
/

ent

policy-
uspect that
ity of the
possible,
too long
rkshop in

daptation
s études de

produire.
tres types
eractions
r que les
téressées à
ue le niveau
C. R. Geoscience 337 (2005) 411–424
http://france.elsevier.com/direct/CRAS2A

External Geophysics, Climate and Environment

Taking the uncertainty in climate-change vulnerability assessm
seriously

Anthony Patta,b,∗, Richard J.T. Kleinb, Anne de la Vega-Leinertb

a Department of Geography, Boston University, 675 Commonwealth Avenue, Boston, MA 02215, USA
b Potsdam Institute for Climate Impact Research, 14412 Potsdam, Germany

Received 25 August 2004; accepted after revision 22 November 2004

Written on invitation of the Editorial Board

Abstract

Climate-change vulnerability assessment has become a frequently employed tool, with the purpose of informing
makers attempting to adapt to global change conditions. However, we suggest that there are three reasons to s
vulnerability assessment often promises more certainty, and more useful results, than it can deliver. First, the complex
system it purports to describe is greater than that described by other types of assessment. Second, it is difficult, if not im
to obtain data to test proposed interactions between different vulnerability drivers. Third, the time scale of analysis is
to be able to make robust projections about future adaptive capacity. We analyze the results from a stakeholder wo
a European vulnerability assessment, and find evidence to support these arguments.To cite this article: A. Patt et al., C. R.
Geoscience 337 (2005).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Traitement de l’incertitude dans les évaluations de la vulnérabilité au changement climatique. L’évaluation de la vulné-
rabilité au changement climatique est devenue un outil d’emploi fréquent pour informer les décideurs qui visent une a
à des conditions climatiques changeantes. Cependant, nous suggérons qu’il existe trois raisons de soupçonner le
vulnérabilité de souvent promettre plus de certitudes et de résultats utiles qu’elles ne sont effectivement capables d’en
Tout d’abord, la complexité du système qu’il s’agit de décrire est plus grande que celle qu est rencontrée dans d’au
d’évaluation. Deuxièmement, il est difficile, si ce n’est impossible, d’obtenir des données permettant de tester les int
entre les divers déterminants de la vulnérabilité. Troisièmement, le temps sur lequel porte l’analyse est trop long pou
estimations de la capacité d’adaptation future soient robustes. Nous analysons les résultats d’un atelier des parties in
une évaluation de la vulnérabilité européenne et trouvons des éléments soutenant ces arguments. Nous suggérons q
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de cette
des incertitudes quant à la vulnérabilité au changement climatique est si grand qu’elles jettent un doute sur l’utilité
approche.Pour citer cet article : A. Patt et al., C. R. Geoscience 337 (2005).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

The Intergovernmental Panel on Climate Chan
(IPCC) has, since its first assessment report, asse
not only the science behind climate change, but a
people’s exposures to its impacts, and the possibil
for lessening the problem. Beginning with the Th
Assessment Report, the IPCC has also turned to
sessing future vulnerability to climate change[35].
The attention of the IPCC reflects numerous resea
efforts underway attempting to assess the vulnerab
of human–environment systems, now and in the fut
in developing and developed countries, to anticipa
environmental changes, foremost among them glo
climate change[23,32,43].

Scientific discovery has made it possible to p
dict several important changes in the biosphere o
the coming years, decades, and even centuries, w
could have major implications for human wellb
ing [52]. Many of these changes appear to be initia
by particular human activities, while others, such
decadal climate variability or the loss of coastal la
appear to be driven by some combination of factors
thropogenic and outside of human activity. Whate
the causes of such changes, the ability of scien
to predict them with some accuracy and reliabil
creates the opportunity to improve decision-maki
both by private individuals and by government polic
makers, in ways that take into account the direct
and magnitude of future changes[8,57]. Scientists can
project some of the long-term consequences of hu
lifestyle patterns – the environmental impacts – in
der to help people make decisions that minimize th
harm to the environment[21,22]. But science can als
project long-term environmental changes, to enco
age and assist people to adapt in advance[56]. Within
this latter vein of research, the concept of vulnera
ity has taken on importance among the global cha
research community[35].
d

Policy makers appear to be eager consumers of
nerability assessments, and are financing and purc
ing such assessments at a faster and faster pace;
are currently hundreds of vulnerability studies und
way in countries and regions around the globe, de
ering a variety of information packages[63]. Some of
these focus on specific sectors of the economy (suc
transportation, or agriculture), and help policy-mak
within those sectors to better plan. Others engag
drawing vulnerability maps: generating general in
cators of vulnerability, and comparing those indicat
across geographical areas and snapshots of tim
is no surprise that such assessments are attracti
policy-makers, as they offer the promise of helpi
them substantially to improve their decision-makin
Policy-makers who visibly use such assessments,
least pay attention to them, can claim to be protec
their constituents from the things that most threa
them, to be making them less vulnerable, someh
safer. For example, people living in flood-prone ar
need to know how much additional flooding to a
ticipate, so that their flood control measures will
certain to be effective. On its face, the use of vulne
bility assessment to inform policy-making seems l
the perfect integration of knowledge and action, an
necessary ingredient in fostering a transition to a m
sustainable future.

