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Abstract

Climate change policies currently pay disproportionately greater attention to the mitigation of climate change through emission
reductions strategies than to adaptation measures. Realising that the world is already committed to some global warming, policy
makers are beginning to turn their attention to the challenge of preparing society to adapt to the unfolding impacts at the local level.
This two-part article presents an integrated, or ‘co-evolutionary’, approach to using scenarios in adaptation and vulnerability
assessment. Part I explains how climate and social scenarios can be integrated to better understand the inter-relationships between
a changing climate and the dynamic evolution of social, economic and political systems. The integrated scenarios are then calibrated
so that they can be applied ‘bottom up’ to local stakeholders in vulnerable sectors of the economy. Part I concludes that
a co-evolutionary approach (1) produces a more sophisticated and dynamic account of the potential feedbacks between natural and
human systems; (2) suggests that sustainability indicators are both a potentially valuable input to and an output of integrated scenario
formulation and application. Part II describes how a broadly representative sample of public, private and voluntary organisations in
the East Anglian region of the UK responded to the scenarios, and identifies future research priorities. © 2000 Elsevier Science Ltd.

All rights reserved.
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1. Introduction

Until very recently, international and national climate
policies have concentrated on the mitigation of climate
change through emission reductions strategies (IPCC,
1996). However, more attention is now being paid to
finding the means to allow society to adapt to the grad-
ually unfolding impacts of climate change (Smithers and
Smit, 1997, Rayner and Malone, 1998). Existing impact
studies tend to rely upon extrapolating current or recent
socio-economic trends into the future. However, the ob-
servation of past historical events suggests that future
economic, social and political changes are likely to be
uncertain and highly conspicuous over the timescales in
which climatic changes will take effect. To complicate the
task still further, changes in the climate are likely to
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influence the underlying economic, social and environ-
mental contexts in which that change is experienced: the
two are inextricably intertwined. While some manifesta-
tion of climate change is already in the pipeline because
of current and recent socio-economic activities (Parry
et al., 1998), the actual degree of climate change in the
medium-to-long term is not pre-ordained; mitigation ac-
tions and patterns of adaptive behaviour now and
throughout the next 30-50 yr could significantly influ-
ence the rate of future climate change, but only if society
and the environment are seen as two, intimately
co-evolving systems.

The term co-evolution reflects the constant and active
interaction between a living organism and its environ-
ment (Norgaard, 1984, 1994). It emphasises that social
structures and their processes impinge on the environ-
ment, thus modifying and changing it. Such changes in
turn shape the structure of the social systems, which
subsequently undergo further changes in order to be better
positioned to adapt to the changing environment. The
interaction between systems is constant and reciprocal.
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A ‘co-evolutionary’ approach highlights the complex
coupling of the two systems now and into the foreseeable
future (Norgaard, 1984; also used by Turner et al., 1998,
Adger, in press). Mitigation and adaptation policies must
be developed to reflect this. However, policy makers need
some sort of visualising tool or device to capture the
interdependencies between the two systems. In this arti-
cle, we develop a ‘co-evolutionary’ approach (Norgaard,
1994) to understanding vulnerability and impact assess-
ment, which tries to combine future climate scenarios
with a series of pictures about the social, economic and
environmental elements affecting specific economic sec-
tors, in order to uncover the likely positive (i.e. exacerba-
ting climate change impacts) and negative (i.e.
attenuating climate change impacts) feedbacks between
the two.

This article is subdivided into two separate parts. Part I
(this paper) has three main aims: (1) to examine the utility
of integrating socio-economic and climate scenarios as
a means of understanding future societal responses to the
unfolding impacts of climate change; (2) to produce
a series of integrated scenarios; (3) to explain why these
scenarios need to be re-calibrated for use in bottom-up
climate impact assessments, and to provide a mechanism
for doing so. By tapping the expert knowledge of the
units/sectors exposed to climate change, a bottom-up
approach adds local texture and a valuable input to more
top-down accounts of climate impacts based on, inter
alia, integrated assessment models. Part II (Lorenzoni
et al, in press) describes how a broadly representative
sample of public, private and voluntary organisations in
the East Anglian region of the UK responded to these
integrated scenarios, and identifies future research priori-
ties. The two papers are complementary and ideally
should be read together.

2. Using scenarios in climate change research

Scenarios are capable of serving multiple roles in
climate assessments but until now they have tended to
be used by the Intergovernmental Panel on Climate
Change (IPCC) community as an aid to understanding
future emission profiles. Recently, however, both climate
and socio-economic scenarios have begun to be applied
to investigate climate change impacts (e.g. Parry, forth-
coming), vulnerabilities and adaptive responses. The
forthcoming IPCC report will devote an entire chapter to
describing the state of the art in this area. It is likely
to underline the need for a more integrated approach to
scenario development and application, linking mitigation
actions right through to impacts and adaptation on the
ground, and human society to the climate system.

