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process. While there are clear advantages of both categories of scenarios (explorative scenarios and
baseline/policy variants), it might be important to test the robustness of scenario outcomes of the policy-

scenario approach against the different storyline scenario-families identified in this paper.
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1. Introduction

Global Environmental Assessments (GEAs) have become a key
instrument to inform policy-makers on global environmental and
sustainability problems, both with respect to their importance and
possible response options (Clark et al., 2006). Within the
assessments, looking into different possible futures forms a key
element (Ash, 2010; Jager et al., 2009). This is mostly because
inertia plays a key role in environmental problems: today’s
decisions are likely to have lasting long-term consequences. One
way tool to explore future development is prediction. Prediction is
possible if systems are well known and can be observed in
controlled and reproducible situations. Unfortunately, this is rarely
the case for environmental problems: they are characterized by
complex causal relationships, limited knowledge and a high level
of uncertainty. Instead, scenario analyses can be used. In contrast
to prediction, scenario analysis does not focus on the most likely
development but on an assessment of pathways of events under a
set of key assumptions (‘what if'?). These assumptions allow to set
aside some of the uncertainties that complicate more exact
statements on future behavior. Earlier, scenarios have been defined
as plausible descriptions of how the future might develop, based on
a coherent and internally consistent set of assumptions (‘“‘scenario
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logic”) about the key relationships and driving forces (e.g. rate of
technology change, value change or prices) (de Vries and Petersen,
2009; Nakicenovic et al., 2000).

The use of scenarios is not new. Analysts often mention the
work of Kahn and Wiener (1967) and Shell planning as pioneering
work in scenario analysis (van Asselt et al., 2010). More specifically
for GEA, the Limits to Growth report of the Club of Rome played an
important role in introducing the use of scenarios (Meadows et al.,
1972) (although they did not use the term scenarios, but their
conditional forward calculations take a similar role as the scenarios
now presented in GEAs). In the last 10-15 years, scenario analysis
has become very popular in GEA. Many GEAs now extensively use
scenario analysis, such as IPCC’s Assessment Report (IPCC, 2001,
2007), UNEP’s Global Environmental Outlook (UNEP, 2002, 2007),
the International Assessment on Agricultural Knowledge, Science
and Technology Development (IAASTD) (Watson, 2008) and the
Millennium Ecosystem Assessment (MEA) (MA, 2005).

Obviously, this work has led to a wide body of experience. Some
studies have provided an overview of this experience, but these
studies often focused on a limited set of studies and/or in a rather
descriptive way (Kok et al., 2008, 2009; Leemans, 2008; Mitchell
et al., 2006; NRC, 2007; Raskin et al., 2005; Rothman et al., 2009).
The question arises whether (1) the information of the scenario
analysis in different assessments and (2) their methods can be
directly compared? The answer could be valuable for the various
users of the assessments. For instance, decision-makers on climate
change might be interested in using the MEA scenarios to get
information on land use and nitrogen cycles, but would like to use
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this in conjunction with the IPCC scenarios normally used in their
domain. Similarly, researchers investigating agricultural issues on
the basis of IAASTD work might be interested in learning from the
climate scenarios from the IPCC. On first sight, there are clear
differences: GEAs focus on different issues, have different user
groups and follow different methodologies. However, as we will
show in the article there are also many elements in common. In
that light, we aim to provide a comparison of the scenarios used in
the literature by: (1) discussing the use of scenarios in different
assessments in relation to the main characteristics of the
assessment, (2) comparing the storylines and main assumptions
behind the different scenarios and (3) discussing important trends
that can be observed in the main scenario methodology in relation
to the stage of policy making.

The paper is structured as follows. In Section 2, we introduce
several important GEAs that have been published in the recent
years (including global studies that have been performed by
international expert teams). We also discuss different ways to
categorize scenarios and indicate how the various GEAs relate to
these categories. In Section 3, we discuss the scenarios that are
used in these studies and classify them in scenario-families (and
thus provide a way to categorize them on the basis of content).
Finally, in Section 4 we take a more forward looking perspective —
and indicate possible lessons for future assessments.

2. Previous assessments
2.1. Scenario-based GEAs 2000-2008

Pulver and van Deveer (2009) recently identified important
scenario studies for a wide range of environmental problems (18 in
total) and, in addition, 1241 scenario articles in the scientific
literature. From their list of scenario studies, we have selected the
most prominent assessments published in the 2000-2010 period
and added some scenario studies specifically addressing energy
and land use given both the prominence of these issues for global
environmental change in general, but also because of the
prominent position of these studies (Table 1). Some of the terms
used in this paper are defined in Table 2.

Four scenario studies published in the early 2000s are the
Global Scenario Group (GSG)'s work on Great Transitions (Raskin
et al., 2002, 2005), the IPCC Special Report on Emission Scenarios
(SRES) (Nakicenovic et al, 2000) and UNEP’s Third Global
Environmental Outlook (GEO3) (UNEP, 2002) and the World Water
Vision work (Cosgrove and Rijsberman, 2000). The GSG work
focused on a set of very different trajectories for world develop-
ment, ranging from a transition towards sustainable development
(Great Transitions) to a world dominated by conflict (Barbarisa-
tion). The GSG work mostly focus on the scenario storyline, with
relatively little quantification. The IPCC SRES scenarios form a nice
contrast as here the ‘storylines’ are much shorter and much more
emphasis has been put on quantification. The SRES scenarios have
been extensively used in subsequent work in climate research to
explore climate consequences, impacts and options for mitigation
(the latter have sometimes referred to as post-SRES scenarios). The
scenarios in the third study, UNEP’s GEO-3, focused on a wide
range of different environmental problems. The work takes a
middle position in terms of storyline/quantification. This approach
has also been followed in the follow-up work for GEO-4 (UNEP,
2007). Clearly, both GEO-3 and GEO-4 have used the GSG and SRES
scenarios as input (as stated in the reports). The GEO scenarios
have also been used in regional GEOs published for example in
Latin America and the Caribbean, Africa and West Asia (UNEP,
2006, 2010a, 2010b) and do provide an interesting example of the
further use of global scenarios at the regional level. Finally, the

scenarios developed for the World Water Vision focus on water
scarcity using quantification to support the underlying storylines.

In the 2005-2008 period, a new set of assessment reports was
published. In addition to the GEO-4, this included the Millennium
Ecosystem Assessment (on ecosystem services) (Carpenter and
Pingali, 2005), the International Assessment of Agricultural Science
and Technology Development (short title: the Agriculture Assess-
ment) (on agriculture) (Watson, 2008), the OECD Environmental
Outlook to 2030 (on environmental problems in major country
groupings) (OECD, 2008), and the Comprehensive Assessment on
Water Management in Agriculture (on water) (CA, 2007).

We have added to these GEAs, some more sectoral studies: i.e.
IEA’s World Energy Outlook (IEA, 2008) and FAO’s reports on long-
term agriculture development: Agriculture towards 2015/2030
(Bruinsma, 2003) and Agriculture towards 2030/2050 (FAO, 2006).

