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Preface

This paper summarizes the main findings of aworkshop held at Harvard University where
participants discussed methodological guiddines for researching vulnerability to the effects of
socia and environmenta changes. The ideato hold this workshop flowed from discussons held
under the auspices of two research projects, Research and Assessment Sysemsfor Sugtainability
(Sustainability Systems) based at Harvard Univeraty (http://sust.harvard.edu), and the
Environmenta Vulnerability Assessment (EVA) project at the Potsdam Ingtitute for Climate
Impact Research (PIK; http://www.pik-potsdam.de). During a summer 2001 visit to PIK by a
Sugtainability Systems Principa Investigator (William C. Clark), it became clear that the two
research projects were converging on the issue of vulnerability. Sustainability Systems
researchers were finishing a paper outlining the conceptua and theoretica foundations of
vulnerability, and EV A researchers were attempting a set of place-based vulnerability
assessments, as well as refining the theoretical foundations. Both teams expressed an interest in
collectively exploring the issue of methods and mode s for vulnerability research.

William Clark, Sustainability Systems collaborator Robert W. Corell, and PIK Director Hans
Joachim (John) Schellnhuber suggested that the two teamsjointly organize aworkshop to assess
the status of methods and models for vulnerability research. Three researchers (Colin Polsky a
Harvard, Dagmar Schréter at PIK, and Tony Pett, who is filiated with PIK and Boston
University) organized aworkshop on this topic for October 17-19, 2002, at the Harvard
University Center for the Environment. The group of invitees congtituted an interdisciplinary
group of scholarsinterested in the intersection of methods and models with vulnerability andysis
(seethe Authors Acknowledgements for those workshop participants not included in the author
list). The organizers made an effort to keep the group size small, to facilitate discusson, even
though the small sze meant that some experienced voices would not be heard.

Our objective was to be able to make a statement after the workshop about vulnerability
assessment that could be used to lay aframework for advancing the science. By making that
gatement public in this paper, we now hope to hear reactions from the rest of the community of
interested researchers and practitioners. Our hope is that the framework outlined in this paper
will encourage large-scale collaborations on the topic, asthis area of inquiry isfar too complex
to be tackled by smal numbers of researchers aone.

Funding for these activities was provided by multiple sources. The Research and Assessment
Systems for Sustainability Program is supported by a core grant from the U.S. Nationa Science
Foundation (award BCS-0004236) with contributions from the U.S. National Oceanic and
Atmospheric Adminigration’s Office of Globa Programs. Additiona funding was provided by
the Climate and Globa Change Program of the Office of Globa Programs, the Potsdam Ingtitute
for Climate Impact Research, and the European Union (Project ATEAM, No. EVK2-2000-
00075).






Abstract

Thereisagrowing cal among researchers interested in studying globa change and associated
effects on society and ecosystems to examine vulnerabilities as well asimpacts. Such amove
would require arenewed emphasis on the factors that constrain and enable coupled human-
environment systems to adapt to stress. Although a picture is emerging of what genera factors
globa change vulnerability assessments should address, it isless clear what methods are needed
for this endeavor. This paper presents results from a workshop held in October 2002 to explore
the issue of methods and modd s for vulnerability assessments. The results include an objective
for globd change vulnerability assessments, a set of five information criteria that vulnerability
assessments should satisfy for achieving this objective, and a set of eight steps designed to
satisfy those criteria. The proposed objective for globa change vulnerability assessmentsisto
inform the decision-making of specific stakeholders about options for adapting to the effects of
globd change. Thefive criteriafor achieving the objective are that vulnerability assessments
should: engage a flexible knowledge base, be place-based, consider multiple and interacting
sresses, examine differentia adaptive capacity between and within populations, and be
prospective aswdl as higtoricd. The eight steps for satisfying the criteriaare: define the study
areain tandem with stakeholders, get to know places over time, hypothesize who is vulnerable to
what, develop acausd modd of vulnerahility, find indicators for the components of

vulnerability, weight and combine the indicators, project future vulnerability, and communicate
vulnerability crestively. We expect most readers to identify some of the steps as salf-evident and
part of their well-established disciplinary practices. However, most readers should aso identify
one or more steps as uncommon to their research traditions. Thus taken together the eight steps
presented here congtitute a novel methodologica framework.
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1 I ntroduction

Scientigts, policy-makers, and the generd public are increasingly aware that globa patterns of
environmenta degradation are putting people a risk (Kasperson and Kasperson, 2001). These
threats are globd in both systemic (e.g., climate change due to greenhouse gas emissons) and
cumulative terms (e.g., locaized but widespread land degradation due to intensive agriculture)
(Turner et d., 1990). People are dso facing social and economic transformations (e.g., associated
with the breakup of the Soviet Union) that may amplify or dampen the importance of the
environmenta chalenges. To minimize the potentia harm associated with global changes,
people and societies need an accurate assessment of the vulnerability of the coupled human
environment systems in which they operate, and associated adaptation opportunities and
congrants. A common (if implicit) theme in the growing scholarly discusson is that the
concepts and methodologies for global change vulnerability assessments represent a new
research frontier (e.g., Cutter, 1996; NRC, 1999; Downing, 2000; Kelly and Adger, 2000;

K asperson, 2001; McCarthy et d., 2001; Parry, 2001; Turner et d., 20034).