As with many types of assessment, however,
issue of scientific uncertainty is prominent in t
climate-change vulnerability issue[18,65]. It is well
recognized that the inherent uncertainty in trying
make projections for natural systems up to 100 ye
in the future is difficult, as uncertainties cascade up
each other, even more so when translating natural
tem changes to their effects on an uncertain so
system[19,38]. At the same time, it seems self ev
dent that some information is better than none,
even given the tremendous uncertainties in project
of climate change impacts and vulnerability, these p
jections should guide policy decisions[49,64]. Often,
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even for events of low likelihood, modelers can s
with high confidence the direction in which that lik
lihood is likely changing. While such messages c
often be confusing to policy-makers, once they und
stand the information, their decision-making sho
benefit[40].

We suggest that in fact the uncertainties in clima
change vulnerability may be far higher than seve
closely related fields where assessment has pro
useful: vulnerability to natural hazards, vulnerab
ity to famine, and the economic impacts of clima
change. Although not immediately apparent, the co
monly stated goals of climate-change vulnerability
sessment require modelers to understand the beh
of far more complex systems, over much longer ti
periods, with less applicable past data from which
draw. We suggest that an assessment with little o
useful information may be worse than no assessm
at all, and for this reason, some kinds of vulnera
ity assessment may in fact be counterproductive. In
following sections we develop this argument. First,
examine different models of vulnerability, concludin
with the commonly used model of climate-change v
nerability. Second, we examine the difficulties in ge
erating useful knowledge about future vulnerabil
combined with the potential drawbacks of commu
cating that knowledge. Third, to ground our argum
in an empirical study, we examine the interactions w
stakeholders in a recent vulnerability assessmen
see whether they considered the results useful. Fo
we conclude with suggestions for appropriate, a
inappropriate, types of vulnerability assessment,
guidelines for conducting good assessment in ligh
high uncertainty.

2. Vulnerability and vulnerability assessment

The concept of vulnerability as something to be
sessed and then addressed has risen in recent
within several different research and policy commu
ties. It mirrors other policy relevant concepts that
the subject of assessment and research, such as
fare or wealth. Wealth can be assessed and comp
in several different ways, from simple exchange r
equivalents, to purchasing power parity, to the qu
ity of life and level of development, depending o
the question one finds most interesting. So too d
r

s

l-

the vulnerability concept have several different me
ings, depending on the problem being described
this section, we briefly examine some of those me
ings. Then, we examine several reasons why the
of the vulnerability concept among the climate chan
community presents major challenges for research

2.1. Three areas of vulnerability assessment

The first area of vulnerability research deals w
natural hazards, such as earthquakes, cyclone
floods. There is nothing to be done about the fact
some places are naturally in harm’s way – San Fr
cisco, Tokyo, Istanbul, and Islamabad are all m
likely to suffer an earthquake than New York, Lo
don, or Beijing – but there are things to be done
lessen the negative consequences of the harm. A
can be less vulnerable to an earthquake if it imp
ments a combination of technological (e.g., differe
building materials), organizational (e.g., enforcem
of building codes), and other societal (e.g., public
ucation programs) solutions that minimize the loss
life and property associated with shaking ground.
sessing and addressing vulnerability to natural haz
involves listing the many ways in which people w
suffer when a particular hazard hits, and identify
and implementing measures to minimize each of th
consequences[10,11].