This paper responds to the call for more ‘integrated’
approaches in at least three important respects. First, it
attempts to link emissions scenarios to scenarios of

future socio-economic change for a particular region
(East Anglia) where the impacts of climate change will
eventually be experienced. In short, we try to link emis-
sions to impacts — two aspects of the climate change
debate that are often addressed independently of one
another. Socio-economic scenarios serve a particularly
vital role in the assessment of adaptation and vulnerabil-
ity because societal change in the next century is likely to
be as, if not more, profound than anything brought about
by climate change. Crucially, in the next 50-100 yr, units
exposed to variations in the climate (Parry and Carter,
1998) will evolve irrespective of climate change and some
may even disappear completely. Therefore, it is at best
simplistic and at worst completely misguided to ignore
the co-evolving dynamic development of social systems.
Some way of understanding the co-evolution of the two
systems needs to be found. In this paper we argue that
inter-linked scenarios provide one possible tool. The
scenarios we use are defined according to a series of
criteria, such as the type of political governance, the
stringency of environmental controls and the dominant
form of economic development, as well as the climate
impacts that the associated patterns of human behaviour
are likely to produce. We devote a considerable part of
the paper to explaining how we achieved this integration
on account of its novelty and interdisciplinary nature.
We do not present this approach as a formal model in
which climate and socio-economic variables are coupled.
Rather, we have crafted the scenarios to better under-
stand the elements of human choice and behaviour in
moulding the present and the future.

Second, our approach is also integrated in the sense
that the scenarios themselves derive from large-scale cli-
mate models and expert judgement, but their application
and interpretation takes place at a more local level. This
was achieved by presenting the integrated scenarios to
locally important stakeholders of climate sensitive
sectors in East Anglia, who were asked to critically reflect
upon their adaptive capacity under a series of interlinked
climate/socio-economic conditions. In other words, our
study tries to combine the ‘bottom-up’ knowledge of
actors representing various exposure units, with the more
conventional tools of integrated assessment (Parson,
1995) such as global climate models, developed ‘top
down’.

Finally, by asking stakeholders to think about climate-
and ‘non-climate’ related sources of pressure on their
activities, our approach begins to uncover the complic-
ated feedbacks within and between the human and
the natural systems. Whereas the standard IPCC
Technical Guidelines on Assessing Climate Change Im-
pacts and Adaptation (Parry and Carter, 1998) rely upon
separating climate from non-climate futures, our ap-
proach assumes that it is practically all but impossible to
construct a baseline representing the world without cli-
mate change (Parry and Carter, 1998, pp. 72-73). This is
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because some of the more environmentally aware actors
have, albeit slowly and tentatively, already adopted miti-
gation and adaptation strategies which are built into
their daily practices, even though, at the time of writing,
their understanding of the challenge of adaptation lags
behind that of mitigation. So, whereas top-down ap-
proaches tend to map a given level of climate change
onto an essentially static social and economic system, our
more co-evolutionary approach proceeds by working
closely with local stakeholders to identify and explore the
implications of a combination of stresses, both climate
and non-climate, on locally important actors. After all, it
may be that in the final analysis the climate drivers of
local behaviour are far less significant in shaping adap-
tive responses than ‘non-climate’ factors.

3. Scenarios: their origins and application

According to the IPCC, a scenario is a coherent, inter-
nally consistent and plausible description of a possible
future state of the world (Parry and Carter, 1998).
A scenario is not a forecast because it does not attach
probabilities to a particular outcome. Rather, a scenario
presents a series of pictures or images of how the world
could look like under different conditions. Scenarios were
first applied by the military (Miles, 1981) and sub-
sequently developed as a strategic management aid by oil
companies, especially the Shell Group, in the early 1970s
(Kassler, 1995). The underlying impetus for their devel-
opment was to manage better any future surprises by
forcing decision makers to ‘think the unthinkable’ (Ham-
mond, 1998). Despite this effort, however, Shell has found
itself in the midst of controversy over some of its activ-
ities in the North Sea (Brent Spar) and Nigeria. These
‘surprises’ experienced by the company serve to underline
the need to continually revise a scenario approach in the
light of changing circumstances. To be of maximum
practical use, scenarios should also take different world-
views into account, not only the ones that currently make
the most political or business sense (Elkington and
Trisoglio, 1996). Good scenarios are potentially powerful
vehicles for creative learning among groups of stake-
holders, but only if participants are encouraged to ‘think
the unthinkable’.

A growing body of research work explores the applica-
bility of scenario-based ‘futures studies’ as a means of
obtaining a better understanding of the potential for
societal adaptation to future environmental change (Gal-
lopin and Raskin, 1998). Crucially scenarios can be used
to inform present choices in the light of future alterna-
tives, an aspect pursued in this paper. “A longer-term
perspective can provide a framework within which to
evaluate short-term decisions” (Patterson, 1999, p. 95)
and also to examine more systematically the impli-
cations of unexpected events or ‘side-swipes’. Scenario

approaches have been applied in Europe, for instance,
to urban transport patterns in the Netherlands in order
to identify more sustainable systems that meet prescribed
CO, emissions arising from transport in the year 2030.
Nijkamp et al. (1997) surveyed Dutch transport experts
asking them which factors would be expected or desired
from a sustainable transport system. Their opinions were
then used to formulate two scenarios, namely ‘expected’
and ‘desired’, the intention being to highlight the uncer-
tainties faced when designing and planning future trans-
port arrangements. Interestingly, these two scenarios
lead to very different transport futures. The authors con-
clude that policy targets of CO, reductions would only
be met by implementing the ‘desired’ scenario. Socio-
economic and climate scenarios have also been used to
outline social, economic and political future conditions in
Western Europe between 2020 and 2080 (Parry, forth-
coming) with the aim of identifying policy relevant
impacts and sensitive sectors. However, the scenarios
used are not formally integrated to produce a co-evolu-
tionary view of the future.