2.2. Different type of scenarios

Several authors have discussed methods to classify scenarios
with respect to their general design and development process such
as Henrichs et al. (2010), van Asselt et al. (2010), van Vuuren (2007)
and Wilkinson and Eidinow (2008). We will briefly discuss some of
these scenario types in relation to the use of scenarios in GEAs.

2.2.1. Scenario versus forecast

A first important distinction found in the literature with respect
to scenarios, or better: projections in general, concerns the
treatment of uncertainty. As indicated in the introduction, we
follow the tradition to reserve the word ‘scenario’ for exploration of
different futures where statements on probability are avoided by
making statements of possible developments conditional upon
fundamental assumptions (Henrichs et al., 2010; Nakicenovic
et al., 2003). For an assessment of most likely development, we
instead use the word ‘forecast’. Forecasts can only be made for
relatively well-known and well-defined systems. As indicated in
the introduction, this is not a situation typical for environmental
systems. Large uncertainties originate from complexity, lack of
knowledge but also the ability of humans to imagine future and
learn from past experiences. Given the fact that all GEAs have a
long time horizon and describe the evolution of complex system,
all GEAs use scenario rather than forecast methods.

2.2.2. Deterministic versus probabilistic scenarios

In relation to the treatment of uncertainty, the scenario
literature also distinguishes between a deterministic and a
probabilistic scenario approach (Henrichs et al., 2010; van Vuuren,
2007). The probabilistic approach aims to specify the probability of
different trends by attaching probability-distribution functions
(pdf) to the input parameters. This approach has been regularly
applied in scientific papers (O’Neill, 2004; Richels et al., 2004; van
Vuuren et al., 2008), but has so-far not been used in any of the
GEAs. An important reason for this is that many important
parameters are so fundamentally unknown that it is not even
possible to attach meaningful probability density functions to
them. In such cases, spanning the uncertainty space seems more
meaningful.

2.2.3. Process versus product orientation

A second dimension used in distinguishing scenarios refers to
the focus on process versus product (Hulme and Dessai, 2008; Major
and Cordey-Hayes, 2000). If scenarios are made to support a very
specific decision (e.g. for decisions of a single company such as
Shell (see also Garb et al., 2008), the scenario development process
can be at least as important for the user as the product: the user can
be directly included in the development process and learn from the
experience of scenario development and feedback. Most GEAs,



Table 1

Overview of global scenario studies.

Global Scenario
Group

IPCC-SRES

IPCC-TAR/AR4

UNEP GEO3/GEO4 MA

FAO AT2030/2050

CA IAASTD

Key reference +
website

Focus

Initiated by

Key issues
focused at

Policy process

in focus

Own research?

Approach

http://www.gsg.org/
(Raskin et al., 2002)

Sustainable
development
Global Scenario
Group

Multiple

Not explicit

Scenario
development

Strong focus on
storyline, supported
by quantitative
accounting system

http://www.ipcc.ch/
ipccreports/sres/
emission/ (Nakicenovic
et al., 2000)
Greenhouse gas
emissions

IPCC IPCC

Energy, land use,
emissions
UNFCCC/Climate
policies of national
governments

literature +scenario
development

simple storylines. literature
Multiple models

elaborate the same

storyline to map out

uncertainties

http://www.ipcc.ch/
(IPCC, 2001, 2007)

Climate change,
causes and impacts

use, emissions
UNFCCC/Climate
policies of national
governments
Assessment of existing Assessment of
existing literature,
and specifically
SRES-based analysis
Modeling supported by Summary of scenario

Www.unep.org/geo
(UNEP, 2002, 2007)

Global environmental

change
UNEP

Climate, energy, land All international

http://www.
millenniumassessment.
org/en/index.aspx

(MA, 2005)

Ecosystem services

Individual researchers

Ecosystems and drivers

environmental issues

Environmental policies

Various international

of national governments+ conventions/national

UNEP

Scenario development

Storylines and modeling
on the basis of linked

models

governments

iterature + scenario
development

linked models

Assessment of existing |

Storylines and modeling;
modeling on the basis of based on expert judgement modeling on the basis of

ftp://ftp.fao.org/docrep/
fao/009/a0607e/
a0607e00.pdf

(FAO, 2006)
Agriculture

FAO

Agriculture trends and
policies

Agricultural policies of

national governments

Scenario development

Single projection, mostly

http://www.iwmi.cgiar. http://www.
org/assessment/ (CA, 2007) agassessment.org/
(Watson, 2008)
Water and agriculture Agriculture
CGIAR via the Challenge IAASTD (secretariat
Program on Water and provided by World
Food Bank)
Water use, agriculture Development, R&D,
agriculture
Agricultural policies
of national
governments
Assessment of
existing literature +
scenario
development
Baseline and
alternative scenarios;
modeling on the
basis of linked
models

Agricultural policies of
national governments

Assessment of existing
literature + scenario
development

Storylines and modeling;

linked models

OECD-Environmental Outlook

IEA-WEO

World Water Development Report

Key reference +
website

Focus
Initiated by
Key issues
focused at
Policy process
in focus
Own research?

Approach

http://www.oecd.org/document

/20/0,3343,en_2649_34283_

39676628_1_1_1_37465,00.html

(OECD, 2008)

Global environmental problems

OECD
Land use, energy, climate,
air pollution, water, fisheries

National governments+OECD f

orum
Scenario development

Baseline and alternative
scenarios; modeling on the
basis of linked models

http://www.worldenergyoutlook.org/

(IEA, 2008)

Energy
IEA
Energy, energy security, climate

Energy and climate policy
of national governments
Scenario development

Baseline and alternative
scenarios

www.unesco.org/water/wwap

Water, environmental problems and development
World Water Assessment Programme (WWAP)
Drivers of change, use of resources, state of
resources, options to respond to a changing world
All levels including non-governmental bodies

Summary of scientific literature; expert groups.
Case studies from WWAP

24 UN agencies; coordination by WWAP (UNESCO);
input in writing teams from universities, individual
experts, professional organisations, NGOs
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Table 2
Terminology used in the paper.
Term Description
Scenario Plausible descriptions of how the future might develop, as based on a coherent and internally consistent set of assumptions

(“scenario logic”) about the key relationships and driving forces

Storyline
Baseline

Qualitative description of future development.
Scenario that describes plausible future developments in the absence of explicit new policies for a specific issue. Baseline scenarios

can, include new policies for other issues. Baseline scenarios are typically used as reference scenarios for exploring the effectiveness

of intervention scenarios
Intervention scenarios
(alternative policy scenarios)
Business-as-usual
Intermediate

impacts.