The second area of vulnerability research l
within the famine relief community. Famine relie
workers are concerned less with a particular ev
as with a particular outcome: the lack of access o
large number of people to adequate supplies of fo
Early and important work showed that the most ob
ous causes of famine (e.g., drought, pestilence,
war) are not the most important[50]. Entitlement
theory suggests that when a combination of soc
political, and economic factors is present, even
most minor external shock can lead to mass sta
tion [55]. Addressing and assessing vulnerability
famine in this case involves listing the many possi
events that can trigger crisis, and identifying and i
plementing measures to break this causal chain. S
assessments have often led to the creation of fam
early warning systems, which currently exist in ma
developing countries, and which monitor environm
tal and social indicators that often predict a grow
food insecurity crisis.
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The third type of vulnerability research lies with
the climate change impacts assessment commu
[14]. As people first recognized the existence of
thropogenic climate change, they began to cons
whether it would be worthwhile addressing it, the n
ural question was what the consequences of clim
change actually would be, and thus how much ac
to prevent it would be justified and feasible. This n
cessitated the linking of climate models, which ma
projections decades and centuries into the future, w
socio-economic and human settlement scenarios,
lyzing what the natural forms of harm would be, a
who would be in harm’s way[15]. Integrated assess
ment modeling of climate change impacts provid
information to guide decisions about how much
abate greenhouse gas emissions, based on cost
mates of the damages avoided[42]. While impact as-
sessment often required assumptions about the fu
capacity of people to adapt, its purpose was not
plicitly to guide those choices[36]. By the late 1990s
however, the concept of adaptation rose on the
mate change agenda, as people recognized that
amount of climate change, perhaps a large amo
was inevitable[35]. The focus of impact assessme
shifted from the effort of justifying a global policy re
sponse to reduce the causes of climate change, to
of minimizing the negative consequences given p
ticular mitigation, and hence climate, scenarios[53].

Assessing and addressing climate-change vulnerabil-
-

i-

e

ity means listing the many possible natural event
chronic and acute – that climate change may crea
a given place, listing the many possible ways in wh
people in this place may suffer as a consequenc
these events, and identifying and implementing m
sures to break the connection between the list of ev
and the list of forms of harm[20,23,60]. Climate-
change vulnerability assessment covers a wide s
trum, in terms of the range of impacts and poten
adaptations considered. In its narrowest form, it
amines a single decision or set of decisions to be m
today, such as changes to long-lasting infrastructur
settlement patterns, and sees how sensitive that
sion is to projected impacts of climate change[19,26].
In its broad form, it allows for comparison of the ove
all vulnerability of different communities or econom
sectors to the aggregate impacts of climate change
the identification of options to improve future adapt
capacity[25,53].

Fig. 1 illustrates the variables considered in ea
of these areas of vulnerability assessment. In the
ural hazards model, there is a single triggering ev
a number of control variables, and a number of n
ative outcomes. To some extent, there is a corres
dence between each control variable (which may b
set of factors) and each negative consequence, su
building design influencing the likelihood of collap
when an earthquake hits. In the famine model, th

are a number of triggering events, a number of con-
Fig. 1. Three models of vulnerability.

Fig. 1. Trois modèles de vulnérabilité.
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trol variables, and a single negative outcome. Aga
there is some correspondence between the two gro
such as drought combined with the lack of irrigatio
Of course, since the triggering events may happe
isolation or in combination, there is not an exact cor
spondence. A war, for example, might make the ea
warning system ineffective, unless some other con
variable, such as the presence of strong internati
organizations, is present.

In the climate change model, there are typica
a number of triggering events, a number of cont
variables, and a number of consequences, man
them negative. It is rare that one can point to a s
gle impact interacting with a single control variab
to produce a single negative outcome, since it is
be expected that many or all of the triggering eve
will happen simultaneously and interactively. In
narrow form – examining a single set of decisions
be made today – climate-change vulnerability ass
ment restricts the number of variables considered,
hence interactions, to a manageable amount. In
broad form – considering the net vulnerability of
community or economic sector – the potential set
interactions mushrooms. For lack of adequate the
about these interactions, many researchers are fo
to consider only linear connections and one-to-o
correspondences between variables, qualifying t
findings accordingly[1,33,41,51].

2.2. Validating vulnerability models

Vulnerability assessment ought to help decis
makers to minimize the magnitude or likelihood of t
negative consequences, given the occurrence of
or more of the triggering events, by influencing o
or more of the control variables. But before doing
they need to be confident that the consequences o
intervention will be as the model suggests: that
change in the control variable will reduce, rather th
exacerbate, the harm. To gain such confidence, it is
portant for modelers to validate their work with pa
data.

There have been a lot of earthquakes, fires, floo
and cyclones. In each case, there has been a distin
of other factors present, the control variables, wh
may have contributed to the damage, as well as dif
ent sets of damages. Importantly, these events are
ically separated by a large amount of time and spa
,

t

when such a separation does not exist, such as bet
an earthquake and its aftershocks, one typically tr
them as a single event. Even where one place ha
perienced several hazards, the duration of the haz
combined with the time to rebuild from it, is typ
cally short in comparison to the interval between the
a city may experience one earthquake, it rebuilds,
then years later it experiences another. Because o
separation, each of these events can be treated as
dependent observation. Famines are a little more d
cult to separate in time and space, given that they c
borders easily, and take years to wax and wane. B
is still possible to parse out numerous distinct eve
and examine the relationship between causes an
fects. With many independent observations, one
begin to test models rigorously, and make meanin
statements about the relationships between cause
effects.

