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Abstract 

The vulnerability of humans related to their use of water has also become a widespread concern, 
related to climate change, flood and drought hazards, and poverty.  A profusion of definitions remains 
characteristic of vulnerability research and applications.  Nevertheless, progression in the past decade 
toward a vulnerability/adaptation science has recognised six key attributes of social vulnerability.  
Each implies different methodological approaches: 

1. Vulnerability is the differential exposure to stresses experienced or anticipated by different 
exposure units. 

2. Vulnerability is a dynamic process, changing on a variety of inter-linked time scales. 
3. Social vulnerability is rooted in the actions and multiple attributes of human actors. 
4. Social networks drive and bound vulnerability in the social, economic, political and 

environmental interactions. 
5. Vulnerability is constructed simultaneously on more than one scale. 
6. Multiple stresses are inherent in integrated vulnerability of peoples, places and systems. 

 

Building upon a typical water planning approach (such as WEAP), four progressions are proposed in 
understanding vulnerability: (1) introduce differential social and economic vulnerability to catchment 
planning models; (2) capture the dynamic element of vulnerable groups and their relationship to water 
resources and catchment or regional planning; (3) represent the multiple attributes of vulnerable 
groups and make the link to their ability to respond to stresses and threats; and (4) represent the 
decisions of actors (the managers and vulnerable groups) in the construction of adaptive systems (i.e., 
in the reduction of future vulnerability).  

 

The basic elements of a variety of water resource vulnerability recipes are reviewed.  Future directions 
include expanding the toolkit and scenarios of vulnerability across scales. 
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1 Introduction 
Research on water resources and services—supply, demand and their context—has 
progressed considerably over the past decades, embracing the range from flood to drought 
and scarcity, unpacking the role of water in poverty, health and development, and laying the 
foundations for adaptive, integrated management. The vulnerability of humans related to 
their use of water has also become a widely discussed topic, related to climate change, flood 
and drought hazards, and poverty (Adger 1999; Handmer, Dovers et al. 1999; Soussan and 
Arriens 2004). The debate has moved to a position where the concept of vulnerability is now 
recognised as central to the understanding of poverty (Department for International 
Development and al. 2002), water (Soussan 2004) and the relationship between water and 
poverty (Soussan 2005).  The conceptual and practical implications of this focus on 
vulnerability have yet to be fully worked out.  It reflects the emergence of an awareness of 
the complexity and variability (over both space and time) of the relationships between water, 
wider environmental processes and the livelihoods of poor people, but awareness is not yet 
accompanied by full enlightenment. 

A confusion of meanings has surrounded vulnerability research, and even more so 
applications.  Three traditions in defining vulnerability are hazards, poverty and climate 
change.  The longer tradition in defining vulnerability comes from natural hazards and 
epidemiology (Sarewitz, A. et al. 2000; Sarewitz, Pielke Jr. et al. 2003).  A common 
definition is:  “The degree to which an exposure unit is susceptible to harm due to exposure 
to a perturbation or stress, and the ability (or lack thereof) of the exposure unit to cope, 
recover, or fundamentally adapt (become a new system or become extinct).” (Kasperson et 
al. 2000). Similarly, the technical literature on disasters uses the term to mean:  “Degree of 
loss (from 0% to 100%) resulting from a potential damaging phenomenon.” (United Nations 
Department of Humanitarian Affairs 1992). 

The key aspect of these definitions is that vulnerability is distinguished from hazard—it is 
the underlying exposure to damaging shocks, perturbations or stresses, rather than the 
probability or projected incidence of those shocks themselves.1  

The poverty and development literature focuses on present social, economic and political 
conditions.  A common definition is: “An aggregate measure of human welfare that 
integrates environmental, social, economic and political exposure to a range of harmful 
perturbations” (Bohle, Downing et al. 1994). In this poverty focus, social units (people) or 
systems (social groups or networks) are the exposure unit rather than biophysical systems.  
Using the term sensitivity to describe the exposure of biophysical systems to stresses avoids 
making a judgement regarding what are adverse impacts as implied by the term 
vulnerability.  Socio-economic vulnerability is seen as the integration across a range of 
stresses (not just biophysical, but also including exposure to uncertainties from interactions 
with markets, political and social exclusion and so on) and across the range of human 
capacities (i.e., not just food security, income or health).   

In relation to the livelihoods of the poor, one aspect of poverty is that poor people are often 
less able to cope with, adapt to or recover from these stresses.  Even small variations in 
climatic conditions, market prices, etc. that less-poor people are able to cope with can 
jeopardise the prospects of poor families lifting themselves out of their poverty and, in the 
worst cases, can even threaten their very existence.  The result is often a risk minimising 
approach to livelihoods where the poor are more concerned with securing the minimum they 
need to survive than with taking advantage of development opportunities that could entail 
some risk. 

                                                      
1 Of course, the definition of exposure may also be unclear. 
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In climate change assessments, the Intergovernmental Panel on Climate Change promoted an 
alternative definition of vulnerability (www.ipcc.ch/pub/syrgloss.pdf): “The degree to which 
a system is susceptible to, or unable to cope with, adverse effects of climate change, 
including climate variability and extremes. Vulnerability is a function of the character, 
magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its 
adaptive capacity.”  The IPCC view places hazard, exposure, consequences (impacts) and 
adaptive capacity all in one basket. 

The IPCC definition corresponds more closely to the notion of risk in the natural hazards 
(and other) literature.  The difference is that risk assessments are largely based on a 
probabilistic understanding of the triggering event, a risk tree of contingent impacts, 
quantification of outcomes and a multiple-criteria analysis of responses.  To date, the IPCC 
is far from this sort of methodology, preferring to begin with scenarios of climate change and 
primarily first-order impact analyses.2 

There is no correct definition.3  The choice of definition may depend on its suitability for a 
particular vulnerability and its interpretation for policy or action.  For example, a slow-
evolving hazard like drought allows greater opportunities for coping compared to a flash 
flood. Or vulnerability of human safety in buildings focuses on different processes than the 
security of livelihoods. 

A starting point in discussing vulnerability is to distinguish between ‘real world’ 
vulnerability and its more formal description. Labelling the ‘real world’ vulnerability should 
encompass some notation of the threat, exposure unit and consequences (see Box 1). 

As a distinct literature, vulnerability most commonly corresponds to the hazards tradition—
focussing on exposure and sensitivity to adverse consequences. It generally corresponds to 
the present conditions (the baseline of socio-economic conditions of vulnerability) (Downing 
1991).  For clarity we should refer to present socio-economic vulnerability.  However, it can 
be extended to the future as a reference scenario of socio-economic vulnerability (say in the 
2020s).  Box 1 suggests a nomenclature for describing vulnerability in formal terms. 