In this paper, socio-economic and climate scenarios
are combined to provide an opportunity for assessing
social as well as environmental variations on compatible
timescales. There is often a huge discrepancy between the
timescales used for modelling social and economic sys-
tems (a few years or decades at the very most) and those
used to make environmental and climate change projec-
tions (decades to many centuries), despite their inherent
complexity and unpredictability. Our scenarios attempt
to integrate the two systems by presenting them on
commensurate timescales. Interestingly, Working Group 2
of the IPCC is currently investigating the need to formal-
ly combine climate with ‘non-climate’ scenarios, includ-
ing the scenarios developed in the Special Report on
Emissions Scenarios (SRES, due for publication in 2000).
However, the preliminary SRES98 scenarios describe
different ‘non-intervention’ worlds, that is, possible glo-
bal futures (in terms of societal, political, technological
and environmental characteristics of different parts of the
world), without taking into account the effects of climate
change or explicit climate change policies.

4. Existing climate change scenarios

Anthropogenically induced climate change is caused
by, and has damaging impacts upon, societies and econo-
mies. Therefore, the first step in our analysis was to
develop a set of socio-economic scenarios. Several repu-
table candidates are already in existence. For instance,
global scenarios for the years 2000-2050 have been
developed by the World Business Council for Sustainable
Development (WBCSD) to illustrate possible future chal-
lenges to a business audience (WBCSD, 1997). They have
been compiled on the basis of different potential future
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response strategies to the challenges set by sustainable
development objectives. These are expressed in terms of
questions such as “how resilient is the global ecosystem?”
and “what human systems can best respond to the chal-
lenge of sustainable development?”. The three WBCSD
scenarios, namely FROG!, GEOpolity and Jazz, unfold
in the following ways:

1. In the FROG! scenario, sustainable development is
difficult to achieve, as the social systems are inad-
equate and vulnerability of natural systems increases.
Local economic growth and technological innova-
tions are given more importance; economic growth
objectives retain their primacy in policy-making
circles.

2. GEOpolity represents a world relying on more
co-ordinated international governance based on inno-
vative infrastructure systems and new global institu-
tions enforcing global societal and environmental
standards.

3. The Jazz world combines economic growth objectives
and strategies with environmental and social values in
transparent structures and new possibilities. The idea
is to use market forces and novel structures to achieve
sustainable development. Conflicts are resolved
through mediation. Self-interest spurs businesses to be
transparent and accountable to the public; ‘green’
behaviours are not necessary but are actively
rewarded.

The scenarios formulated for the Natural Resources and
Environment Panel of the UK Foresight Programme
(OST, 1999), hereafter OST scenarios, were deemed more
appropriate to our task as they were developed in an UK
context. Their main aim is to cast light on future social,
economic, environmental trends for the UK in the period
2010-2040. They are meant to be malleable and can be
tailored to specific UK sectors. The scenarios may also be
used as a basis on which to develop sustainability indi-
cators at the national and regional levels (OST, 1999).

globalisation

World Global
Markets Sustainability
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Fig. 1. A comparison of the WBCSD and OST futures scenarios
showing possible paths of future development (adapted from OST,
1999).

They are framed by two orthogonal axes, representing
societal values (ranging from consumerist to conserva-
tionist) and level of governance (ranging from local to
global) respectively. These produce four quadrants rep-
resenting four possible future worlds: world markets,
provincial enterprise, global sustainability and local
stewardship. For simplicity’s sake the four ‘futures’
appear in Fig. 1 as independent possible states of the
world. In reality, the boundaries are fuzzy and the differ-
ent states are differentiated because certain trends and
characteristics become more or less dominant across
government, business and public contexts. The similarit-
ies with the WBCSD scenarios are obvious even if they
have different origins.

5. Re-calibrating the scenarios for climate change in East
Anglia

Our work entailed re-configuring the essentially
‘macro’ socio-economic OST scenarios to reflect the
challenges of climate change. This work was partly
undertaken for the UK Department of the Environment,
Transport and the Regions (DETR) (Berkhout et al.,
1999) to inform its ongoing Climate Impacts Programme
(UKCIP). Following on from this research and with
ESRC funding, the Centre for Social and Economic
Research on the Global Environment (CSERGE) and the
Climatic Research Unit (CRU) set out to test the ability
of these national-level socio-economic scenarios to
uncover the adaptation and vulnerability issues that arise
at the local level in East Anglia.

