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a b s t r a c t

Vulnerability is a term frequently used to describe the potential threat to rural communities

posed by climate variability and change. Despite growing use of the term, analytical

measures of vulnerability that are useful for prioritising and evaluating policy responses

are yet to evolve. Demand for research capable of prioritising adaptation responses has

evolved rapidly with an increasing awareness of climate change and its potential impacts on

rural communities. Research into the climate-related vulnerability of Australian rural

communities is only just beginning to emerge. Current research is dominated by hazard/

impact modelling, drawing on a heritage of managing the risks posed by seasonal climate

variability. There is a natural tendency to use the same risk management approach to

understand the emergent nature of vulnerability. In this paper, we explore the conse-

quences for policy advice of imperfectly examining vulnerability through the lens of an

impact/hazard modelling approach to risk management. In a second paper in this series, we

show how hazard/impact modelling can be complemented with more holistic measures of

adaptive capacity to provide quantitative insights into the vulnerability of Australian rural

communities to climate variability and change.
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1. Introduction

Vulnerability is a term increasingly used in policy to describe

the risks posed to rural communities by climate variability and

change. Despite its frequent use, the concept of vulnerability is

rarely converted into analytical measures that can be used to

prioritise policy interventions and evaluate their impact.

Demand for research to prioritise adaptation policy through-

out society has arisen from an increasing awareness of the

potential threat posed by a changing climate. Climate-related

research and extension in Australia since the 1980s has
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focused on applications of seasonal climate forecasting to

manage the production risks associated with climate varia-

bility within existing farming systems (Meinke and Stone,

2005). At the time of writing, the types of science available to

inform rural policy associated with adaptation to climate

change in Australia were continuing to build on this heritage

of hazard and impact modelling (Hennessy et al., 2008). Both

these streams of research continue to pursue greater

predictive skill over longer time horizons using new genera-

tions of global climate models. The paradox that we address in

this paper is whether adhering to this approach risks
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stranding adaptation policy in the multi-dimensional uncer-

tainty surrounding climate change.

We begin by reviewing the policy context within which the

demand for vulnerability research in Australia has been

evolving. This provides preliminary insights into the policy

issues and trade-offs that vulnerability research needs to

address in order to be policy relevant. We then explore options

for conceptualising and measuring vulnerability and adaptive

capacity from a rapidly expanding international literature. In a

second paper (Nelson et al., 2010), we show how hazard and

impact modelling can be combined with an holistic measure of

adaptive capacity to provide quantitative insights into the

vulnerability of Australian rural communities to climate

variability and change. This builds on research by Nelson

et al. (2005), who used the rural livelihoods analysis frame-

work of Ellis (2000) to create a vulnerability index for

Australian broadacre agriculture.
2. Background

2.1. International policy environment

International climate policy is on the cusp of an unprece-

dented transition in two important dimensions. First, it has

begun to move from an almost exclusive focus on mitigating

greenhouse gas emissions, toward adapting to the changes in

climate that we are already experiencing (Burton, 2003). This is

in response to a growing recognition that the world’s climate

has already changed due to human activity, and that

significant future climate change is inevitable even if an

unusual degree of collective action results in immediate

reductions in global greenhouse gas emissions (Fussel and

Klein, 2006; IPCC, 2007). Authoritative reports such as Stern

(2006) and Garnaut (2008) have begun to translate climate

change projections into potential economic impacts. This has

raised the priority given to climate change within the political

agendas of governments around the world.

Second, while there is a high degree of confidence that our

climate will continue to change in significant ways, the exact

nature and consequences of these changes are highly

uncertain (IPCC, 2007). The uncertainty surrounding the

impacts of climate change is forcing a rethink of traditional

risk management approaches to climate policy, especially in

agriculture. Climate-related policy in agriculture and the

science used to support it has tended to focus on scientific

systems for predicting extreme events such as droughts,

floods and storms and their impacts on agriculture (Kundze-

wicz et al., 2002; Wilhite, 2002). The extent to which the

management of climate variability is intrinsic to agricultural

policy and practice should provide a natural foundation from

which adaptation to climate change can evolve (Howden et al.,

2007). However, this advantage may prove difficult to realise.