Synonyms for scenarios illustrating the consequence of an intervention or aiming at a certain target of reduction in environmental

Non-intervention scenarios. It assumes only reactive policies (no SD policies)
Takes an intermediate position within the whole set of scenarios. Makes only sense as intermediate-storyline, because of the

difficulty of weighting quantitative intervention scenarios. Is however only useful for non-SD topics like future IT use

Back-casting
Probabilistic
Participation

Scenario technique starting with a state in the future identifying possible paths back to the current state
Scenario technique attaching probabilities on the different outcomes
Involvement of stakeholders in the scenarios development

however, are communicated via reports to a rather diffuse
audience of scientists and decision-makers (Wilkinson and
Eidinow, 2008). This implies that the product is typically more
important than the process. In that context it should be noted that
while GEAs have mostly a single constituent organization, this
organization is not the (only) intended client. For instance, UNEP’s
Global Environmental Outlook targets a far broader audience than
UNEP’s Governing Council alone. If the product is more important
than the process, transparency and legitimacy need to be
important scenario features in order to ensure relevance for the
user community. Also the quality of the product is an essential
element (van Asselt et al., 2010). Garb et al. (2008) refer in this
context to the ‘clumsy hand-off of GEA scenarios, risking to
provide products that are not readily used by planners and policy-
makers.

2.2.4. Participatory approaches

Both product and process oriented assessments can include
participatory approaches in which potential users work together
with scenario developers. Such, participation can ensure that
scenarios can be targeted better to the user needs and also use
available knowledge outside the group of directly involved experts.
However, participatory process may run the risk of loosing more
general applicability. Again, the rather vague audience group of
most GEAs implies that participation is usually restricted to
specific review moments. Such review processes may be organized
through formal governmental processes or less formal workshops.
The MEA, for instance, organized a number of informal sessions
with stakeholders both in the initial phases of the process as near
the ending of it. Earlier, the lack of participation has been
mentioned as a weaknesses of GEA exercises (Garb et al., 2008;
Parson, 2008).

2.2.5. Qualitative versus quantitative scenarios

The next distinction, already introduced in Section 2.1, is the
use of quantitative (model) and qualitative information (storylines)
(Henrichs et al., 2010; Raskin et al., 2005; Raskin, 2005). Since the
publication of the SRES scenarios (Nakicenovic et al., 2000) it has
become popular to combine these two elements. Here, storylines
provide a certain logic to the multiple assumptions and to help to
define possible developments for those areas where formal
modeling is not meaningfully possible due to ignorance and
complexity. Storylines have also proven to be an appealing method
to derive information at different scales or for different topics (e.g.
regional scenarios nested within global storylines). The contribu-
tion of quantification (modeling) is to add scientific rigor, assuming
that relevant and reliable information is available, and also to
strengthen communication through clear definitions and rules
(Henrichs et al., 2010).

2.2.6. Explorative versus normative scenarios

A further distinction is the one between explorative (or strategic)
versus normative scenarios. Explorative scenarios are meant to
explore a wide range of possible futures, often to widen the scope
of options considered by users (agenda-setting; strategy develop-
ment). In contrast, normative scenarios focus on the impacts of
implementing a more narrowly defined set of goals or policy
options often contribute to operational policy-decisions (Henrichs
et al,, 2010). The methods applied also differ. For the former,
usually a set of widely contrasting scenarios is used to explore a
range of possible future developments as a function of diverging
assumptions for population, income growth and technology
development. The latter is typically based on a central projection
in which the current trends continue (assuming no new policies
will be implemented), which is contrasted with a set of variants
that evaluates the impact of specific policy interventions. The
central projection is often called a reference, baseline or business-
as-usual scenario. In the remainder of this paper, we refer to the
first approach as ‘explorative scenario approach’ — while we refer to
the second as ‘policy-scenario approach’. Both approaches are used
in GEAs.

It should be noted that the policy-scenario approach typically
uses scenarios that are formulated in more technical, quantitative
terms (and thus have less storyline elements). The baseline itself is
sometimes even not considered an interesting product: what
matters is the impact of the policy intervention compared to the
baseline. While the method provides simplification and focus, this
comes at a cost in case the policy-actions studied are smaller than
the range of possible outcomes due to uncertainties in baseline
assumptions, or if the effectiveness of the policy interventions is
itself to a large extent dependent upon the very baseline
assumptions.

2.2.7. Forecasting versus backcasting

The scenario literature also distinguishes forecasting and
backcasting scenarios (Henrichs et al., 2010). While the first
defines scenarios on the basis of a set of imposed rules defined
from the base year onwards, the second approach defines scenario
pathways only after first describing the end-points and reasons
back from these end-points towards short-term decisions to make
these changes happen (Robinson, 1982, 1990; Dreborg, 1996). The
forecasting approach is often combined with the explorative
scenario approach, while the policy-scenario approach can be
more easily combined with the backcasting approach (but other
combinations are possible).

2.2.8. Other distinctions
A different distinction is made by van Asselt et al. (2010). This
distinction is partly related to our earlier distinction between
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explorative and policy-scenario approach; they distinguish be-
tween the ‘speaking-truth-to-power’ perspective to scenario
development vis-a-vis the ‘arena’ perspective. While the former
aims to provide a clear, scientific answer to a specific policy-
question (and legitimize decision-making), the second perspective
aims to use scenarios as a mean to facilitate debate. Again the
learning process in understanding and analyzing potential futures
and the associated debate among stakeholders is more important
than the scenario product itself (and in that sense, it relates to the
process/product distinction made earlier). Wilkinson and Eidinow
(2008) develop a similar distinction, recognizing “problem-focused
scenarios” (similar to the “speaking-truth-to-power” perspective),
“actor-centric scenarios” (intermediate category, focused on a
specific organization) to “reflexive interventionist/multi-agent-based
scenarios”. The latter resembles the ‘arena’ category identified by
van Asselt et al. Wilkinson and Eidonow argue that the last, new,
approach is most suitable for environmental problems with large
uncertainties and conflicting stakes.

Finally, the terms saliency, credibility and legitimacy have been
proposed as possible criteria to classify scenarios (Cash et al., 2003;
Girod et al, 2009). Saliency refers to the relevance and
comprehensibility of the scenarios for political decision-makers
and other scenario users (including scientists). Credibility is
concerned with the scientific adequacy of the technical component
of the scenarios spelt out in the literature. Legitimacy refers to
transparency, participation and fairness of the scenario construc-
tion process. Obviously, for each scenario all three elements are
required. Still, focus on these elements might be different based on
the type of scenario as will be discussed further. In fact to some
degree there might be a trade off. For instance, while increasing
government participation is important to improve the legitimacy
and therewith relevance of the scenarios, too much government
involvement may lead to loss of credibility and saliency.

2.3. GEAs and types of scenarios used

In Table 1, we have indicated some important characteristics of
the scenarios used in international assessments. A large number of
different scenarios have been constructed in the various GEAs,
including for instance more than 25 different baseline. Interest-
ingly, all international assessment studies included in Table 1 for
the period 2000-2005 have been based on the explorative scenario
approach, using both storylines and quantification. Since 2005,
however, all GEAs listed in Table 1 have used the baseline/policy
scenario approach. We will discuss this important observation
further in Section 4. The observation is even more remarkable the
explorative approach was in fact introduced in response to the
simple baseline/alternative scenarios popular at the time. For
instance, the first set of IPCC scenarios consist of a set of fully
quantitative, sensitivity runs without any storyline (Leggett, 1992).
This is not to say that storyline-based approaches were not used.
Two important examples of early explorative, storyline/quantifi-
cation-based scenario studies include the so-called Shell scenarios
and the work of Rotmans and de Vries (1997).