The point of departure for this paper is aworkshop held in October 2002 on the topic of methods
and modd s for vulnerability assessments. Workshop participants share a common experiencein
— and frugtration with — the lack of critica discussion on methods and best practicesin the global
change literature in generd and the (emerging) vulnerability literature in particular. To be sure,
there have been severa notable efforts to codify appropriate practicesin the
impacts/adaptation/reslience research domain (e.g., Carter et a., 1994; Klein et d., 1999; Smit
et al., 1999; Walker et a., 2002). However, we believe afresh discusson on thistopic is
deserved because of the recent high-prafile focus on vulnerability (e.g., Kasperson, 2001,
McCarthy et d., 2001). The premise for the workshop (and by extension, this paper) was, if the
vulnerability perspectiveis such a promising and innovative research direction, then how does
onedo it?

The two specific purposes of this paper are to specify what is novel about globa change
vulnerability assessments, and to propose a common methodology for conducting such
assessments, for a broad multi-disciplinary audience. In Section 2, we assert a common
definition and objective for globa change vulnerability assessments, and relate these concepts to
the literatures from which they derive. We clam that vulnerability assessments should exhibit
five criteriathat can be satisfied by following a set of eight steps. Most readers should identify
some of the steps as self-evident and part of their well-established disciplinary practices.
However, most readers should aso identify one or more steps as uncommon to their research
traditions. In thisway, taken together the eight steps presented here condtitute a novel
methodological framework. In Section 3, we eva uate the proposed steps againgt examples of
recent research. In Section 4, we provide an initial assessment of the utility of the proposed
methodologica guiddines. We aso point to severa emerging vulnerability assessments that may
soon provide the basis for afull testing of the utility of the proposed steps. In Section 5, we
provide a brief concluson on implications of this new research direction for linking vulnerability
assessments to pathways for achieving more sustainable societies.



2 Describing Vulner ability
2.1  Definitionsand Objective

Some important terms used in the discussion of vulnerability research are discussed here.
Vulnerability istypicaly described to be a function of three overlapping characteridtics

exposure, sensitivity, and adaptive capacity (Turner et ., 2003a). For example, agricultura
vulnerability to the effects of climate change could be described in terms of exposure to elevated
temperatures, crop yied sengitivity to the eevated temperatures, and the ability of farmersto
adapt to the effects of that sengtivity, such as by planting more heet-resstant cultivars or by
ceasing to plant their current crop atogether. Global change vulnerability isthe likelihood thet a
gpecific coupled human-environment syslem may experience harm from exposure to stresses
associated with dterations of societies and the biosphere, accounting for the process of
adaptation. The term coupled human-environment system is used to highlight the fact that human
and environmental systems are not separable entities but part of an integrated whole. Global
change vulnerability assessments include not only the andyds of vulnerability but aso the
identification of specific options for stakeholders to reduce that vulnerability. Stakeholders are
people and organizations with specific interests in the evolution of specific humantenvironment
systems. Given these definitions, we assert that the generd objective of globa change
vulnerability assessmentsis to inform the decison making of specific stakeholders about options
for adapting to the effects of globa change (see also Stephen and Downing, 2001). In thisway it
isclear that globa change vulnerability assessments link directly with the broader am of
sustainable development and sustainability science, where successful research is measured by not
only pure scientific merit but dso by the utility of the resulting products and recommendations
(Kates et d., 2001; Clark and Dickson, 2003).

