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Abstract

Scenarios may be understood as products and/oegses. Viewing scenario exercises as
productive tends to emphasise their tangibilitgrario products may acquire use value
unrelated to the processes of their creation. \figvgicenario exercises as procedural tends to
emphasise their modes of formation: the processw$tructing scenarios may endow value
irrespective of the use value of ensuing produttsese two framings yield different
expectations about how one might evaluate the &sgi@r otherwise of scenario exercises.
We illustrate three approaches to evaluating tiseesss or otherwise of scenarios using the
example of the series of national UK climate scesgoublished between 1991 and 2002.
These are: predictive success (has the futuredurneas envisaged?), decision success
(have ‘good’ decisions subsequently been made?)eanding success (have scenarios
proved engaging and enabled learning?). We reflethe different ways the ‘success’ of
national climate scenarios might be evaluated anthe relationship between the productive
and procedural dimensions of scenario exercises.



1 Introduction

The concept of scenarios was originally developettheé 1960s as a way of aiding strategic
thinking and decision-making within the Shell adlrporation (van der Heijden, 1997).
Rather than seeking to ‘predict the future’, scenexercises were originally designed to
sensitise an organisation to a wide range of plesgikures. Scenarios have subsequently
become central in the framing, analysing and nagog that surrounds the idea of climate
change. Introduced into climate change studied/lgfey et al. (1980) with their publication
of the first climate changescenario, we now find scenario-construction esesiand

scenario analysis existing in many different a@fadimate change debate, operating across
many different scales and applied to many diffessators. Thus we have greenhouse gas
emissions scenarios, climate scenarios, land @s&®s0s, adaptation scenarios, policy
scenarios, and so on. These scenarios may bayedtand analysed at scales ranging from
global and continental to national, regional ar@hlo The ubiquity of scenarios is paralleled
by a range of construction methodologies and ititut®nal ownership arrangements. In the
case of climate scenarios, two methodological etémieave become dominant in their
design: one or more scenarios describing futuressomns of greenhouse gases and other
climate forcing agents, and one or more climate et®dsed to quantify the climatic
consequences of these emissions scenario(s). robedural and institutional aspects of how
climate scenarios are constructed — who authotiieemodels? who designs the scenarios?
who manages the process? - are less often empthéseseHulme & Dessai, 2008).

One of the clarifying messages to emerge from &swp held at Brown University
in March 2007 —Global environmental futures: interrogating the ptiae and politics of
scenarios’- was that scenarios can be understood as eitie&l products or as social
processes (O’Neill et al., this volume). Valuirgsarios primarily as tangible products is a
more likely frame for those operating within theural sciences or economics; valuing
scenarios primarily as learning processes is nikedylfor those operating within a social
science frame. Recognising these twin attributessenarios offers a number of different
ways in which scenarios may be used, valued andatea as they circulate through
scientific, social and policy worlds. It is ourgglestion in this paper that the production
aspects of climate scenarios have received gratigrtion than have the procedural aspects
of their creation, and that the procedural aspeate received much greater attention than

has the evaluation of the ‘success’ of the enssa@garios. Despite the ubiquity of climate

! There is a formal difference between a ‘climatensrio’ and a ‘climate change scenario’ (Mearridéme,
2001); we hereafter encompass both types of saeimadur use of the term ‘climate scenario’.



scenarios within climate change debates there rereaarkably few analyses which have
reflected on how one might evaluate their sucaass,even fewer studies that have actually
conducted such an evaluation.