Another observation is that the scenarios used in GEAs are
developed by a relatively small community, in which social
scientists are usually underrepresented. As an indication for the
latter, only 10% of scenario publications in the academic literature
is published in social science journals (Pulver and van Deveer,
2009). Partly related to the focus on natural science issues and
quantitative analysis, Garb et al. (2008) signal a growing imbalance
between the technical sophistication of the modeling for scenarios
and the continued simplicity of the social scientific foundations of
the narratives to which they are coupled. When scenario analysis
tends to focus more on policy-responses than on exploring
alternative issues, the inclusion of social science and governance

issues seem to become more-and-more important. It is therefore
important to ensure a more extensive, high-quality social science
involvement in the future.

Table 1 shows that there are other important differences across
the scenario studies. One distinction concerns the coupling to a
clear policy decision process. The IPCC assessments, first of all, are
directly linked to the UNFCCC process and follow a rather strict
approval procedure by countries to improve their legitimacy. In
contrast, the MEA and the IAASTD are not directly linked to
international policy processes and for them also the role of
governments is less clearly defined (Leemans, 2008). Several other
assessments are initiated by a single organization, but indirectly
target a much wider audience of member states (OECD, UNEP, IEA,
FAO). These institutional settings and stakeholder participation
obviously have also implications for the design and content
(including certain biases) of these assessments (de Vries and
Petersen, 2009; Kok et al., 2008).

In IPCC assessments, user-involvement (in the form of
governments) is organized at four key moments (design, second
and final review round, final plenary) and users are finally asked to
approve its publication. This high involvement results in a high
level of legitimacy of the IPCC assessments (Leemans, 2008). This
may contribute to the extensive use of the IPCC scenarios in
literature and policy-making. It should be noted, however, that in
contrast to the 2000 SRES scenarios, the new round of climate
scenarios will not be “developed” anymore by IPCC, but directly by
the modeling community. The argument here is that the
government approval can also constrain the scenarios and,
moreover, IPCC’'s mandate is to assess the literature and not to
be involved in research itself (Moss et al., 2010). Another factor
that plays a role is the reputation of the institutes and scientists
involved in the scenario development. Again, taking the IPCC
scenarios as an example - many well known scientists in scenario
development were involved in the producing the SRES scenarios,
including people from, for instance, IIASA and Shell, two
organizations well-known at the time for their work on global
scenarios (adding to credibility). The focus on credibility and
legitimacy to some degree provides a trade-off with saliency (Girod
et al.,, 2009; Leemans, 2008). An obvious example includes the
scenario names of the SRES. While all other global scenario report
use illustrative names to emphasize saliency, it was decided in the
IPCC assessment to use merely numbers and letters to avoid any
normative association (cf. Table 4). In this way, the disagreement
about the (details of) the normative content remained obscure.

Something that is hardly found in GEAs are scenarios that
deliberately explore extremes and/or surprises. As such, one may
define many of the scenarios as ‘extended presents’ (Nowotny,
2008). This choice allows for a relatively clear relationship
between current ideas and trends and the scenario outcomes,
which is helpful as scenarios often need to support present-day
decisions. Still, it does imply that the range of possible futures that
are considered is significantly reduced. Obviously, the use of
‘surprise-free’ futures is strongest in scenario exercises that follow
the baseline/alternative scenario approach.

Another conclusion that might be drawn from Table 1 is that
quite a large number of GEAs are published. The question has been
raised if we could have done with less scenario-exercises or what
the ‘optimal number of GEAs’ could be, given limitations in both
financial and human resources (Kok et al., 2008). This question is
very hard to answer. First of all, most assessment have a specific
niche (as can also be inferred from Table 1). Secondly, one may
argue that GEAs form part of a certain ‘beat’, i.e. together they are
better able to get a certain message across than each study
individually (van Asselt et al., 2010). In that context, a possible
harmonization or reduction of GEA efforts would, in our view, be a
useful debate.
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3. Common scenario elements

All of the international assessments highlighted above have
identified detailed assumptions about the future developments of
key driving forces and reflected on a number of underlying
uncertainties about how the global context may change over the
coming decades. As the number of uncertainties about plausible or
potential future developments is vast, it would clearly be possible
that the scenarios across the different assessment would not be
comparable. However, it seems that a limited number of key
archetypical scenarios reappear in several recent international
assessments. In this paper, we will further use the word “scenario
families” for these scenario archetypes. This word originates from
IPCC-SRES report, but the classification of the families as done here
are not entirely equal to those in SRES. The word “scenario family”
denotes a set of scenarios in the literature that seem to share a very
similar scenario storyline or logic (i.e. basic underlying assump-
tion, see de Vries and Petersen, 2009) resulting as well in a similar
kind of quantification. Other authors have earlier noted that such
scenario families exist in the literature (Nakicenovic et al., 2000;
Raskin et al., 2005). Cumming et al. (2005a) use the typology made
by Raskin et al. (2005). Here, we expand on the scheme developed
by these earlier studies (Nakicenovic et al., 2000; Raskin et al.,
2005), recognizing a total of 6 scenario families in the current
literature, that do not only share assumptions on/storyline for key
uncertainties, but also result in more-or-less similar outcomes.
Still, the exact elaboration of each individual scenario both in terms
of storyline and/or quantification may also show clear differences -
as these are “broad brush” categorization.

Key elements in which scenarios differ include the following:
(1) a risk prone or risk averse approach to environmental
degradation and feedbacks (resulting in pro-active or reactive
environmental policy), (2) a global or regional focus on primary
drivers and ecosystems (resulting, among others, in different
management style), (3) the position compared historically
observed trends (deviation or continuation) and (4) the attitude
towards cooperation and competition.

Given these key-elements, in existing scenarios the following
six scenario families can be observed: (1) the economic-
technological optimism/conventional markets scenarios, (2) the
reformed market scenario, (3) the global sustainability scenario,
(4) the regional competition/regional markets scenarios, the (5)
regional sustainable development scenarios, (6) and the business-
as-usual/intermediate scenarios. These categories resemble those
of (Raskin et al., 2005): market forces (1), reformed market (2),
value change (3), higher fences (4) and multipolar world (5). We
have summarized the main characteristics of the scenario families
in Table 3. Below, we briefly discuss each family. It should be noted
that nearly all GEAs indicate that their scenarios are caricatures
with low likelihood, in the sense that the future will be almost

Table 3
Key assumptions in different ‘scenario families’.

certainly be based on elements from more than one scenario family
- even for the business-as-usual case. Indeed, any archetypical
scenario is unlikely to become reality as its appearance will induce
forces that will counteract the underlying developments (de Vries,
2006). In this way, the future will unfold in ways which are difficult
to predict. In most families both positive elements and possible
risks can be identified (as indicated in the text below).