2.2  TheRootsof Vulnerability Assessment

Globa change vulnerability assessments are the product of three streams of research, each of
which dates from at least the 1960s. Even though these traditions overlap in motivation,

concepts, and methods, it is useful to contrast them with vulnerability andysisin the following
ways. Thefirg two traditions, impact assessments and risk/hazards research, generally focus on
the multiple effects of asngle sress. Studies in these traditions might examine the

environmenta or socid effects of, in the former case, congructing a highway in agiven location,
or in the latter case, hurricane landfall patterns. These traditions differ in that impact assessments
tend to underemphasize, relative to risk/hazards research, the processes by which society can
inadvertently amplify the possible impacts associated with a stress, or enact anticipatory
adaptations designed to reduce the importance of the possible impacts. Third, food security
gudies generaly focus on the multiple causes of asngle effect, namey hunger or famine. Such
research demondtrates that hunger is not, as is sometimes portrayed, the necessary and inevitable
consequence of asingle cause, such as drought, but instead the contingent and often avoidable
result of multiple causes, such as the co-occurrence of politica margindization with the
environmenta gtress (e.g., Garcia, 1981; Downing, 1991; Bohle et a., 1994; Ribot et al., 1996).

The emerging field of globa change vulnerability assessment draws heavily from these three
research streams. Thus the novelty of global change vulnerability assessment is not so much the



development of new conceptual domains but the integration across these three traditions. Globd
change vulnerability assessments are based on aspecia concern for future trends in human
sources of change (cf. impact assessments), for adaptation congtraints associated with multiple
and interacting stresses (cf. food security assessments), and for multiple and unintended
conseguences associated with the social amplification of risk (cf. risk/hazards assessments).
Ingpection of the milestones in these literatures (e.g., Kates, 1985; Kasperson et a., 1988)
suggedtsthat al of these conceptua dimens ons have been identified as important, even if
“vulnerability” as defined here was not used as an organizing principle. Thisis particularly true
for the related and blossoming literature on the process of adaptation to the effects of climate
change (e.g., Smithers and Smit, 1997; Kandlikar and Risbey, 2000; Schneider et a., 2000).
However, thisincreasingly comprehensive cataloging of concepts has not been matched by a
amilarly criticd review of methods for examining the concepts.

2.3  FiveCriteriafor Vulnerability Assessmentsto Satisfy

There are severd detailed descriptions of the conceptual and theoretical underpinnings of
vulnerability research (see, e.g., Dow, 1992; Bohle et ., 1994; Cutter, 1996; Ribot et a., 1996;
Golding, 2001; White et d., 2001; Kasperson et d., 2003; Turner et d., 2003a). Based on the
shared experiences of and discussions among workshop participants, we propose the following
et of five minimd criteriathat globa change vulnerability assessments should satisfy, to

achieve the objective outlined above.

The knowledge base engaged for analysis should be varied and flexible: The need to
engage any and dl reevant academic disciplinesis adirect consequence of examining
coupled human-environmert systems rather than human or environmenta systemsin
isolation (Turner and Meyer, 1991). However, this criterion goes beyond the standard call
for interdisciplinary research. To the extent that scientists are unaware of local concerns
in depth, it is dso imperdtive to engage indigenous, or loca, knowledge — despite
difficultiesin tegting such information within a scientific framework.

Vulnerability research and assessments should be * place-based” : In this context, a
“place’ generdly means astudy areathat is smdl reative to study areas commonly
discussed in climate change impacts reports (e.g., avillage or group of villagesingeed of
acountry or group of countries). However, the most important festure of a place is that,
whatever the boundaries chosen for a vulnerability assessment, the andysis should not
exclude processes operating at other spatia scaes. The definition of a place should
encompass the relationships manifest within a study area plus important relationships
involving other scales (e.g., NRC, 1999, 2001; Easterling and Polsky, forthcoming).

The stresses examined should be recognized as multiple and interacting instead of unique
or multiple and independent: Communities rarely face only one chadlenge a atime. In

some ingtances, the perceived importance or immediacy of a Sngle threet, such as climate
change, may be dominated by other factors, such asfaling employment associated with

large- scale economic restructuring. In other cases the interaction of the multiple trends

may give rise, through a“double exposure” to an amplification of risk (Kasperson et d.,

1988; NRC, 1999; O'Brien and L eichenko, 2000).



The research should allow for differential adaptive capacity. The abilities of dl peoplein
agiven place to adapt are rarely homogeneous. Some individuas or socia classeswill

likely be better equipped to cope with specific stresses than others. Moreover, even

though people can be expected to try to respond to global change, sometimes their
adaptation options are congtrained by inadequate resources (including information) or
politica-inditutiond barriers. Differentia adaptation profiles can account for the possible
combinations of adaptation congtraints and opportunities for a given case, and how these
factors may vary both between and within populations.

The information should be both prospective and historical: Impliat in any vulnerability
assessment is an important role for both historical and prospective analyses. However, in
much globa change research, when the historical component is thorough, the prospective
component is often under-devel oped, or vice versa. To achieve the stated objective, both
components should be thoroughly explored.