Work on famine and food security is relatively mature and closely related to water 
management.  The key environmental-institutional milestone is the emergence of entitlement 
theory (Sen 1981) and the African droughts of the 1980s.  Entitlement theory presented an 
integrated analysis of social vulnerability with respect to disasters, and was rapidly accepted 
as the paradigm of choice in famine and food systems research (Stephen and Downing 
2001), and gradually made its way into the wider perspectives of resource management.  
Equally, the African droughts and famines of the mid 1980s raised awareness that famine 
remained a threat, and the causes of famine had shifted from a shortage of food to the more 
complex nexus of water-food-health and institutional failures.  More recently, the concept of 
entitlements has informed the development of rights-based approaches to poverty reduction 
in which securing entitlements and reducing vulnerability are central concepts.  The 
following years witnessed a resurgence of research under a broad rubric of vulnerability 
(Bohle, Downing et al. 1994). 

In the early years of the US Famine Early Warning System, Jonathan Olsson (personal 
communication, circa 1988) described vulnerability in an analogy with a vacuum cleaner. 
Analysts surveyed the landscape of visible indicators (the carpet), collected them all together 
(vacuumed them up), and then aggregated them, usually by simple transformation and 

                                                      
2 Within the IPCC texts, vulnerability is used in all of the above ways—the ‘official’ definition has not 
been established as a consensus among the contributing authors. 
3 The website, www.VulnerabilityNet.org, has many definitions of vulnerability; users are invited to 
send in new ones! 
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summing (analogous to weighing the weight of dirt in the vacuum cleaner’s bag).  This 
undifferentiated ‘weighing up’ is still the most common methodology, whether applied to 
national environmental indicators (Yale Center for Environmental Law and Policy and 
Center for International Earth Science Information Network 2005), climate change risks 
(Schroter and et al. 2004), human development (HDI) (UNDP 2002)or water poverty 
(Sullivan 2002; Molle and Mollinga 2003).  Let’s take this vacuum cleaner analogy as a 
straw horse, albeit recognising that many analysts have noted the shortcomings of their own 
methods. 

What have we learned from over two decades of research on social vulnerability, from 
diverse perspectives and in a range of case studies?  Six attributes of social vulnerability 
emerge from this experience: 

1. Vulnerability is the differential exposure to stresses experienced or anticipated by 
different exposure units. 

2. Vulnerability is a dynamic process, changing on a variety of inter-linked time scales. 
3. Social vulnerability is rooted in the actions and multiple attributes of human actors. 
4. Social networks drive and bound vulnerability in the social, economic, political and 

environmental interactions. 
5. Vulnerability is constructed simultaneously on more than one scale. 
6. Multiple stresses are inherent in integrating vulnerability of peoples, places and 

systems. 

In discussing these attributes, different methodologies are introduced.  Boxes present 
supporting material.  

The paper demonstrates how the six attributes of social vulnerability relate to water 
resources management. A water manager adapts physical resources in order to meet several 
objectives, one of which is to reduce social vulnerability (Aerts and Droogers 2004). The 
main uses of water (environment, industry, agriculture, domestic) are exposed in different 
ways to the range of stresses, shocks and threats that water managers adapt to.  This 
differential exposure, dynamic over time, to multiple stresses is the central focus of water-
related vulnerability. 

This is not a comprehensive review of vulnerability theory or literature (see the Endnote 
library posted on the Vulnerability Network web site, www.vulnerabilitynet.org).  Nor do we 
attempt to produce complete guidance for practitioners (see the users guide for the 
Adaptation Policy Framework, (Lim, Spanger-Siegfried et al. 2004)), and the summary of 
material from the regional workshops for the National Adaptation Programmes of Action 
(NAPA) teams, www.UNITAR.org/ccp).4   

However, we do wish to note the growing presence of vulnerability methods in many areas.  
For example, vulnerability methods applied to flood hazards have been developed by the US 
National Oceanic and Atmospheric Administration, including step-by-step instructions 
(http://www.csc.noaa.gov/rvat/mitEdd.html).  Related material on water includes integrated 
water resources management (e.g., www.iwmi.cgiar.org/tools/index.htm#PODIUM) and the 
Global Water Partnerships toolkit (www.gwpforum.org/servlet/PSP?iNodeID=2379).  And 
there is no shortage of water vulnerability maps (see 
www.wac.ihe.nl/PDF/Chapter%203.pdf). 

 

                                                      
4 A ‘cookbook’ on vulnerability assessment is being prepared; contributions welcome. 
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2 Vulnerability as differential exposure 
The starting point for an analysis of social vulnerability is that vulnerability is the differential 
exposure to stresses experienced or anticipated by different people.  That is, vulnerability is 
not only and maybe not primarily a property of a system or a water catchment per se, but 
rather reflects a combination of the characteristics of the hydrological system, the livelihood 
assets and social relations of people and the effects of a range of external factors on these 
two: water and people.  While the use of the term exposure unit is common in risk 
assessment, we focus on individuals and social groups. These interactions mean that 
different people are exposed in different ways to stresses and threats.  Or more simply, Who 
is vulnerable? To what? 

The differential vulnerability of social actors is a central concept (Downing 1991), 
(Handmer, Dovers et al. 1999). Vulnerability is the “degree to which different classes in 
society are differentially at risk, both in terms of the probability of occurrence of an extreme 
physical event and the degree to which the community absorbs the effects of extreme 
physical events and helps different classes to recover. Disaster is therefore defined as the 
interface between an extreme physical event and a vulnerable human population” (Susman, 
O'Keefe et al. 1983). 

A simple matrix illustrates this concept (Table 1).  The hypothetical example based on a 
small-scale irrigation scheme in South Africa (Bharwani, Bithell et al. 2005).  The exposure 
units include the activities that comprise livelihoods, with the main livelihoods comprising 
smallholder farmers with and without irrigation as well as commercial farmers in the area.  
Drought is a common climatic threat, affecting rainfed cropping more than irrigation (in this 
case, the river basin yield is sufficient during most droughts).  Heat waves reduce labour 
productivity but are less serious than droughts.  Floods affect irrigation and market 
infrastructure, at least for a short time.  High market prices affect farmers who depend on 
purchases for a proportion of their food supply while a slump in market demand for cash 
crops is a threat for commercial farmers.   

The matrix is a simple rating of exposure to each threat. In this case, the scores are related to 
economic vulnerability—the exposure to loss of property and productive assets.  Somewhat 
different scores might ensue in scoring losses to lives (floods cause more casualties than 
droughts) or health and wellbeing (drought stresses often lead to other health consequences, 
even suicide). 

This example highlights that vulnerability is more specific than general. It relates to specific 
socio-economic groups and threats.  Box 1 suggests a nomenclature for making the 
assumptions about specific vulnerability clear. 

Four methodological questions are relevant: 
• What are exposure units? 
• What indicators reflect the exposures? 
• How to calculate aggregate scores? 
• How to portray profiles? 