In this short contribution, we offer a perspectivehow such evaluation might be
approached, using the example of four generatibnatoonal UK climate scenarios, in the
production and use of which the authors have b&ently involved (CCIRG, 1991; CCIRG;
1996; Hulme & Jenkins, 1998; Hulme et al. 2002hede scenarios, their construction and
context, have been described in an earlier papamn(el & Dessai, 2008) and we refer readers
to this work for further details rather than repisam here. In the present paper we offer a
three-fold framework for thinking about scenari@kesation in the context of climate change.
We ask, and seek to answer, three questions diesé specific national climate scenarios:
has the future turned out as envisaged? (what vpredlictive success); have ‘good’
decisions subsequently been made? (decision s)ichase scenarios enabled participation
and learning? (learning success). These thredignesnight broadly be related to the
evaluation criteria of credibility, saliency andjitmacy offered by Cash et al. (2003) in their
assessment of science-policy interfaces. We cdadlie paper with a discussion about
whether this is a helpful framework for thinkingoaib climate scenario evaluation and what
is thereby implied about the future role of climatenarios in climate change decision-

making.

2 Predictive Success

This criterion of success — ‘has the future turoetlas envisaged?’ - emerges from a view of
scenarios as products and, more narrowly, fromrdegg scenarios as quantitative or semi-
quantitative predictions of the future. In thisise then, a scenario is only ‘successful’ if it
can retrospectively be shown to have describedyge®alith some adequate level of
verisimilitude. Such predictive success of a sgermaight, for example, be a common
expectation within scientific and many policy casland this criterion also likely has

intuitive resonance with the general public.

The justification for such a criterion flows fronmveew of climate adaptation
summarised by Fussel (2007: 265), ‘The effectiverdpro-active adaptation to climate
change often depends on the accuracy of regiomaht# and impact [scenarios].” In this
view, good climate adaptation decisions can onlynlagle if climate scenarios are ‘accurate’,
a position consistent with traditional optimum ecfeal-utility approaches to decision-

making. A contrasting view of climate scenariaswlver, emphasising their innately weak



predictive power is implied by the disclaimer whitdis accompanied successive versions of
national climate scenarios for Australia. Thusrth@ost recent report states on the front
cover that, ‘... no responsibility will be accepted CSIRO or the Bureau of Meteorology for
the accuracy of the projections in or inferred friims report, or for any person’s reliance on,
or interpretations, deductions, conclusions ormagtin reliance on, this report or any
information contained in it' (CSIRO, 2007). Thisutionary warning about the limits of
predictive accuracy has not accompanied any of/thelimate scenarios reviewed here.

There have recently been attempts to evaluate I@6arios using this criterion of
predictive success — for example van Vuuren ande@’K2006) and Pielke et al. (2008)
evaluated IPCC’s global emissions scenarios agabstrved emissions trends, and
Rahmstorf et al. (2007) and Pielke (2008) evalu#€LC’s global temperature and sea-level
rise scenarios against recent observations. Atestedy has similarly examined the original
Limits to Growthscenarios commissioned by the Club of Rome iretdrey 1970s (Turner,
accepted).

Evaluating predictive success of a climate scenardifferent to the evaluations that
are made of numerical weather forecasts. Dailythezaor seasonal climate forecasts are
amenable to verification; once a forecast has Ipeetuced it is possible the following day or
season to assess how well the model has perforingtie case of daily weather forecasts
this can be repeated many hundreds of times ansstatdices of forecast accuracy can be
constructed. Such verification is not feasiblediimate scenarios because of the long time
scales involved - in the order of decades up teraucy and sometimes beyond.

Evaluating the predictive success of a climate ader{against recent observations) is
also a very different exercise to evaluating thégosmance of a specific climate model
(against historical observations). A ‘good’ climahodel with a defined level of predictive
skill does not necessarily translate into ‘goodinelte scenarios; the assumptions and
manipulations that take place in the process ofatie scenario construction (Hulme &
Dessai 2008) mean that the performance of a climatgel cannot necessarily be equated
with the predictive success of scenarios that édfriom it.

We have demonstrated elsewhere (Dessai & Hulme3)2@®wv one might evaluate
the predictive success of successive generatioo&aflimate scenarios. We compared
various scenario projections — dating from 1998619998 and 2002 - against observations
for the period 1990 to 2007 for national-scale ¢atlbrs of temperature and precipitation.