This is because adaptation to climate variability and change

has often been conceptualised as a linear sequence of

technical responses to clearly identified and predictable

sources of risk. A narrow focus on forms of risk that can be

quantified and predicted can have the unintended conse-

quence of under-emphasising longer term and more holistic

opportunities to build adaptive capacity. It also overlooks
fundamental limits to predictability in the global climate

system (Barnston et al., 2005), and tends to focus on the drivers

of climate variability and change which cannot be influenced

by decision makers (Meinke et al., 2006; Nelson et al., 2007a).

2.2. Australian policy environment

Although the termsvulnerabilityandadaptive capacitywererarely

used in the past, the goal of Australian agricultural policy has

ostensibly been to enhance the capability of farmers and rural

communities to self-manage climate risk (DAFF, 2005). Histori-

cally, the focal point of climate policy in Australian agriculture

has been drought. Australia’s national drought policy was

comprehensively reviewed by Botterill (2005), while the earlier

history of drought policy was reviewed by James (1973). Prior to

1989, drought was treated as a natural disaster attracting

emergency relief. This form of drought policy was widely

suspected of undermining incentives for farmers to self-

manage climate risk. In policy development since the early

1990s, drought has been considered a natural characteristic of

Australia’s variable and changing climate. This means that

successful management of climate risk is recognised as a

definitive characteristic of farming excellence (see for example

Blackadder, 2005). With this focus on self-reliance, the rationale

for providing drought support has been to ensure that farmers

with long-term prospects for viability are not forced to leave

their land due to short-term adverse events (DAFF, 2005).

As has been the case internationally, policies relating to

climate variability and change in Australian agriculture have

tended to adopt approaches to risk management that focus on

selected risks in existing systems that can be quantified and

predicted. The result has been an emphasis on technical

solutions to maintaining current farming systems and patterns

of land use. The joint Australian/New Zealand Standard on Risk

Management, for example, defines risk management as the

systematic application of management policies, procedures

and practices to the tasks of identifying, analysing, assessing,

treating and monitoring risk (Hardaker et al., 2004, p.13). This

type of risk management has been promoted as the basis for

managing adaptation to climate change in Australia by Clark

et al. (2006). This approach to risk management attempts to

focus policy and decision making on minimising the occurrence

and impact of risky events, something that is all but impossible

with climate extremes. Institutionalising this approach to risk

management has two unintended consequences. First, it

diminishes the value of science in the eyes of the policy makers

because it provides the right answers to the wrong questions

(Nelson et al., 2007a). Second, it risks immobilising scarce

research funds in the design and development of ill-fated policy

support tools (Nelson et al., 2008).

Although somewhat aspirational, the need for more

innovative and holistic approaches to understanding the

vulnerability of Australian rural communities to climate

variability and change was recognised in Australia’s National

Agriculture & Climate Change Action Plan (NACCAP) (DAFF,

2006). The action plan begins by recognising the uncertainty

surrounding future climate change: The size and scope of the

impacts of climate change are still beyond our grasp but the threat is

very real (DAFF, 2006, p. iii). The NACCAP goes on to envision a

policy framework that builds on, but transcends, traditional
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risk management and sustainable farming practices to

promote a culture of innovation and responsiveness in

addressing global change. The action plan identifies four

areas for transformative science and policy:
� a
daptation strategies to build resilience into agricultural

systems;
� m
itigation strategies to reduce greenhouse gas emissions;
� r
esearch and development to enhance the agricultural

sector’s capacity to respond to climate change; and
� a
wareness and communication to inform decision-making

by primary producers and rural communities.

The NACCAP framework was one early step in a policy

transition surrounding adaptation to climate change in

Australia. The Australian Government elected in November

2007 created a Department of Climate Change, and is

establishing processes for coordinating national adaptation

policy. A National Climate Change Research Strategy for

Primary Industries was developed jointly by Australia’s Rural

Research and Development Corporations, the Commonwealth

Scientific and Industrial Research Organisation (CSIRO), as

well as State and Federal governments (http://www.lwa.go-

v.au/ccrspi/). The Council of Australian Governments pro-

vided CSIRO with an additional $44 million funding over 4

years to establish a Climate Adaptation Flagship. The Flagship

is a large-scale, multidisciplinary research partnership

designed to enable Australia, including the agricultural sector,

to adapt more effectively to the impacts of climate variability

and change. The Australian Government has also committed

up to $126 million over 5 years to establish a National Climate

Change Adaptation Research Facility managed by Griffith

University. The goal of this facility is to improve under-

standing of the impacts of climate change and to develop

adaptation responses. It will also establish research networks

to enhance communication and integration.