 

 

 

 

 

 



  Integrating social vulnerability 

5 

Table 1  Exposure matrix for a hypothetical irrigation scheme in South Africa  

 Threats 
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Activities 

Cash crop (irrigated) L L M L H 

Cash crop (rainfed) H M L H M 

Trading L L M H H 

Off-farm casual labour M L M M L 

Permanent employment L L M L L 

Socio-economic groups 

Smallholder farmers 
(irrigated) M L M L M 

Smallholder farmers 
(rainfed) H L L M L 

Commercial farmers 
(irrigated) L L M L H 

The ratings of vulnerability are: L=low, M=medium, H=high 

 

 

The choice of exposure units is generally left to the analyst, sometimes guided by a 
particular decision framework.  For instance, an assessment for a Poverty Reduction Strategy 
Paper should use the socio-economic groups common in poverty mapping, such as 
livelihoods, household types (e.g., female-headed), or income-based (e.g., ultra-poor, poor, 
not poor).  Disaster planners often use spatial units (e.g., relative degree of flood risk) 
supplemented with income or household characteristics (e.g., land tenure rights, insurance 
coverage).  Individual characteristics (e.g., elderly, pregnant women, children, people with 
chronic ill-health) are often targeted during a crisis.  Administrative units (from nations to 
villages) are frequently used, although they are not exposure units in their own right.  That is, 
the social, economic and environmental characteristics of vulnerability need to be clearly 
defined in delineating the exposure unit.  This will in turn be contingent upon the specific 
policy or analytical context that is the purpose of the investigation. 

It may not be possible to a priori identify generic indicators that are relevant across exposure 
groups and threats. Such indicators would need to be applied in a wide range of local places 
(e.g., from isolated subsistence communities to urban flood-prone areas) within existing 
systems (e.g., river basins with rapid economic development and poor institutional 
management). For example, rainfall variability is a good indicator for the cell ‘rainfed 
cropping x drought’ but is not relevant, in this case, for ‘irrigated cropping x drought’.  An 
income indicator is required for understanding economic impacts, but may not be relevant 
for predicting impacts of floods on the loss of lives.  Some threats are more significant for 
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certain individuals, e.g., the elderly are more susceptible to heat waves than healthy young 
adults.  

It is possible to convert the relative ratings into numerical scores, for instance 1 to 5.  An 
exposure index would be the accumulated score for a single activity or group across all of 
the threats.  An aggregate impact score would be the accumulated score across either 
activities or groups for a single threat (UNFCCC Least Developed Countries Expert Group 
(LEG) 2004).  There are many ways to calculate such aggregate scores.  The most common 
approach normalises the chosen indicators and then sums them.  This is problematic as it 
assumes that a high score on one indicator compensates for a low score on another indicator.  
Weighting of each indicator is possible using multi criteria analysis techniques such as the 
analytical hierarchy process developed by Saaty (Saaty 1977; Saaty 1980) where relative 
weights are derived on the basis of user preferences.  Alternative models only count the 
indicators that exceed a threshold (e.g., the capacity score  in Table 2), use multi-variate 
statistical techniques (Stephen and Downing 2001), or establish a decision tree among the 
variables as in the elimination by aspect model (Tversky 1972), (Gladwin 1989).   

It is difficult to imagine how a single, composite score across all of the socio-economic 
groups and all of the potential threats would capture the variety of exposure from one group 
to another and from one threat to another. An alternative approach is to view vulnerability as 
a profile rather than as a single, composite number. 
An example of a multi-attribute profile is a subjective rating of common determinants of water 
resource vulnerability in Latin America (Table 2).  Luis Mata convened a group of experts from 
each country and asked them to rate national vulnerability scores for seven characteristics.  The 
expert judgements by each person were revised to give a consensus score for the whole group.  A 
radar diagramme shows the profiles in graphical form ( 

Figure 1).  The four countries with relatively high scores either have one or more high rating 
(5) (e.g., Cuba as three 5’s) or a broad capacity in the middle to high range (e.g., Venezuela). 
In contrast, the countries with relatively low capacity (e.g., Guatemala and Honduras) have 
no scores above a middle rating of 3. Their profiles are more concentrated in the centre of 
the plot.  The middle group appears to be in between the high and low capacity clusters—
they also have no 5’s but have higher scores on most of the determinants than the low 
capacity cluster. 
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Table 2 Ratings on common determinants of water vulnerability in Latin America 

 Higher Middle Lower 

Determinants  
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B
ar
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H
on
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Technology  3 3 3 2 3 2 2 2 2 2 3 2 3 

Infrastructure 4 4 2 2 3 2 2 3 2 3 3 3 2 

Institutions 5 3 2 4 2 2 3 3 3 2 3 2 2 

Information & 
Skills 4 4 5 3 3 2 1 2 3 3 2 3 2 

Equity  5 3 3 3 3 3 2 1 2 1 1 2 1 

Political 
Willingness  5 3 4 4 4 4 3 3 1 2 2 3 2 

Natural 
Resources 2 4 5 5 2 3 4 2 3 3 2 1 3 

Average index 4.0 3.4 3.4 3.3 2.9 2.6 2.4 2.3 2.3 2.3 2.3 2.3 2.1 

Capacity index 71% 43% 43% 43% 14% 14% 14% 0% 0% 0% 0% 0% 0% 

Source: Luis Mata (personal communication, Bonn, 2005). 5=high capacity or low 
vulnerability; 1 = low capacity and high vulnerability. The aggregate indices at the bottom of 
the table show different ways to compare scores. The average index is the average score. The 
capacity index is the frequency of values of 4 or 5 (higher capacity).  The two methods 
produce a comparable ordering of the countries, although the capacity index gives a wider 
range of values. 
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Figure 1.  Profiles of vulnerability for selected countries in Latin America. 

The three clusters are based on the capacity index, primarily to make the diagrammes easier to 
compare.  5 = high capacity, 1 = low capacity. Source: Luis Mata, personal communication. 
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3 Vulnerability is a dynamic process 
Two processes relate to vulnerability: (a) ‘trends’ of gradual change (though not necessarily 
linear) vary within predictable limits, generally at a macro scale and (b) ‘shocks’ that are sudden 
and dramatic in impact and can fundamentally alter more than one condition of life.  The 
superimposition of trends and shocks may dramatically alter socio-economic conditions at the 
macro scale (e.g., the Asian tsunami or New Orleans hurricane) or the often hidden catastrophes 
at a micro level (such as the sudden death of a key breadwinner in a family or the erosion of 
one’s land and home in a flood).  This is the dynamic nature of vulnerability. 

Most vulnerability indicators are based on a static snapshot of the present, or at best a 
comparison of an historical episode with the present.  The few assessments that have attempted 
to construct scenarios of future vulnerability utilise the same indicators—comparing the present 
baseline with the presumed situation at some future conjuncture.  