Our analysis showed that recent trends in obsdiedlimate have indeed fallen broadly



within the range of published climate scenario grtpns (for an example see Figure 1), the
greatest ambiguity occurring with summer preciptat

Scenario evaluations such as these may be impaotamdertake, but they also raise
as many questions as they answer. For examplegldtevely poor fit of observed UK
summer precipitation to the scenario trends mightdp three different reasons: deficiencies
in the underlying climate model(s) used — in tlase&mostly from the Hadley Centre;
inadequacies in the way the scenarios were defread the model(s); or simply due to high
levels of natural multi-year variability in UK sunemprecipitation which cannot be easily
represented in climate scenarios purporting toaklemg-term trends in anthropogenic
climate change. As noted by Oreskes et al. (198&jfication of such model ‘predictions’
may have greater learning value than any numbeomwfirmations of model veracity, a point
we return to in the discussion section below. BW#eugh we have between 5 and 15 years
of observations against which we can evaluate¢heagios, such periods may not be
sufficiently long to provide robust answers to theestion: ‘were these scenarios a good
description of the way future UK climate evolved?’

A second question raised by this type of retrospeevaluation of scenarios’
predictive success concerns the multiplicity animaof climate scenarios that may be
involved. Is one evaluating the predictive accyraican individual scenario, a family of
scenarios or a set of probabilistic scenarios? elkample, in the case of the UKCIP98
scenarios (published in 1998) four different naglaclimate scenarios were portrayed, each
of them based on a different combination of emissiecenarios and climate model
parameters. One might conclude one decade latshawn in the Dessai and Hulme (2008)
study, that realised UK climate has indeed falléhiw the projected scenario range, but this
implies the scenario family was ‘accurate’, notessarily any single scenario. Thinking of
scenario success in terms of predictive skill, ésras to conclusions in which we have to
judge one scenario in a family of scenarios adélethan the others. And yet all four
UKCIP98 scenarios were created through the samstremtion process and were claimed to
be ‘equally plausible’.

This problem of retrospectively evaluating the jicéde success of multiple
scenarios emerging from a single scenario exebdsemes even more acute when the
family of scenarios are presented in probabilifsiien. This is the approach taken in the
forthcoming UKCIPO08 national climate scenarios (URC2008) and increasingly with other
new climate scenario products (e.g. CSIRO, 20@%)long as observed climate reality

subsequently falls within the stated scenario poditya density function, the probabilistic



scenarios can be claimed to have predictive sucCHss again suggests that falsification is
the aim rather than confirmation: scientists laaore if reality falls outside a probability

density function than if it falls within it.

3 Decision Success

This criterion of scenario success asks a diffegemstion — ‘have decisions made on the
basis of the scenario(s) subsequently turned dog tgood’ ones?’ This is an important
guestion to ask because climate scenarios areasiogdy being used to climate-proof multi-
million pound infrastructural investments and te@lep new risk and resource management
strategies. At one level, and as with predictivecsss, this criterion can only be addressed
with the benefit of retrospection. For examplacei1990 the environment ministry in the
UK has adopted a recommendation, derived from ¢éraad sea-level scenarios, that a
future rate of sea-level rise of 6mm/yr shouldiporated into decisions and designs
about coastal defence infrastructure in the UK (MAE999). Whether such a
recommendation has contributed to effective desisimaking in the coastal zone can only be
assessed with the benefit of hindsight. For examfier one, two or more decades one could
attempt to evaluate whether new coastal infrasiredhus designed has reduced the
economic or social damage caused by coastal flgodie difficulty is that this question

can only be answered on the basis of some couatealescenario — what damage would
have occurred if the original infrastructure desigrdecision hadotincorporated the
scenario? This counterfactual question can onlgrissvered quantitatively using models to
simulate alternative realities — simulations ofalding realities with and without the
scenario-informed infrastructure.

