included the importance of building
models to explore a specific set of futures rather than general ones, the
need to specify realistic model structures and parameter values, the criti-
cal role of feedback loops in stabilizing complex systems, and the place of
sensitivity analysis in evaluating model results.20

More generally, experienced assessors began to question the pre-
eminent focus of the early enterprise on outputs consisting of relatively
unconditional predictions.  Consistent with trends in the modeling of
large-scale economic systems,21 the most used and useful work began to
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emphasize instead the role of integrated assessments in providing condi-
tional answers to “what if” policy questions.   At the same time, integrated
assessment practitioners began to emphasize less the predictions of their
models and more the basic insights and understanding that those models
could offer about the complex interplay of social and natural processes in
shaping possible futures.22   The reorientation of integrated assessors away
from prediction as an end in itself and toward prediction as a means of
enhancing and calibrating understanding sometimes seems to be the
field’s own coming-of-age passage, recapitulated by each generation of
modelers on their way to mastery of an important and difficult craft.23

Contemporary Efforts

Contemporary integrated assessment modeling has been strongly
shaped by the need to address problems of large-scale interactions be-
tween economic development and the atmospheric environment.  One of
the most successful and widely known efforts has been the RAINS model
of acidification in Europe developed by the International Institute for
Applied Systems Analysis (IIASA) beginning in the mid 1980s.24    As
developed and applied over a decade and more, RAINS now provides a
spatially distributed modeling framework linking emissions and deposition
patterns, and estimating local ecological impacts at deposition sites.  In
“what-if” mode, it allows exploring the ecological consequences of alter-
native policies for emission reductions.  In optimization mode, it allows
computation of minimal cost emission reduction schedules for satisfying
specified impact constraints.  The model, along with the processes of
consultation in the science and policy communities in which it is embed-
ded, has been widely credited with influencing policies for the most recent
protocols for sulfur dioxide emissions in Europe as negotiated under the
Convention on Long-Range Transboundary Air Pollution (LRTAP). 25

Integrated assessment modeling is now being extensively applied in
national and international efforts to address the risk of global climate
change. The phenomena of climate change are manifestly complex, involv-
ing large-scale socioeconomic forces and the coupled ocean-atmosphere-
biosphere system.  Seeking to engage with this complicated array of inter-
acting and intersecting phenomena, modelers have created a large variety
of integrated assessments linking energy use and other human activities
to changes in climate and, more recently, to impacts of climate change on
ecosystems and society.  In its 1995 report, the IPCC reviewed the 22 such
models listed in Table 3.1 and classified them according to the scheme
shown in Table 3.2.26

Some such classification is necessary to sort through the increasing
variety of integrated assessment models being applied in explorations of
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TABLE 3.1   Integrated Assessment Models

Model Modellers

AS/ExM R. Lempert, S. Popper (Rand);
(Adaptive Strategies/Exploratory Model) M. Schlesinger (U. of Illinois)

AIM T. Morita, M. Kainuma (National Inst.
(Asian-Pacific Integrated Model) for Environmental Studies, Japan);

Y. Matsuoka (Kyoto U.)

CETA S. Peck (Electric Power Research
(Carbon Emissions Trajectory Assessment) Institute); T. Teisberg (Teisberg Assoc.)

Connecticut G. Yohe (Wesleyan U.)
(also known as the Yohe model)

CRAPS J. Hammitt (Harvard U.); A. Jain,
(Climate Research and Policy Synthesis D. Wuebbles (U. of Illinois)
model)

CSERGE D. Maddison (University College of
(Centre for Social and Economic London)
Research on the Global Environment)

DICE W. Nordhaus (Yale University)
(Dynamic Integrated Climate and
Economy model)

FUND R.S.J. Tol (Vrije Universiteit Amsterdam)
(The Climate Framework for Uncertainty,
Negotiation, and Distribution)

DIAM M. Grubb (Royal Institute of
(Dynamics of Inertia and Adaptability International Affairs); M. H. Dong,
Model) T. Chapuis (Centre Internationale de

recherche sur l’environnement et
développement)

ICAM-2 H. Dowlatabadi, G. Morgan (Carnegie-
(Integrated Climate Assessment Model) Mellon U.)

IIASA L. Schrattenholzer, Arnulf Grübler
(International Institute for Applied (IIASA)
Systems Analysis)

IMAGE 2.0 J. Alcamo, M. Krol (Rijksinstitut voor
(Integrated Model to Assess the Volksgezondheid Milieuhygiene,
Greenhouse Effect) Netherlands)

MARIA S. Mori (Sci. U. of Tokyo)
(Multiregional Approach for Resource
and Industry Allocation)

continued
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142 OUR COMMON JOURNEY

MERGE 2.0
(Model for Evaluating Regional and A. Manne (Stanford U.); R. Mendelsohn
Global Effects of GHG Reductions (Yale U.); R. Richels (Electric Power
Policies) Research Institute)

MiniCAM J. Edmonds (Pacific Northwest Lab),
(Mini Global Change Assessment Model) R. Richels (Electric Power Research

Institute), T. Wigley (University
Consortium for Atmospheric Research
[UCAR])

MIT H. Jacoby, R. Prinn, Z. Yang (MIT)
(Massachusetts Institute of Technology)

PAGE C. Hope (Cambridge U.); J. Anderson,
(Policy Analysis of the Greenhouse Effect) P. Wenman (Environmental Resources

Management)

PEF J. Scheraga, S. Herrod (EPA); R. Stafford,
(Policy Evaluation Framework) N. Chan (Decision Focus Inc.)

ProCAM J. Edmonds, H. Pitcher, N. Rosenberg
(Process Oriented Global Change (Pacific Northwest Lab); T. Wigley
Assessment Model) (UCAR)

RICE W. Nordhaus (Yale U.); Z. Yang (MIT)
(Regional DICE)

SLICE C. Kolstad (U. of California, Santa
(Stochastic Learning Integrated Climate Barbara)
Economy Model)

TARGETS J. Rotmans, M.B.A. van Asselt, A. Beusen,
 (Tools to Assess Regional and Global M.G.J. den Elzen, M. Janssen, H.B.M.
Environmental and Health Targets for Hilderink, A.Y. Hoekstra, H.W. Koster,
Sustainability) W.J.M. Martens, L.W. Niessen,

B. Strengers, H.J.M. de Vries (Rijksinstitut
voor Volksgezondheid en Milieuhygiene,
Netherlands)

Source: Weyant et al. (1996). Courtesy of the IPCC (Intergovernmental Panel on Climate
Change).

TABLE 3.1   Continued

Model Modellers
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the possible futures of climate change.  Nonetheless, any classification
sufficiently simple to be helpful fails to do justice to the multifaceted
character of many of the models classified.27   For our purposes, it may be
sufficient to note that the models fall into two broad classes.28   Some,
such as DICE, RICE, CETA, PAGE, and MERGE, aim at balancing the
economic effects of climate change and the policies undertaken to miti-
gate climate change.  These “policy optimizing” models contain relatively
simple characterizations of the geophysical systems and the social and
physical details of behavior and impacts.  Others, such as the Massachu-
setts Institute of Technology (MIT) Global Systems Model, TARGETS,
IMAGE, and ICAM, contain more elaborate or explicit treatments of geo-
physical, ecological, and socioeconomic systems and have been called
“policy evaluation” models.

Methodological development of integrated assessment models is pro-
ceeding rapidly, and on a number of fronts.  Three are particularly ger-
mane to explorations of a future transition towards sustainability.

Uncertainty:  While many contemporary integrated assessment mod-
els remain deterministic, a number have begun to focus attention on the
characterization and treatment of uncertainties, both in the values as-
sumed by specific model coefficients and in the functional form of the
models.  Those that are most successful tend to have considered uncer-
tainty as a key consideration from the outset.  It is often difficult or impos-
sible to do uncertainty analysis in models whose structure has not been
chosen with a careful consideration of the needs of uncertainty analysis,
although some analytical methods are available.29   On the other hand,
careful uncertainty analysis can sometimes be used to significantly sim-
plify a model, when the second-order consequence of specific details can
be shown to be swamped by first-order uncertainties.

When model and coefficient uncertainties are fully explored, the level
of uncertainty in model forecasts can easily become too large to provide
useful guidance.  However, in such models it may still be able to explore
the extent to which different behavioral patterns and decision rules are
“robust” or “brittle.”  Robust behaviors may degrade gracefully or lend
themselves to easy adaptation across a wide range of possible futures.
Brittle ones may tend to lead the decision makers blindly off “cliffs” or
into “brick walls.”  Thus, while the uncertainty may not allow the analyst
to say much about what the future will be, such analysis may allow the
analyst to conclude that “this behavior is fairly robust” or “this behavior
has a high probability of leading to problems.”

Human behavior:  Many early modeling efforts contained a relatively
primitive treatment of human systems and their interactions with natural
systems.  In the energy field, which was the locus of much modeling work
starting in the 1970s, human behavior tended to be described in terms of
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economic variables such as price or income, or technological variables
such as appliance penetration or car usage. More recently, various at-
tempts have been made to model relevant behaviors more directly.  A few
studies have even begun to combine the two approaches. However, sig-
nificant challenges remain. Chief among these are the following needs:

• Better representations of the complex dynamics of human behavior,
particularly with respect to the twin problems of choice and uncertainty,
which interact in complex ways in social systems. Addressing this need
will mean making better use of the extensive literature on human behav-
ior in the more qualitative social sciences (sociology, social anthropology,
social psychology) on topics related to behavior and attitude change.

• Representations of multiple human causes of global change (driv-
ing forces) and human consequences or responses (mitigation, adapta-
tion) in a more integrated way. Of particular importance is the integrated
treatment of the relationships among adaptive responses to changes in
social, economic, and environmental conditions.

• Involving “users” and stakeholders more directly in the research
design and the process of analysis.  The resulting knowledge (e.g., tradi-
tional environmental knowledge; experience of politics will be more ac-
cessible for the policy process as well as for stakeholders), thereby provid-
ing an opening for stakeholders’ inputs to be fed into the analysis.