The work in East Anglia was carried out in three
distinctive parts. The first involved re-calibrating the
national-level OST scenarios to make them more perti-
nent local needs and circumstances (covered in this
paper). Secondly, a suite of regional level scenarios for the
2020s and the 2050s was produced and these were in turn
combined with possible climate outcomes related to each
of the four future worlds (this paper). Finally, these East
Anglian futures scenarios were presented to locally im-
portant stakeholders, via a series of individual interviews
and two group discussions (see Part II: Lorenzoni et al.,
in press). The stakeholders involved represented the main
economic, governmental and social sectors of the East
Anglian economy. Particular attention was paid in the
selection process to those sectors which the existing liter-
ature on climate impacts identifies as being especially
sensitive to climate change (e.g. CCIRG, 1996; Palutikof
et al., 1997).

An important part of this process was to develop
a suite of impact indicators for East Anglia using the
Pressure-State-Impact-Response Framework, the aim
being to obtain a set that could be deployed at both
regional and national scales. The formulation and refine-
ment of the indicator set was both an integral component
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of the scenario building and an output of the whole
exercise (see Box 1).

Box 1: Using indicators in futures scenarios
In recent years there has been a drive towards establish-
ing indicators at national and regional levels for the
monitoring of sustainability in different areas of the
economy. These processes emerged to satisfy the need
of establishing some parameters against which to
measure change of present conditions into the future. In
some instances the approach has been coherent; in
other cases indicators have been formulated in a piece-
meal fashion by different institutions and organisations.
Concern has been expressed that the use and applicabil-
ity of indicators may be limited if they are not linked to
the context of the possible future changes (in social,
political and economic systems) which they attempt to
quantify. Future states are not set in stone; they can
develop and evolve very differently according to the
forces, drivers and circumstances that take place and
contribute to altering the present situation. In order to
have a more focused understanding of what the future
might hold, quantified indicators of future change can
be coupled with descriptions of that change.

Our study in the East Anglian region revealed
a strong desire among stakeholders for a qualitative
explanation of what future worlds may look like, in
addition to a set of quantified impacts. Consequently,
the research team collaborated with local organisations
(e.g. the Environment Agency) and individuals to derive
a minimum set of climate change indicators. These
illustrate the range and severity of possible impacts.
Stakeholders said they found them useful as an aid to
identifying the areas that may be affected by climate
change (‘impact indicators’) or to related pressures that
may affect those impacts (‘pressure indicators’ to use the
same definitions as adopted by the Environment
Agency). In order to be policy relevant, these indicators
should reflect regional- and national-level trends
(DETR, 1999).

6. Integrating climate and ‘non-climate’ scenarios

The project team produced two sets of user-friendly
futures scenarios to use in further face-to-face interviews
with stakeholders. They were based around a set of
simple themes pertinent to the East Anglian region and
made more intelligible to people who may have had little
experience of using scenarios.

The East Anglian scenarios combine socio-economic
and climate information. They derive directly from
a combination of the OST Scenarios, the SRES98 emis-
sions scenarios and the UKCIPY8 climate scenarios. For
the purposes of this research, two different timeframes,
the years 2025 (2020s) and 2055 + (2050s and beyond),

were chosen as basic chronological points for analysis on
the ground that they were broadly commensurate with
those employed in the OST Futures Scenarios study and
the preliminary SRES98 emissions scenarios (the OST
scenarios use a 2010-2040 timeframe, whereas SRES98
scenarios currently concentrate on the periods up to 2020
and 2050). The latter timescale (2055 + ) may seem quite
short in climatic terms, but it reflects the difficulty of
predicting future socio-economic trends more than
5-10 yr into the future. The characteristics of each scen-
ario were displayed using the same four-quadrant format.
We hoped this would provide a value-neutral
representation of the four worldviews and help overcome
the potential problem of maintaining consistency
between respondents and possible futures, which is a
characteristic of open-ended interview-based research.

The OST scenarios were coupled with consistent
climate change scenarios in the following manner. First,
the OST scenario storylines were compared with the
four storylines in the still to be formally approved
IPCC Special Report on Emissions Scenarios (SRES9S;
http://sres.ciesin.org/). While they are not exactly the
same, they both share a similar underlying structure and
comparative logic. The SRES98 marker emissions scen-
arios are, of course, mainly concerned with the sectors
and societal choices that primarily affect climate change
issues (and particularly the emission of greenhouse gases)
in the IPCC process, whereas the OST scenarios have
a somewhat wider purview, encompassing many more
‘non-climate’ sectors and environmental changes. As dis-
cussed above, these ‘non-climate’ factors have to be taken
fully into account, since they may be vital determinants
of local level vulnerability and adaptive capacity.

The four OST scenarios storylines were found to be
similar to those underlying the unapproved SRES98
marker emissions scenarios (http://www.ipcc-ddc.cru.uea.
ac.uk/). The World Markets (WM) OST scenario was
taken to correspond to the A1 SRES storyline, Local
Stewardship (LS) to B2, Provincial Enterprise (PE) to A2
and Global Sustainability (GS) to B1. On this basis, we
proceeded by comparing the global greenhouse gas emis-
sions related to each scenario. Three steps were followed.

Firstly, the preliminary SRES98 carbon (C) emissions
(expressed in giga-tonnes of carbon (GtC) from energy
sources rounded to nearest GtC) were taken as a starting
point and emissions for each scenario were calculated
(see Table 1).