2.4 Proposed Methodology for Global Change VVulner ability Assessments. 8 Steps

Following from the above discussion, we propose a set of 8 steps for conducting vulnerability
assessments that should lead to achieving the objective by satisfying the 5 criteria (Figure 1). We
expect most readers to identify some of the steps as self-evident and part of their well-established
disciplinary practices. However, most readers should aso identify one or more steps as
uncommon to their research traditions. In this way, taken together the eight steps presented here
congdtitute a novel methodological framework.

In generd, the tasks in each of the boxesin Figure 1 should be performed sequentidly, reading
left to right. However, we recognize that in practice, research and assessment will often be
characterized by overlaps and iterations, so that any pre-ordained notion of “sequence’ islikey
to be violated early and often. The spiral above the steps suggests the fluid and unpredictable
nature of the research and assessment process. We break down the eight steps into two broad
classes: those that take place prior to modeling (1-3), and those that take place as part of the
modeling and modeling refinement process (4-8). Thisdiginction is, of course, artificid.
Modeling and analysis for successful vulnerability assessment involves al the work necessary to
cregte a useful representation of the system, and mugt therefore involve al of those steps.
However, it isdso possible to build an internaly consistent mode without engaging the first
three steps. Such amodd could answer specific questions about the system but would not
necessarily respond to stakeholder needs, as demanded by the vulnerability perspective (Kates et
al., 2001; Clark and Dickson, 2003; Turner et a., 2003a). Findly, these eight steps condtitute a
method for research unto themsdves, even though each individud step is intentiondly vague
about which specific method(s) may be hepful for completing each step. The specific methods
appropriate for conducting agiven globa change vulnerability assessment will depend on the
details of each project.






24.1 StepsPrior to Modeling
Sep 1: Define study area in tandem with stakeholders

A proper vulnerability assessment is more than areport or a product, it is aso an evolving socid
process by which scientists and stakeholders enter into adidogue (Farrell et a., 2001). Such
didogues are necessary to produce a product that is both likely to be used (Fischhoff, 1995) and
usegble, i.e, information that is credible, salient, and legitimate for decison-makers (Cash et dl.,
2003). In the process of sdlecting the study areg, it is essential to meet with stakeholders from the
very beginning. Stakeholders should be included at this stage because they are the people who
will ultimately have to take actions based on any information the assessment produces.

Sep 2: Get to know places over time

Once the study area has been selected in tandem with stakeholders, it is essentid to develop in-
depth knowledge of the stakeholders, the ecosystem services they vaue and why, the important
vulnerability drivers over which they may have control (e.g., use of their own land) or not (eg.,
use of other peopl€e’ s land), and the management options available. It is easy to underestimate
both the importance and difficulty of understanding the subtleties of loca environmental,
indtitutiond, and palitica systems. Much of what isimportant does not exist in written form, but
is expressed only in certain types of verba communication. Important actions for this step
include conducting a literature survey for previous research in the place, and in neighboring or
gmilar places. Where possible, researchers should also contact the authors of those studies, to
obtain details important for the vulnerability assessment but unimportant for (and hence
unreported in) the original work. Most importantly, researchers need to spend significant timein
the study area. They need to understand the community by interviewing as many people as
possible from the full spectrum of socid standings, and by interacting with people in different
settings, from forma meetings to discussion over food to playing on their footbdl teams or
attending their poetry readings.

Sep 3: Hypothesize who is vulnerable to what

Asresearchers get to know the place, they should focus their inquiry by hypotheszing which
stresses (and interactions among stresses) pose the greatest risk of harm to people and the
environmenta services on which they depend. Researchers will likely dready have preliminary
hypotheses based on their interactions with stakeholdersin Steps 1 and 2, but it isimportant to
formalize the hypotheses to be explored before the modeling commences in the subsequent steps.
In thisway researchers can avoid the mgor pitfal of globa change vulnerability assessment:
trying to andlyze too much. Theinter-disciplinary, holistic and cross-scae nature of global
change vulnerability assessment suggests that everything is connected to everything else and that
therefore everything should be andyzed. As aresult, unless researchers keep this imperative to
focusin mind, they may soon be sacrificing meaningful depth for excessve breadth. An example
of a compromise between breadth and depth in agloba change vulnerability assessment is the
ongoing research on Saami reindeer herdersin northern Norway (McCarthy et d., in
preparation). In this case, the working hypothesis that this livelihood system is threatened by the
combination of climate change, pasture loss, and government policies, is broad enough to alow



for comprehensive analysis but focused enough to permit significant insghts.
242 Stepsthat Involve Modeling
Sep 4: Develop a causal model of vulnerability