An analysis of these policy initiatives reveals a common set

of goals. Shared priorities include identifying vulnerable

industries and regions, exploring why they are vulnerable,

and prioritising policies and programs to build their adaptive

capacity. A key difference lies within their scope. Different

policy programs focus on different and/or multiple commu-

nities, industries or regions, spanning in some cases the full

diversity of Australian rural communities or society more

generally.

2.3. Applications to Australian agriculture

Most climate-related research and extension in Australian

agriculture has focused on impact modelling using seasonal

climate forecasts to manage the production impacts of climate

variability within existing farming systems. This research has

been comprehensively reviewed by Hammer (2000), McKeon

et al. (2004) and Meinke and Stone (2005). Statistical forecast-

ing systems that provide probabilistic forecasts of seasonal

rainfall have been combined with models of crop and pasture

production to evaluate potential changes in farm manage-

ment. Seasonal climate forecasting has been applied across

multiple scales from production in individual farmers’ fields to

crop and pasture production across Australia (Stephens et al.,
1989; Carter et al., 2000; Potgieter et al., 2005). These in turn

have been combined with economic models to predict the

impact of climate variability on farm incomes for the coming

season (Kokic et al., 2007), with potential to revolutionise the

types of science used to support drought and other rural policy

(Nelson et al., 2007a).

At the time of writing, the science available to support

climate adaptation policy in Australian agriculture was also

dominated by climate impact modelling. A review by Pearson

et al. (2008) found that most existing research has focused on

modelling the potential impacts of climate change on

agricultural production. Much less attention has been given

to adaptive management responses with potential to reduce

the impacts of climate change on production. In a paper

currently being updated, Howden et al. (2003) reviewed

potential adaptive management responses within a wide

array of agricultural industries at farm, regional and national

scales. This type of broad sectoral adaptation analysis is rare,

if not unique, with most studies focusing on impacts on

particular industries such as grazing (Crimp et al., 2002), grains

(Potgieter et al., 2008), wool (Harle et al., 2007) and wine (Webb

et al., 2008). Kokic et al. (2005) made a preliminary attempt to

translate the production-related impacts of climate change

into changes in land values. Kingwell (2006) drew on this type

of quantitative analysis to provide a descriptive review of

potential economic impacts and adaptation options in

agriculture. Initial attempts have been made to predict the

impacts of climate-induced changes in agricultural produc-

tivity on regional economic output and employment using

macroeconomic models (Heyhoe et al., 2007).

Preliminary attempts have also been made to explore the

cross-sectoral impacts of climate change in agriculture,

partially based on macroeconomic models (Garnaut, 2008).

Other cross-sectoral studies referring to agriculture have

provided qualitative assessments of vulnerability based on

industry and community consultation to guide preliminary

thinking on adaptation (Allen Consulting Group, 2005).
3. Vulnerability research

3.1. Diverse disciplinary perspectives

Vulnerability is a contested concept, and there is little

agreement about how to convert it into policy relevant

measures for priority setting. The concept of climate-related

vulnerability has been comprehensively reviewed by many

authors (Adger, 2006; Adger et al., 2007; Adger and Vincent,

2005; Alwang et al., 2001; Eakin and Luers, 2006; Eriksen and

Kelly, 2007; Fussel and Klein, 2006; Gallopin, 2006; Nelson et al.,

2007b). Most, but not all of these reviews, have set out to

compare and/or reconcile the diverse perspectives of vulner-

ability held by different academic disciplines. For example,

Adger (2006) identified four prominent schools of thought

within political science, ecology and ecological economics,

adaptive management and sustainable livelihoods analysis

that have contributed conceptual understandings of vulner-

ability. Alwang et al. (2001) compared perspectives from

economics, social science and anthropology, disaster manage-

ment, environment science as well as health and nutrition.