Yet, we know from the numerous case studies of environment and development, and indeed our 
own observation, that social vulnerability is a dynamic process (Petschel-Held, Block et al. 
1999).  Vulnerability changes rapidly over time, often with discontinuities that break a trend.  As 
reflected in Holling’s “science of surprise” (Holling 1973; Holling 1986), few analysts of 
coupled socio-ecological systems subscribe to the notion of an equilibrium state. Indeed, the 
concept of resilience emerged in ecology and the social sciences in recognition that nature is 
inherently dynamic (see critiques of equilibrium theories of environmental science such as 
(Vayda and McCay 1975).  

Recognition of the dynamic nature of vulnerability has reinforced the notion that environmental 
and socio-institutional processes have to be conceptually understood.  Some sort of cognitive 
mapping of causal forces and resulting states needs to underpin the choice of indicators and the 
methodology of vulnerability assessment (Morgan, Fischhoff et al. 2002). 

The complexity of the processes driving vulnerability may preclude an integrated map of 
vulnerability.  For instance, it would be difficult to chart a coherent conceptual map that accounts 
for all of the vulnerabilities that relate to water—across scales, social groups, economic sectors 
and policy processes.  Nevertheless, a cognitive map or influence diagramme is a good starting 
point for understanding future vulnerability. 

 

Figure 2 shows a causal chain from human needs and wants and the means chosen to fulfill those 
(the structural context of vulnerability) to a sequence of events and the range of outcomes for 
different exposure units (households in this figure).  A broader influence diagramme would be 
more complex, indicating drivers of each step in the chain and more exposure units.  A systems 
conceptual model would add feedback loops, for instance showing how outcomes at one step 
affect subsequent structural conditions. 

It may also be useful to consider using indicators that relate directly to processes.  For instance 
most national-level assessments use GDP per capita. This is an indirect measure of an outcome 
(individual wealth) rather than a measure of the various processes that might lead to higher 
incomes.  An analyst might focus on upstream predictors of individual wealth, such as female 
literacy.  Or, a vulnerability indicator might focus on more dynamic aspects of GDP per capita, 
such as proportion of the labour force unemployed. 
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Box 1. A nomenclature for vulnerability assessment 

 
Box 2. Can we measure vulnerability? 

 
 

In the sense that vulnerability is our interpretation of a complex and ever-changing reality, the answer is 
no. However, as soon as we describe vulnerability in workds or pictures, we have embarked on a formal 
measurement. This descriptive ‘measurement’ (or observation) may be extended with semi-quantified 
methods using indicators and more fully in dynamic models. 

In developing methodologies for vulnerability assessment, we might represent the multi-attribute and 
largely qualitative description of vulnerability as V. 

Then we can describe a ‘vulnerability operator’ that approximates the description of vulnerability. That 
is: V !!!!V’.  Or, V is defined as, or is approximated by, V’.   

Further, we may estimate the vulnerability operator, V’ through a set of vulnerability functions, vi.  
Such functions are common in hazards models as the relationship between a hazard and a consequence, 
for instance the depth-damage curve in flood impact models.  This could be represented as: V’ !!!!""""(vi). 
Or, a representation of vulnerability (V’) is approximated through a set of vulnerability functions (vi),. 

The model, function or aggregation technique that collects the vi  into an estimate of V’ is not defined 
here. It might be an algebraic expression (e.g., an index or decision tree, or some other relationship). Or 
it might be a meta-model. There are relatively few good examples of such expressions or functions. 

The annotation from Box 1 and Box 2 would make clear what sort of vulnerability people are referring 
to (V with its conditions), that any model of vulnerability (V’) is only a representation of our 
understanding of real conditions, and that such vulnerability models may be composed of several 
functions (vi), often with different forms and degrees of quantification. 

It is unlikely that the researchers and practitioners will agree on a definition of vulnerability.  
However, a clear working language would be helpful.  Most definitions include some aspects of the 
threat (e.g., climate change for the IPCC), a place or sector (e.g., health outcomes of disease 
burdens), a socio-economic group (e.g., the poor in poverty mapping) and the consequences or 
outcomes of vulnerability (e.g., loss of livelihood in many development applications).  Thus, we 
might refer to a single stress and associated exposure, for instance drought vulnerability. Or we might 
wish to explore the circumstances of only certain socio-economic groups.   

A formal nomenclature seeks to capture these definitions (Downing 2002; Downing, Patwardhan et 
al. 2004): 

V c

gs

T

,  

Where: 

T=threat, e.g. drought, climate change 

s=sector, e.g. health 

g=group, e.g. rural landless 

c=consequence, e.g. loss of life 
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Figure 2.  Causal chain from nutrition to hunger 
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4 Vulnerability is rooted in the behaviour of actors 
The straw horse we posed above commonly maps vulnerability as an inherent (or imposed) 
property of pixels.  That is, the exposure unit is seen to be spatial aggregations of 
populations, environments and economic activities.  Critically, people are the primary 
concern—vulnerability stems from aspects of their lives that are in their control as well as 
factors that are beyond their control. 

If we accept that vulnerability is an attribute that we, as analysts, apply to an observed 
system, and further accept that vulnerability is susceptibility to adverse impacts, then we 
must limit vulnerability to social units that can differentiate at least for themselves between 
positive and negative outcomes.  More simply, ascribing negative outcomes to spatial units, 
to ecosystems or inanimate objects takes us outside the common philosophical understanding 
of values in decision making.  This first point relates to risk perception. We acknowledge 
that the sensitivity of a reduction in water flows (an ecosystem service) might entail adverse 
impacts on some populations and economic uses (but not necessarily all), and so those 
people might incorporate the lower flows as part of their perceived vulnerability.  However, 
to say the water system itself is ‘vulnerable’ confuses the many facets of human vulnerability 
with a simplified notion of susceptibility to lower yields.  Better to use terms such as 
sensitivity, susceptibility and resilience to describe relationships that do not have inherent 
references to human values. 

More broadly, and perhaps more critical, is to understand vulnerability processes as rooted in 
the actions of actors.  The dynamism of vulnerability is the iterative nature of resource use.  
This may be represented simply as the cycle of stimulus and response (the ‘hydro-illogical 
cycle’ comes to mind), or more elaborately as the norms and rules that govern institutions 
such as in the management of irrigation systems (Ostrom 1990).  The actions of actors are 
constrained by their attributes, the inherent characteristics of individuals and groups that 
define their social vulnerability; equally actions lead to new attributes and mitigate or 
exacerbate their vulnerability. 

Referring to our straw horse, imagine a GIS database of common elements of vulnerability 
relating to water, such as average per capita income, distance to a water source, regional 
balance of water use compared to available water resources, and incidence of water-borne 
diseases.  The first critique focuses on who is vulnerable—it is unlikely that average values 
on each of these scores would represent specific vulnerable groups—the ultra poor, women 
headed households, urban casual workers in slums, individuals affected by AIDS, for 
instance.  Of course, indicators such as the distance walked to fetch water in developing 
countries almost always refer to the vulnerability of women. 