In human history there have been many examp
of quite extreme local and regional climate chan
leading to the prospering or collapse of societies[6].
There have also been several major shifts on glo
weather patterns, such as the Little Ice Age of
1700s and 1800s, or the Medieval Warm Event. Ho
ever, there have been no major changes in global
mate in which any of the hypothesized control va
ables, such as income equality or access to credit,
been in a state anything like they are now or will
in the future. To be sure, the sub-components of
climate-change vulnerability model – models of c
mate, socio-economic development, and adaptatio
can be validated. However, there is no way to de
mine whether the various factors, the combination
triggering events and the multiple control variabl
will interact in the way that is forecasted.

For hazards and famine researchers, the pres
of data has made it possible to make statements
go beyond the obvious, and indeed to present the
of counter-intuitive results that actually allow scien
to contribute value to policy. It is important to know
for example, that most of the damages to human
and property from cyclones occur not as a resul
wind, but of flooding[17]. It is important to know tha
most people under-insure against natural hazards
til immediately after an event, when they over-insu
unless government policies force them to do oth
wise [27]. It is important to know that good gove
nance does more to alleviate famine than does
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quate rainfall[55]. Each of these lessons suggest t
some forms of public investment are better than oth
in reducing future vulnerability, and hence can co
tribute to the policy process by justifying costly o
tions. Statements about social system/natural sys
interactions that produce more or less vulnerability
climate change are much harder to make.

2.3. The time frame of analysis

Policy makers concerned about natural haza
worry about the event that could occur at any tim
tomorrow, next year, and within the coming decad
Assessing the vulnerability to those natural haza
means examining the system, as it exists today,
suggesting changes to that system in order to m
it less prone to damage. To be sure, those cha
may take years, or even decades to implement.
ten the changes involve altering the type of build
construction, or the location of settlements; all n
construction will take the hazard into account, wh
existing infrastructure simply ages, hopefully grac
fully. But the starting point for the changes is t
system’s current design. Planning for food security
not too different, although it does often require so
consideration of the trends that may be making p
ple in a given place more vulnerable to famine, su
as population growth, or the loss of arable land. T
analysis begins with the recognition that vulnerabi
exists today, vulnerability that will not disappear on
own and may indeed be growing, and with the desir
make active interventions to reduce the vulnerabili

Climate-change vulnerability assessment, at le
in its broad form of considering the aggregate vulne
bility of a community or economic sector, is differen
The starting point for analysis is the recognition th
triggering events may emerge, grow more frequent
become greater in magnitude over time as a resu
changes in greenhouse gas concentrations. These
include changes in average temperature, in ave
precipitation, in average sea level, or in the freque
and magnitude of extreme events[34,44]. Indeed, of-
ten scientists are able to say with high confidence
a low probability event will become more likely[35].
It is no surprise that the ranges of uncertainty wit
impact assessments are, or ought to be, very wide[16,
39,65]. While the use of multiple scenarios can oft
offer insight into what the future may look like, and a
y

low for the development of robust strategies[30,59], it
does not overcome the core challenge of unpredicta
ity that the time dimension offers.

Vulnerability assessment is in many ways sim
lar to environmental impact assessment, in that it
quires projections of future environmental changes[9,
46], but in terms of the time dimension of actio
there is a crucial difference. Impact assessment gu
those mitigation decisions that will potentially crea
or avoid a negative environmental impact, and like
steps taken in response to famine and hazards as
ment, can be taken today, before the problem de
ops[53]. In Fig. 2, the square representingpresent-day
mitigation is the decision to be informed by impa
assessment, in that the decision-maker can choos
tween at least two pathways. At some future time,
environmental change will manifest itself, and there
no doubt some uncertainty about how society will s
fer harm: under one decision pathway, society co
suffer harm ranging froma to b; under another deci

Fig. 2. Impact and vulnerability assessment.

Fig. 2. Évolution des impacts et de la vulnerabilité.
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sion pathway, society could suffer harm ranging fro
c to d . The point is to decide which initial pathwa
to select. Vulnerability assessment, by contrast, gu
those decisions that will respond to the threat of
impact, whatever the causes of that impact may
In Fig. 2, the vulnerability assessment assumes on
more scenarios of mitigation and other important
cietal changes, which bifurcate at the left-hand circ
For each scenario, then, the assessment examine
range of potential adaptation decisions, and the co
quences of each. For one scenario, the conseque
could range fromw to x, and for the other scenario
from y to z.