These methodological difficulties in applying tlisccess criterion as initially stated,
leads us to modify our framing of decision succés instead evaluate climate scenarios by
asking the question — ‘do the scenarios contairffecent representation of knowable
climatic uncertainties to offer the prospect thaetidions taken in the light of the scenarios
will prove to be robust?’ The justification folafning the criterion this way emerges from a
view of decision-making summarised by Groves anahphert (2007: 76), ‘Robust decision-
making proceeds from the observation that decisiakers often manage deep uncertainty
by choosing strategies whose good performancdatvely insensitive to poorly
characterised uncertainties.” The focus of suchess is less on the (retrospective) accuracy

of the climate scenario(s) or the (retrospectivigiency of the decision, but more on



establishing an enabling condition for ‘good’ (rebudecisions to be made; i.e., in which a
wide range of relevant uncertainties have beenidered.

This appears a more tractable approach to evatudgécision success than dwelling
solely on decision outcome. For example, the CAIBIB climate scenarios sampled the
known uncertainties affecting future UK climate rhunore narrowly than did the UKCIP02
climate scenarios (see Hulme & Dessai, 2008). dfieyrs an a priori reason for arguing that
subsequent decisions made on the basis of the ClA8&5scenarios would be less robust
than later decisions made on the basis of the UREZHEZenarios. Yet we have also shown
that in some circumstances the UKCIP02 scenarigsmagascore very highly on this success
criterion (Dessai & Hulme, 2007). Proposed invesitdecisions for managing drought
made by a water company in eastern England sofeth@basis of the UKCIP02 scenarios
only proved robust to the stated climate uncerigsrtecause of fortuitous circumstances.
The climate model underpinning the UKCIP02 scersapi@dicted much drier conditions
than all the other models that could have been;useestment decisions that had similarly
relied on the UKCIP02 scenarios but that relateshéamaging flood risks would not have
proved so robust.

4 Learning Success
Both of the above two criteria take an instrumenwnialv of evaluating the success of climate
scenarios: did they turn out to be accurate andhaig enable robust decisions. Our third
suggested success criterion asks a rather diffgqreggtion — ‘did the scenarios prove
engaging and did they enable learning?’ This iGoitesits more sympathetically with the
view of scenario exercises as, primarily, proceséastiared enquiry and mutual learning
rather than an emphasis on the practical utilitgrof tangible scenario products. The
justification for this criterion emerges from awief scenarios summarised by Pulver and
VanDeever (2007: 4), ‘[Scenarios] ... can servieuitd networks of individuals linked by
common concerns, generate shared understandistglolise interaction between different
social worlds.” Rather than using to scenarioggimise decisions, or even to facilitate
robust decisions, this criterion of success emgkashe heuristic, pedagogic and social roles
that national climate scenarios can play.

Developing formal metrics of scenario successis ¢ase becomes harder still, but
again from the case of the UK climate scenariogaveillustrate some elements that might
constitute such a metric. The UKCIP98 scenariae\weblished shortly after the UK

Government established the Climate Impacts Progetorenable a stakeholder-led



assessment of nation-wide climate change impactadaptation options. As reported by
Mackenzie-Hedger et al. (2006: 210), these natiolralate scenarios helped to engage and
consolidate a community of public and private seotganisations wanting to consider
climate change in their decision-making ... ‘thienelte change scenarios have been powerful
tools for engagement purposes on their own’. Bingas a shared product, promoted and
disseminated through UKCIP acting as a ‘boundagamwisation’ (e.g. Guston, 1999), these
scenarios raised awareness, stimulated participatitongst diverse stakeholders and forged
a community of learning. In contrast, the previgaseration of national climate scenarios -
CCIRG96 - pre-dated the formation of UKCIP and weoenearly so successful in
establishing wide user engagemenhe existence of a boundary organisation to exploit
climate scenarios for facilitating social learnmiga national scale across very diverse
organisations may therefore be a necessary conddrahis criterion of scenario success.
This reasoning is part of the case made by Miled.¢2006) for a National Climate Service
in the USA.