3.1. Economic optimism/conventional markets scenarios

This scenario family refers to scenarios with a strong focus on
the mechanism of competitive, efficient market and associated
rapid economic growth. Other important elements are the increase
of free trade leading to a single global market (based on phasing
out of subsidies and trade barriers) and the assumption that
further deregulation and privatisation encourage efficiency and
innovation. The scenario typically assumes rapid technology
development and partial convergence of income levels across
the world. Economic growth is assumed to coincide with low
population growth (given a rapid drop in fertility levels).
Eventually, everyone will benefit from globalisation (‘trickle
down’) and technologically advances will remedy ecological
problems even with little or no government interference
(‘Environmental Kutznetz Curve’). Examples of this type of
scenario include the A1 scenario (IPCC), the Markets First scenario
(UNEP), Market Forces (GSG) or the Optimistic scenario (IFPRI). The
underlying worldview expresses the arguments in Fukuyama’s
(1992). ‘The End of History’. Many historical trends and periods can
be interpreted as support for such scenarios, e.g. the role of
artificial fertiliser that have allowed a much larger world food
production and the subsequent replacement of cleaner and more
convenient fuels and technologies in the energy system. Scenarios
in this family, however, tend to show high levels of environmental
pressure (e.g. greenhouse gas emissions or land use), despite the
high level of efficiency driven by rapidly increasing consumption
and production patterns. A major risk of this scenario family is thus
that the ecological and social systems are much more sensitive
than assumed, as a result of which feedbacks become important.
More or less optimistic and pessimistic elaborations with respect
to the impacts of the environmental pressure thus exist.

3.2. Reformed market scenarios

Scenarios in this family have similar basic philosophy as the
first set, but include some additional policy assumptions aimed at
correcting market failures with respect to social development,
poverty alleviation or the environment. As such, the “free market”
is accompanied by effective market regulation to prevent market
failures. Examples of this type of scenarios include the Policy First
scenario (UNEP), Policy Reform (GSG) or the Global Orchestration

Economic optimism  Reformed markets Global SD Regional Regional SD Business-as-usual
competition
Economic development Very rapid Rapid Ranging from slow Slow Ranging from Medium (globalisation)
to rapid mid to rapid
Population growth Low Low Low High Medium Medium
Technology development  Rapid Rapid Ranging from mid Slow Ranging from Medium
to rapid low to rapid
Main objectives Economic growth Various goals Global sustainability  Security Local sustainability =~ Not defined
Environmental protection Reactive Both reactive and  Proactive Reactive Proactive Both reactive and proactive

proactive
Globalisation
Policies reduce
market failures

Trade
Policies and institutions

Globalisation
Policies create
open markets

Globalisation
Strong global
governance

Trade barriers
Local steering; |
ocal actors

Trade barriers
Strong national
governments

Weak globalisation
Mixed

Note: This table summarises key assumptions in very general terms. Where differences within a set of scenario families exist, broad ranges are indicated.
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scenario (MA). Here, too, there are quite vivid illustrations of the
plausibility of such scenarios, e.g. the extensive environmental
regulations that have been introduced in most high-income
countries. The uncertainties and controversies are about how
much can be achieved by market regulation and technology
inducement without changing the overall “market” paradigm. In a
sense, one may argue that this scenario family is an optimistic sub-
set of the first category — but given the different focal question, we
distinguish it here as a separate category. A critical question within
this scenario family is how much society is able to prevent
environmental degradation and meet social goals without a major
reform as of the underlying paradigm.

3.3. Global sustainable development scenarios

This family of scenarios has a strong orientation towards
environmental protection and reducing inequality, based on
solutions found through global cooperation, lifestyle change and
more efficient technologies. Central elements are a high level of
environmental and social consciousness combined with a coherent
global approach to sustainable development. Within this scenario
family, it is assumed that a high level of international governmen-
tal coordination is necessary and possible in order to deal with
international problems like poverty alleviation, climate protection
and nature conservation. As in the Reformed Market family, it
entails regulation of markets but at a global scale and with global
coordination and based on the conviction that the earth’s limits are
in sight and that therefore pro-active policies are necessary.
Examples of this type of scenario include the B1 scenario (IPCC),
the Sustainability First scenario (UNEP), Great Transition (GSG) or
the TechnoGarden scenario (MA). Key questions are how effective
such global coordination and policies can be, in view of the known
threats of bureaucracy and corruption and also how major
transition processes can be initiated and sustained.

3.4. Regional competition/regional markets scenarios

Scenarios in this family assume that regions will focus more on
their more self-reliance, national sovereignty and regional identity,
leading to diversity but also to tensions among regions and/or
cultures. Countries are concerned with security and protection,
emphasizing primarily regional markets and paying little attention
to common goods. Huntington’s (1996) ‘Clash of Civilization’ is
often interpreted as the underlying worldview. Examples of this
type of scenario include the A2 scenario (IPCC), the Security First
scenario (UNEP), Fortress World (GSG), the Pessimistic scenario
(IFPRI) or the Order from Strength scenario (MA). Among the more
extreme scenarios are the conflict scenarios identified by the GSG
(barbarization). A key issue in these scenarios is how much self-
reliance is possible without becoming harmfully ineffective with
respect to supranational issues of resource depletion and
environmental degradation. The category, like others, includes
different variants — but these are rarely optimistic with respect to
global poverty reduction and environmental protection. Among
the more extreme scenarios are the conflict scenarios identified by
the GSG (barbarization).

3.5. Regional sustainable development scenarios

The regional sustainability scenario assumes that globalisation
and international markets loss of traditional values and social
norms - but, in a different strand, to senseless consumerism and
disrespect for life. Citizens and countries must each take on the
responsibilities they can bear, providing aid or setting a green
example to the rest of the world, from a sense of duty, out of
conviction or for ethical reasons or to solve primarily your own

problems. The focus is on finding regional solutions for current
environmental and social problems, usually combining drastic
lifestyle changes with decentralization of governance. Interna-
tional institutions decline in importance, with a shift towards local
and regional decision-making structures and institutions. This
worldview is well represented by Schumacher’s (1973) book ‘Small
is beautiful’. The Eco-Communalism scenario of the GSG is a clear
example of this scenario family. Based on their storylines, one
would also expect the B2 scenario (IPCC) or the Adapting Mosaic
scenario (MA) to fall into this category. However, because
integrated assessment models tend to focus on global trends
and generic mechanisms, scenarios in this family are usually badly
quantified (de Vries, 2006). Remedying this situation is cumber-
some and data- and labour-intensive. Therefore, this scenario
family is often constructed with “intermediate” assumptions for all
drivers in all regions, which results in a typical “intermediate
scenario” that, based on the quantification, is better characterized
as business-as-usual scenario. This is the case for the B2 scenario
and, to some degree, for the Adapting Mosaic scenario.