A commonly expressed goal for climate-chan
vulnerability assessment is to examine the adapta
options of people to climate change fifty or one hu
dred years from now, when climate change will
more severe, and suggest steps that can be taken
to enhance the range of options in the future. Feat
of the system that do not respond quickly to clima
such as the population or level of economic devel
ment, may partly determine the future range. But m
of the important variables, such as the location of n
infrastructure, are the elements of the system that
themostadaptive to change, and the least easy to
dict. For example, a coastal community may adap
gradual sea level rise by locating new developm
further inland, by constructing dikes and seawalls
some combination of the two. Yet the decision th
starts the adaptation trend in one direction may be
small as a single factory owner deciding to locate n
to the sea or on higher ground, which in turn will infl
ence where the employees choose to live, which in
will influence new road construction. Adaptations c
cade upon themselves. While vulnerability assessm
might suggest no-regrets options, it becomes very
ficult to say with any confidence whether a cos
change made today is justified in terms of improv
adaptive capacity in the future.

When it tries to inform present day policy make
how to improve future adaptive capacity, vulnerabil
assessment enters the territory of needing to pre
the future behavior of a complex adaptive system[29,
31]. Under conditions of increasing returns to sca
such as where the desirability of a product increa
along with its market share, the choices of society
adopt particular technologies are entirely path dep
dent, and virtually impossible to predict[2,62]. Agent-
e

s

based modeling can be used to demonstrate that pa
ular systems are complex adaptive, and to unders
why a particular complex adaptive system evolved
it did, and thereby explain surprises that have been
served[3,5,12,28]. The technique, by looking at th
structure of agent networks, can also begin to exp
the rate at which a system evolves, and hence be
to look quite different[4]. But neither agent base
modeling, network analysis, nor any other method
system modeling can predict, at any quantified le
of uncertainty, how the adaptive elements of a sys
will evolve once it does begin to enter the range of
unfamiliar[7].

2.4. Costs and benefits of vulnerability assessmen

While narrowly framed vulnerability assessme
can improve the quality of some long-range inve
ment decisions, the uncertainties inherent in
broader type of climate-change vulnerability asse
ment may preclude their ability to suggest more th
no-regrets options. At the same time, there are lik
other collateral benefits to these assessments, su
advancing the state of the art in integrated model
and in promoting stakeholder dialogue. Perhaps th
benefits justify conducting vulnerability assessme
even when the intended benefits are limited or n
existent. We suggest not, for two reasons.

First, there may well be some other type of asse
ment that is more useful, which is being crowded
by the vulnerability assessment. Such an effect
documented in the effort to assess the costs and
efits of reduced sulfur dioxide emissions in Euro
during the 1980s[47,48]. During the early years o
the Long Range Transboundary Air Pollution (L
TAP) regime, there was a great interest in using c
benefit analysis to set targets for sulfur dioxide em
sions reductions. The first major study was comple
in 1981, and focused on the benefits to building ma
rials, crops, lake fishing, and human health[45]. Be-
cause of the uncertainties, primarily in valuing hea
benefits, the estimated benefits of the favored red
tion target ranged from $1.83 billion and $16.6
Policy-makers found the results unhelpful, but d
cided to fund additional work at benefits estimatio
Over the next nine years, numerous reports attem
to estimate benefits, and yet none was able to
duce the uncertainty enough to allow policy mak
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to use the results[24,54,61]. Eventually, due to po
litical pressure, LRTAP policy-makers gave up tr
ing to assess the benefits of acid rain reduction,
decided to focus on what was possible, namely
sessing a least cost pathway for achieving ecosys
protection. Within four years, modeling teams in t
United Kingdom, Sweden, and Austria had develop
integrated assessment models that could achieve
One of them, the RAINS model, contributed sign
cantly to the development and adoption of a proto
to reduce sulfur emissions unevenly throughout
continent, a major policy breakthrough[47]. Interest-
ingly, by the late 1990s the effort to assess bene
was renewed, born out of the success at assessing
rain impacts. But when assessment teams turne
what they could achieve, and generated credible
sults, they had a much greater impact on the po
process.