The second critique of our straw horse is that the indicators measure the outcome of social 
decisions. For instance, the balance of water demand and supply is related to: (i) economic 
development planning (from local boreholes to regional infrastructure); (ii) the management 
decisions that govern use (and frequently disenfranchise some water users); and (iii) the 
provision of health services (related to domestic water quality).  The actors involved are 
different in each case.  Over time, the actors and their goals and resources will change.  This 
means there is not a stable relationship over time between the specific indicators and an 
aggregate notion of vulnerability. 

At the broadest level stakeholders can be considered as those individuals or organisations 
that have an interest or concern in something. With respect to water resources management 
they are likely to include those that determine, influence or are influenced by any actions 
relating to the resource in question. Stakeholders can be further classified in terms of their 
type (governmental, non-governmental etc.), function (policy-setting, operational etc.) and 
scale (local, national etc.) (Bakker, del Moral et al. 1999; Bakker, Crook et al. 2000).  
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Institutions have been variously described as ‘rules, strategies, paradigms’ or ‘the 
embodiment of values in regularised patterns of behaviour’ (Priscoli 1989). More 
specifically in the context of water resources they have been defined as ‘those legal, political 
and administrative structures and processes through which decisions are made’ (Ingram, 
Mann et al. 1984). Within this latter definition are informal procedures used regularly for 
conflict resolution when more formal structures fail to provide sufficient support or 
consistency. Institutions can also be further characterised in terms of their scale, ability to 
evolve and level of interdependency (Bakker, del Moral et al. 1999). 

Although distinct notions, stakeholders and institutions are mutually dependent.  For 
example, stakeholders not only enact institutions but also create and are constrained by them 
(Bakker, del Moral et al. 1999). Indeed, one key factor in defining stakeholders is in the 
differences in levels of access to key institutions and decision-making processes that 
different stakeholder groups have.  Consequently, any analysis or simulation must 
necessarily reflect such interdependencies.  

A schematic outline of the potential relationship between stakeholders and institutions, for 
water planning in the UK, is presented in Figure 3. For the purpose of illustration, three 
levels are used to classify the institutions (constitutional, collective choice or strategic 
planning and operational).  

Economic regulation of water in the UK is embodied in the Office of Water Services (Ofwat) 
with direct implications at the strategic and operational scales for water companies. 
Environmental policy is implemented across scales by the Environment Agency, with links 
to national policy (the department for environment) and local authorities (especially for 
development in flood plains). Links with consumers and local environmental concernsa re 
mediated through NGOs with relatively less influence on national and strategic policy. 

Such schematics explicitly show the stakeholders represented at each level enacting (and 
constrained by) specific institutions to be made explicit. In addition, key players central to 
the creation or modification of institutions can be identified.  Although not shown in the 
figure, the vulnerability of water users (marked at the local scale) is the outcome not only of 
their own status, goals and needs but of the decisions at the regional to national level 
concerning strategic allocation and investment by other actors in planning water supply and 
demand.  
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Key: - Stakeholder  Institutions:   Economic Regulation 

OFWAT – financial regulator    Environmental policy 

EA – environmental regulator    Consumer values 

NGO – non-governmental organisation   Planning guidance 

LA – local authority  

WSC – water company 

DETR - Government department 

CSC - customer service centre 

 
Figure 3.  Institutional and stakeholder interactions: an example of water planning in England. 
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5 Social networks drive and bound vulnerability  
Two themes are apparent in the notion of social networks as a defining characteristic of 
vulnerability.  Multi-agent modelling (Conte and Castelfranchi 1995) and generative social 
sciences (Epstein 1999; Epstein 2005) emphasise the social relations between actors—their 
communication with each other and negotiations to resolve conflicts.  The notion of a 
coupled socio-ecological system has been gaining strength as the defining characteristic of 
dynamic conditions of vulnerability (see www.resalliance.org).  Representing vulnerability 
as the relationships between human, institutional and geophysical actors draws upon Actor 
Network Theory in political ecology (Callon 1999).  The various actors (human, ecological, 
institutional and physical), the boundaries of the system, and the nature of their interactions 
are described.  

An essential requirement in Actor Network Theory, and in mapping vulnerability, is to 
define the boundary to the system.  Figure 4 illustrates how a core group of actors, say 
households in a semi-arid region, might be related in a network (A-B-C).  It might be 
tempting to construct a vulnerability map at this scale—showing their fields, local 
environment, settlements and catchments.  However, their vulnerability is related to other 
actors, say merchants, extension agents and credit lenders in a wider network (X-Y-Z).  
These each have their own spatial logic and boundaries: for example, extension agents work 
within government administrative units while merchants work through market processes. 

Prescribing the boundaries to a coupled system should be driven by the scales of action of 
the actors, rather than a fixed geophysical resolution.  However, water resources and 
environmental systems have their own boundaries.  The mismatch between the social and 
geophysical networks is an enduring challenge of managing water resources (Carl Folke, 
Pritchard Jr. et al. 1998).  This is to an extent recognised in relation to the disjuncture of 
administrative and hydrological boundaries in the development of, for instance, river basin 
management systems, but there is little experience or conceptual analysis of how these relate 
to non-administrative boundaries such as market areas or the boundaries of social groupings 
such as ethnic, caste or tribal units (but see (Moench and Dixit 2005). 

 

 
Figure 4.  Schematic of actors in two levels of a network.  

Note that the arrows are indicative only; in reality each element may be connected to several 
others, with bi-directional relationships.  Source: Callon (1999) 
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6 Vulnerability is constructed simultaneously on more than one 
scale 

Immediately apparent from the network illustrations above, a fixed geographic scale for 
measuring vulnerability is not appropriate.  Vulnerability, in as much as it is dynamic, 
related to social processes, is simultaneously constructed at different scales.  Mapping, in the 
Cartesian sense of a fixed scale, is a poor analogy and imperfect method of visualisation.   

A hypothetical story regarding drought vulnerability captures this conclusion.  Suppose a 
farmer in a semi-arid area suffers from low rainfall in a maize field.  The drought could be 
mapped at the scale of the field, say a hectare or so.  Suppose the farmer also has a plot in a 
nearby irrigation scheme, but this also failed because the river flow in the catchment was low 
and her water rights were not sufficiently senior to be allocated enough water at flowering in 
order to produce a commercial crop.  The drought is now felt at the larger scale of the 
catchment, say a 1000 sq km, but is also mediated through community institutions that 
operate at a different social scale than the household.  Finally, this farmer had invested in a 
well, drawing groundwater that is not regulated by the authorities, and had planted two fields 
with high-value vegetables for the national market and soya for the international market. 
Both crops did very well and market prices were high, partly due to drought in traditional 
soya regions. Overall, the farm accounts showed a healthy profit in spite of the losses in 
some fields.  Clearly, households with such resources are exposed to drought impacts—both 
risks and opportunities—at the national to global scale. 