A causd modd of vulnerability is needed to explain which factors — both those coming from
outsde the system such asthe locd effects of globd climate change, and those coming from
within the system such aslocal power relationships — lead to vulnerability and the form and
strength of the pathways linking these factors. Such models are important because they highlight
possible opportunities for reducing future vulnerabilities through adaptations, even before these
possbilities become redities (Liverman, 2001). Researchers can orient the causal model in one
of two ways. darting with a set of causes and examining their consequences, or Sarting with set
of consequences and examining their causes. In ether case, the modes are likely to have both
quditative and quantitative elements. Diagrams and flow charts, showing how changesin one or
more variables lead to changesin others, can be used even where mathematica functions
describing system dynamics are not specified. Stakeholders should be invited to participate in
developing these moddls, both to improve the models and to ensure that everyone understands
the inevitably complicated final product (Watner-Toews et al., 2003). Researchers should not
underestimate the ability of stakeholdersto think quantitetively, provided they are guided
through the process (Patt, 2001). Here again, the example of the Saami reindeer herding
vulnerability assessment isingructive: the causd modd of vulnerability developed through
stakeholder interactions asserts that pasture loss is a function of changesin snow quality and
gpecific government policies on ruminant production and species protection. This specific, place-
based causal modd achieves the specificity missing (by design) from the generd causd models
of globa change vulnerability presented sewhere (e.g., Bohle et d., 1994; Turner et ., 2003a).

Sep 5: Find indicators for the components of vulnerability

It isimportant to develop a place-based set of indicators relating to exposure to globa change
drivers, and the associated senstivities and adaptive capacities of the humart environment
system. However, thereis no universally applicable metric for vulnerability or its components.
For ingtance, a given economic indicator (e.g., GDP per capita) may reflect different processes
for astudy in the U.S. than for astudy in Senegd. Consequently, the methods for evauating and
then projecting the indicators (Steps 6 and 7) may vary between the two studies (eg., a
computable generd equilibrium modd may provide good projections of GDP per capitafor the
U.S., but amore qualitative approach may be required in the case of Senegd). In generd, the
same indicator may not necessarily be used to answer the same research questionsin different
places. Whatever indicators (and associated methods) are chosen, the methods must be not only
scientifically sound and meaningful, but dso understandable by stakeholders. The indicators
should aso be spatidly explicit so that they can be mapped. While some of the data needed to
support the indicators are likely to be published, much is known only locdly. Finding
quantitative indicators for adaptive capacity that capture the insghts of adetailed quditative
andysisis often difficult and may sometimes be impossible. Researchers should state where they
have omitted a particular indicator from their causal mode because of their inability to quantify

! See Downing et al. (2001) for a comprehensive review of indicators in this context.



the indicator, and how this could bias modd results.
Sep 6: Weight and combine the indicators

The indicators of exposure, sengtivity and adaptive capacity should be combined to produce
overdl measures of vulnerability. This combination can be achieved through straightforward
map overlaying, or more complex methods such as geographicaly weighted regressions (e.g.,
Fotheringham et d., 1998) or quditative differentid equations (e.g., Petschel-Held et d., 1999).
When congtructing these indicators, researchers should strive for credibility and transparency, if
stakeholders are to make decisions based on mode results. For the credibility of these indicators
(and by extension, of the associated projections; see Step 7), researchers should validate the
indicators by comparing results with the intuitions of stakeholders, historical examples of
exposure to stress, and case studies from similar systemsin other places. For transparency,
stakeholders should be able to view the maps of not only the composite vulnerability indicators
but dso of the congtituent parts (exposure, senditivity, adaptive capacity), where relevant
(Downing et d., 2001). Inthisway loc of high vulnerability can be interactively explored to
identify the factors contributing to that vulnerability.

Sep 7: Project future vulnerability

The projection of vulnerability should include arange of scenarios of the values for the rlevant
driving variables, be they climatic, socio-economic, biogeochemical, etc. Projections should be
based on a st of scenarios that demondrate the full range of likely trends in important driving
variables, as determined by expert panels. An excellent example of this gpproach isthe
Intergovernmenta Pand on Climate Change Specid Report on Emissions Scenarios (IPCC-
SRES) (Nakicenovic and Swart, 2000). However, projecting the future is a difficult and
contentious task; the SRES products have been criticized for the assumptions about environment,
economy, and environment-economy interactions underlying those projections. Neverthelessthe
SRES scenarios have to be acknowledged as a crucid step toward standardisation and
comparability in globa change research, providing a arting point for future improvements.
With the recent emergence of competing visons of “futureworlds’ (e.g., Raskin et al., 2002,
Warwick et al., 2003), it isfair to expect an increasing array of projections of important globd
change variables in the near future. In generd, the assumptions underlying any projection should
be examined closaly and outlined explicitly. How far the scenarios project into the future should
be decided with stakeholders to correspond to the time horizons of thelr management decisions.
The uncertainties associated with these projections should be explicitly communicated,

especidly for those dimensons where the uncertainty itsdf is uncertain or unknowable.
Therefore it isimportant to analyze multiple scenarios in a systematic way to cover the full range
of possible futures that experts envison.