http://www.lwa.gov.au/ccrspi/
http://www.lwa.gov.au/ccrspi/
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Within this diversity of disciplinary perspectives, there is

growing convergence around at least the generic attributes of

vulnerability. In a comprehensive review, Nelson et al. (2007b)

defined vulnerability as the susceptibility of a system to

disturbances determined by exposure to perturbations, sensitivity

to perturbations, and the capacity to adapt (p. 396). Consistent with

this definition, the vulnerability of human–environment

systems to climate risk is widely agreed to depend on their

relative exposure to climate variability and change, their

sensitivity to exposure and capacity to adapt. There is growing

agreement surrounding the conceptualisation of vulnerability

as susceptibility to harm, rather than as a measure of harm

itself (Gallopin, 2006), and as a state of being independent of

whether it is actually triggered by exposure to threats or

drivers of change (Sen, 1981; Gallopin, 2006). This view is

consistent with common use of the word. It is displacing

narrower technical concepts of vulnerability as specific to

individual drivers of change, and their probability of occurring,

derived from hazard assessment and engineering approaches

to risk management. Vulnerability is sometimes defined in

terms of its opposites, such as entitlement (Sen, 1981) and

security (Chambers, 1989) from a socioeconomic perspective,

or robustness and resilience from an ecological perspective

(Anderies et al., 2004; Gallopin, 2006).

A common logical fallacy in the emerging field of vulner-

ability research in Australia is to confuse definitions of

vulnerability with conceptual frameworks. This began with

an initial cross-sectoral assessment of climate change

vulnerability by the Allen Consulting Group (2005). The simple

schematic used to define vulnerability has been confused as a

conceptual framework in a series of vulnerability assessments

(Hobday et al., 2008; Preston et al., 2008; Johnson and Marshall,

2007). Definitions describe the components of vulnerability,

such as exposure, sensitivity and adaptive capacity, whereas

conceptual frameworks give meaning to the emergent proper-

ties of these concepts so that they can be analysed in ways that

are objective and repeatable. Definitions are not conceptual

frameworks, they simply shift the conceptual debate to the

subcomponents of vulnerability—what are exposure, sensi-

tivity and adaptive capacity, and how can they be measured?

3.2. Hazard/impact assessment

While there is growing consensus about the components of

vulnerability, there is much less agreement about how to

refine conceptual definitions into operational metrics that can

be used to inform policy and decision making (Adger, 2006;

Gallopin, 2006). This disagreement arises from differences

between disciplinary perspectives, and the diversity of

contexts in which these ideas are applied (Adger, 2006).

While more holistic applications are clearly possible

(Blaikie et al., 1994), most applications of hazard or impact

modelling tend to conceptualise vulnerability as the residual

impact of change once adaptation has occurred—the end-point

of the analysis (Eriksen and Kelly, 2007; Fussel and Klein, 2006).

This approach works forwards inductively from a hazard to

investigate who and what is affected, how they are affected

and to what extent. The hazard forms the primary unit of

analysis, followed by the physical infrastructure potentially

affected by hazards, and lastly the socioeconomic impacts on
communities dependent on this infrastructure. Biophysical or

macroeconomic models are often used to model the risk of

exposure of an asset or community to a specific hazard, and

the risk of damage or sensitivity to that hazard. Viewing

vulnerability as the end-point of the analysis tends to focus

assessment on technical solutions to cope with predicted

impacts of risk in well-defined systems. Vulnerability in

systems assumed to be closed or at least well-defined is often

analysed using modelling approaches that predict impacts in

terms of proxies such as mortality (Brooks et al., 2005; Eriksen

and Kelly, 2007; Fussel and Klein, 2006).

Hazard assessment shares some of the limitations of the

narrowly conceived types of risk management science that

have tended to dominate analytical support for climate-

related policy in the agricultural sector. Analysis of immediate

coping capacity within existing patterns of activity in closed

systems can overlook the multiple drivers of vulnerability and

sources of adaptive capacity arising from transformational

change (Eriksen and Kelly, 2007). A focus on quantitative

prediction using simulation models can overlook limits to the

predictability of global climate systems, and disempower

decision makers by focusing on biophysical drivers of change

such as rainfall and temperature that are beyond their

immediate influence (Nelson et al., 2007a).