• Moving beyond “baseline” or “business as usual” representation
of future conditions to a recognition of the wide potential range of future
social, economic and environmental conditions;  bifurcations and turning
points; and different coherent packages of driving forces and responses.

• Addressing the local and regional implications of global change
and sustainable development.30

Simplification:  The deliberate simplification of complex integrated
assessment models has been used since the early 1970s to investigate the
important interconnections of long-term, large-scale phenomena.31  The
emergence of integrated assessment illustrates how studying these inter-
connections has become increasingly plausible in the climate change  re-
search arena, even though the underlying science is incomplete and vari-
able in its predictive power across disciplines.  But analysis intended to
assist near-term decision making—including decisions that may well af-
fect the possibility of a transition to sustainability—must accommodate
the limits of current knowledge and the scarcity of time and resources.  In
attempting to evaluate and model all the key interactions, the process
could become so overwhelmed in details that it might never manage to
produce usable results.  Thus, the analysis requires isolating key portions
of the social and natural systems of interest, provisionally ignoring some
causal links, and—within clearly articulated sets of assumptions—per-
forming parametric or sensitivity analysis.
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For example, many local and regional climate impact studies have
started with climate outputs from global circulation models, even though
at the subgrid level such models are unable to make confident predictions
about such variables as precipitation.  That is, the complex global models
are too crude to be helpful at the local or regional scale.  In such cases, it
may make more sense in certain contexts to forego temporarily any effort
to model causal connections between global and local phenomena and
instead to simply ask “what if?”: what would happen if rainfall goes up or
down by 10 percent, shifts to other seasons, or changes in some other
fashion?  These alternatives frame a parametric study of the regional
implications of climate change, without awaiting global-scale models
accurate enough to support a regional analysis.  This approach is being
used by the National Synthesis Group of the National Climate Impact
Assessment, now in progress in the United States.32

Lessons Learned

The accumulating experience from these and other integrated assess-
ment models suggests several important lessons for efforts to apply simi-
lar approaches in exploring possible futures of a sustainability transition.
Above all, the experience suggests that integrated assessment models can
make a difference in society’s ability to address complex interactions
between environment and development.  Those contributions can be
made in two different dimensions: by providing analytic insight and by
directly informing policy making.33

On the insight dimension, we know that formal integrated assess-
ment models can stimulate problem redefinition.  This is often the most
significant influence of integrated assessment.  (It is also a path to effec-
tiveness that is independent of whether the models are analytically able to
make credible predictions.)  Formal modeling demands specificity and
clear thinking, and this discipline has often improved our understanding
of the nature of complex problems. For example, several integrated assess-
ment models have shown the dilemma that, in the short run, cleaning up
local sulfur and particulate air pollution can accelerate climate warming.

On the policy dimension, the RAINS example discussed above illus-
trates the potential role of integrated assessment models in supporting
international environmental negotiations.  This type of influence, which
has also been seen for problems such as whaling and stratospheric ozone
depletion,34  nonetheless remains rare and hard to obtain.  In a recent
review of hundreds of modeling studies estimating the costs of mitigating
greenhouse gas effects over the next several decades, and sometimes
longer, Working Group III of the IPCC concluded that such studies had
value primarily under assumptions that historical development patterns
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and relationships among key underlying variables will hold constant in
the projections.35   The fact that such assumptions rarely hold in practice
means that substantial basic research still needs to be done on what makes
assessments useful in international environmental policy making.36

Validation of integrated assessment models requires scrutiny of both
the structure and the assumed parameters, as well as the initial conditions
of the component models.  This need is a logical result of the fact that
integrated assessment puts together models developed for other purposes.
As a consequence, each integrated assessment study has vulnerabilities
unique to the particular set of models it links together and the particular
data sets drawn upon by those models.  Obtaining reasonable quantita-
tive agreement across integrated assessments is accordingly an exercise in
which model structure and input assumptions—not just model outputs—
need to be sorted out.37

Sensitivity testing is essential.  Sensitivity testing is the name given to
studies of models’ behavior when input parameters are varied in a sys-
tematic fashion.  Coupling models together can produce unexpected in-
stabilities and other behaviors that reflect the models’ technical structure
rather than those aspects of reality that one seeks to study.  Sensitivity
testing is a way of locating these problems.  Integrated assessment models
are most often used for parametric studies—asking “what if” questions;
these are in essence sensitivity tests of the models.

Integrated assessment models can be useful probes of the nature of
uncertainties and their significance in exploring the possible future impli-
cations of current decisions. However, although this lesson is generally
accepted, systematic explorations of uncertainties and their implications
through integrated assessment models present enormous technical chal-
lenges, and have rarely been carried out in practice.

Deliberate simplification of complex integrated assessment models
can be an important part of strategies for exploring the future.  Again, the
value of this approach has long been recognized by experienced modelers
of complex nature-society interactions.38   But the temptation remains to
let the search for complex “realism” become an end in itself in integrated
assessment modeling. The art of providing useful simplifications remains
demanding and underdeveloped.

SCENARIOS

If the world is a play, the future is compatible with many alternative
scripts.  In the theater, a scenario summarizes a play.  Long-range devel-
opment scenarios are summary stories of how the world might unfold in
the 21st century.  They are useful for organizing scientific insight, gauging
emerging risks, and challenging the imagination.  Scenarios do not pre-
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dict the future, but they bring the future to bear on today’s choices by
providing a narrative framework in which drivers of change, current
trends, and options for action are brought together in an orderly and
systematic fashion.39

Why Scenarios?

Efforts to explore possible futures for a sustainability transition must
consider the interplay and dynamic evolution of social, economic, and
natural systems, thus requiring an interdisciplinary and integrated perspec-
tive.  They must go beyond specific themes and sectors—population,
economy, water, food, energy, climate—to analyze interconnections, com-
mon drivers, and systemwide changes.  They must understand the pro-
cess of securing sustainability as tentative, open and iterative, and involv-
ing scientific, policy, and public participation.

A recognition of the importance of possible alternative development
paths necessarily raises the question of the basis for choosing among
these alternatives. In other words, once the focus extends beyond predict-
ing most likely outcomes, and into the evaluation of the feasibility and
consequences of quite different futures, then the analysis necessarily has
overtly normative dimensions.  Not only must the choice of which pre-
ferred futures to analyze (out of a potentially infinite set) be confronted,
but also different assumptions about the basis for such choices will be part of
the analysis itself. In addressing a topic such as the transition to sustain-
ability, it is necessary to incorporate normative social visions into the
analysis. Scenario methods do not resolve the ultimately political choices
of which normative visions should be pursued and by whom.  But they
do provide a transparent framework for exploring the implications of
such choices, and even for prodding them toward openness and fairness.

In principle, integrated assessment modeling acknowledges these
features of analyzing sustainability and can be organized to deal with
them.  In practice, addressing all concerns in single integrated causal
models of large-scale, long-term dynamics has proven immensely diffi-
cult.  This situation has led to the growing use of approaches for analyzing
socioeconomic futures based on the generation of alternative scenarios,
which represent different packages of internally consistent assumptions
about human behavior and decision making.   In common with the best
integrated modeling approaches, the point of scenario analysis is not to
predict what long-term outcomes are most likely, but to explore the eco-
nomic and technical feasibility and costs associated with quite different
development paths.  Scenario approaches, however, place less stringent
demands on comprehensive causal understanding and data about the
current state of the world than do looks at the future based exclusively on
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causal models.  This feature of scenario approaches limits them in some
ways, but also gives them the ability to explore certain important issues of
norms and connections presently beyond the reach of integrated causal
models.

Contemporary Efforts

Contemporary scenarios used in the context of sustainability con-
cerns are generally stories interpreting and framing the results of models.
Although the models need not be formal causal representations of the
kind we described in the section above on “Integrated Assessment Mod-
els,” many of the examples in contemporary use are built on formal com-
puter models that draw on databases containing information and assump-
tions about the world as it has been and is expected to be.

Perhaps the best-known example of ongoing (since the early 1970s)
scenario analysis has been the work at the Shell International Petroleum
Company in London.  In two seminal articles, the analysis team argued
for the need to use scenario analysis to look beyond conventional projec-
tions in order to change the “mental models” of company managers.40

The Shell team continues to engage in far-reaching analysis of global
futures, and the work has been a major contribution to scenario efforts of
the World Business Council on Sustainable Development.41

Another contemporary effort revisits the earlier Limits to Growth
systems dynamics model, World 3.42   The authors present a set of
13 scenarios ranging from collapse to a transition to sustainability, argu-
ing that in the past 20 years some options for sustainability have nar-
rowed, others have opened up, and that achieving a sustainable future is
both technically and economically possible.

Finally, another example of scenario analysis presents three global
scenarios, with special focus on the United Kingdom, for the future
through the year 2020.43   A retrenchment scenario projects that, eventu-
ally, a recession of such severity will occur that, within a few years, there
will be a dramatic collapse in the economic systems of both developed
and developing countries.  An assertive materialism scenario projects that
economic crises will be resolved and there will be a prolonged period of
rapid economic growth and technological advances.  A caring autonomy
scenario projects that the global economy will go though a transition to
sustainability, including a shift to decentralized governments.

Most of the global scenarios have the same point of departure defined
by the current state of the socio-ecological system and the forces propel-
ling the system forward.  The initial conditions of identified trends and
patterns of change define the near-term trajectory.  Most contemporary
scenario efforts adopt points of departure consistent with the trends and
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conditions we outlined in Chapter 2.  Scenario variation arises from alter-
native assumptions about how development trajectories bifurcate and
fracture as critical uncertainties and tensions within the unfolding system
are resolved.

Further variation is introduced by assumptions about future condi-
tions that define end-point conditions in backcasting exercises.   In this
sense, visions of future states act as attractors in scenario analysis.  Positive
future visions are attractors in the world as well, insofar as they galvanize
actions for bending the arc of development toward these positive end
points; and, of course, dystopian visions are repellors.   Finally, surprising
events and phenomena can be imposed on the scenario trajectory—an
unexpected technological breakthrough, rise of fundamentalism as a glo-
bally dominant ethos, wars, major economic destabilizations, catastrophic
natural disasters, and so on.