Table 1
Preliminary SRES98 global fossil carbon (C) emissions (in Gt)

Story/year WM/AL PE/A2 GS/B1 LS/B2
1990 6 6 6 6
2000 7 7 7 7
2025 11 12 8 10
2055 15 19 9 12
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Table 2
Preliminary SRES98 global fossil C emissions (in Gt) re-interpreted to
allow for different climate policy regimes

Story/year WM/A1 PE/A2 GS/B1 LS/B2
1990 6 6 6 6
2000 7 7 7 7
2025 10 12 7 9
2055 13 19 7 10
Table 3

Preliminary SRES98 global fossil C emissions (in Gt) re-interpreted in
qualitative terms to allow for different climate policy regimes under
each scenario (based on Table 2). Note — in a// cases C emissions are
still higher than the 1990s, even in the ‘Low’ case

Story/year WM/A1 PE/A2 GS/B1 LS/B2

2025 10 12 7 9

2025 Medium High Low Medium-low
2055 13 19 7 10

2055 High Very high  Low Medium

However, SRES make no allowance for explicit
climate policy interventions (e.g. Kyoto targets, etc.): “in
1996, the plenary session of the Intergovernmental Panel
on Climate Change (IPCC) charged Working Group III
of the Panel to develop a Special Report on Emissions
Scenarios (SRES), including a new set of scenarios for
the emissions of greenhouse gases. The scenarios are
‘non-intervention scenarios’, implying that no explicit
additional climate policies are to be assumed”.
(http://sres.ciesin.org/)

Secondly, it was necessary that all the carbon emis-
sions calculated for the scenarios should be adjusted
downward on the basis of how effective the global
climate policy regimes under each of the four worldviews
might be (for example, see Table 2).

These latter estimates are of course somewhat arbit-
rary and go some way beyond what the IPCC were asked
to consider. But we agreed that it was important to start
with the Table 1 (unapproved IPCC thinking), then do
some thinking of our own (Table 2) which considers the
likely climate regimes that will emerge in our futures and
how effective these climate policy regimes will be in
reducing emissions in those specific worlds. A note of
caution is expressed with regards to these calculations, as
there is a danger of some circular reasoning. Under GS
the preliminary SRES98 emissions are low anyway (be-
cause of de-materialisation, de-carbonisation, improved
efficiencies, etc.). In this future world, it will be a lot
harder to get further emissions reductions on the basis of
specific climate policies.

This reasoning provided a quantification of likely out-
comes for carbon emissions in relation to the different

World globalisation Global
Markets Sustainability
(WM) (GS)
consumerism community
Provincial Local
Enterprise Stewardship
(PE) (LS)

regionalisation

Fig. 2. The preliminary SRES98 storylines (A1-B2) compared to OST
scenarios (adapted from OST, 1999).

world scenarios for the two timeframes involved (Table 2).
However, the research team thought it more appropriate
to present the global carbon emission indications in the
four world views, both for 2025 and 2055, in qualitative
rather than quantitative terms, as this was deemed to be
more understandable to the interviewees. Thirdly, under
this re-interpretation, the figures obtained and shown in
Table 2 were expressed in words (see Table 3). The global
carbon emissions with respect to 1990 levels for each of
the four world scenarios were denoted as: medium in-
crease in WM, low increase in GS, high increase in PE,
and medium-low increase in LS. These re-interpretations
were then incorporated into the scenario sheets for East
Anglia presented to the interviewees.

After additional consideration and comparison of the
storylines underlying the OST and preliminary SRES98
scenarios, it was concluded that each of the four OST
scenarios could be matched to one of the SRES scenarios,
as illustrated below (Fig. 2), in terms of storylines and
emission figures.

Once the comparability between the OST scenarios
and the preliminary SRES98 scenarios had been estab-
lished, the four OST scenarios were compared to the four
UKCIP98 climate scenarios modelled for the UK by
Hulme and Jenkins (1998). These are termed low,
medium-low, medium-high and high with reference to
the respective global warming rates underlying each
climate future. They also cover a range of UK future
climates. By relating emissions from the OST scenarios
with the global warming rates of the UKCIP98 scenarios
(and hence the climate outcomes), it was possible to
associate different warming rates, and therefore different
UK climates, to the different socio-economic scenarios
devised by OST.

The WM/A1 scenario was related to a medium-high
warming rate; GS/B1 to a low warming rate; PE/A2 to
a high warming rate and LS/B2 to a medium-low warm-
ing rate. Each of these four UKCIP98 climate scenarios
was then re-interpreted to design possible future climates
for East Anglia in the 2020s and the 2050s. This coupling
of OST/SRES futures with the UKCIP98 climate scen-
arios is not precise, but approximate. Future work is
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Fig. 3. The observed temperature trend from 1659 to 1997 for the UK, smoothed to emphasise variations on 30 yr time-scales, and simulated
temperature trends for the UK from 1960 to 2100. The higher trend curves (thin black lines) result from a high greenhouse gas emissions scenario; the
lower trend curves (represented in grey colour) result from a low emissions scenario. These curves are smoothed to emphasise decadal variations in

temperature (source: Hulme and Jenkins, 1998).

likely to make this coupling more explicit, on the basis of
the finally approved SRES futures.