A common methodological fallacy is confusing hazard

assessment with integrated vulnerability assessment. For

hazard assessment, the use of proxies for vulnerability such as

mortality or an economic damage function is common. In the

extreme, vulnerability is implicitly equated to simple model

outputs without any attempt to conceptualise or measure its

emergent properties, consequences or potential adaptations.

Vincent (2007) noted that this creates a paradox within data

driven approaches to measuring and modelling vulnerability.

These analyses are typically motivated by a need to measure

the intangible multiple dimensions of vulnerability, and yet

can be reduced to subjectively choosing a single dimensional

proxy to represent vulnerability due to data availability. This is

similar to the problem of drought science focusing on rainfall

and temperature variability, rather than the impact of climate

variability on production, incomes and rural livelihoods

(Nelson et al., 2007a). The same fallacy is expressed through

the use of macroeconomic models to analyse vulnerability in

terms of economic output and employment (such as Fischer

et al., 2002; Heyhoe et al., 2007).

An alternative to the hazard/risk management approach is

to view vulnerability as an emergent property of complex

human–environmental systems, often measured using social

vulnerability indices. From this perspective, risk management

strategies to avert or cope with specific, measurable drivers of

change within current patterns of activity merge with more

transformative opportunities to adapt to multiple and inter-

acting drivers of change. Vulnerability is conceptualised as the

starting point of the analysis (Eriksen and Kelly, 2007), a latent

characteristic of human populations with generic attributes

that may be shared between drivers of change, with attributes

specific to particular drivers of change (Kelly and Adger, 2000).

From this perspective, the concepts of vulnerability and

adaptive capacity are inextricably linked (Grothmann and

Patt, 2005). Vulnerability depends not so exclusively on the

precise nature of the hazard, but also on the latent
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characteristics of human–environment systems that enable

them to cope with change in their current form, or undergo

more transformative adaptation to maintain important func-

tions (Folke et al., 2005; Nelson et al., 2007b).

3.3. Entitlements

The more holistic and integrated perspectives of vulnerability

and adaptive capacity on which social vulnerability indices

have been built have arisen from two main sources: socio-

economic and institutional analysis of resource entitlement

(Sen, 1981), and evolutionary ecology (Holling, 1973). Entitle-

ments approaches focus on the welfare of individuals,

households and businesses that are subject to multiple

hazards and opportunities in a changing world. They draw

attention to the elements of coping and adaptation that are

independent of specific hazards. Sen (1981, p. 154) directly

challenged the central premise of hazard assessment, that

famines were primarily caused by biophysical events such as

drought, flood and pests. He demonstrated that a number of

major famines in history had taken place without a substantial

decline in food availability. He then proposed an entitlements

approach that conceptualised vulnerability to famine in terms

of the actual and potential resources available to individuals

based on their own production, assets and reciprocal access to

the resources of others (Adger, 2006, p. 270).

The entitlements approach focuses on the influence of

politics, institutions and culture on individuals’ access to

resources, noting that the social conventions governing these

rights can be complex (Sen, 1981, p. 46). Seeking explanations

for famine that transcend hazards such as climatic events

enabled Sen to identify a range of trade, governance and

agricultural policy principles with potential to directly reduce

the vulnerability of rural communities. However, this focus on

politics, institutions and cultures has been criticised for

downplaying ecological or physical risk (Adger, 2006). This

has been partially overcome in subsequent developments of

the approach to create a more integrated conceptual frame-

work for analysing the vulnerability of rural communities.

Following Chambers (1989), Scoones (1998) and Ellis (2000)

have transformed the entitlements approach into rural

livelihoods analysis which integrates the social, economic

and biophysical elements of vulnerability. The entitlements

approach and rural livelihoods analysis have both been

applied to create social vulnerability indices (e.g. Kelly and

Adger, 2000; Nelson et al., 2005).