One metric for evaluating learning success ofomati climate scenario(s) may
therefore be exposure, uptake or usage. The mdedyscommunicated or used a particular
set of climate scenarios becomes, the greaterdtemfial for those scenarios to promote
social learning amongst strategists or decisionerakAlthough a wide range of
organisations have used the UKCIP02 climate sces&or communication purposes or to
contribute to strategic or design planning (Gawitlal., submitted). A recent survey of
UKCIP stakeholders recently undertaken by Defransubthat over 90 per cent of
respondents had made use of the UKCIPO02 climatesios, the highest uptake of any of the
eight surveyed tools and products developed by WK(@lefra, 2008). Furthermore, in the
judgement of users these climate scenarios extibie highest degree of coherence and the
most appropriate level of detail of all eight toalsd products.

Although usage statistics do perhaps reveal sange#ibout the saliency of scenarios
amongst stakeholders, on their own they are adihytgecrude measure of learning success.
There may remain many organisations that have sed national climate scenarios in any
process of learning and mere familiarity with se@sdoes not guarantee that organisations
assimilate climate change information into theiatggic planning of decision-frameworks.
Even less does it guarantee that ‘good’ or moresbbecisions result (see section above).
The same Defra survey asked respondents to sdifeggahe benefits of the tools and
products to their organisation. Over 90 per céméspondents claimed there were

organisational ‘benefits’ of using the UKCIPO02 ciita scenarios, and over 50 per cent



claimed ‘significant benefits’. These responsesavagain the highest of all the UKCIP tools
and products surveyed. Exactly what these selizatad benefits were would need more
detailed investigation, but they seem unlikely ¢orélated to our previous two evaluative
criteria of predictive or decision success. Themome sense then that in the perception of
these stakeholders these climate scenarios haa® @cpromote awareness-raising,

networking and organisational learning.

5 Discussion

Whether one sees the primary value of climate se@nhas products to be used or as
processes to be learned from there is no easy vayatuating their ‘success.’ In this paper
we have suggested three different criteria by whi@narios could be evaluated and
illustrated their application through the specédiample of the four generations of national
UK climate scenarios published between 1991 an@.200e offer three final observations
on the value of these different approaches to etviaio.

If national climate scenarios are treated primaa#yquantitative products seeking to
predict the future we must recognise the limitagitm how we evaluate their success.
Climate scenarios result from a process of desighcanstruction which always occurs at a
particular time and in a specific context. Scerm#s products are ephemeral and are always
likely to be displaced by later scenarios. Thgioal CCIRG91 national UK climate
scenarios (published in 1991), although projectiingate futures out to 2010, 2030 and
2050, have little use value today. Similarly, Bi€CIP02 scenarios (published 2002) are
soon to be displaced by the UKCIP08 scenarios {ghddl autumn 2008), and already a new
set of scenarios (UKCIPnext) is being contemplatéden if the CCIRG91 scenarios could
somehow be shown to have contained greater preeliskill than UKCIP02, it seems
implausible that organisations would want to camtimsing them given more recent scenario
products.

We should also recognise that when applying arariteof predictive success to
scenarios, more is likely to be gained by falsiima than by confirmation. If the climatic
future turns out differently to that envisaged kgea of scenarios, this offers the prospect of
learning what factors in reality were either igribog not well represented in the scenarios.
In the case of national climate scenarios thederfaeay have two origins. There may be
poorly represented physical climate processesantiierlying climate model(s) - for
example poor representation of summer convectivegases may help explain why UK

climate scenarios seem not to have projected thegehin summer precipitation that has



been observed. There may also be social, ecommmtéchnological drivers of greenhouse
gas emissions that were poorly understood in tlderying emissions scenarios (this has
been shown to be the case in the case of the IR@€i&@® Report on Emissions Scenarios;
Pielke et al., 2008). Evaluating the predictivél st climate scenarios therefore offers the
prospect of learning, although we should bewarttti@intuitive expectation that learning
will progress uniformly over time towards the ‘tr@mswer is not always realised (O’Neill et
al., 2007). If we consider climate scenarios aslpcts, we suggest that while there can
never be a ‘correct’ scenario, ‘incorrect’ climatenarios can help us better understand
physical and social reality.