For the year 2025, a single climate future is assumed
(the medium-high climate in the UKCIP98 climate scen-
arios) and this is propagated through each of the four
socio-economic scenarios. The underlying rationale for
this is that climate change by 2025 is largely independent
of actions occurring today and in the near future, being
mostly dependent on historic emissions and on the iner-
tia of the climate system. By 2025, for example, there is
relatively little variation in the global warming curves of
the four UKCIP98 climate scenarios developed by
Hulme and Jenkins (1998) (see Fig. 3). The effects and
consequences of the greenhouse gases already released
into the atmosphere will be felt within the next 25 yr
almost regardless of the mitigation strategies adopted in
the meantime (Parry et al., 1998).

The climate for the period 2055 + is conditioned to
a greater (but by no means exclusive) extent on the
evolution of the socio-economic system and on decisions
taken with regard to mitigation. Each of the four re-
calibrated OST scenarios linked to one of the UKCIP98
climate scenarios, allows to differentiate between ‘low’
and ‘high’ climate change signals. The time-scales ad-
opted represent the furthermost time horizon (50 yr)
which social scientists use in describing future changes.

Climate change was described in each of the four
worldviews in 2025 and 2055 in terms of the following
variables (based on the UKCIP98 climate scenarios):
temperature, precipitation, sea level rise, and the likeli-
hood of more high-tide events. In addition, it was
thought necessary to characterise the ‘climate’ sheets of
the scenarios with indications of extreme variability in
the climate. These were expressed in terms of how much
shorter winter would be if a certain degree of warming

occurred and the percentage frequency of warmer years
(see Figs. 4-10, in particular Figs. 5 and 8).

The final scenario sheets formulated for 2025 and
2055 + and presented to the regional stakeholders con-
tained: (1) a characterisation of each world in terms of
growing and declining economic sectors, climate policy
and strategy; (2) climate change with respect to today
associated with each of the four world views; (3) a sum-
mary sheet with the key points of the information pre-
sented in the other two sheets. The scenarios for the
2050s (2055 + ) were enriched with an additional sheet
indicating the possible effects on illustrative sectors of the
East Anglian economy, namely, the natural environment,
the coastal zone, water services, agriculture and tourism.
These were derived via an assessment of the sectoral
consequences of the socio-economic and climate charac-
teristics in each scenario. These characterisations were
not intended to be prescriptive, but were devised simply
as a means of prompting responses from the interviewees
to think about their vulnerability and adaptive capacity
(see Figs. 4-10).

The advantage of displaying the information in this
way was thought to be two-fold. First, emissions could be
linked to impacts in an integrated manner. In other
words, respondents could be presented with four possible
worlds or development ‘paths’ which society could
choose to follow, with the resulting emissions and climate
impacts. Second, the respondents could then be left to
deduce their adaptive capacity to the combination of
pressures represented in each of the four quadrants for
themselves. We hoped that the climate expertise of the
researchers could be fruitfully combined with the local-
level expertise of the stakeholders representing particular
exposure units. Ideally, the process of ‘thinking through’
the indicators would take place during the interviews,
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governance

SCENARIOS (1)
globalisation
WORLD MARKETS GLOBAL SUSTAINABILITY
« Responsibility for action at enterprise level under market forces. » Responsibility for action at state level, dictated by international government,
« Fast growing sectors: health care, leisure, financial. « Fast growing sectors: renewable energy, business services, clean technology.
» Declining sectors: manufacturing, agriculture. » Declining sectors: fossil-fuel based and resource-intensive systems.
« Annual UK GDP: very high (+3% p.a.). * Annual UK GDP: high (+2% p.a.).
« Global carbon emissions: medium increase (c.f. 1990 levels). = Global carbon emissions: low increase (c.f. 1990 levels).
+ Weak international climate regime « Strong international climate regime
« Voluntaristic reduction of emissions « Stringent reduction of emissions
« Emissions trading through markets * Regulatory approach
community /
consumerism conservation
PROVINCIAL ENTERPRISE LOCAL STEWARDSHIP
Responsibility for action at individual level. « Responsibility for action at collective level, supportive governmental
Fast growing sectors: private health care, defence, maintenance services. framework.
Declining sectors: high-tech specialised services, finance. « Fast growing sectors: small-scale manufacture and agriculture, local
Annual UK GDP: moderate (+1.5% p.a.). enterprises. N . .
Gilobal carbon emissions: high increase (c.f. 1990 levels). * Declining sectors: retailing, leisure and tourism.
e  Annual UK GDP: low (+1% p.a.).
- : « Global carbon emissions: medium-low increase (c.f. 1990 levels).
* Very weak climate regime
* Increased emissions - no control « Strong / weak climate regime
» Voluntary action « Uneven emission controls
+» Fragmented regulatory approach
localisation
Fig. 4.

globalisation

WORLD MARKETS

governance

2025

CLIMATE (2)

GLOBAL SUSTAINABILITY

« Temperature: about 1°C warmer than today.