Sep 8: Communicate vulnerability creatively

The communication of the modded vulnerahilities should encourage a two-way flow of
information between researchers and stakeholders. The large literature from the field of risk
communication should be leveraged to facilitate this process. For example, communicators
should anticipate that people may have difficulties interpreting probabiligtic information (Paitt,



2001), comparing possible gains and losses (Kahneman and Tversky, 1979), and reacting to
anticipated events (Loewenstein and Elster, 1992). Quantitative and quditative descriptions
should be provided, using a variety of media. For example, in amultimedia CD-ROM, Fox
(2002) relates selected perspectives on recent environmenta changes by stakeholdersin two
Inuit communities in Arctic Canada (Baker Lake and Clyde River, Nunavut). Thisinteractive
medium integrates interview video and audio clips, maps, drawings, text and photos. The vaue
of this stakehol der-driven gpproach goes beyond guiding further scientific inquiry. Such direct
stakeholder engagement aso increases the likelihood that the decison-makerswill find
subsequent research sdient, credible, and relevant, insofar as the underlying assumptions are
derived in part from their observations (Cash et a., 2003). Moreover, this type of research
product aso providesimmediate educationa benefits for the younger generationsin the
communities being sudied.

Finally, we recognize that by putting this step on communication &t the “end” of our proposed set
of seps, we risk making the impression that communication is a part of vulnerability assessment
that can be left for last. In fact, crestive, sustained communication between stakeholders and
andydsiscrucid for (and implicit in) al stepslisted here. In Step 8, we Smply stressthe
importance of establishing robugt, bi-directiond communications once a picture of vulnerability
begins to emerge from the research process.

3 Evaluating the Utility of the Proposed Eight-Step Approach

In Section 2 we proposed a generd objective for globa change vulnerability assessments, five
information criteria that such assessments should satisfy to achieve the objective, and eight
andyticd sepsfor satifying the criteria In this section, we demondrate the utility of the
proposed steps. Two globa change research projects are reviewed to support our earlier clam
that thereisameaningful (if subtle) distinction between globd change vulnerahility assessments
on the one hand, and impacts, risk/hazards and food security studies on the other hand. As
helpful as studies from those antecedent research traditions may be for other purposes, they are
less helpful for enlightening stakehol ders about options for adapting to the effects of globa
change.

3.1 Adaptation in Econometric Terms: the U.S. Great Plains

We begin with a recent example from the impacts and risk/hazards research traditions, a study of
agricultura climate change impactsin the U.S. Great Plains (Polsky, 2002). This Sudy uses
Ricardian land- use theory to evauate the importance of climate in the determination of
agriculturd land vaues relative to other important factors (e.g., population density, soil qudity).
A spatia econometric regresson modd is used to estimate the statistical relationship between
current climate and land values (i.e., the economic value of climate controlling for the other
factors). The objective isto use the estimated relationships as a proxy for understanding the
possible economic impacts of climate change, by applying a hypothetical climate change to the
estimated historical relationships. For the study region of 446 counties, the modd is estimated
six times, once each for the years 1969, 1974, 1978, 1982, 1987 and 1992.



Even though dl of the components of vulnerability are examined — exposure, senditivity,

adaptive capacity — the study does not satisfy al five criteria discussed in Section 2 because it
does not follow dl eight stepsin Figure 1. The study satisfies the criteria of having a place-based
focus, in that the modding (Steps 4-7) to test the hypotheses (Step 3) is explicitly multi-scae:
effects are specified for the macro-scae (the region as awhole; n=446 counties), for the meso-
scae (two sub-regions, =209, n,=237); and for the micro-scae (many sets of smal numbers of
counties, m»7 on average) (Polsky and Munroe, forthcoming). Moreover, the mode explicitly
accounts for multiple stresses, as socid, edaphic and climatic variables are specified. However,
the study did not andlyze multiple standardized future scenarios (Step 7). Furthermore, this study
did not engage stakeholders at any stage of the anadlysis, so parts or al of Steps 1, 2, 3and 8 are
not pursued. For these reasons, this study does not fully satisfy the criterion of diverse
knowledge base, even though the study areais selected based on a careful review of the
literature, and basic principles from both natural and socia science are incorporated in the
models. The criteriaof analyzing differentid adaptive capacity and projecting globa change
driversinto the future using a scenario framework are partidly satisfied. Climate sengtivities are
ingpected for differences across the region, but these sensitivities are based on a stylized and
unredigtic assumption about adaptive capacity. A future climate changeis applied to the
estimated historica dimate sengtivities, but only asingle (equilibrium, not transent) scenario of
climate change is considered, and no changes in other important conditions are explored. Thus as
aresult of not engaging stakeholders or exploring arange of adaptation and globa change
scenarios, the study by Polsky (2002) cannot fully achieve the objective of vulnerability
assessments.