3.6. Business-as-usual/intermediate scenarios

The scenarios within this family basically assume that the future
can be characterized by a continuation of historical trends. This does
not mean that no changes would occur: similarly as in the past
society is assumed to respond to emerging problems, for instance
with respect to energy and land scarcity. The main scenario
assumption, however, are not derived from a storyline that
deliberately emphasizes a specific “extreme” position, but from a
storyline that assumes that historical dynamics will also be guiding
the future. In quantitative terms, this often translates into
“intermediate” value. The business-as-usual seems often attractive
to use. This is partly because it is often regarded as more plausible:
this scenario may result from the interaction of trends going in more
extreme directions in other scenarios. Such a dynamic of centrifugal
and centripetal forces are also recognizable in long-term societal
dynamics (van Egmond and de Vries, 2011). A second rationale is
that scenario analysts may be more interested in policy-responses
than in baseline development themselves. As such, this scenario
type is often used as a reference (or even “counterfactual”) scenario
for the policy-scenario approach (some practitioners seem to
assume that in such a way, they make their assessment less
subjective. This is, however, a debatable assumption that we discuss
further in Section 4). In those cases, the scenarios tend to be
formulated assuming no (or relatively little) new policies for the
issue at focus (as a contrast to the policy-cases). The scenarios are
therefore often “intermediate” scenarios for most assumptions, but
tend to freeze policy for the issues that the scenario focuses on. It
should be noted that the distinction between different policies is not
always straightforward. For example, while climate scenarios in this
category will normally exclude climate policy, they will include
“energy policy”; this raises difficult questions on whether certain
measures like promotion of renewables are primarily ‘climate
policy’ or ‘energy policy’ measures.

There is some debate whether this last category should be seen
as a scenario family, or in fact even a scenario. In our opinion,
however, the assumption that the future can be characterized on
the basis of historical trends provides a similar type of conditional
storyline as the other scenario families. Adding this category to the
set of scenario families seen in the literature also helps in
classifying the literature better. At the same time, we realize that
this type of scenarios clearly differs from the others in the sense
that its storyline is often less well elaborated. Examples of this type
of scenario include the IEA energy outlook and the OECD
Environmental Outlook. The use of business-as-usual scenarios
is sometimes seen as inferior, given the implicit assumptions and
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Table 4
Recent scenario-based assessments mapped against ‘scenario families’.
IPCC-SRES UNEP GEO-3 GSG MA IFPRI FAO OECD
Conventional markets/ A1/A1T/A1B Markets first Conventional worlds Optimistic scenario
Economic optimism
Reformed markets Policies first Policy reform Global orchestration Policy-variants
Global SD B1 (B1-450) Sustainability first New sustainability paradigm Techno garden
Regional competition A2 Security first Barbarisation Order from strength Pesimistic scenario
Regional SD B2? Eco-communalism Adapting aosaic
Business-as-usual B2° Reference scenario FAO AT2020 Reference

Note: Italics are used to indicate that scenarios are not completely consistent with the group in which it is categorised.

@ Storyline
b Quantification.

the lower attention to uncertainty. This runs a risk of “stealth
advocacy” (Pielke, 2007) if these implicit assumptions (e.g.
preference for financial instruments) influence the results.

In Table 4, we have indicated how the scenarios in the
assessment map upon the scenario families. In many cases, these
map well into the scenario families. In some other cases, however,
the scenarios of the different assessments do not nicely fit into the
scheme. For instance, some of the regional sustainable develop-
ment scenarios can also be interpreted in the “business-as-usual/
intermediate” category (see above). Also, the IPCC B1 scenario is
not unambiguous because it is built on a somewhat unlikely
combination of strong environmental policy but no climate policy
as a consequence of the IPCC mandate.

There might be several reasons for the occurrence of these
scenario families. First of all, assessments obviously build upon
each other. Information of previous assessments is read by the
developers of new scenarios and consciously or unconsciously
used. Such forwarding of information also occurs as a limited set of
researchers participate in several scenario exercises (Leemans,
2008). Several assessments even actively refer back to the
scenarios developed elsewhere. For policy-making support this
is may have some advantages: it increases comparability across
reports and makes sure that each report simply adds new
information on the issue at stake to the existing scenarios. The
disadvantage, however, might be that it reduces creativity. An
example of the re-use of existing scenarios is UNEP’s Third Global
Environmental Outlook (and thus also the Fourth Outlook), the
pedigree of these scenarios being the Global Scenario Group and
the IPCC SRES scenarios. For other assessments, such as the MEA,
such direct link is not indicated in the report. In contrast, some of
the authors of the MEA raised the question whether the fact that
earlier scenarios paid only limited attention to the role of
ecosystems would imply that their storylines would be inconsis-
tent given the likely occurrence of feedbacks from ecological
changes (Cumming et al, 2005b). The final MEA scenarios,
however, do link back reasonably well to earlier scenarios.

In some way, the reoccurrence of the same scenario families in
different assessments can be interpreted as proof of their relevance
(or saliency). An argument discussed by de Vries and Petersen
(2009) is that the SRES scenarios (and, therefore, also the other
scenarios that form part of the same family) can be associated with
different worldviews as identified in the Cultural Theory (Rayner,
1992; Thompson et al., 1990). Using a slightly different categori-
zation than de Vries and Petersen, the individualistic worldview
coincides with the Economic Optimism family; egalitarian
worldview with that of the regional and/or global sustainable
development view and the hierarchistic worldview with reformed
markets view. One may argue that this linkage does provide a more
generic basis for the scenario families, as the Cultural Theory has
been presented as a time-independent description of actors within
society. Earlier, Rotmans and de Vries (1997) explicitly used the
Cultural Theory for their scenario storylines. However, the generic

application of the Cultural Theory has been challenged and the
interpretation and subsequent quantification of the worldviews
still leaves considerable freedom. As such, the occurrence of these
scenario families should be seen more as an empirical observation
about the current scenario literature than a claim that together
these would be representative of all relevant possible futures.

Obviously, the fact that the scenario families exist in the
literature does not mean that either of them is feasible. Earlier
also Rotmans and de Vries (1997) confronted scenario storylines
with different assumptions on the resilience of the environ-
mental system showing that some combinations are inconsis-
tent (in fact looking at risk in scenario context is an important
reason to develop them). This has become the more relevant,
now that empirical evidence of catastrophic change in social-
ecological systems due to non-linear feedbacks is mounting
(Scheffer, 2009). Just as one should not claim that all scenario
families are feasible, it is also very well possible that other
scenario families exists (that are for instance used in other
studies than the GEAs looked at).