= Precipitation: higher (+5%) in the winter; lower (-5%)
in the summer.

= Sea level: increase on average about 15 cm.

« More very high tide events.

Temperature: about 1°C warmer than today.
Precipitation: higher (+5%) in the winter; lower (-5%)
in the summer.

Sea level: increase on average about 15 cm.

More very high tide events.

spring 1.5 weeks earlier, autumn 1 week later
(i.e., winters 2.5 weeks 'shorter’)

years warmer than 1997 hot year occurring 50%
of time

consumerism

spring 1.5 weeks earlier, autumn 1 week later
(i.e., winters 2.5 weeks 'shorter’)

years warmer than 1997 hot year occurring 50%
of time

community /

conservation

values

PROVINCIAL ENTERPRISE

Temperature: about 1°C warmer than today.
Precipitation: higher (+5%) in the winter; lower (-5%})
in the summer.

Sea level: increase on average about 15 cm.

More very high tide events.

spring 1.5 weeks earlier, autumn 1 week later
(i.e., winters 2.5 weeks 'shorter’)

years warmer than 1997 hot year occurring 50%
of time

localisation

Fig. 5.

LOCAL STEWARDSHIP

« Temperature: about 1°C warmer than today.

« Precipitation: higher (+5%) in the winter; lower (-5%)
in the summer.

+ Sea level: increase on average about 15 cm.

« More very high tide events.

spring 1.5 weeks earlier, autumn 1 week later
(i.e., winters 2.5 weeks 'shorter’)

years warmer than 1997 hot year occurring 50%
of time
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globalisation

rWorld Markets

governance

Very High Economic Growth
Weak International Climate Regime
Market-Driven Climate Policies
High Adaptation, Medium Mitigation
Climate Change

\.'Uliﬂl]lt(fl'l‘\ll]

| Global Sustainability

High Economic Growth
Strong International Climate Regime
State-Driven Climate Policies
Low Adaptation, High Mitigation
Climate Change
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SUMMARY (3)

community /
conservation

values Provincial Enterprisﬂ Local Stewardship
Moderate Economic Growth Low Economic Growth
Very Weak Climate Regime Strong / Weak Climate Regime
“Free for All” Policy Uneven Climate Policies
Adaptation by Default, No Mitigation Variable Adaptation and Mitigation
Climate Change Climate Change
localisation
Fig. 6.
governance 2055+ SCENARIOS (1)
globalisation
WORLD MARKETS GLOBAL SUSTAINABILITY
« Responsibility for action at enterprise level under market Responsibility for action at national-state level, dictated
forces. by international government.

* Annual UK GDP: very high. Annual UK GDP: high.
» Global carbon emissions: high increase (c.f. 1990 levels). Global carbon emissions: low increase (c.f. 1990 levels).

e Weak international climate regime - - " -

e Voluntaristic reduction of emissions * Strong |F1ternat|on§| gllmate regime

e Highly developed emissions trading * Verystringent emissions reductlon_

through markets o Fully enforced international regulation community /
consumerism conservation
values

PROVINCIAL ENTERPRISE

Responsibility for action at individual level.
Annual UK GDP: moderate.

Global carbon emissions: very high increase (c.f. 1990 levels).

e Very weak climate regime
e Completely unabated emissions
e Voluntary action

localisation

Fig. 7.

LOCAL STEWARDSHIP

Responsibility for action at collective level, supportive
governmental framework.
Annual UK GDP: low.

Global carbon emissions: medium increase (c.f. 1990 levels).

e Strong / Weak climate regime
* Uneven emissions controls
e Fragmented regulatory approach
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globalisatio

WORLD MARKETS

e Temperature: about 1.7°C warmer than today

« Precipitation: higher (+10%) in the winter; lower (-10%)
in the summer c.f. today

e Sea level: increase on average about 35 cm

* More very high tide events

spring 3 weeks earlier, autumn 2.5 weeks later
(i.e., winters 5.5 weeks 'shorter’)
= years warmer than 1997, occurring 75% of time

governance

n

CLIMATE (2)

GLOBAL SUSTAINABILITY

Temperature: about 1.2°C warmer than today
Precipitation: higher (+ 7%) in the winter; lower (-7%) in
the summer c.f. today

Sea level: increase on average about 20 cm

More very high tide events

= spring 2 weeks earlier, autumn 1.5 weeks later
(i.e., winters 3.5 weeks 'shorter’)
= years warmer than 1997, occurring 60% of time

values

PROVINCIAL ENTERPRISE

o Temperature: about 2.3°C warmer than today

* Precipitation: higher (+15%) in the winter; decline (-15%)
in the summer c.f. today

e Sea level: increase on average about 50 cm

e More very high tide events

spring 4 weeks earlier, autumn 3 weeks later (i.e.,
winters 7 weeks shorter’)
= years warmer than 1997, occurring 90% of time

localisation

Fig. 8.

governance

globalisation

WORLD MARKETS

Natural environment: under moderate stress.

Coastal zones: protection of nodal points by private funds.

Water sector: cost of water increases.

Agriculture: use of high-tech applications and climate insensitive
crops (e.g. GMOs).