3.2 Vulnerability and Climate Variability in Zimbabwe

The food security research tradition is represented here by the Zimbabwe Forecast Applications
(ZFA) project, an effort to explore how to reduce the sengtivity of Zimbabwean agriculture to
inter-annua climate varigbility through the distribution of seasona climate forecasts. The ZFA
project conssts of researchersin four villages conducting annud climate forecast workshops, in
which they work with stakeholders to develop alocal agricultural strategy that responds to that
year’ sforecadt. Later in the year, the researchers survey people in those villages, aswel asin
nearby villages where no workshops took place, to seeif the additional information promoted
adaptations. The ZFA project grew out of an attempt to understand the usefulness of seasond
climate forecasts to subsistence farmers (Patt and Gwata, 2002), and whether adaptive behavior
isfacilitated by increasing the detail of forecasts (Patt, 2001). Thus athough ZFA researchers
have not been specifically concerned with vulnerability as defined in this paper, the purpose of
this project is consstent with that of globa change vulnerability assessments: to understand how
an information system can promote adaptation to the effects of climate variability and change.

The ZFA project has included severd of the eight steps, but omitted others. Researchers have
achieved Steps 1 and 2 by spending extensve time in the villages and interacting with

stakehol ders throughout the entire process. Consequently, the ZFA project satisfies the criteria of
engaging aflexible knowledge base, in a place-based study, athough the cross-scae linkages
(namely to the nationd policy-makers) are week. (Thisweaknessis at least in part by design, as
researchers do not want bureaticratic concerns to compromise the independence of the
researchersin the field.) ZFA researchers have aso achieved Steps 3-5 and 8 by building a
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model of sengtivity and adaptation to climate variability and change, but they have not
integrated across these components with an eye for emergent vulnerability. As aresult, the ZFA
satidfies the criterion of examining differentid adaptive capacities, but not of examining multiple
dresses. Findly, the failure to weight and combine the indicators into a holistic measure of
vulnerability means that Steps 6 and 7 are not addressed, so the criterion of future-looking
andysesis not satisfied.

4 Discussion

Based on the foregoing, we suggest that many globa change studies that address vulnerability
may fail to achieve the goa stated in Section 2.1 because they omit one or more of the eight
seps outlined in Section 2.4. (Of course not achieving this god does not mean those sudies are
not useful for other purposes)) We believe that the eight steps for achieving the objective of
goba change vulnerability assessments should produce results that enable stakeholdersto
prepare for the effects of globa change. However, we cannot prove this, asthere are few sdlf-
proclamed globa change vulnerability studies againgt which to evduate this proposition. A
thorough test of the utility of the methodological guidelines presented here should be possiblein
coming years, as severd nascent globa change vulnerability assessments are completed. We are
aware of severd globa change vulnerability studies that will be wdl pogtioned to test the
effectiveness of these methodologica guiddinesin coming years. At least four of these
assessments are described elsawhere. Turner et d. (2003b) describe research on the Southern

Y ucatan Peninsular Region, Mexico and the Y aqui Vdley, Mexico; Liverman and Meredith
(2002) describe research on the U.S. Southwest; and Finan and Nelson (2001) describe research
on Northeast Brazil. Surely there are other projects that deserve mention here; we restrict the
remaining discussion to three other relevant projects.

The ATEAM project (Advanced Terrestrid Ecosystem Andysis and Modding; hitp:/Aww.pik-
potsdam.de/ateam) explores where in Europe people may be vulnerable to the loss of particular
ecosystem services, associated with the combined effects of climate change, land- use change,
and amospheric pollution. The “place” selected for this vulnerability assessment islarge rdative
to the studies discussed in this paper thus far: the fifteen European Union countries plus Norway
and Switzerland. Stakeholder interactions are an integral and ongoing part of this assessment,
and consig of numerous smdl-scale meetings for sector- specific decison makers; persond
communications a meetings and viatelephone, CD-ROMs and email; and a targeted system of
web pages providing continuoudy updated information and a data exchange platform. A
framework of 14 different ecosystem mode s is designed. Some 20 different scenarios of globa
change are input to the modds, to trandate the globa changesinto changes in ecosystem
services. Resultswill be mapped onto a 16 x 16 km grid for 4 time dices over the next 100 years.