An indefinite variety of scenarios can be generated depending on
how each of the trends, conditions, and visions assumed are specified.
The scenarios most relevant for exploring possible futures for a sustain-
ability transition share the characteristics of comprehensive thematic cov-
erage, long-range time horizon, global spatial domain, and openness to a
full range of socio-ecological visions and pathways.  To give some order
to the possibilities, a framework of stylized scenarios44  was prepared for
the Global Scenario Group (GSG)45  that, in slightly altered form, is pre-
sented in Figure 3.1.  The framework provides a useful point of departure
to structure strategic thinking about the alternative futures that may con-
front efforts to navigate a transition toward sustainability.

To appreciate the implications of the figure, consider first its three
archetypal scenario classes, distinguished by different assumptions about
how emergent environmental and social stresses are resolved.  The Con-
ventional Worlds class assumes that current trends play out without major
discontinuity or surprise in the evolution of institutions, environmental
systems, and human values.  In the Barbarization class of scenarios, funda-
mental social change occurs in a manner that many would feel to be an
unwelcome sort, bringing great human misery and collapse of civilized
norms.  Finally, the Great Transitions class of scenarios also represents
fundamental social transformation.  In this case, however, the changes are
in directions that many advocates of sustainable development would view
as greatly for the better.  Our use of the GSG framework reflects a judg-
ment on neither the desirability nor the likelihood of the strategic alterna-
tives it presents.  Rather, we have used it as a reminder of how much is
carelessly taken for granted, especially about different possible configura-
tions of underlying socioeconomic conditions, in many explorations of
futures relevant to a sustainability transition.
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Class

Conventional Worlds Scenario

Barbarization Scenario

Great Transitions Scenario

Variant

Reference

Policy Reform

Breakdown

Fortress world

Eco-communalism

New sustainability
paradigm

FIGURE 3.1   Archetypal scenarios with illustrative patterns of change. The
scenario structure shows sketches of behavior over time for six descriptive
variables: population growth, economic scale, environmental quality, socio-
economic equity, technological change, and degree of social and geopolitical
conflict.  The curves are intended as rough illustrations of the possible pat-
terns of change only.
Source: Gallopin et al. (1997).  Courtesy of the Stockholm Environment Institute.

The utility of the GSG framework can be further appreciated by pur-
suing it to the next level of detail—one for which six stylized scenarios
appear in Figure 3.1.  Within the Conventional Worlds class, a Policy Reform
scenario variant complements the business-as-usual of the Reference case
variant by assuming that strong, comprehensive, and coordinated gov-
ernment action is taken in an effort to foster sustainability.  A critical
assumption of this scenario is the emergence of the necessary political
will for imposing sustainability limits on something not unlike today’s
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growth-driven global economy and consumerist culture.  The scenario
framework nonetheless lets us identify policy reforms as one (albeit con-
ventional) point of departure for exploring a transition toward sustain-
ability, even as it emphasizes that more basic changes in human institu-
tions and values might ultimately have to play a role in making such
reforms possible.

Such changes might draw on elements of the Great Transitions sce-
narios, which in their pure form as described by the GSG are visionary
responses to the sustainability challenge—visions that include much
strengthened emphasis on the quality of life in matters of human welfare,
the valuation of nature, equitable wealth distribution, and social solidar-
ity.  The Eco-communalism variant embraces the principles of strong de-
centralization, small technology, and economic autarky.  The New Sustain-
ability Paradigm variant is a more cosmopolitan vision that would
transcend and transform urban and industrial civilization, and maintain
global links and solidarity, rather than retreat into localism.

By contrast, if Conventional World market and policy adaptations are
overwhelmed by increasing environmental and social crises, the GSG
framework encourages us to consider whether a transition to Barbarization
scenarios might take place.  In an extreme variant, the GSG Breakdown
scenarios envision cultural disintegration and economic collapse, a devo-
lution of civilization to a primitive world of all-against-all.  The Fortress
World variant features an authoritarian response to the threat of break-
down.  Ensconced in protected enclaves, elites safeguard their privilege
by controlling an impoverished majority and managing critical natural
resources.  Outside the fortress there is repression, environmental de-
struction, and misery.   Again, the question is not whether to “believe” the
social vision of this type of scenario, but rather whether treating it in
“what if” mode helps to illuminate the challenges and opportunities of
the transition toward sustainability.  We believe it does.

This framework of scenario classes and variants can be readily made
more complex.  With a little thought, many variants and subvariants can
be devised with differing assumptions, in combinations that vary across
global regions and states and include temporal transitions between differ-
ent scenario trajectories.  The proliferation of scenarios—as of model
runs—for their own sake is, however, counterproductive.  A more com-
pelling goal is the careful explication and analysis of a few archetypal
possibilities that can illuminate the contours of alternative futures and aid
in preparing for them.  To better understand the potential of such ap-
proaches, this Board asked a member of our Board and a leader of the
GSG46  to carry out a preliminary scenario analysis of some of the possible
futures that would attain the normative goals we set forth in Chapter 1.
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The results are presented in further detail in the appendix to this chapter,
and described in full in a separate report.47

Lessons Learned

The experience summarized above suggests that scenarios to support
the study of global futures and the requirements for a transition to sustain-
ability should be rigorous, reflecting the insights of science and modeling.
But scenario building must also recognize that the story of the future is
not a mere projection of current trends and understanding.  Moreover,
scenarios are told in the language of words as well as numbers, because
some critical dimensions—assumptions about culture, values, lifestyles,
and social institutions—require qualitative description.

The spectrum of scenarios to consider should encompass a wide range
of possibilities.  Contrasting long-range visions should reflect the uncer-
tainty about how the global system might unfold, the possibility of sur-
prise, and a range of worldviews on pathways to a sustainable future.
Beyond conventional sensitivity tests (e.g., to assess changes in green-
house gas emissions associated with a change in population or economic
scale), this means exploring fundamentally different assumptions con-
cerning institutions, technology, and values.

To guide the formulation of strategies and policies for sustainability,
scenarios need to be sufficiently rich and textured, describing demo-
graphic, social, economic, resource, and environmental subsystems in
enough detail and disaggregation to evaluate whether a development
trajectory is compatible with sustainability goals.  These goals can be
expressed as criteria by means of various indicators, that gauge the com-
patibility of a scenario with sustainability (see Chapter 5).

The difference between the indicator values that emerge in the hypo-
thetical world of the scenario and the sustainability goals is a measure of
the unsustainability of the assumed development trajectory.  By describing
the timing, character, and degree of the mismatch, scenario analysis be-
comes “policy relevant,” a laboratory for identifying emerging problems
and unsustainable patterns of development, and for setting priorities for
action.   Contributing to both informed action and theoretical insight are
the twin goals of the scenario enterprise.

Though our perspective here is global, it should be stressed that a full
research program for sustainability would need to be conducted consis-
tently across multiple levels of spatial resolution.  For example, global
scenarios, generally disaggregated for major regions, clarify planetary
level phenomena—climate change, globalization and trade, geopolitics,
migration pressure—but are too grainy to pick up sustainability issues at,
say, the river basin or ecosystem level.  At the other extreme, community-
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level sustainability studies are able to provide detail on land use patterns
and air quality, for example, but reveal little about global change. We turn
to a brief survey of the progress made with such regional scale efforts to
explore futures relevant to a sustainability transition in the next section of
the chapter.  Ultimately, a fully developed strategy for exploring
sustainability futures would have the capacity to “zoom” across spatial
levels, with each nested level providing appropriate insights. Such flex-
ible treatment of scale is a challenge at the forefront of current work in
both integrated assessment modeling and scenario analysis.48

REGIONAL INFORMATION SYSTEMS

Good integrated assessment models constitute an explicit system of
hypothesized causal hypotheses.  They can be reproducibly analyzed to
illuminate the conditions under which, or the likelihood with which, par-
ticular types of global-scale futures would develop if the models represent
a reasonable approximation of the real world.  Good scenarios also have
an explicit structure to assure internal consistency.  By relaxing the demand
for a complete system of causal links, however, they allow for exploration
of a wider range of potential driving forces, intentions, and contingencies,
weaving interesting narratives about how those forces might develop and
interact over several decades.  A third and complementary way that has
been used to explore plausible paths toward sustainability is through
regional information systems that harness scientific knowledge to support
policy and decision making affecting the long-term interactions of devel-
opment and environment.   All such information systems often contain
elements of scenario development and integrated modeling, as well as the
other forward-looking strategies noted in the introduction to this chapter.
The distinguishing feature we wish to pursue here is not the technical
aspects of analysis and presentation that lend such efforts scientific cred-
ibility, but rather the social processes and institutions that give them
political legitimacy and practical utility as strategies for exploring possible
transitions toward sustainability in often contentious regional contexts.

Why Regional Information Systems?

Why pursue regional examples of strategies for exploring the future
in a report seeking primarily to sketch a global-scale overview of science
and the transition to sustainability?  One reason is that relative to the
global issues on which we have focused in the preceding sections of this
review, the quest for sustainability at the regional scale is rich in the
variety of institutions, values, and kinds of environmental and social sys-
tems it engages.  This rich experience seems likely to have a good deal to
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teach us about providing effective looks into the global futures of the
sustainability transition and our attempts to shape them.  Moreover, as
suggested in previous chapters and argued in detail in Chapter 4, many of
the greatest challenges facing a sustainability transition occur at the re-
gional scale.  And a substantial number of the historical successes in
providing science-based “look ahead” knowledge for managing environ-
ment-development interactions have occurred at regional scales.  Under-
standing how scientific information has been used to provide looks at
possible regional futures is therefore valuable in its own right as a compo-
nent of strategies for navigating the path toward sustainability.