A final observation is that in each family positive and negative
scenarios may occur. For instance, the economic optimism world
might have successful variants assuming that environmental
feedbacks are small - but rather unsuccessful, disaster scenarios if
feedbacks are strong. While these different aspects of the same
scenario can clearly be found in the literature - it should be noted
that little “disaster” scenarios can be found in the literature.
Reasons for this include the limitations in knowledge and available
modeling tools, the influence of government review and the
usefulness of scenarios. The impact of model limitations relates to
the fact that most models focus on smooth trends (given the large
uncertainties that surround non-linearities). The influence of
government review captures the fact that disaster scenarios are
typically controversial and therefore are assumed not to survive
government approvement processes. Finally, many scenario
developers find scenarios that only include negative aspects of
less use and therefore do not include those in a set with a small
number of scenarios.

4. Discussion: explorative scenarios versus policy-scenarios
and implications for future assessments

4.1. Explorative scenarios versus policy-scenarios

We observed that the explorative scenario approach has been
very popular in GEAs published between 2000 and 2005, but that
more recent assessments have instead used the policy scenario
approach. This shift is relevant given the strengths and weaknesses
of both approaches. In fact, in many scenario studies there is quite a
vivid discussion about the choice between these two methods. It is
therefore worthwhile to discuss this specific issue further and
draw lessons for future assessments.
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4.1.1. What are strengths and weaknesses of both approaches?

First-of-all, strengths of the explorative approach are: it (i)
stimulates imagination and creativity in thinking about the future;
(ii) deals with the inherent uncertainties and different value
judgments related to unstructured problems; and (iii) helps to
identify broad responses categories within a certain context as a
way to develop robust policies. The approach is especially useful
for more strategic questions in case policy-targets have not been
clearly defined yet - or when it is not even clear how severe a
certain problem is. There are, however, also weaknesses. The
explorative approach often lacks focus and is not focused on
specific policy-options. Moreover, storylines can be regarded as
explorative.

The first strength of the policy scenario approach is that it
significantly simplifies the analysis and is directly policy-relevant.
The approach has a high degree of transparency, but it risks
reduced focus on fundamental uncertainties. This is true for the
baseline (often a single business-as-usual case) as well as for the
policy scenarios (often variants with just one or a few policy
interventions). In fact, the approach often pretends that options
can be objectively evaluated on the basis of a single set of criteria
(often cost-effectiveness) without communicating that these
criteria themselves are worldview dependent.

4.1.2. What could cause a shift in approach?

Before going further, a first question is whether the observed
shift in the choice between these methods in international
assessments is a real trend or merely the haphazard outcome of
observations from a limited data set? And, if it is a real trend, what
is causing it?

The first explanation is that the shift in scenario method is
caused by a more general shift in focus in international
environmental policy-making. A classical distinction in phases
of policy-making was introduced by Winsemius (1986, 1990),
recognizing four phases: (1) problem recognition, (2) policy
formulation, (3) policy implementation and (4) control (obviously,
in reality, the sequence of these phases may not be a linear
process). In each phase, there are different information needs (as
also indicated by van Daalen et al., 2002). The problem recognition
phase focuses on getting an issue on the political agenda. Key
questions are of explorative nature: What may happen? What risks
may occur? What are the major causes? In the second phase, the
focus is on formulating responses. In this phase, information needs
focus on questions like: What targets should we strive for? What is
needed to reach certain targets? In the third phase (implementa-
tion) some form of consensus on the policy response has been
reached. Key question now: Are policies really being implemen-
ted? Are they effective? Are there any secondary impacts? Finally,
in the control phase, finally, the information needs shift towards
monitoring progress.

In this context, it is interesting to note that the mandate for
developing the IPCC SRES scenarios in the field of climate change
explicitly excluded the analysis of policy options (Girod et al.,
2009), confirming the problem recognition focus of this exercise.
For the new climate scenarios, Moss et al. (2010) in contrast
explicitly indicate that a main motivation for developing new
scenarios is to look into the role of policy (going to a policy
formulation phase). Compared to 1996 (when the SRES work
started), many countries have formulated ambitious climate
targets that will require policies. The same trend towards policy
analysis can be noted in the scientific literature on climate
scenarios. Also the second OECD Environmental Outlook explicitly
indicates its focus on exploring mitigation options (OECD, 2008).
Similarly, in the mandate of GEO-5 now a choice has been made to
move away from the explorative approach to the policy-scenario
approach to provide a more direct support for environmental

policy-making (UNEP, 2009). To some degree, this explanation may
be challenged by the question whether indeed so much progress in
policy-making (moving from an explorative to problem solving
phase) has been made explaining a complete change in research
focus.

For the second explanation we use the IAASTD as an example.
Here, the original decision was to elaborate the four existing
scenarios from the MEA with respect to their relevance for the
agricultural sector (thus following the explorative approach). Half-
way the process, this decision was reversed based on discussions
between the assessment’s advisory board and the authors.
Criticism on the original approach focused on three elements:
(1) the usefulness of the explorative approach (too arbitrary); (2)
the complexity of the scenarios (too complex); and (3) the
normative character of the scenarios (too political). While the first
criticism is connected with the need for a stronger policy focus
(previous explanation), the next two are not. Both points have been
expressed before (Parson et al., 2007). The explorative approach
clearly risks a lack of transparency in complicated storylines and
logic. The third point is related to interpretation and use of
scenarios by political actors. While explorative scenarios are meant
to encourage debate, societal actors respond to them based on their
specific interest. For instance, the IPCC SRES B1 scenario (see
Section 3) was strongly criticized by some environmental NGOs as
it would suggest that autonomous developments could also lead to
a (modest) reduction of emissions. Another example concerns the
final approval sessions of the decision-makers summary of UNEP’s
GEO-4: here countries rejected some of the scenario analyses in the
main report (UNEP, 2009) with the argument of lack of
transparency and normative assumptions. The thing to note is
that societal actors often respond to specific scenarios and not to
the set as a whole and that the responses often coincide with the
political and/or economic interests of these actors. Clearly, it
remains an interesting area for social science to analyze how
various types of scenarios are perceived and how this influences
the credibility, saliency and legitimacy of the outcomes (Garb et al.,
2008).

A third possible explanation points at the shift in preferred
research methods across different scientific disciplines. For
instance, the policy scenario approach is popular in economic
sciences, which is used at focusing on the impacts of a specifically
described intervention. As such, a shift in disciplinary involvement
(possibly related to the policy lifecycle discussed earlier) might
also lead to a shift in scenario preference. However, there is little
further evidence to support this hypothesis.