3.4. Socio-ecological systems

Another integrated perspective of vulnerability and adaptive

capacity arises from evolutionary ecology and ecological

economics, although the opportunity to translate these

approaches into operational metrics remains largely aspira-

tional. From this perspective, human activity is inextricably

embedded within complex and open socio-ecological systems

(Gallopin, 2006; Nelson et al., 2007b). Vulnerability and

adaptive capacity are expressed in terms of resilience—the

ability of socio-ecological systems to reconfigure themselves

when subject to change without significant changes in

function (Folke et al., 2005; Nelson et al., 2007b). The socio-
ecological systems perspective has made a significant con-

tribution to understanding the dynamic aspects of vulner-

ability and adaptation, and highlighted the importance of

thresholds in defining resilience (Nelson et al., 2007b). Adger

(2006) has drawn attention to the role that the pressure-and-

release model of Blaikie et al. (1994) has played in spanning the

ecology and hazards traditions which have contributed to the

evolution of this perspective.

A key theme of the socio-ecological systems perspective is

that human–environment systems are in a constant state of

change, with multiple possible states, requiring flexible and

adaptive management. This concept of passing through

multiple states helps to define and focus attention on the

importance of transformative versus incremental change and

adaptation. It also highlights the potential for rigid governance

systems to undermine adaptive capacity (Eakin and Luers,

2006), and focuses attention on designing systems of govern-

ance that enhance adaptive capacity (Anderies et al., 2004;

Nelson et al., 2008). Focusing on the dynamic and integrated

nature of adaptation also assists with conceptualising the

possible trade-offs that specific forms of adaptation can imply

for increased vulnerability in other parts of a system (Nelson

et al., 2007b). This includes the idea that resilience, or

adaptation within particular states of the system, can actually

inhibit more transformational adaptation necessary to

achieve less vulnerable and more adaptive states (Folke,

2006; Gallopin, 2006).

The potential for the socio-ecological systems paradigm to

incorporate the complexity and uncertainty surrounding

vulnerability and adaptive capacity make it an apparently

attractive theoretical foundation for future research. However,

it is an approach that has proven difficult to translate into

operational measures of vulnerability that inform policy.

Socio-ecological systems are an abstract unit of analysis,

which are difficult or unhelpful to define too narrowly because

of the importance of cross-scale interactions (Holling et al.,

2002). The complexity with which socio-ecological systems

research describes the processes influencing vulnerability and

adaptive capacity makes empirical application difficult with

the kinds of data that are currently available. Most applica-

tions, such as those described by Allison and Hobbs (2004) and

Walker and Lawson (2006), describe the dynamic interactions

between governance and ecosystem function in specific

regional or catchment contexts. This type of research tends

to focus on the benefits of enhancing resilience, while

overlooking the potential costs (Howden et al., 2007). The

result is that resilience thinking has yet to result in broader

scale operational measures of vulnerability.

3.5. Theory or data driven?

There are two basic philosophical approaches to measuring

vulnerability that are relevant to policy and decision making:

deductive and inductive, often described as theory versus data

driven approaches (Adger, 2006; Adger and Vincent, 2005;

Vincent, 2007). Both of these ideological approaches can be

applied through a diverse array of methods. Common

methods include hierarchical impacts modelling associated

with traditional forms of hazard assessment. The more

integrative approaches described above, including entitle-
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ments-based approaches, have most often been applied via

vulnerability and adaptive capacity indices.

Deductive approaches base the selection of methods and

indicators on a rigorous conceptual understanding of vulner-

ability or adaptive capacity. Conceptual frameworks that are

logically and intuitively robust provide a common language for

communicating measures to policy audiences in order to

assist with prioritising intervention (Downing, 2003). Adhering

to a conceptual framework ensures that the assumptions used

to select methods and indicators are transparent, stable and

intuitively meaningful to users. It also guides the selection of a

minimal, focused and therefore efficient set of indicators. This

combination of intellectual rigour and efficiency contributes

to the repeatability, comparability and verification of vulner-

ability measures, which in turn facilitates their expansion,

updating, communication and interpretation (Eriksen and

Kelly, 2007).

By contrast, the concept of vulnerability associated with

inductive approaches tends to be a by-product of the analysis.

Thus hazard modelling tends to define vulnerability by default

as the outputs of pre-existing physical or economic modelling

systems—often confined in practice to the exposure and

sensitivity dimensions of vulnerability (see for example

Fischer et al., 2002; Heyhoe et al., 2007). Similarly, inductive

approaches to index construction use statistical analyses to

relate large numbers of variables to proxy measures of

vulnerability in an attempt to determine those that are

statistically significant. The less focused expressions of this

method are sometimes referred to as hoovering (Downing,

2003).