By  “regional” systems we mean diverse and eclectic sets of circum-
stances which have in common a spatial template smaller than the world
and at that more immediate and easily identified interactions occur be-
tween environment and society.  In practice, this can mean systems as
small as the watersheds on which much of the original work on model-
ing-based decision support systems was carried out, or as large as the
continental-scale airsheds involved in the European acidification models
and scenarios discussed above.49   In the studies we survey below, com-
peting human claims on the environmental and resource components of
the region are central.  These claims are in turn shaped by institutional
arrangements, including jurisdictional borders that do not follow ecosys-
tem boundaries.

Competing claims of stakeholders, expressed through politics, pro-
vide one source of information on what is feasible and desirable in a
region.  A different perspective is provided by scientific analyses, which
organize information around natural and social processes and systems.
Processes and institutions sometimes can be designed that allow scientific
information to be used to complement information derived from politics
in ways that facilitate the resolution of competing claims.  At least as
often, however, political and scientific information clash, with science
divorced from or even intensifying conflict.  The question is how to de-
sign science-based regional information systems for use in exploring con-
tentious futures that are more likely to help than hinder efforts to assess
and pursue sustainability.  As in the preceding discussions of integrated
assessment models and scenarios, the Board’s purpose here is to provide
a critical appraisal of the utility and limitations of regional information
systems for exploring possible futures for a successful transition.

The Range of Experience

Efforts to integrate science-based “what if” analyses in regional re-
source and environmental management regimes date back to at least the
1950s.50   By the 1960s, with the impetus of studies at the Harvard Water
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Program, Resources for the Future, and elsewhere, such work had become
significantly multidisciplinary.  Decision analysis, simulation models, and
normative scenarios all had significant roles in the emerging “systems
analysis” movement.51  Throughout the 1970s, researchers from the United
States’ University of Georgia and Canada’s University of British Columbia
pioneered the development of interactive workshops involving scientists
and policy makers in what today would be called the coproduction of
simulation models for scenarios exploring the implications of alternative
environmental management strategies at the regional scale.52   Struck by
the inevitable incompleteness of the science called upon for such analy-
ses, and by the variety and mutability of the management goals involved,
this group also crystallized the importance of viewing the management
process adaptively.53  Models came to be viewed less as technologies of
prediction and more as sites for a continuing dialog between scientists
and policy makers.  The “product” of their “what if” views of the future
increasingly came to be seen especially as a process of confidence build-
ing—an investment in social capacity to continually learn from past man-
agement actions to shape future actions better.

Throughout the 1980s, a number of groups experimented with the
use of integrated modeling, scenario analysis, and strategic gaming to
support the adaptive management of environment-development inter-
actions at the regional scale.54   A typical but particularly relevant example
for our purposes is provided by a striking analysis of Balinese rice cul-
ture.55   Through classic anthropological field methods, a researcher un-
covered ways in which local knowledge embedded in religious rituals
provided social coordination for complex planting, pest management,
and water allocation decisions involved in Balinese rice production. This
production system was efficient and had been sustained over periods of
hundreds of years.  It had also remained invisible to several generations
of foreign and domestic resource management experts. When high-yield
rice varieties and related cultivation practices were introduced in the
1980s, they interfered with this highly evolved management system, with
a resulting severe disruption to both rice production and the local social
system.

Experts, local and foreign, almost understood what had gone wrong,
but the complex ecology and politics of the situation meant that their
diagnosis was difficult to articulate, and almost impossible to communi-
cate persuasively to those who controlled agricultural policy on the island.
While others complained about the politics and development advice on
the situation, one research group56 teamed with local experts to build a
formal model of the Balinese rice system.  The model ended up showing
how the traditional system had worked, and how the practices associated
with initial high-yield experiments had failed.  Because the model had
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been developed with the input of local experts, and with careful regard
for the realities of local politics, it succeeded in providing a “what if” tool
that was effectively used in exploring alternative management
approaches.   Most important, it provided a neutral ground and common
language for priests, farmers, and Indonesian agriculture ministry offi-
cials to discuss how to integrate the knowledge embodied in high-yield-
ing rice varieties with the knowledge embodied in local temple religious
practices to create a higher yield but still maintain a sustainable agricul-
tural system.

A second contemporary example concerning North America’s
Columbia River Basin stresses how important the integrated design of
information systems and management institutions is for the sustainable
development of conflicted resource systems.57    The Columbia River, the
fourth largest in North America, was developed by an ambitious federal
program of dams, irrigation works, and navigation facilities beginning in
1933.  By the time the last dam was completed in 1975, the region—which
in several respects included Canada, where the Columbia rises—had
achieved an economically successful integration around hydroelectric
power.  But the building of the dams imposed losses as well as gains:
Native American tribes, whose economy was founded on the river’s abun-
dant salmon fishery, suffered as the anadromous salmon’s migration route
to the ocean was progressively blocked and its habitat modified by reser-
voirs, logging, agriculture, and urbanization.

Rising controversy and the prominent role played by federal hydro-
power had already prompted Congress to create a new institutional struc-
ture in 1980, centered on the Northwest Power Planning Council (NPPC),
an interstate agency with a mandate to resolve energy and fisheries con-
flicts in the Columbia basin.  The NPPC’s mode of operation was plan-
ning: the orderly assembly of information, much of it compiled in an
energy-economic model and a separate model of river-basin fish habitat
and migration.  Together, these models framed an integrated assessment
of possible futures for the region and its key interacting components.58

The NPPC models, developed through a careful consultative process in-
volving scientists and stakeholders, captured the conflicts between the
biological needs of the fish and the economics of power with scientific
credibility and political legitimacy.  The models were used extensively by
parties on all sides of the conflict.  In contrast to the European acidifica-
tion models described earlier, however, these models and the delibera-
tions associated with them did not identify solutions that would avoid
head-on tradeoffs. The NPPC assessment and policy evaluation models
raised the real possibility that under the current state and trends of knowl-
edge and development, coexistence of native salmon and the present day
economy of the Columbia Basin may not be sustainable over the scale of
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the river basin. Whether a transition might be achieved under more radi-
cal scenarios that encompass substantial changes in institutions59  and
values is a question that is only now beginning to be explored.

Lessons Learned

Experience in developing information support systems for regional-
scale environmental management has led to several significant findings.
A regional scale approach grounded in ecosystem knowledge and coop-
erative and adaptive management constitutes an infrastructure for social
learning—a way to lay out scientific knowledge in a form that can be
accessible to nonspecialists, a mode of communication and negotiation
that can draw opponents together for learning as well as conflict resolu-
tion, and a means to continue learning as action proceeds.

Formal models, a common element of the three exploratory approaches
discussed in this chapter, play an important role at the regional level in
several related ways.  First, a formal model is usually necessary for man-
aging the large amounts of information found in coupled natural and
social systems.  Second, the assembly of that diverse information is a
social process that builds links to different communities—resource users,
government, citizen groups, and scientists, among others.  When this
process works well, those stakeholders use model building as a forum in
which their views of how knowledge should be integrated can contribute
to the model’s structure and to the understanding that emerges.  Third,
the formal modeling provides an impetus for further social and scientific
learning; its assumptions and databases are assertions about reality.  As
experience accumulates, these assertions should be tested and modified
to yield an understanding that is not only more accurate but also widely
shared within the region.

The regional studies also illuminate hurdles that have not been over-
come.  Long-term monitoring has been difficult, even in developed na-
tions.  Institutional inertia and turbulence has been high, making it diffi-
cult to admit failure or surprise—or even to set out to learn in an unbiased
fashion.  Yet, over times as short as a decade, it is possible to see some
institutional changes, such as the formal adoption of a Mediterranean
management regime.  Similarly, social expectations of the kind that have
accompanied the abandonment of nuclear energy in the United States can
shift.   Such shifts alter the balance of institutions, for example, fostering a
widespread acceptance that energy-efficiency is a good business practice.

Work at the regional scale shows that the way human and natural
systems interact can be studied and acted upon within an integrated
framework.  There is real, if often incremental, social learning.  Experi-
ence over the regional scale and decadal time span—the “large and the
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long”—can influence choices, although there is as yet little experience in
thinking explicitly about how regions are affected by global-scale
changes.60   Despite the hopeful examples, societies are far from having a
recipe to achieve sustainable results: to succeed in the context of each
region’s history and alignments of institutions, power, and economic pos-
sibilities requires innovation, resources, staying power, leadership, and
no doubt some good luck.

CONCLUSIONS

This chapter has reviewed various approaches that explore possible
futures of long-term, large-scale, and also regional interactions between
environment and society.  These futures are shaped by a variety of factors,
including chance, human aspirations, and processes normally studied
individually by the natural and social sciences.   To be sure, many impor-
tant factors cannot be summarized in analytical models or computer simu-
lations.  Yet, just the knowledge and data that are commonly available
challenge individuals’ ability to integrate this information on the basis of
informed judgment alone.61   Over the past generation, analysts have
sought ways of combining human judgment with the power of informa-
tion management through processes that are simultaneously scientifically
credible and politically legitimate.

The results of our review are promising but mixed.  Integrated assess-
ment models have been accepted at the highest levels of international
negotiation.  But they have not stilled lively controversies about interpret-
ing or responding to emerging evidence that human activity is modifying
the global environment.  Scenario studies like the one performed by the
Global Scenario Group have added considerable breadth and depth to
our normative conception of a transition to sustainability. However, they
remain controversial, uneasily poised between the domains of facts and
values.  Regional information systems have combined elements of model-
ing and scenario analysis to support policy deliberations in relatively
circumscribed instances where sustainability issues are highly contested.
However, these systems have often merely shifted the domain of contro-
versy from the overtly political realm to an apparently technical context
in which political disagreements are merely pushed beneath a surface of
numbers and graphs. It is not clear that such shifts help the cause of
sustainable resource development.

Often, it must be said, the sorts of methods we have reviewed here
have been able to do little more than chart the many ways in which a
transition toward sustainability is not likely to be achieved over the fore-
seeable future.  At their best, however, these methods have helped deter-
mined efforts to probe the future implications of present trends, to iden-

Copyright © National Academy of Sciences. All rights reserved.