Second, governments rely on scientific results to
gitimate their policy decisions[13]. When the actua
content of the scientific information is small, this e
hancement of legitimacy may be inappropriate. For
ample, it seems increasingly clear that millions of p
ple in developing countries are today worse off, and
deed hundreds of thousands of people may have d
because of international finance and development p
cies, which in turn were based on questionable e
nomic theory. Yet even as these policies started
be produce negative results, governments continue
engage in them, based on a belief in the underly
theory; the belief in the theory’s rightness persisted
blinding analysts to contradictory evidence[58]. Other
researchers have shown that such cases can lead
backlash against using scientific information to info
decision-making in that particular context, often a
result of the scientific results being overstated by
or more policy actors[66].

3. Evidence from stakeholder dialogue

In the last section, we developed the argum
that climate-change vulnerability assessment’s con
bution to the policy process lies not in identifying t
best ways of reducing future vulnerability, but rath
in stimulating a social discourse where impacts
be discussed and no-regrets strategies explored. In
section, we consider the outcome of a particular v
.

d

,

a

nerability assessment, in terms of the lessons tha
stakeholders in that assessment considered valu
The results are consistent with the argument we h
made so far.

3.1. The ATEAM project

The Advanced Terrestrial Ecosystem Analysis a
Modeling (ATEAM) project was a 3.9 million€ Eu-
ropean Union funded research and assessment pr
led by the Potsdam Institute for Climate Impact R
search (PIK) in coordination with seventeen part
institutions, the goal of which was to assess the v
nerability of human systems in relation to chang
provision of terrestrial ecosystem services in Euro
over the coming hundred years. The ATEAM proje
conducted from 2001 to 2004, was ambitious in t
it combined stakeholder analysis with state-of-the
ecosystem modeling and innovative techniques of
alyzing macro-economic indicators.

First, the researchers would meet with stakeho
ers, representatives from various environmentally s
sitive sectors of the economy across Europe, to de
mine what ecosystem services they considered to
most valuable, such as growth rates of particular
species, suitability of land for particular crop varietie
snow reliability, or quantifiable storage of carbo
Their incentives to participate ranged from influen
ing the research agenda to focus on the changes
viewed most important, networking with their co
leagues, to obtaining valuable information they mig
not otherwise learn.

Second, the various modeling teams projected h
these ecosystem services might change over time,
result of climate change, changes in nitrogen dep
tion, land use change, and changes in other natura
socio-economic drivers. To help to standardize th
projections, all of the modeling teams incorpora
European downscaled projections from four of
Intergovernmental Panel on Climate Change (IPC
Special Report on Emissions Scenarios (SRES)
jections. These were meant to capture a likely ra
of plausible future global development paths, in ter
of changes in overall economic growth, populatio
international trade, and prioritization of different le
els of environmentally friendly industrial pattern
None of the SRES scenarios included specific m
sures to address climate change through mitigat
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the intentional reduction of greenhouse gas em
sions, although they do differ in the rate of em
sions due to other factors. To further standard
their results, all of the ATEAM modeling teams a
plied multiple scenarios based on the downsca
projections from four leading general circulation mo
els.

Third, the results of the different ecosystem mod
ing teams were combined into a single mapping too
software package that allows a computer user to c
pare the exposure and sensitivity of particular ecos
tem services, and the vulnerability of specific s
tors across Europe at different times. Developmen
the vulnerability maps started with a consideration
what the global change impacts could be over the c
ing century, and how this would affect the maximu
possible production of each specified ecosystem
vice. The maps then included an estimate of what
actual utilization, or demand for, each ecosystem
vice might be over that same time frame. Sensitiv
then, depended in part on the likelihood of the act

utilization exceeding the maximum possible provision
of a particular ecosystem service. Finally, the m
included a consideration of the adaptive capacity,
rived from a broad slate of economic and social indi
tors, such as per capita income, access to informa
and age structure of the society. The researchers o
laid national scale adaptive capacity projections o
the potential impact projections. The results were t
mapped, in terms of a range of colors, across Eur
in 10′ × 10′ grid cells.Fig. 3 shows one example o
such a map.

Fourth, the project team engaged in additio
stakeholder dialogue: a total of three general wo
shops, three sectoral workshops, and multiple infor
interactions. The last general workshop took pl
near the end of the project and after the developm
of the prototype mapping tool; the ATEAM proje
partners met with the group of stakeholders for t
days, to present their findings, and to gain feedb
on the usefulness of their information package in
der to improve future vulnerability assessments. T
results of this stakeholder meeting are what we n

consider.
Fig. 3. Example of an ATEAM vulnerability map (from[37]).