The indiscriminate use of model outputs or data associa-

tions to define vulnerability can result in the goals of

vulnerability assessment being directed down pathways that

are interesting for scientists but of low policy relevance. We

have previously documented the potential subversion of

policy goals through centralised expert management in relation

to Australian drought policy (Nelson et al., 2008). This is often

compounded by a lack of transparency in the model structure

or processes of data transformation essential for appropriately

interpreting the outcomes of the analysis. Aggregation, for

example, can alter the correlation between the variables

contributing to vulnerability indices, making it difficult to

interpret important causal relationships implied by the

analysis. Merging data from unrelated sampling frames can

also pose a significant threat to the validity of inferences

drawn from the resulting index or analysis. These phenomena

are captured in popular science discourse through terms such

as GIS disease or data dumping—though these phenomena are

by no means intrinsic or confined to the spatial sciences.

3.6. Convergence in application

In reality, deductive and inductive approaches are not the

polar opposites that they are sometimes made to appear,

because they tend to merge in the messy process of

application. The apparent theoretical purity of deductive

approaches tends to break down if conceptual frameworks are

poorly described or applied, or as data limitations compel

pragmatism in indicator selection (Pelling, 2006). Even when

conceptual frameworks are rigorously adhered to, statistical
analysis can be a useful way of validating indicator selection.

Similarly, conceptual understanding usually plays at least

some role in even the loosest inductive data trawls. Induction

can also be the source of new theory, as statistical relation-

ships supported by growing empirical evidence lead to the

formation of new conceptual frameworks. So complex can

these interactions be that it can be difficult to distinguish

whether particular vulnerability studies are deductive or

inductive (Eriksen and Kelly, 2007).

For example, Kelly and Adger (2000), Adger and Vincent

(2005) and Vincent (2007) declare a strong theory-driven

approach to constructing Social Vulnerability Indices (SVIs).

The conceptual framework used to define and measure

vulnerability in the earliest of these papers is clear. Kelly

and Adger (2000) used an architecture of entitlements based

on Sen (1981) as a conceptual framework populated with

primary data to analyse the vulnerability of coastal commu-

nities in Vietnam to the threat of cyclones. In contrast, Adger

and Vincent (2005) and Vincent (2007) explore the uncertainties

of using secondary data to create operational measures of

vulnerability at broader regional and national scales. At these

larger scales, the unit of analysis is no longer a specific

community in a well-defined geographical context, and it is

much less obvious which conceptual framework(s) can and/or

should be used to define and measure vulnerability.

The availability of data has had a significant influence on

whether particular methods can be used to support action to

reduce vulnerability or build adaptive capacity. For example,

most authors acknowledge that the strongly contextual nature

of vulnerability is reflected in significant regional variation.

However, the availability of data has tended to limit the

construction of vulnerability indices to a national scale using

data from national accounts and related development

indicators. Data quality issues, inconsistent results between

studies and a related lack of verification has led Eriksen and

Kelly (2007) to conclude that national scale vulnerability

indices are of low relevance to policy advisers. This is partly

because the conceptual frameworks of deductive studies have

tended to be weakly applied, while the potential contribution

to theory by inductive studies is rarely drawn out. Haddad

(2005) has pointed out that most national scale vulnerability

assessments tend to reproduce wealth rankings, because

economic development is implicitly assumed to be the

primary goal of national governments. This research demon-

strated that alternative assumptions about national aspira-

tions can lead to starkly divergent rankings of national

vulnerability to climate change. This inconsistency makes it

difficult to use national indices to support coordinated policy

action on climate change.
4. Discussion and conclusions

4.1. Resolving alternative perspectives

The emergent and integrative nature of vulnerability and

adaptive capacity means that the values of the analyst

strongly influence the choice of conceptual frameworks and

methods. According to Sarewitz (2004), even the most

apparently apolitical, disinterested scientist may, by virtue
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of disciplinary orientation, view the world in a way that is

more amenable to some value systems than others (p. 392).