Our Common Journey:  A Transition Toward Sustainability
http://www.nap.edu/catalog/9690.html

http://www.nap.edu/catalog/9690.html


160 OUR COMMON JOURNEY

tify the likely obstacles to sustainability, and to illuminate alternative
options for moving forward toward specific sustainability goals. In doing
so, they have helped us to learn a bit about what a transition to
sustainability might actually entail.  This learning is a process through
which notable progress has been made using the methods discussed in
this chapter; that is a surprising and optimistic finding in itself.

Our analysis of trends and plausible futures and our commissioned
scenarios (in the following appendix to this chapter) further undergird an
important conclusion of this study. Based on our analysis of persistent
trends and plausible futures, the Board believes that a successful tran-
sition toward sustainability is possible over the next two generations.
This transition could be achieved without miraculous technologies or
drastic transformations of human societies. This judgment is illuminated
by the analysis in the appendix of a “Hunger and Carbon Reduction
Scenario.”  What will be required, however, are significant advances in
basic knowledge, in the social capacity and technological capabilities to
utilize it, and in the political will to turn this knowledge and know-
how into action. There is ample evidence from attitudinal surveys and
grassroots activities that the public supports and demands such progress.
The remainder of this report seeks to highlight some of the particular
capabilities most in need of active development, and some of the institu-
tional and procedural reforms that might help build a more broadly based
social commitment to a sustainability transition.
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APPENDIX

SCENARIOS FOR A TRANSITION TOWARD SUSTAINABILITY

The detailed articulation of integrated global scenarios is a major un-
dertaking beyond the scope of this inquiry.  Nevertheless, we have en-
deavored to evaluate the use that scenario approaches might have in
exploring possible futures for a sustainability transition by adapting and
examining a truncated version of the full scenario analysis developed by
the Global Scenario Group using the Polestar analytic framework (see
Figure 3.1).62  First, we considered only a subset of the full range of pos-
sible social visions, namely, scenarios of the Conventional Worlds variety
described earlier (and excluding the more extreme scenarios of the Barba-
rization and Great Transition worlds).  In particular, we developed for
reference purposes a Current Forces and Trends scenario, in which no major
policy initiatives are undertaken to promote sustainability, and compared
this scenario to a Hunger and Carbon Reduction scenario, in which explicit
efforts are made to reach the sustainability goals outlined in Chapter 1.
Second, we concentrated on selected issues, rather than a comprehensive
appraisal of the many social and environmental dimensions of the
sustainability problem.  We took the level of global hunger as a proxy for
the poverty problem, and greenhouse gas emissions as representative of
environmental stress. While these measures are significant indicators of
the social and environmental dimensions of a transition to sustainability,
there are many others that a full scenario approach would need to in-
clude: indicators on food production and land use, toxification, water,
social and international equity, geopolitics, and the possibilities of discon-
tinuous institutional adjustments outside the Conventional Worlds assump-
tions.  There are many dimensions of the problem.63

A Current Forces and Trends Scenario64

The Current Forces and Trends scenario, based on the Reference class
scenario of the Global Scenarios Group, is the story of a market-driven
world in which the global system gradually unfolds subject to the initial
driving forces and trends described in Chapter 2.  In this vision, there is
institutional continuity, economic globalization, and the slow convergence
of developing countries toward the socioeconomic norms of developed
regions.  In contrast to the Hunger and Carbon Reduction scenario discussed
below, strong policy actions for a transition toward sustainability are
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absent.  Demographic, economic, and technological assumptions are con-
sistent with those used in other international assessments.

Values for selected projected global variables in the GSG Current
Forces and Trends scenario for the years 2025 and 2050 are shown in
Figure 3.2 relative to 1995 values.  (The data for Figure 3.2 are found in
attached Sheets 1–8.)  By 2050, population increases by more than
50 percent and average income65 increases by a factor of more than 2.5, as
world economic output more than quadruples.  Food requirements almost
double, driven by population growth and assumed income increases,

FIGURE 3.2   Overview of Current Forces and Trends and Hunger and Carbon
Reduction scenarios.

Source: Raskin et al. (1998).  Courtesy of the Stockholm Environment Institute.
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although world hunger remains almost constant, a result of population
growth and unequal access to food.  Requirements for energy and water
increase more slowly than the economy—by factors of 2.4 and 1.6,
respectively—due to improving efficiency of use and a shift toward less
resource-intensive economic activities such as services versus manufac-
turing.  Global carbon dioxide emissions from energy use increase by a
factor of 2.4 over the scenario period.

World population approaches 10 billion by 2050, the UN mid-range
projection,66  with nearly all the additional 3.7 billion people residing in
developing regions.  Urbanization continues, with almost 7 billion people
living in cities in 2050 compared to 2.5 billion in 1995. The OECD regional
share of world output decreases from about 78 percent in terms of market
exchange rates (MER) or 55 percent in terms of purchasing power parity
(PPP) in 1995 to about 60 percent MER or 40 percent PPP in 2050, with
population and income growth rates most rapid in developing regions.
Absolute national income differences between developing and OECD re-
gions nonetheless increase.

Hunger

The incidence of extreme poverty and hunger are not normally por-
trayed in integrated global scenarios.  Whether, and how, they can be
incorporated in scenario efforts are crucial questions in evaluating the
suitability of such scenario approaches for exploring possible futures of a
sustainability transition.

For the work reported here, the incidence of extreme poverty and
hunger was treated as depending on population, economic development,
and income distribution.  The analysis was carried out at the national
level.  All else being equal, growth in population adds to the number of
people in poverty, while growth in average income decreases it.  All else
being equal, if income distribution becomes more skewed in the course of
development, poverty increases.  The degree of income inequality found
in the world today varies widely between countries.  Future patterns in
the scenario assumed are based on trends in developed regions and the
assumption of global convergence toward these patterns elsewhere in a
context of weak policies for poverty eradication.  In particular, the GSG
scenario assumes that income inequality continues to increase in the
United States, but at half the historical rate. Other countries converge
toward the U.S. pattern.

Hunger levels are related to income patterns in the scenario by defin-
ing a “hunger line,” the income at which dietary requirements for a
normally active life are minimally met.  National levels of hunger can be
computed directly from the income distribution once we know the hunger
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line.  Contemporary data on hunger levels and income distribution define
the initial hunger lines used in the scenario.  Future hunger lines are
assumed to increase as national incomes grow, a pattern that is supported
by current data.67  In the process of urbanization and modernization, it
appears that a larger income is required to barely survive, perhaps due to
decreased access to informal sources of food (the income-equivalent of
informal food gathering is poorly captured in income surveys).

In the scenario, the number of hungry, as defined above, increases
gradually over time.  Africa shows the sharpest decrease in hunger on a
percentage basis, but the largest increase in absolute numbers, while in
China and South and Southeast Asia hunger decreases.  The hunger
reduction goals for the transition toward sustainability set forth in Chap-
ter 1—to reduce by half the number of undernourished people in the
world by the year 2015—are not met.

Climate Change

Turning to the implications of the Current Forces and Trends scenario
for climate change, we focus on carbon dioxide emissions from energy
use, the major source of greenhouse gases.  The changing regional pat-
terns of energy requirements in the scenario are broadly compatible with
the mid-range IPCC IS92a scenario.68  While global energy needs grow by
a factor of 2.4 over the scenario period, developing regions requirements
grow by a factor of 3.9.  Built into this estimate is an assumed continuing
improvement in energy-efficiency.  Fossil fuels continue to be the domi-
nant source of energy, though the contributions of modern renewable
energy technologies (excluding traditional biomass and hydropower) in-
crease by a factor of 5.2 and nuclear energy increases by a factor of 2.2.

In the GSG Current Forces and Trends scenario, carbon dioxide emis-
sions associated with fossil energy use more than double over the 1995-
2050 period.  The regional composition of emissions changes dramatically
as the OECD share of global emissions drops from about 50 to 30 percent
over this period.  Nevertheless, emissions per capita remain much higher
in the developed regions despite the faster growth in poorer regions.  For
example, emissions per capita in North America are 25 times those in
Africa in 1995 but fall to 9 times those in Africa by 2050.

Given the ambiguous goals for managing greenhouse gas concentra-
tions set forth by the international community at Rio and summarized in
Chapter 1 (i.e., stabilization “at a level that would prevent dangerous
anthropogenic interference with the climate system”), it is impossible to
say whether this scenario meets these goals or not.  Clearly, however,
even the weak interim targets for emission reductions set forth by the
Kyoto protocol are not met in this scenario.
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A Hunger and Carbon Reduction Scenario

The Current Forces and Trends scenario envisions increasing environ-
mental pressures and tenacious poverty, not a vision of a smooth transi-
tion to a sustainable world society.  Indeed, the surprise-free continuity
assumptions of the scenario could well be undermined by the stresses it
places on ecological and social systems.  By contrast, the Hunger and Car-
bon Reduction scenario assumes that a proactive set of initiatives are insti-
tuted to reach sustainability goals.  In this case, the international targets
for reduction of hunger and greenhouse gas emissions summarized in
Chapter 1 are taken as normative goals.  The scenario framework is then
used to explore what types of initiatives might be effective in moving
towards those goals.

Several factors could be altered to move the Current Forces and Trends
scenario toward patterns that meet the social goals:  population levels, the
scale of the world economy, the degree of convergence between poor and
rich countries (international equity), and the level of income equality
within a country (national equity).  Our illustrative Hunger and Carbon
Reduction scenario, which is based on the GSG’s Policy Reform scenario,
assumes slightly lower population growth than the Current Forces and
Trends scenario due to poverty reduction and more active family plan-
ning policies.  In the illustrative scenario, non-OECD population in 2050
is assumed to be 95 percent of the UN mid-range forecast value, a reason-
able, though modest, assumption given the great uncertainties on the
drivers of population growth.