Our second point emerges from treating climate &ges as social processes. Here,
the retrospectively evaluated predictive succesheoEcenarios is largely irrelevant, even if
their prospectively claimed predictive skill doesstvalue (see below). Instead, we must
recognise that social processes of learning arentoous and adaptive. As the relationship
between climate change science, society and potiapges, so will the demands,
expectations and roles of different social actorsdenario-generating processes. Just as
there is no ‘correct’ climate scenario, there isnght’ scenario process. Designing and
managing the social processes of climate scenagotrmtion and usage is as important and
difficult as managing the technical aspects of atienscenario construction.

Finally, we note that there exists a constructereston between the roles of climate
scenarios as products and as processes. By emiplasie status of national climate
scenarios as products with scientific credibiliyedictive authority and national consistency,
it becomes possible to mobilise and entrain s@gtdrs and organisations into what
subsequently becomes a learning process. Thisleady the case with the UKCIP98 and
UKCIPO02 scenarios; without the credibility and potide authority carried by these scenario
products, stakeholders would not have been sawyith commit time and resources to
engaging with them (Gawith et al., submitted). ¥efre is a double irony here. The first
irony is that once engaged in a learning processtdiow climate scenarios are constructed
and the uncertainties that they carry, stakeholappseciate the limited predictive skill that
scenarios in fact contain, and also their trangienihe second irony that comes out of the
learning process is the appreciation that thistéchpredictive skill is nevertheless not a
hindrance to their use. Rather than enabling aptichdecisions about the future on the basis
of predictive accuracy, scenarios can be usedcibitéde robust decision-making on the basis

of (represented) predictive uncertainties.
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We therefore suggest that using climate scenamiassiocial learning process may
actually require a degree of illusion about theedictive skill (see Dessai et al., in press)
before expectations about what the scenarios défeision-makers can be more
appropriately calibrated. The creative tensionesveen models that may claim they can
predict the climatic future, climate scenarios whieveal that in fact they can’t, and robust
decisions which are relatively insensitive to tthiscrepancy. This tension may also exist in
other areas of science-policy interactions wherdetibased scenarios play a salient role in
policy deliberations (see Evans, 2008).

The ultimate purpose of scenarios — as originggognised by Shell in the 1960s - is
to bring conceptions of multiple possible futune®ideliberations, strategies and decisions
that are made today. They are to do so in a stredtand coherent way in which one learns
as much about how we think we can ‘know’ the fut@®one learns about what that future
might be. Climate scenarios are not ‘predictiomigich describe what will happen, but are to
be understood as ‘predictive judgements’ which desavhat could happen (Shearer, 2006:
68). They are best understood as ‘boundary objedtar & Griesemer, 1989; Shackley &
Wynne, 1996) whose ultimate evaluation should bderegainst multiple criteria — for
example the three suggested here - reflectingiffexeht social worlds that national climate

scenarios are seeking to stabilise.
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Figure 1: Observed inter-annual changes in wir@entral England Temperature from
1960-2007 relative to the 1961-90 mean (grey barsg observed 30-year overlapping
means from 1946-1975 to 1978-2007 are shown irkbldK climate scenario projections
are shown in colour: CCIRG91 (pink), CCIRG96 (greesKCIP98 (blue) and UKCIP02
(red). The thin black horizontal lines represerdg tounds of multi-decadal (30-year) natural
variability and the dashed horizontal lines repnessthe bounds of inter-annual natural
variability (both defined ag two standard deviations of the observed recdfeom: Dessai

& Hulme, submitted]
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