This example also illustrates one key aspect of resilience at a household level: being able to 
buffer the effects of phenomena such as droughts by the diversification of livelihood assets 
and activities.  A farmer with this access to these multiple cultivation assets will have far 
greater resilience than another, probably much poorer, farmer in the same community who is 
largely dependent upon cultivation in the rainfed area and/or the non-functioning irrigation 
scheme.  Recent work in the livelihoods and food security fields has illustrated the dominant 
significance of access to multiple sources of assets and livelihood activities in the ability to 
survive in variable and fragile environmental conditions.  One consequence of this dynamic 
is that diversity in assets and livelihoods activities can in itself be considered a good 
indicator of resilience to vulnerabilities at a household level.  It is particularly interesting in 
relation to general and multiple vulnerabilities, as opposed to specific factors such as floods 
or droughts. 

Assuming that few economies are truly isolated, climatic risks and economic vulnerability in 
most places have a multi-scale character.  Scale dependency is a common phenomenon in 
human and environmental processes, and no doubt in their interactions.  For this review we 
have not sought to untangle the nature of scale (whether individual to populations, 
organisations or social networks and the variety of definitions of geographical and biological 
scales).   
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7 Multiple stresses are inherent in integrated vulnerability  
The real world of vulnerability is dynamic, organised by actors, in social networks, at multi-scales.  
And, the vulnerable are subject to multiple stresses.  Even though analysts may talk about climate 
change impacts, the real world is one of a multitude of threats, risks and vulnerabilities.  In this 
respect, vulnerability has moved in the same direction as poverty.  What was once seen as a simple 
economic threshold (e.g., income below a threshold considered to be the minimum to ensure a healthy 
life), poverty is now viewed as multiple attributes of entitlement (e.g., employment, welfare), access 
(e.g., health infrastructure, markets) and health (e.g., disease burden, infant mortality). 

If we accept that a simple impact model (scenarioimpacts) is an inadequate description of reality, 
then we must get to grips with exposure to multiple stresses.  A few assessments have looked at 
double exposure, such as climatic hazards and globalisation (Leichenko and O'Brien 2002) but this is a 
long way from understanding multiple stresses.  Approaches based on resilience may be one way 
forward, while multi-agent simulation models encourage explorations of an array of episodes, stresses 
and responses.  

Is it possible to group stresses together into complexes of vulnerabilities?  If we cannot disentangle 
cause and effect from single stresses, might we match intervention strategies to characteristic 
complexes?  What are likely transitions from one complex of vulnerability to another, or to conditions 
of less vulnerability?  Some early thinking along these lines was developed in the Potsdam Institute for 
Climate Impact Research (PIK) undertaking on syndromes of environmental degradation (see Box 3) 
(Ionescu, Klein et al. 2005).   

A starting point in a meta-analysis of vulnerability might be to plot case studies on common 
dimensions.  Figure 5 shows a hypothetical example of drought and food security in a rural catchment.  
Climate and resources (water and land use) are common stressors for economic impacts (shaded).  
However, health outcomes (the solid line) are more strongly related to the socio-institutional and 
health infrastructure. 

A promising approach for understanding multiple stresses is a computer-assisted tool for eliciting 
responses (being developed by the University of Kent and SEI). Stresses are presented to the 
interviewee as a series of scenarios.  Their responses are passed to an algorithm to produce a decision 
tree that predicts responses to combinations of stresses. Further details are found in the briefing note 
on knowledge elicitation tools (knets) on www.VulnerabilityNet.org. 

 

 
Figure 5.  Profile of relative stressors for a syndrome of drought and food security in a hypothetical rural 
catchment 
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Box 3.  An systems framework for describing vulnerability 

 

A formal analytical description of vulnerability needs to develop a language that captures the dynamic 
relationships of: 

  Stresses and threats  vulnerable group/sector/region  consequences 

The Potsdam Institute for Climate Impacts Research (PIK) has begun this task (see (Ionescu, Klein et al. 
2005)).  The framework is based on concepts of vulnerability: 

• Vulnerability is a relative attribute  
• The system has known stresses and their consequences  
• Preference criteria exist to evaluate the outcome of the interaction between the system and the 

stimulus 

An entity is a dynamical system in a given state. The stimuli to which a system can be subjected are 
represented by the exogenous input and the preference criteria relating to the outputs. A simple, 
deterministic system is used to describe the terms.  The system evolves over time: 

xk+1 = " (xk, ek)  

where 

" : X ! E  X is called the transition function of the system 

X is the set of states of the system 

E is the set of exogenous inputs to the system 

k is the time step  

The system generates output according to an output function g: 

yk = g(xk)  

where 

g : X  Y 

Y is the set of outputs. 

 

The analytical notation can be use to capture vulnerability--the given system in state xk is vulnerable to 
exogenous input ek with respect to the outcome criteria if...”. When the system is in state xk and is 
subjected to ek, it will undergo a transition to xk+1, as given by the transition function above. We can 
measure yk+1, which can be worse, the same, better or not comparable to yk.  

A series of definitions elaborate the framework (all of the equations assume the given preference criteria 
for the outputs): 

1. A system (f, g) in state xk is vulnerable to an exogenous input ek if and only if (iff) yk+1 yk.   
2. A system (f, g) is more vulnerable in state xk than in state xtk to an exogenous input ek iff the 

system in xk is vulnerable to ek and yk+1  ytk+1. 
3. A system (f, g) in state xk is more vulnerable to an exogenous input ek than a system (f’,g’) in 

state x’k is to an exogenous input e’k iff:  it is vulnerable to ek and yk+1  y’k+1.  
4. An exogenous input ek is a hazard for a system (f, g) in state xk iff there exists an action uk #  Uk 

such that yk+1 < yk. In this case, yk+1 is a potential impact.  
5. An exogenous input ek is an unavoidable hazard for a system (f, g) in state xk iff $ uk #  Uk : 

yk+1 < yk. 
6. An action uk is effective for a system (f, g) in state xk subjected to an exogenous input ek iff not 

(yk+1 < yk). If there are no effective actions against ek, then ek is an unavoidable hazard. 



 

19 

8 A progression of understanding vulnerability in water planning 
In this section we review the six attributes of vulnerability and how they might inform water 
management.   

First we revisit contrasting definitions of vulnerability (Table 3).  The table suggest the use of the 
definitions in different domains (integrated water resource management, climate change), critiques 
them from the perspectives of coupled socio-ecological systems and resilience, and suggests examples 
of formal mnethods associated with each definition.  The discrete methods—differential exposure, 
indices, profiles and scenario outcomes—are widely used in baseline studies. However, they are static 
in nature, capturing a snapshot of conditions at any one time.  Damage functions are a common 
method, an equation that links hazards and consequences.  At a system level, vulnerability may be 
seen as the inverse of resilience (Adger, Hughes et al. 2005).  Dynamic approaches that embed choices 
are less common, perhaps because they are more difficult to apply (as in the case of multi-agent based 
social simulation, MABSS). More descriptive uses fall within the category of narratives (see ). 