Hunger

In the Hunger and Carbon Reduction scenario, hunger goals are met by
increasing incomes above minimum threshold levels.  In principle, these
targets could be met without income shifts, through direct food aid and
other targeted welfare programs. Such programs can contribute to a self-
sustaining process of raising the incomes of the poor.69   However, a
resilient response to the whole poverty problem will ultimately need to be
reflected structurally in income distribution patterns captured by the
scenarios.

Not all scenarios of increasing income will meet the target of reducing
hunger by one-half by 2025, and half again by 2050.  For given levels of
total national economic scale, this requires sufficiently high levels of
national equity.70   In the extreme case of no economic growth, very high
national equity would be required.71   Meeting the hunger goals with the
equity assumptions of the Current Forces and Trends scenario would require,
under the assumptions incorporated in the scenario, that average annual
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growth rates in GDP per capita for non-OECD regions be sustained at
levels of more than 5 percent.  This “high growth” alternative lies outside
what many would consider the realm of plausibility.  Moreover, in this
variant, the size of the world economy would increase by a factor of 15 by
2025, implying substantially increased environmental pressure.

The Hunger and Carbon Reduction scenario developed for this study lies
between these extremes.  The assumed scale of the world economy in this
scenario is very near that of the Current Forces and Trends case, with world
populations slightly lower and average global income slightly higher com-
paratively.  The distribution of income in the Hunger and Carbon Reduction
scenario, on the other hand, is very different from that in the Current Forces
and Trends scenario. The former scenario meets the hunger reduction tar-
gets through a more egalitarian distribution of wealth than the latter
scenario.  In the Current Forces and Trends scenario, the ratio of non-OECD
to OECD average income (international equity) stays almost constant over
the scenario time frame, while in the Hunger and Carbon Reduction scenario,
the ratio more than doubles, increasing from 0.15 in 1995 to 0.36 in 2050.

National equity decreases from 0.15 to 0.08 in the Current Forces and
Trends scenario, but remains almost constant in the Hunger and Carbon
Reduction scenario.72  While these distribution assumptions imply signifi-
cantly greater social equity than in the Current Forces and Trends scenario,
they are not implausible, being near today’s values in Europe and those of
the 1960s in the United States.

Climate Change

Meeting the climate change goals of Chapter 1 in a Hunger and Carbon
Reduction scenario also has strong implications for the energy sector and
land change.   For the purposes of the scenario analysis, we assumed that
the Climate Convention goal of “preventing dangerous interference” with
the climate system might be met with a cumulative carbon emissions
allowance of between 640 and 800 billions of metric tons of carbon  (Gt C)
between 1990 and 2100.73   At these levels, an equilibrium carbon dioxide
concentration of about 450 ppmv would be reached by the year 2100; this
value corresponds to the proposed ecologically based target of limiting
human-induced temperature change to no more than 0.1C° per decade.74

A politically acceptable allocation of these emissions among regions is
assumed to involve burden-sharing, with feasible goals for the industrial-
ized countries and some emission increases in developing countries.

In the illustrative Hunger and Carbon Reduction scenario, the cumula-
tive carbon budget of 640 to 800 Gt C is met by (1) setting emission
abatement targets for OECD countries and regions with transitional
economies, (2) allowing developing country regions to increase emissions
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initially, and (3) gradually converging all regions toward a common per
capita emission allowance.  This approach balances the various interests
while incorporating a long-term equity-based notion of burden-sharing
in pursuit of long-term climate stabilization.75

Specifically, OECD regions reduce annual energy emissions in the
scenario to 10 percent below 1990 levels by 2010 and to 35 percent below
1990 levels by 2025.  In the transitional regions, where emissions have
dropped precipitously since 1995, scenario emissions increase as their
economies recover, and then reduce from 2010 onward.  Annual emis-
sions converge everywhere to 0.6 Gt C per capita in 2075, with equal per
capita emissions thereafter.  In 2100, global emissions are constrained at
3 Gt C per year in order to stabilize carbon dioxide concentrations at
450 ppmv.  Finally, developing country emissions increase substantially
over the next decades, constrained by the global cap on cumulative emis-
sions of 640 to 800 Gt C and the convergence target.  In terms of emissions
per capita, the developing regions grow steadily until 2025, but remain
substantially below OECD or transitional region levels, before dropping
toward the convergence target (Sheet 8).  Globally, emissions per capita
remain almost constant between 1990 and 2025, and decrease from 2025
to 2100.

To meet these emission constraints, the Hunger and Carbon Reduction
scenario assumes strong actions for energy-efficiency, renewable energy
resource development, and fuel switching.76   Global energy requirements
increase by 56 percent by 2050, which is 36 percent lower than the level
foreseen in 2050 in the Current Forces and Trends scenario (Sheet 6).  Energy
requirements in OECD regions decline by over 40 percent by 2050, de-
spite a doubling of GDP (the combined effects of deep energy-efficiency
improvements and structural shifts in the economy toward less energy-
intensive sectors.  On the other hand, energy requirements in developing
regions increase by a factor of 3 by 2050, as decreases in energy-intensity
per unit of activity are negated by the assumed rapid growth in economic
scale (GDPPPP increases by more than a factor of 7 by 2050 for these
countries ).  Analysis of options for implementing these changes suggests
that the energy initiatives in the scenario need not require heroic techno-
logical assumptions or economic disruption.  They will, however, require
concerted and sustained efforts at education, capacity building, and the
focusing of social attention.77

Conclusion

The Current Forces and Trends scenario clearly implies that the major
elements of a transition toward sustainability cannot be achieved if the
forces and trends described in Chapter 2 persist.  Human needs will not
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be met, hunger will not be reduced, and important life support systems
will be endangered.  There is, however, a suggestion of good news in the
Hunger and Carbon Reduction scenario.

This brief and limited review of scenarios brings at least an offer of
hope.  From what we have seen, a transition to sustainability appears to
be technically feasible—the hungry can be fed and the human environ-
mental footprint can be kept within reasonable bounds.  A much richer,
fairer, and environmentally gentler world is conceivable in the 21st century
without positing a tumultuous or implausible social transition or revolu-
tionary new technology.  Evolutionary adjustments to economic distribu-
tion patterns and technological practices would suffice—in principle.

But the scenario is based on another kind of heroic premise—and here
is the troubling news.  It assumes the emergence of sufficient political will
for establishing a comprehensive set of policy reforms for a sustainability
transition.  It is by no means clear how the required public mobilization
and political vision could arise in the context of conventional values,
lifestyles, and institutions.  Alternative scenarios that transcend conven-
tional visions also require detailed attention in the scientific and social
quest for a sustainable future.
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Sheet 1: Population

          Growth Rates—Curr. Forces & Trends     Population—Curr. Forces & Trends
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FSU
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Current Forces and Trends
Population (millions) Growth Rate (%/year) Index (95=1)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 719 1,454     2,046     2.4 1.4 1.9 2.0 2.8

China + 1,330 1,642     1,704     0.7 0.1 0.5 1.2 1.3

Latin America 477 689        810        1.2 0.6 1.0 1.4 1.7
Middle East 178 365        499        2.4 1.3 1.9 2.1 2.8

S+SE Asia 1,677 2,479     2,925     1.3 0.7 1.0 1.5 1.7

E. Europe 99 97          92          -0.1 -0.2 -0.1 1.0 0.9
FSU 293 297        291        0.0 -0.1 0.0 1.0 1.0

N. America 297 369        384        0.7 0.2 0.5 1.2 1.3

Pacific OECD 149 154        146        0.1 -0.2 0.0 1.0 1.0
W. Europe 467 492        469        0.2 -0.2 0.0 1.1 1.0

Developing 4,382     6,630     7,985     1.4 0.7 1.1 1.5 1.8
Transitional 392        394        383        0.0 -0.1 0.0 1.0 1.0

OECD 913        1,015     998        0.4 -0.1 0.2 1.1 1.1

World 5,687     8,039     9,367     1.2 0.6 0.9 1.4 1.6

Hunger and Carbon Reduction
Population (millions) Growth Rate (%/year) Index (95=1)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 719 1,425     1,944     2.3 1.3 1.8 2.0 2.7
China + 1,330 1,609     1,619     0.6 0.0 0.4 1.2 1.2
Latin America 477 676        770        1.2 0.5 0.9 1.4 1.6
Middle East 178 358        474        2.4 1.1 1.8 2.0 2.7
S+SE Asia 1,677 2,430     2,779     1.2 0.5 0.9 1.4 1.7
E. Europe 99 95          87          -0.1 -0.3 -0.2 1.0 0.9
FSU 293 291        277        0.0 -0.2 -0.1 1.0 0.9
N. America 297 369        384        0.7 0.2 0.5 1.2 1.3
Pacific OECD 149 154        146        0.1 -0.2 0.0 1.0 1.0
W. Europe 467 492        469        0.2 -0.2 0.0 1.1 1.0
Developing 4,382 6,498     7,586     1.3 0.6 1.0 1.5 1.7
Transitional 392 386        364        -0.1 -0.2 -0.1 1.0 0.9
OECD 913 1,015     998        0.4 -0.1 0.2 1.1 1.1
World 5,687 7,899     8,948     1.1 0.5 0.8 1.4 1.6
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Sheet 2: GDP
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Current Forces and Trends
GDP (billion US$) MER PPP Growth Rate (%/year) Index (95=1)
Region 1995 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 475 1,165      3,958        9,279     4.2 3.5 3.8 3.4 8.0
China + 893 3,839      12,099      22,555    3.9 2.5 3.3 3.2 5.9
Latin America 1,651 2,858      7,449        14,071    3.2 2.6 2.9 2.6 4.9
Middle East 522 938         3,159        6,554     4.1 3.0 3.6 3.4 7.0
S+SE Asia 1,769 4,329      14,160      30,745    4.0 3.1 3.6 3.3 7.1
E. Europe 274 588         1,039        1,396     1.9 1.2 1.6 1.8 2.4
FSU 528 1,206      2,197        3,032     2.0 1.3 1.7 1.8 2.5
N. America 7,464 7,995      18,552      28,016    2.8 1.7 2.3 2.3 3.5
Pacific OECD 5,544 3,146      6,082        8,524     2.2 1.4 1.8 1.9 2.7
W. Europe 9,085 7,352      14,422      20,953    2.3 1.5 1.9 2.0 2.8
Developing 5,310 13,129    40,825      83,204    3.9 2.9 3.4 3.1 6.3
Transitional 802 1,794      3,236        4,427     2.0 1.3 1.7 1.8 2.5
OECD 22,094 18,493    39,056      57,492    2.5 1.6 2.1 2.1 3.1
World 28,205 33,416    83,117      145,124  3.1 2.3 2.7 2.5 4.3