Tourism: more British tourism, defensive investments (e.g. centre
parks).

consumerism

LOCAL STEWARDSHIP

o Temperature: about 1.7°C warmer than today
« Precipitation: higher (+10%) in the winter; decline (-10%)

e Sea level: increase on average about 35 cm
* More very high tide events

in the summer c.f. today

= spring 3 weeks earlier, autumn 2.5 weeks later
(i.e., winters 5.5 weeks 'shorter’)
= years warmer than 1997, occurring 75% of time

GLOBAL SUSTAINABILITY

SCENARIOS - sectors (3)

Natural environment: much improved.

Coastal zone: managed retreat, public/private partnerships.
Water sector: regulation and incentives (compulsory water
metering, desalinisation), biodiversity right.

Agriculture: use of eco-efficient crops and greater organic
farming.

Tourism: highly regulated regional industry.

community /
conservation

values

PROVINCIAL ENTERPRISE

Natural environment: under severe stress.

Coastal zones: private defence of property.

Water sector: high provision costs, no overall strategy, water
shortages likely.

Agriculture: intensive and fragmented.

Tourism: great increase of visitors, mostly unregulated; fast
growing sector.

localisation

Fig. 9.

LOCAL STEWARDSHIP

Natural environment: variable quality.

Coastal zone: piecemeal strategic protection.

Water sector: increased pricing but allocation managed locally.
Agriculture: highly localised organic farming, local co-operatives.
Tourism: localised eco-tourism, relying on regional / community
initiatives.

community /
conservation
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governance

globalisation

World Markets

Very High Economic Growth
Weak International Climate Regime
Market-Driven Climate Policies
High Adaptation, Medium Mitigation
Pronounced Climate Change

consumerism

SUMMARY 4)-

Global Sustainability

High Economic Growth
Strong International Climate Regime
State-Driven Climate Policies
High Adaptation, Low Mitigation
Perceptible Climate Change

community /
conservation

values

Provincial Enterprise

Moderate Economic Growth
Very Weak Climate Regime
“Free for All” Policy
Adaptation by Default, No Mitigation
Heavy Climate Change

localisation

Local Stewardship

Low Economic Growth
Strong / Weak Climate Regime
Uneven Climate Policies
Variable Adaptation and Mitigation
Pronounced Climate Change

Fig. 10.

though it was hoped that the stakeholders could then be
persuaded to do more detailed work for themselves after
the interview.

7. Conclusions

In this paper we have set out to explore the potential
benefit of integrating socio-economic and climate scen-
arios, by applying them ‘bottom up’ to tap the expertise
and perspectives of locally important stakeholders in
potentially sensitive sectors. The scenarios that we have
developed combine elements of the preliminary SRES98
scenarios, which do not make allowance for explicit cli-
mate policy interventions, the OST scenarios and
UKCIP98 scenarios. The combination is enriched with
our own characterisation of possible future worlds, which
includes mitigation options linked to climate changes.
We regard this approach as justified up to the extent that
our endeavour is to present a set of scenarios not solely
focused on climatic changes, but including the interac-
tions between socio-economic (including mitigation and
adaptation options) and natural systems. In Part IT we
test these assertions by applying the scenarios in the East
Anglian region of the UK.

The conclusions of this part of the paper are two-fold.
First, our approach tries to offer a more sophisticated

and dynamic account of the potential feedbacks between
natural and human systems than top-down assessments.
Crucially, by combining socio-economic and climate
scenarios we have tried to present a more dynamic image
of the future to the very people who will have to enact key
adaptive responses to changes in the climate within the
next two to three decades. In particular, our scenarios
provide a useful tool that works across different disci-
plines and different sectors of society, merging different
temporal and spatial scales. The scenario framework in
this paper illustrates how mitigation and adaptation can
be presented and perceived as connected/co-evolving sys-
tems. This in turn allows stakeholders to envision the
changes possible within their own sectors and their speci-
fic responses to the issues presented. Our approach
involves stakeholders and builds upon the need ex-
pressed by IPCC to have consistent bases for emissions
and adaptation studies. In all these senses, our approach
seeks to be genuinely integrative.

Second, we argue that sustainability indicators are
a potentially valuable input to and an output of integ-
rated scenario formulation. As an input, they can be used
to flesh out and give added specificity and concreteness
to scenario storylines expressed in more qualitative
terms. The respondents to our survey thought they
worked especially well as ‘prompts’, encouraging them to
think in a more focused way about potential impacts and
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adaptive responses. After some pre-testing, we discovered
that indicators which had been designed to meet the
practical needs of stakeholders in East Anglia worked
best of all, although it is also important to retain some
consistency for the purposes of making comparisons
between and within sectors. As an output, indicators are
a potential valuable means of communicating informa-
tion about climate impacts in one sector/region to
audience in other sectors/regions. In order to make the
findings as policy relevant as possible, the indicators
should not be simply ‘dreamed up’ by researchers but
should reflect as accurately as possible current regional-
and national-level trends/predictions (DETR, 1999). In
Part II of this article we explore the practical utility of the
scenarios by subjecting them to case study test in the East
Anglian region of the UK.
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