The AVS project (Arctic Vulnerability Study; http://sust.harvard.edw/avs) is designed to assess
the vulnerability of selected Arctic coupled human-environment sysems to multiple and
interacting socid and environmentd stresses. The AV Swill examine three sets of dressesin
particular for ways in which adaptations at loca, regiona and globa scaes can reduce
associated vulnerahilities, for roughly the period 1980-2020. Plansinclude sudy Sitesin five
locdes, one each in Norway, Greenland, Canada, Alaska, and Russia. Based on stakeholder
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dial ogues and background research, the AV S research team (consisting of natural and socid
scientists and loca stakeholders) has hypothesized three sets of stresses to be important in
determining vulnerability in this region: variability and change in dimete; environmentd

pollution, focusing on heavy metals and persistent organic pollutants; and trends in human and
societal development. Models will be developed, in tandem with stakeholders, for the purpose of
projecting relevant measures of future climate, pollution concentrations, and socia conditions.
For example, researchers will use emerging datistical downscaling techniques (e.g., Benestad,
2001) to provide local-scale climate projections to stakeholders, based on stakeholder
descriptions of the climate varigbles that are most rlevant for their activities. This common,
broad organizing framework is desgned to permit cross-Ste comparisons for distinguishing
generdizable lessons from particular circumstances. Within this common framework, each study
gtewill pursue additiond modding and assessment activities the local researcher-stakehol der
teams deem important.

Thisissue of cross-ste comparability is fundamentd to the HERO project (Human- Environment
Regiond Observatory; http://hero.geog.psu.edu/), which is designed to create the infrastructure
for supporting and coordinating vulnerability assessments across study sites. The HERO teamis
developing and applying the same vulnerability research protocol in centra Massachusetts,
central Pennsylvania, southwest Kansas, and the southern Arizona/northern Mexico border
region. As such HERO represents an in-depth attempt to operationdize (at least) Steps5-8ina
way that alows for cross-site comparability. Such efforts are crucia for the fied to advance
beyond individualized case studies to common lessons that can inform stakeholder decison
making. The benefits of protocol development go beyond the insights generated for the four
HERO dudy stes. Assessing vulnerability in thisway crestes a“public good.” Indgghts from one
assessment can be gpplied by other vulnerability researchers with little additiond effort.

The common use of data and other resources should not be redtricted to assessments of higtorical
exposure, sengtivities, and adaptive capacities. Given the axiomatic need to project vulnerability
into the future, comparisons across vulnerability assessments would be facilitated if researchers
aso used common future scenarios of the variables driving globa change. This does not mean all
scenarios should be common across studies, but smply that a common core of scenarios of the
future should be used. Any number of additiona scenarios can then be appended to this core s&t.
To achievethisgod, it may be helpful to reference the Intergovernmenta Panel on Climate
Change, which has sponsored at least two efforts to produce suites of standardized future
scenarios, as discussed briefly in Step 7. The SRES (Specia Report On Emission Scenarios,
http://ipcc-ddc.cru.uea.ac.uk/) is designed to generate standardized and consistent projections of
greenhouse gas emissions. The TCGIA (Task Group on Scenarios for Climate Impact
Assessment; http://sres.ciesin.columbia.edu/tgcia) serves the same function for other variables,
such as population and GDP. These products are evolving and should not be interpreted as
providing the definitive word on projecting the future state of the world. Indeed, if future

scenario development efforts applied the eight-step approach outlined in this paper, then some of
the controversy surrounding the |PCC- SRES scenarios might be avoided.



5 Conclusion

The god of this paper is not to offer arigid prescription for conducting globa change
vulnerability assessments. Instead, we argue for a genera methodologica approach for
conducting such analyses that when implemented in specific cases will guide vulnerability
assessments towards a common end, even if the particular techniques employed vary from case
to case. We hypothesize that if andysts employ the methodological framework presented here,
then the products of the research will (1) achieve the objective of preparing stakeholders for the
effects of globa change on a site-pecific bass, and (2) further the * public good” objective of
developing a set of research projects designed according to common principles for the purpose of
facilitating additiond insghts through cross-study comparisons. Thisgoa of producing
generdizable insghtsinto the processes that amplify and dampen vulnerability is especidly
important. Because in-depth, place-based vulnerability assessments require sustained, multi-year
research efforts, researchers cannot possibly provide — on atimely bass— Ste-pecific
projections of imminent vulnerabilities and associated solutions for even asmall proportion of dl
communities that need these products. Generdizable indghts can be gained by testing the
hypothesis put forward in this paper.
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