Hunger and Carbon Reduction
GDP (billion US$) MER PPP Growth Rate (%/year) Index (95=1)
Region 1995 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 475 1,165     6,381     16,427    5.8 3.9 4.9 5.5 14.1
China + 893 3,839     13,762    25,368    4.3 2.5 3.5 3.6 6.6
Latin America 1,651 2,858     8,026     15,177    3.5 2.6 3.1 2.8 5.3
Middle East 522 938        3,501     7,383     4.5 3.0 3.8 3.7 7.9
S+SE Asia 1,769 4,329     17,013    36,417    4.7 3.1 3.9 3.9 8.4
E. Europe 274 588        1,120     1,533     2.2 1.3 1.8 1.9 2.6
FSU 528 1,206     2,501     3,610     2.5 1.5 2.0 2.1 3.0
N. America 7,464 7,995     13,341    16,494    1.7 0.9 1.3 1.7 2.1
Pacific OECD 5,544 3,146     4,742     5,451     1.4 0.6 1.0 1.5 1.7
W. Europe 9,085 7,352     12,202    14,524    1.7 0.7 1.2 1.7 2.0
Developing 5,310 13,129    48,683    100,772  4.5 3.0 3.8 3.7 7.7
Transitional 802 1,794     3,622     5,143     2.4 1.4 1.9 2.0 2.9
OECD 22,094 18,493    30,285    36,468    1.7 0.7 1.2 1.6 2.0
World 28,205 33,416    82,590    142,383  3.1 2.2 2.7 2.5 4.3
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Current Forces and Trends
GDP per capita (1995 US$ PPP) Growth Rate (%/year) Index (95=1)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 1,619 2,722 4,534 1.7 2.1 1.9 1.7 2.8
China + 2,887 7,369 13,234 3.2 2.4 2.8 2.6 4.6
Latin America 5,999 10,804      17,366      2.0 1.9 2.0 1.8 2.9
Middle East 5,261 8,643        13,123      1.7 1.7 1.7 1.6 2.5
S+SE Asia 2,581 5,711        10,512      2.7 2.5 2.6 2.2 4.1
E. Europe 5,946 10,760      15,220      2.0 1.4 1.7 1.8 2.6
FSU 4,111 7,394        10,405      2.0 1.4 1.7 1.8 2.5
N. America 26,946 50,265      72,932      2.1 1.5 1.8 1.9 2.7
Pacific OECD 21,104 39,368      58,544      2.1 1.6 1.9 1.9 2.8
W. Europe 15,727 29,337      44,714      2.1 1.7 1.9 1.9 2.8
Developing 2,996 6,157        10,420      2.4 2.1 2.3 2.1 3.5
Transitional 4,574        8,220        11,558      2.0 1.4 1.7 1.8 2.5
OECD 20,249      38,472      57,589      2.2 1.6 1.9 1.9 2.8
World 5,876        10,339      15,494      1.9 1.6 1.8 1.8 2.6

Hunger and Carbon Reduction
GDP per capita (1995 US$ PPP) Growth Rate (%/year) Index (95=1)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050

Africa 1,619 4,479 8,450 3.5 2.6 3.1 2.8 5.2
China + 2,887 8,553        15,668      3.7 2.5 3.1 3.0 5.4
Latin America 5,999 11,879      19,717      2.3 2.0 2.2 2.0 3.3
Middle East 5,261 9,774        15,561      2.1 1.9 2.0 1.9 3.0
S+SE Asia 2,581 7,001        13,106      3.4 2.5 3.0 2.7 5.1
E. Europe 5,946 11,835      17,596      2.3 1.6 2.0 2.0 3.0
FSU 4,111 8,590        13,041      2.5 1.7 2.1 2.1 3.2
N. America 26,946 36,147      42,937      1.0 0.7 0.9 1.3 1.6
Pacific OECD 21,104 30,696      37,437      1.3 0.8 1.0 1.5 1.8
W. Europe 15,727 24,821      30,995      1.5 0.9 1.2 1.6 2.0
Developing 2,996 7,492        13,284      3.1 2.3 2.7 2.5 4.4
Transitional 4,574 9,386        14,131      2.4 1.7 2.1 2.1 3.1
OECD 20,249 29,833      36,530      1.3 0.8 1.1 1.5 1.8
World 5,876 10,456      15,912      1.9 1.7 1.8 1.8 2.7
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Sheet 4: Income Distribution

National Equity
                  Current Forces & Trends         Hunger & Carbon Reduction
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Africa
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Latin America

Middle East

S+SE Asia

E. Europe

FSU

N. America

Pacific OECD

W. Europe

Current Forces and Trends
National Equity (L20%/H20%) Gini Coefficient

Region 1995 2025 2050 1995 2025 2050

Africa 0.13 0.09 0.07 0.42  0.46  0.50  
China + 0.14 0.10 0.08 0.38  0.44  0.47  
Latin America 0.07 0.06 0.06 0.50  0.51  0.52  
Middle East 0.10 0.07 0.06 0.45  0.49  0.51  
S+SE Asia 0.18 0.11 0.09 0.34  0.41  0.45  
E. Europe 0.23 0.14 0.11 0.29  0.37  0.42  
FSU 0.22 0.14 0.10 0.30  0.38  0.43  
N. America 0.11 0.08 0.06 0.43  0.47  0.51  
Pacific OECD 0.16 0.11 0.08 0.36  0.43  0.47  
W. Europe 0.19 0.12 0.09 0.33  0.41  0.45  
World (pop. weighted) 0.15 0.10 0.08

Hunger and Carbon Reduction
National Equity (L20%/H20%) Gini Coefficient

Region 1995 2025 2050 1995 2025 2050

Africa 0.13 0.13 0.14 0.42 0.42 0.39   
China + 0.14 0.14 0.14 0.38 0.38 0.38   
Latin America 0.07 0.08 0.12 0.50 0.47 0.41   
Middle East 0.10 0.10 0.12 0.45 0.44 0.41   
S+SE Asia 0.18 0.15 0.15 0.34 0.36 0.37   
E. Europe 0.23 0.18 0.16 0.29 0.33 0.35   
FSU 0.22 0.17 0.16 0.30 0.34 0.36   
N. America 0.11 0.11 0.12 0.43 0.43 0.40   
Pacific OECD 0.16 0.14 0.15 0.36 0.37 0.37   
W. Europe 0.19 0.16 0.15 0.33 0.36 0.36   
World (pop. weighted) 0.15 0.14 0.14

Copyright © National Academy of Sciences. All rights reserved.

Our Common Journey:  A Transition Toward Sustainability
http://www.nap.edu/catalog/9690.html

http://www.nap.edu/catalog/9690.html


EXPLORING THE FUTURE 173

Sheet 5: Hunger

0

200

400

600

800

1,000

1995 2025 2050 2025 2050

Africa

China +

Latin America

Middle East

S+SE Asia

E. Europe

FSU

N. America

Pacific OECD

W. Europe

Current Forces & Trends Hunger & Carbon Reduction

Current Forces and Trends
Incidence (% of population) Incidence (millions) Index (95=1)

Region 1995 2025 2050 1995 2025 2050 2025 2050

Africa 34 25 20 247 361 404 1.46 1.63
China + 16 9 8 211 142 136 0.67 0.64
Latin America 14 11 9 65 73 72 1.13 1.11
Middle East 16 16 14 29 57 72 1.95 2.45
S+SE Asia 19 10 8 320 259 240 0.81 0.75
E. Europe 1 2 3 1 2 3 2.72 4.24
FSU 4 5 6 11 14 18 1.24 1.55
N. America 2 1 1 7 3 2 0.45 0.34
Pacific OECD 1 1 0 1 1 0 0.53 0.32
W. Europe 1 1 1 4 4 4 1.06 0.94
Developing 20 13 12 873 893 924 1.02 1.06
Transitional 3 4 5 12 16 21 1.33 1.71
OECD 1 1 1 12 8 6 0.64 0.52
World 16 11 10 898 917 951 1.02 1.06

Hunger and Carbon Reduction
Incidence (% of population) Incidence (millions) Index (95=1)

Region 1995 2025 2050 1995 2025 2050 2025 2050

Africa 34 12 5 247 174 87 0.70 0.35
China + 16 4 2 211 59 29 0.28 0.14
Latin America 14 7 2 65 49 18 0.75 0.28
Middle East 16 11 5 29 40 24 1.39 0.81
S+SE Asia 19 4 2 320 109 54 0.34 0.17
E. Europe 1 1 1 1 1 1 1.01 0.94
FSU 4 2 2 11 7 5 0.57 0.40
N. America 2 1 0 7 4 1 0.50 0.12
Pacific OECD 1 0 0 1 1 0 0.35 0.11
W. Europe 1 1 0 4 3 1 0.69 0.37
Developing 20 7 3 873 431 212 0.49 0.24
Transitional 3 2 1 12 7 5 0.60 0.43
OECD 1 1 0 12 7 2 0.54 0.19
World 16 6 2 898 445 220 0.50 0.25
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Current Forces and Trends
Primary Energy (EJ) Growth Rate (%/year) Index (95=1) Intensity (MJ/$ PPP)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050 1995 2025 2050