Fig. 3. Exemple d’une carte ATEAM de vulnérabilité (d’après[37]).
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3.2. Stakeholder responses to vulnerability maps

On the 3rd and 4th of May, 2004, thirteen stak
holders met with fifteen members of the ATEA
project in the Maxx Steigenberger Hotel in Potsda
Germany, first to review the results and second
provide feedback on them. Of those attending, th
represented the forestry sector (in Germany, Finla
and Spain, respectively), two represented the mo
tain tourism sector, one represented the agricult
sector in Europe, one represented the bio-energy
tor in Sweden, and the remainder represented gov
ment agencies (e.g., the German Federal Environm
tal Agency), non-governmental organizations (e.g.,
Climate Action Network), or the media concern
with climate change in general. While we do not
tempt to summarize the entire workshop, we do
scribe three trends that we observed in the meetin

First, the stakeholders participated actively and
telligently in the discussion. During the first half of th
workshop, the presentation of the modeling meth
and the vulnerability maps, every stakeholder as
at least one question, and at times the presenta
evolved into protracted discussions of the finer poin
On presentation of the model of carbon storage,
example, the Swedish bio-energy representative
discussion in the direction of considering the m
effective ways for converting plant growth into ca
bon sinks, along with the difficulties in carbon sto
accounting. The discussion was on two main poin
how to model the carbon cycle taking into conside
tion temporary stocks, and how to combine alterna
ways to reach carbon emission targets, such as
substitution of materials which need high carbon em
sions to manufacture them as opposed to wood.
this and many other points, the stakeholders took
active role in discussing finer points with the ATEA
partners.

Second, the stakeholders all agreed that the
pact assessment component of the vulnerability m
in terms of examining changes in the potential p
duction of ecosystem services, was useful and in
esting. The representative from the Spanish fore
industry, for example, noted that several species
pine currently being grown are already showing sig
of stress due to insufficient water, and that the
pact assessment part of the modeling revealed tha
stress would increase, not decrease, over the next
-

-

dred years. To her this suggested that the time
already come to stop planting these species, altho
she recognized that to achieve change in forest c
position would take more than scientific informatio
The representative from the German forestry indu
noted a similar conclusion, and stated that these
clusions could be most useful in arguing for chan
in German forestry regulation, which currently di
tates which species of forest owners may plant. To
the impact suggested a means of arguing, to the
ernment, for greater forest owner flexibility to plan
wider variety of species. The representative from
German environmental agency noted that some a
of her country already seem ill suited to their tra
tional crops, and the impact assessments show
trend increasing in the future. Again, this could fo
the basis for a change in regulatory or crop subs
policy.

Third, the stakeholders agreed that the maps
vulnerability, including information such as adapti
capacity and projected land use, were less help
The representative of the European farmers said
while he found the impact maps useful, he fou
less value in the inclusion of adaptive capacity o
the next hundred years, since this did not and co
not guide his decision-making. In general, participa
said that the vulnerability maps failed to capture
multi-dimensionality of their sectors. The represen
tive of the Finnish forestry sector, for example, poin
out that the people who own most of the commerc
forests in Finland actually gain less than 20% of th
income from the forests; they are people who w
full time jobs, or are engaged in agriculture, and w
use the harvesting of timber from their land mer
to supplement their income. Their and their childre
vulnerability to global change lies not in the sensitiv
of their forests to anticipated changes in tempera
and precipitation – although such changes are h
ful to know – but rather to the overall development
the Finnish economy, including the other sectors of
economy in which they are engaged. To speak of
anticipated impacts of global changes on their lan
important, but translating this into useful informatio
about their vulnerability requires making inapprop
ate assumptions about their lives and the source
their livelihoods. The representative of the Germ
forestry sector suggested that the vulnerability m
could be useful to argue for changes in taxation
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subsidy policies to benefit his sector, but even the
would be more helpful to offer data about current d
ficulties, rather than difficulties projected fifty or on
hundred years in the future.

3.3. Lessons learned

As anecdotal evidence, the results from the ATEA
stakeholder workshop are consistent with the ar
ments of this paper. While policy-makers in the E
ropean Union may have been eager to fund a vuln
bility assessment, and while ATEAM appears to ha
met their expectations, the actual usefulness of the
sessment in directly influencing decision-makers w
far more limited.