The choice between conceptual frameworks and methods is

intrinsically subjective and value laden, and one that is often

made tacitly. One approach in this field has been for

disciplinary specialists to equate the concepts of vulnerability

and adaptive capacity with the outputs of disciplinary-specific

models and methods. This risks overlooking the emergent

nature of these concepts, resulting in choices informed by

analyses of vulnerability and adaptive capacity that are

incomplete or arbitrary in potentially surprising ways. The

emergent nature of vulnerability and adaptive capacity means

that meaningful concepts and methods are only likely to be

found by spanning disciplinary boundaries to select methods

appropriate to specific contexts from a diverse array of

options. Making these choices explicit and transparent reveals

the underlying values so that they can be acknowledged,

debated and resolved if necessary. Making explicit choices

also enables the concepts and methods selected to be aligned

with the needs of decision makers through participatory

processes.

The value of conceptualising and measuring vulnerability

and adaptive capacity derives from the potential support that

doing so adds to the political processes through which

individuals, communities, industries and governments

choose appropriate actions to reduce their vulnerability.

Chambers (1989) has argued that the primary goal of applied

vulnerability assessment should be to create contextually

relevant measures of vulnerability that trigger action to reduce

it. Maxwell (2008) has gone further arguing that dissociating

scientific knowledge from tackling the practical problems of

living has become a massive, institutionalised blunder, and

that much more attention is needed to proposing possible

solutions and actions. This need to resolve choices over

concepts and methods based on their capability to support

societal action is consistent with a well established notion that

there are limits to the extent to which even well integrated

forms of science can support the political processes through

which contended values are resolved (Sarewitz, 2004). This

suggests that vulnerability research needs to be use-oriented,

and capable of being integrated into the participatory and

adaptive governance processes via which the contended

values surrounding public choice are resolved.

4.2. Beyond hazard/impact modelling

This review suggests a number of reasons why hazard or

impact modelling should not be confused with more inte-

grated approaches to vulnerability research when providing

policy advice. There is growing consensus among different

disciplinary perspectives that vulnerability includes both

exposure and sensitivity to multiple drivers of change, as

well as the capacity to adapt to change. Contrary to this

conceptual understanding, vulnerability research has been

dominated by applications of hazard/impact modelling that

tend to focus on exposure and sensitivity, especially applica-

tions that define exposure and sensitivity in narrow technical

terms. Narrowly defining exposure and sensitivity as the basis

of adaptation to predictable sources of risk within existing

patterns of activity overlooks fundamental limits to predict-
ability in the global climate system. As Pielke and Sarewitz

(2003) have pointed out, this has led to repeated over-

investment in climate prediction at the expense of research

creating mitigation and adaptation options. They provide a

striking analogy:

‘The types of knowledge we have been emphasizing for the

past decade or so, despite their significant scientific value,

are not those we will most need in dealing with the

challenge of climate change. It’s as if the National Institute

of Health focused its research on making better projections

of when people will die, rather than seeking practical ways

to increase health and life expectancy.’ (p. 28)

A tendency for hazard/impact modelling to focus on an

arbitrary and narrow subset of the multiple emergent

dimensions of vulnerability seems to be a feature of past

applications rather than an intrinsic limitation of the method.

Understanding the emergent nature of vulnerability and

integrating appropriate interdisciplinary solutions is difficult.

The pressure to respond to rapidly evolving policy demand has

led to vulnerability being equated with a narrow set of mostly

biophysical or economic impacts predicted using pre-existing

modelling systems. Selectively and arbitrarily equating vul-

nerability with default model outputs tends to create a

relevance gap between this type of science and the types of

information required to prioritise adaptation responses

throughout society. A focus on narrow technical responses

can overlook more transformative and holistic opportunities

to adapt, and disempower decision makers by focusing on

drivers of change beyond their immediate influence.

There is an urgent need to broaden the application of

hazard/impact modelling, and to complement it with methods

capable of identifying and enhancing diverse and transfor-

mative sources of adaptive capacity throughout society. This

review suggests that indices designed deductively from

integrated conceptual frameworks have potential to illumi-

nate the multiple and emergent dimensions of vulnerability

and adaptive capacity. In the next paper in this series

(Nelson et al., 2010), we combine hazard and impact

modelling with an holistic measure of the adaptive capacity

created using rural livelihoods analysis. This approach is

then used to provide preliminary insights into the vulner-

ability of Australian rural communities to climate variability

and change.
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