Africa 17 50 98 3.6 2.7 3.2 2.9 5.7 15 13 11
China + 48 105 144 2.7 1.3 2.0 2.2 3.0 12 9 6
Latin America 24 55 84 2.7 1.8 2.3 2.3 3.5 8 7 6
Middle East 18 38 60 2.5 1.9 2.2 2.1 3.3 19 12 9
S+SE Asia 43 114 205 3.3 2.4 2.9 2.7 4.8 10 8 7
E. Europe 10 13 12 0.8 -0.2 0.4 1.3 1.2 17 12 9
FSU 45 60 64 0.9 0.3 0.6 1.3 1.4 38 27 21
N. America 94 138 152 1.3 0.4 0.9 1.5 1.6 12 7 5
Pacific OECD 23 29 31 0.8 0.2 0.5 1.3 1.3 7 5 4
W. Europe 63          76 79 0.6 0.2 0.4 1.2 1.3 9 5 4
Developing 150        361 591 3.0 2.0 2.5 2.4 3.9 11 9 7
Transitional 55          73 76 0.9 0.2 0.6 1.3 1.4 31 22 17
OECD 179        243 262 1.0 0.3 0.7 1.4 1.5 10 6 5
World 384        677 929 1.9 1.3 1.6 1.8 2.4 12 8 6

Hunger and Carbon Reduction
Primary Energy (EJ) Growth Rate (%/year) Index (95=1) Intensity (MJ/$ PPP)

Region 1995 2025 2050 95-25 25-50 95-50 2025 2050 1995 2025 2050

Africa 17 63 107 4.4 2.1 3.4 3.7 6.2 15 10 6
China + 48 104 105 2.6 0.0 1.4 2.2 2.2 12 8 4
Latin America 24 45 48 2.1 0.2 1.2 1.9 2.0 8 6 3
Middle East 18 37 41 2.4 0.4 1.5 2.1 2.3 19 11 6
S+SE Asia 43 114 160 3.3 1.4 2.4 2.7 3.8 10 7 4
E. Europe 10 9 6 -0.3 -1.4 -0.8 0.9 0.7 17 8 4
FSU 45 47 28 0.1 -2.0 -0.9 1.0 0.6 38 19 8
N. America 94 73 57 -0.8 -1.0 -0.9 0.8 0.6 12 5 3
Pacific OECD 23 17 12 -1.0 -1.3 -1.2 0.7 0.5 7 4 2
W. Europe 63 49 36 -0.8 -1.3 -1.0 0.8 0.6 9 4 2
Developing 150 363 460 3.0 0.9 2.1 2.4 3.1 11 7 5
Transitional 55 56 35 0.1 -1.9 -0.9 1.0 0.6 31 16 7
OECD 179 138 105 -0.9 -1.1 -1.0 0.8 0.6 10 5 3
World 384 558 599 1.2 0.3 0.8 1.5 1.6 12 7 4
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Sheet 6: Primary Energy Requirements by Region
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Sheet 7: Primary Energy Requirements by Source
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Current Forces and Trends
Primary Energy (EJ) Share of Total (%) Growth Rate (%/year) Index (95=1)

Fuel 1995 2025 2050 1995 2025 2050 95-25 25-50 95-50 2025 2050

Coal 95 166 224 25 25 24 1.9 1.2 1.6 1.8 2.4
Crude Oil 141 256 332 37 38 36 2.0 1.0 1.6 1.8 2.3
Natural Gas 73 136 203 19 20 22 2.1 1.6 1.9 1.9 2.8
Uranium 25 39 64 7 6 7 1.5 2.0 1.7 1.5 2.5
Hydropower 9 16 20 2 2 2 1.9 0.9 1.4 1.7 2.2
Renewables 41 64 87 11 9 9 1.5 1.3 1.4 1.6 2.1
Total 384 677 929 100 100 1.9 1.3 1.6 1.8 2.4

Hunger and Carbon Reduction
Primary Energy (EJ) Share of Total (%) Growth Rate (%/year) Index (95=1)

Fuel 1995 2025 2050 1995 2025 2050 95-25 25-50 95-50 2025 2050

Coal 95        113       63        25       20       11       0.6 -2.3 -0.7 1.2 0.7
Crude Oil 141       183       153       37       33       26       0.9 -0.7 0.1 1.3 1.1
Natural Gas 73        156       215       19       28       36       2.6 1.3 2.0 2.1 2.9
Uranium 25        22        -       7         4         -      -0.4 - - 0.9 0.0
Hydropower 9          16        20        2         3         3         1.9 0.9 1.4 1.7 2.2
Renewables 41        68        148       11       12       25       1.7 3.2 2.4 1.7 3.6
Total 384       558       599       100     100     100     1.2 0.3 0.8 1.5 1.6
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Sheet 8: Carbon Emissions

        Current Forces & Trends                                      Hunger & Carbon Reduction
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Current Forces and Trends
Total Annual Emissions (Gt C) Index (95=1) Annual Per Capita (t C) Annual Per Dollar GDP PPP (kg C)

Region 1995 2025 2050 2025 2050 1995 2025 2050 1995 2025 2050

Africa 0.17 0.65       1.39       3.9 8.3 0.2 0.4 0.7 0.14 0.16 0.15 
China + 0.87       2.00       2.60       2.3 3.0 0.7 1.2 1.5 0.23 0.17 0.12 
Latin America 0.30       0.75       1.15       2.5 3.8 0.6 1.1 1.4 0.10        0.10        0.08        
Middle East 0.25       0.64       0.93       2.5 3.7 1.4 1.8 1.9 0.27        0.20        0.14        
S+SE Asia 0.57       1.75       3.22       3.1 5.6 0.3 0.7 1.1 0.13        0.12        0.10        
E. Europe 0.19       0.23       0.20       1.2 1.1 1.9 2.3 2.2 0.32        0.22        0.15        
FSU 0.75       0.94       0.96       1.3 1.3 2.6 3.2 3.3 0.62        0.43        0.32        
N. America 1.49       2.22       2.40       1.5 1.6 5.0 6.0 6.2 0.19        0.12        0.09        
Pacific OECD 0.39       0.44       0.44       1.1 1.1 2.6 2.8 3.0 0.12        0.07        0.05        
W. Europe 0.95       1.16       1.24       1.2 1.3 2.0 2.4 2.6 0.13        0.08        0.06        
Developing 2.16       5.79       9.29       2.7 4.3 0.5 0.9 1.2 0.16        0.14        0.11        
Transitional 0.94       1.17       1.16       1.2 1.2 2.4 3.0 3.0 0.52        0.36        0.26        
OECD 2.83       3.82       4.08       1.3 1.4 3.1 3.8 4.1 0.15        0.10        0.07        
World 5.94       10.78     14.53     1.8 2.4 1.0 1.3 1.6 0.18        0.13        0.10        

Hunger and Carbon Reduction
Total Annual Emissions (Gt C) Index (95=1) Annual Per Capita (t C) Annual Per Dollar GDPPPP (kg C)

Region 1995 2025 2050 2025 2050 1995 2025 2050 1995 2025 2050

Africa 0.17 0.89        1.19        5.3 7.2 0.2 0.6 0.6 0.14 0.14         0.07 
China + 0.87 1.95        1.47        2.2 1.7 0.7 1.2 0.9 0.23 0.14         0.06         
Latin America 0.30        0.61        0.61        2.0 2.0 0.6 0.9 0.8 0.10         0.08         0.04         
Middle East 0.25        0.61        0.54        2.4 2.2 1.4 1.7 1.1 0.27         0.17         0.07         
S+SE Asia 0.57        1.78        1.86        3.1 3.2 0.3 0.7 0.7 0.13         0.10         0.05         
E. Europe 0.19        0.15        0.10        0.8 0.5 1.9 1.6 1.1 0.32         0.14         0.06         
FSU 0.75        0.68        0.38        0.9 0.5 2.6 2.3 1.4 0.62         0.27         0.11         
N. America 1.49        0.90        0.59        0.6 0.4 5.0 2.4 1.5 0.19         0.07         0.04         
Pacific OECD 0.39        0.21        0.14        0.6 0.4 2.6 1.4 1.0 0.12         0.05         0.03         
W. Europe 0.95        0.59        0.41        0.6 0.4 2.0 1.2 0.9 0.13         0.05         0.03         
Developing 2.16        5.83        5.67        2.7 2.6 0.5 0.9 0.7 0.16         0.12         0.06         
Transitional 0.94        0.83        0.48        0.9 0.5 2.4 2.2 1.3 0.52         0.23         0.09         
OECD 2.83        1.70        1.15        0.6 0.4 3.1 1.7 1.1 0.15         0.06         0.03         
World 5.94        8.37        7.30        1.4 1.2 1.0 1.1 0.8 0.18         0.10         0.05         

G
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reference to the Lorenz curve, a plot of the fraction of total income held by a given fraction
of the population, beginning with the lowest income populations. The coefficent can take
values from zero (complete equality) to one (extreme inequality). See Raskin et al. (1998).

72 This corresponds to an average regional Gini coefficient between 0.35 and 0.41 in 2050.
73 IPCC (1996).
74 Rijsberman and Swart (1990).
75 In addition to these energy-related carbon emissions, about 30 Gt C is emitted in the

scenario from land changes over this period, mostly due to deforestation.  It is assumed that
policies for forest sustainability succeed in decreasing net emissions to zero by the year 2050.

76 The patterns of energy-efficiency improvement and energy mix change in Hunger
and Carbon Reduction scenario are comparable to the “ecologically driven” scenario of a
recent energy scenario exercise of the World Energy Council and the International Institute
for Applied Systems Analysis (WEC/IIASA 1995).  However, an important difference is
that the WEC/IIASA scenario assumes much lower economic growth rates in developing
regions (OECD and transitional region assumptions are comparable) so that developing
country GDPPPP in 2050 is only half that of the Hunger and Carbon Reduction scenario.

77 See Raskin et al. (1998)  for details.

Copyright © National Academy of Sciences. All rights reserved.

Our Common Journey:  A Transition Toward Sustainability
http://www.nap.edu/catalog/9690.html

http://www.nap.edu/catalog/9690.html