To some extent, each definition implies a specific tradition and perspective.  However, many of the 
attributes noted above cut across the common definitions. For example, a definition based on 
resilience, where vulnerability is linked to system collapse, could also embrace differential 
vulnerability, dynamic social networks and multiple stresses as part of the conditions of collapse. 

Table 4 charts a progression of concerns for integrated water resource management and adaptation to 
social, economic and environmental stresses.  We start with a reference case, then describe four 
enhancements that add new attributes of vulnerability to the reference description of water resource 
management.  

The starting point, for sake of discussion, is a typical representation of integrated water resource 
management, albeit at a simplified level.  River basin and water resource managers typically apply 
hydrological and water resource models at a catchment scale. Water resource zones might represent 
aggregate demand, allocated between industry, municipal and domestic use. Agricultural and 
environmental uses may be integrated into the management functions, although they are often 
regulated through other agencies.  The conventional approach to IWRM is not well-adapted to 
addressing issues of vulnerability, as the driving concerns are to understand and manage hydrological 
flows and water allocations.  But for many policy-makers and others, the need for river basin 
management to include not just the prediction of issues such as floods but also the capacity to respond 
in ways that go beyond infrastructure development is a key issue.  This in turn necessitates a more 
complete and nuanced understanding of vulnerability as an integral and central dimension of IWRM.  
A typical simulation model is the SEI’s Water Evaluation and Planning system (WEAP, 
www.weap21.org).5  In the WEAP model, demand is allocated by a simple decision rule among the 
range of users.  It is possible to construct a hierarchical database of users, so the mechanisms for a 
finer-grained understanding of demand are available. 

Most systems models of the genre of WEAP will handle multiple stresses to a certain extent.  The 
environmental changes implied by changing distributions of rainfall and temperature can be 
introduced through scenarios (i.e., different time series of input variables) or directly calculated as risk 
distributions (i.e., changes in variability in a weather generator).  Pollution (e.g., non-point sources and 
discharges), changes in water resources (e.g., due to reservoirs) and altered supply/demand balances 
are readily introduced through scenarios.  In this ‘reference’ case, social, economic and regulatory 
risks are less easy to introduce—the pathway linking such exogenous threats to the parameters in the 
environmental simulation needs to be worked out.  This off-line calculus can then be introduced 
through reference scenarios. 

                                                      
5 The SEI is using WEAP as the starting point for a series of extensions, including indicators of vulnerability, 
representation of livelihoods, links to multi-criteria assessment, and an actor layer.  See  
Purkey, D. R. (2005). Introducing Agency into Water Resource Simulation Models. San Francisco, CA, Natural 
Heritage Institute. 



 

20 

The first progression to this simple model of catchment planning is to introduce differential social and 
economic vulnerability.  While catchment planners tend to focus on system performance, a community 
planner is likely to be more concerned with the social and economic (and political) characteristics of 
water use.  Are some socio-economic groups unable to afford water? Or suffer disproportionately 
during a drought or flood?  Is security of supply less reliable in some regions, or for some users?  The 
scope of concern is more local, and the exposure unit is social or economic rather than a geographic 
sub-region of the catchment.  A typical model is a flood damage model that disaggregates the at-risk 
population and property according to social and economic attributes (van der Veen 2004; Green n.d.). 

The second progression is to capture the dynamic element of vulnerable groups and their relationship 
to water resources and catchment or regional planning.  A lead stakeholder might be a planning 
authority with responsibility for strategic development and a planning horizon of two decades or 
longer.  Their scope is more regional than local, but the exposure unit might be anything from 
households to the regional economy.  The assessment is likely to focus on environmental and 
economic stresses—the sort of exogenous shocks that govern longer term processes—in addition to 
the dynamics of decision making about the allocation of water between sectors.  It is not clear that 
there are many good examples of water-related models that include the dynamic, evolutionary 
character of vulnerability.  An prototype model on agricultural use of seasonal climate forecasts, using 
a multi-agent methodology, was developed for the Limpopo region in South Africa (Bharwani, Bithell 
et al. 2005). 

The third progression is to represent the multiple attributes of vulnerable groups and make the link to 
their ability to respond to stresses and threats.  Social vulnerability seldom reduces to a single cause-
effect relationship; nor do water resource decisions easily reduce to a single decision criteria.  A 
fundamental need for water planners and river basin managers is to understand the interactions 
between hydrologically-related factors such as floods and droughts and other aspects of vulnerability 
such as access to markets, credit systems or health and welfare systems.  Participatory assessments (at 
least with stakeholders) would benefit from understanding social vulnerability at this level.  The focus, 
of actors in civil society, is action targeted at the individual or organisational level.  Scenarios might 
focus on comparisons between options rather than global change or development targets per se.  Multi-
criteria methods are common in water planning.  They might be supplemented with participatory 
techniques such as role playing (see (Lonsdale, Downing et al. 2005) for an example from the Atlantis 
project). 

The fourth progression is to represent the decisions of actors (the managers and vulnerable groups) in 
the construction of adaptive systems that reduce future vulnerability. In a sense, this is the aim of 
linking IWRM and adaptive management.  Over the longer time frame of sustainability, assessment of 
vulnerability requires an understanding of human agency—the choices and outcomes of individuals 
and institutions that shape water resources over time. The adaptive capacity of the system emerges 
from the interactions of its elements at a higher resolution.  Vulnerability at the system level should be 
understood in light of the vulnerability of the local actors (i.e., exposure units).   

In a qualitative way, dialogues on water and climate, the Millennium Ecosystem Assessment, and 
similar global-to-regional efforts have sought to portray the multi-actor pathways of future sustainable 
development (Raskin, Banuri et al. 2002).  An example in modelling water demand is shown in Figure 
6.  The smooth curves of conventional scenarios contrast with the ‘bumpy’ pathways representing 
household decision making in response to their neighbours, water scarcity and new technology.  
However, there are few examples in water resources assessments of system vulnerability emerging 
from local exposure units, multi-attribute dynamic vulnerability over time, multi-scale social networks 
that shape the evolution of vulnerability.   
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Table 3.  Comparing definitions of vulnerability and their implications for applications 
 Definitions of vulnerability 

 Differential 
exposure Relative index Multi-attribute 

profile 
Scenario 
outcome 

Damage 
function Collapse Dynamic choices Narrative 

Icon 

 S1 S2 

E1   

E2    

V = 0.67 

1

2

3

4

5

6

 

    

 

Definition 
Relative exposure of 
different groups to 
different stresses 

Aggregate score 
on selected 
indicators 

Profile of multiple 
dimensions 

Measure of the 
outcome of a 
scenario 

Equation linking 
hazard and 
outcome 

Inverse of 
resilience, 
collapse of a 
system 

Pathway of choices leading to 
positive or adverse outcomes

Storylines that 
depict the structure 
and nature of 
vulnerability 

Origin Poverty, development 
and hazards 

Indicators, 
Human 
Development 
Index 

Indicators, poverty 
and development 
mapping  

IPCC Natural hazards 

Resilience, 
systems models 
(confusion with 
sensitivity) 