The impact assessment part of the ATEAM mo
eling work was found to be useful, and represente
major step forward in modeling skill and the ability
predict future global change impacts. It is importa
not to understate the difficulty of this work. Assessi
impacts within ATEAM required downscaling nume
ous climate models, according to standardized sce
ios, developing consistent land use scenarios, and
pling these results with sector specific ecosystem m
els. The impact projections generated within ATEA
were state of the art, both in their fine scale and th
sector specificity. There is still a great deal of progr
to be made in projecting impacts of global change t
people care about, at a spatial and temporal scale
is useful for making different decisions. Likewise t
social-science projections within ATEAM were inno
ative, involving state of the art means of tying togeth
different national indicators in a way that could re
resent adaptive capacity. However, the results of
modeling appear, at least so far, to be of more ac
emic than practical interest.

The stakeholders themselves recognized the lim
tions of any attempt to translate projections of impa
into statements about sectoral vulnerability. Fi
making the system being considered more comp
made the results more difficult to communicate a
interpret, or required making unreasonable assu
tions. Second, there was less confidence in the re
generated from these more complex models. Th
the inclusion of adaptive capacity simply showed t
making necessary changes would be more difficult
did not influence in any way what those changes a
ally should be. Overall stakeholders repeatedly as
t

for a more transparent and targeted communicatio
the results and the methods used to obtain them. O
then they would be able to really decide whether
scientific results were of relevance to their activities

Obviously, this workshop represents a small sa
ple of stakeholders, responding to a single effort
assess vulnerability. They show that in this case, w
has been perhaps the most complex effort yet to as
regional global change vulnerability, the most use
contribution of scientists lay in the impact assessm
embedded in a process of stakeholder dialogue. St
holders were eager to talk with scientists about ad
tive capacity and vulnerability, but they could not for
see how they could use the information to make d
sions differently. We have searched for and failed
find any examples of other vulnerability assessme
achieving more.

4. Discussion

Vulnerability assessment is a tool to assist the
velopment of the best policies, the ones that red
the likelihood of harm, while promoting other chang
in society that people value. In the case of natu
hazards, it is possible to model the vulnerability o
system to a particular hazard, to validate that mo
against past data, and to use the results of the mod
suggest policies that will make the system less vuln
able, or more resilient, to the possible occurrence
the hazard. Likewise, it is possible to model the v
nerability of a country or region to food insecurit
again to validate that model using case studies f
past famines, and to suggest innovative policies
address the root causes of hunger. Finally, in the c
of climate impact assessment, it is possible to ar
at predictions of future impacts of emissions choi
made today, and in so doing assist policy makers
cide how much to mitigate.

Climate-change vulnerability is different, for thre
reasons. First, the complexity of the system is grea
in terms of requiring consideration of multiple trigge
ing events, control variables, and forms of harm. Mo
eling the connections between these multiple fac
may be exceedingly difficult. Second, there is no w
to validate the integrative models, and test whether
various pieces of the system interact in the way t
is proposed. Only the most basic statements can
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made with confidence. Third, climate-change vuln
ability assessment requires projecting possible st
of a complex adaptive system far into the future, w
enough accuracy to differentiate between the effect
ness of competing present policy options.

Vulnerability assessment can lead to the identifi
tion of no-regrets solutions to enhance future adap
capacity, but it is rare that it can provide the jus
fication for undertaking costly measures. Given t
limitation, we suggest that it can be an unfortunate d
traction. Vulnerability, like risk, is a powerful word
and evokes strong emotions. Nobody likes to feel v
nerable, and policy-makers can use the promise
reducing vulnerability as a strong argument for imp
menting particular policies. To use a current exam
leaders in several nations have justified the act of
vading a sovereign nation by claiming that doing
would reduce their peoples’ vulnerability to terroris
Maps of vulnerability convey a sense of certainty, a
could cause people to take actions they might oth
wise not have. No-regrets options should be evalua
on their more certain payoffs, not simply because p
ple believe they will generate significant future be
efits through the reduction of vulnerability; it wou
be a shame to see an assessment divert policy a
das and actions away from other programs with pro
track records or provable success, based on projec
of future vulnerability, when those projections must
inherently suspect.

Given the uncertainties inherent in the exercise
there a future for climate-change vulnerability asse
ment? We suggest that there is, and that it is in a fo
that resembles risk analysis quite closely. First,
entists can adequately perform the narrower form
climate-change vulnerability assessment, examinin
single decision or set of decisions. By narrowing
system that is being assessed from a complex a
tive system to one that is relatively simple, such
a building or an infrastructure project, scientists c
begin to make statements with a greater degree of
fidence. Second, scientists can engage in the bro
form of vulnerability assessments, but should of
present their results in a less aggregated format. T
should avoid the temptation to combine predictio
of future climate change impacts with socio-econom
scenarios and estimates of adaptive capacity. Inst
they should focus on the risks that a given commun
-

r

,

as it exists today, faces from predicted changes in
future.
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