4.1.3. What are the implications of a shift in approach?

It is important to realize that only using the single baseline/
variant approach does constitute an important risk: by not
identifying some of the major fundamental uncertainties society
is facing, the scenario results may only be true under a limited set
of assumptions and falsely suggest that we know the future. It
reduces the focus on the importance of other policies than strictly
environmental and pays too little attention to differences in
worldview. This becomes worse if the assumptions made
implicitly in the baseline and the model simulations are worldview
dependent. One could think of several examples where the context
might actually be more important that the “environmental policy”
itself. For instance, climate change impacts and the appropriate
adaptation measures might be very different in a future with a lot
of economic growth and technological progress (increasing
adaptive capacity) than in a situation with a lot of poverty and
poor governance (and thus low adaptive capacity). Also instru-
ments like global emission trading could be effective in some
context, but totally ineffective in another context (e.g. in a regional
competition world). Similarly, relevant actors to deal with issues
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related to hunger are very different depending on the socio-
economic storyline. We therefore propose to add at the very least
at a form of robustness analysis to each “baseline/variant” type
approach. Such analysis could be based on the scenario families
identified in this paper in existing studies. Examples of such
studies are for instance the 2nd National Sustainability Outlook of
the Netherlands (de Vries and Petersen, 2009; MNP, 2007). In
general, this will result in more pluralistic policy-responses.

Another way to deal with this is to develop scenario sets that
include both extreme, explorative scenarios and a more interme-
diate (business-as-usual) scenario. This contrasts somewhat with
earlier ideas that there should not be a central scenario to avoid the
preference of using only the central case. However, the disadvan-
tage of not presenting a central case is that users might decide
themselves which single scenario is used for this purpose (e.g. the
B2 scenario of the IPCC). The current proposals for new climate
scenarios (SSPs), therefore, include a real central scenario (Arnell
et al., 2011).

Finally, the two scenario approaches also have implications for
stakeholder involvement. In the explorative approach, stake-
holders can trust that most of the relevant worldviews and
uncertainties are considered. For the policy scenarios, stakeholder
can contribute to the identification, evaluation and prioritization of
policies by analyzing policy strategies and indicate were alterna-
tive pathways need be developed because of disagreement. By
raising involvement of stakeholders, however also the danger of
unbalanced influences can increase. Especially wishful thinking in
favor of the interests of certain stakeholders would lead to
drawbacks regarding the criteria of saliency and credibility.
Therefore, the organization of the process of participation is
crucial.

4.2. Lessons for future scenario assessments

Based on the overview of scenario applications in GEAs
provided in the paper, there are several observations that are
interesting to consider in future assessments.

First of all, consistent scenario families can be recognized in
existing assessments. It seems useful in future scenario assess-
ments to consider how useful these families are for the problem at
hand. Instead of developing new storylines, researchers may
decide to use existing families. Alternatively, a developer of new
scenarios may want to indicate how new scenarios relate to the
existing families, making it easier for users to relate information of
different assessments. A useful example in this respect is the work
on new climate scenarios (Moss et al., 2010; van Vuuren et al.,
2012; Van Vuuren et al., 2011). Here, indeed attempts are made to
relate the new storylines (called shared-socio-economic pathways
or SSPs), among others to keep a link between existing work based
on SRES or the MEA scenarios and the new scenario work.

Second, we believe that GEAs have to broaden expertise
involved towards social sciences. In most GEAs, the social-science
input is relatively low. Still, this type of expertise can contribute to
strengthening the scenarios in many respects. This goes for
theoretical perspectives on international relations that shed
different light on prospects and avenues for international
cooperation to solve global environmental problems, psychology
and sociology on values and preferences and anthropologists to
make scenarios less culturally biased. The most important issue is
that of policy implementation: while GEAs generally show that
sufficient potential exists to move towards more sustainable
development routes, this potential is often not used. A key
question, therefore, which policies support the required transfor-
mative pathways.

Third, GEAs may want to improve the communication of
scenarios. Several papers discussing the GEAs indicate that GEAs

pay relatively little attention to the ‘hand-off’ of information to the
users. An important reason is that the user group is diffuse. A
consequence, however, is that GEAs may be underused. Future
GEAs may think off improving this by: (1) considering a more
focused user group and/or (2) consider forms of communication
other than reports.

Fourth, as argued in this article, the explorative and policy-
oriented scenario approach have both strength and weak-
nesses. There is some evidence that currently the policy-
oriented approach has gained prominence, but at the costs of
representing uncertainty. In that light, it is useful to combine
elements of the two approaches in order to strengthen
assessments (de Vries, 2001). In the process to develop the
new IPCC scenarios, it is done in the form of a scenario matrix
with one axis representing different policy interventions and
a second axis representing different storylines (van Vuuren
et al,, 2012).

Fifth, it should be noted that the set of published GEA scenarios
is very long. Each GEA has somehow a unique position based on its
focus, user group or method. However, it seems important to
consider whether in the future some GEAs can be better organized
vis-a-vis each other, to avoid overlap, certainly those associated
with various UN organizations. In that light, several sectoral
assessment may provide input into a limited set of more general,
“flagship” assessments.

5. Conclusions

A large number of GEAs have been published in the last few
years that have used scenarios to explore possible future
environmental change. In this paper, we have compared the use
of scenarios across these assessments. This overview has led to the
following conclusions.

First of all, together the GEAs published in the last 10 years
provide a rich body of information about possible developments
with respect to environmental issues. Some of the assessments
that have been published overlap in their scope. Other assessments
focus on specific issues - for instance looking specifically into
certain environmental issues (e.g. land use, agriculture, water) or
regions (the BRIC countries in the OECD environmental outlook).

Second, the scenarios used in the assessments can be grouped
into a set of 6 scenarios families. Nearly all scenarios used in the
different assessment can be convincingly grouped into 6 main
scenario families. Recognizing these families makes it easier to
relate and combine the information of different assessments and
can help structure the debate about strategic directions for
environmental policies.

Third, an important (but not always clear-cut) distinction
between the scenarios used in the assessments is the explorative
scenario and the policy-scenario approach. The first is mostly
oriented at strategic questions, exploring possible futures. The
second approach focuses on the impact of specific policy options
and is particular useful if policy targets have been formulated. The
two approaches have clear strengths and weaknesses. Most GEAs
in the period 2000-2007 have used the explorative scenario
approach. Since that period, however, most assessments have used
the second approach. There could be different reasons for this shift,
but it might also be just coincidental. One possible reason is related
to focus in the debate from problem recognition to formulation of
response strategies.

Fourth, while the policy-scenario approach can often be more
relevant in identifying response strategies, the risk of using only
this approach is an under representation of pluralism and
uncertainty. The explorative scenario approach is designed to
explore different possible development trajectories, also in
relation to different worldviews. The policy-scenario approach
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often only uses a single baseline scenario. In avoid to avoid that too
little attention is paid to uncertainty, we would like to argue that it
might be useful to add at the very least at a form of robustness
analysis to each “baseline/variant” type approach. Another way to
deal with this is to develop scenario sets that include both
explorative scenarios — and an intermediate scenario as a basis for
policy variants.

Fifth, it seems useful to make sure that a diversity of approaches
is used future GEAs. In this paper, several different types of
scenarios have been discussed. Each of the methods have strengths
and weaknesses. Some scenario approaches can directly support
decision-making, while others contribute to more strategic
thinking about the future (and might even stimulate debate). In
determining the appropriate method for each individual GEA, it is
important to clearly define the issue at stake in terms of (1)
relevant policy question, (2) the stage of decision-making, and (3)
the degree of societal consensus.
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