Decision sciences, 
multi-agent based 
social simulation 

Political ecology, 
journalism 

IWRM Drought studies Water Poverty 
Index 

Mata’s examples 
from  Latin America 

Climate impact 
studies Flood damage Aral Sea Consumer demand 

for water 
Common in 
scenarios 

Climate 
change 

NAPA support 
material, early impact 
studies 

Some examples, 
rejected as an 
international 
planning tool 

Common approach, 
related to 
livelihoods 

Common 
approach of the 
1990s 

Implied in 
climate-impacts, 
hazard approach 
is common 

Not often explicit Use of seasonal 
climate outlooks 

Some examples, 
local scenarios 

Socio-
ecological 
systems 

Separates hazard and 
vulnerability, but 
shows relative linkage 

Assumes 
substitution 
between 
attributes 

Covers different 
elements, weak 
connections 

Linear 
construction of 
risk-event chains 

Separates 
hazard and 
vulnerability 

System 
integration but 
aggregate level 
attribute 

Close coupling of 
external and internal 
vulnerability; may not 
capture system-level 
properties 

Rich content 
possible 

Resilience 
Not dynamic, 
outcomes are often not 
explicit 

Aggregate 
indices not used 

Static baseline, not 
related to dynamics Not dynamic Lower damage, 

or recovery 
Common 
approach 

Dynamic, emergence 
of system resilience 
from actions 

Can be dynamic, 
but often not 
related to formal 
analytical 
frameworks 

Formal 
methods 

Rating exercises, 
social accounting 
matrix 

Multi-variate 
statistics 

Multi-variate 
statistics, 
participatory 

Scenario-
modelling, risk 
trees  

Risk assessment Systems 
dynamics  

Ethnographic 
decision trees, 
MABSS 

Cognitive mapping, 
video, interviews, 
content analysis 

Scenario 

Impact 

V 
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Table 4. Progression of understanding vulnerability from systems water management to adaptive capacity and sustainability 

 

  Lead  
stakeholder 

Assessment Vulnerability 

Domain  Scope Team Exposure 
unit 

Stresses Monitoring Scenarios Models 

R
ef

er
en

ce
 

Integrated 
water 
resource 
management 

Water resource 
and river basin 
managers 

Catchment Hydrology, 
engineering 

Water 
resource 
zones 

Environmental Water 
supply/demand 
balance, system 
parameters 

Exogenous 
structural, social, 
economic or 
regulatory changes 

Water resource 
models (e.g., 
WEAP) 

V = differential exposure  

I Socio-
economic 
vulnerability 

Community 
planner 

Local area Social 
science, 
planning 

Vulnerable 
individuals to 
regional 
economy 

Economic, 
health, 
regulations 

Development 
indicators 

Development targets Flood damage 
models (e.g., 
FHRC) 

V = dynamic process 

II Dynamic, 
future 
vulnerability 

Strategic planning 
authority 

Region Varied Households to 
regional 
economy 

Environmental, 
economic 

Development 
indicators, 
predictors of change 

Regional strategic 
environmental 
assessments 

Multi-agent 
models (e.g., 
Cloud) 

V = multiple attributes of human actors 

III
 Participatory 

adaptation 
Civil society Local 

communities 
to region 

Varied Individual to 
community 
based 
organisations 

Political and 
others 

Participation rates 
and modes 

Comparisons 
between options 

Role playing 
games (e.g. 
Atlantis); multi-
criteria 
assessment (e.g., 
) 

V = social networks at multiple scales exposed to multiple stresses 

IV
 Adaptive 

capacity and 
sustainability 

Strategic regional 
planning and 
multi-stakeholder 
forums 

Regional to 
national 

Varied Household to 
region 

Varied Sustainable 
development 
indicators 

Sustainability Dialogues (e.g., 
Water and 
Climate); 
Sustainability 
scenarios 
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Box 4. Vulnerability and adaptation to water hazards in Bangladesh 

 

The water scene in the village is changing and we are facing a shortage of water as never 
before. In a normal year, I suppose we manage quite well as we have sufficient water for 
domestic use from our hand tube well. The water is of good quality and we are lucky that 
the level of arsenic is not very high. Water for sanitation has not been a problem either. 
We have a homestead garden with fruit trees like mango, lime, banana and papaya; and 
we also grow seasonal vegetables. This is irrigated with the help of a treadle pump. We 
have a small pond for rearing fish, a couple of cows for milk and some chicken. These we 
keep basically for home consumption but we also sell the surplus in the village.  

When it comes to water hazards things are however different. Though we live with 
uncertainties, a feeling of vulnerability creeps in when things change drastically, like 
severe floods or this unforeseen drought.  

We are used to coping with regular monsoon floods, but twice in the last 15 years the 
water levels were so high that we got water inside the house. We had to make our beds 
high up and stayed above the water. The first time it happened we lost all our grain that 
was stored in the house. So when the water receded, we got a loft built and it has been 
safe since then. We however lost the standing crops a few times. During the last floods, 
the vegetable plot was also under water for a week and everything was gone. All the fish 
were washed away when the pond was submerged. We had to take the cows and chicken 
inside the house. Worse was when the water receded, everything was so full of filth. 
There was an outbreak of diarrhoea in the village. Those were hard days. We had to 
borrow money to make ends meet at a high interest rate. However, the following seasons 
brought us very good crops.  

Now the situation is different. There has not been any rain for last two years and 
everything is drying up. We have never experienced water shortage of this magnitude 
before. I am trying to adapt as far as I can manage, but, of course, people with more 
resources and power always do well, be it drought or floods. 

I have planted a few new crops this year that require less water. But I fear that they might 
not sell well as people are not used to eating them. However, changing only the cropping 
pattern will not solve all the problems. I have lost the fish, and I am on the verge of losing 
the cows too as grazing lands have dried up in the scorching sun. Poor water quality is 
also becoming a serious problem, causing both stomach problems and skin diseases. Thus 
not only having water for livelihoods but even water for personal hygiene is becoming a 
problem.  

We have formed a group of vegetable growers and are trying to seek a loan for a deep 
tube well. In this way we can irrigate our own lands and sell the surplus water. The 
challenge however is to convince the bank authorities that we can pay back the loan from 
our incomes, which is not much at the moment. I am hoping to get the water ministry 
officials assist us in this; a recommendation from them would surely help. If we can get 
the deep tube well, we will be able to gain enough security to see what we can do further 
to make our lives better. 
Source: Neela Matin, based on personal observation and a composite of interviews 
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Figure 6.  Comparison of two approaches to scenarios of future water demand 

Left shows four scenarios of future domestic water demand in the Thames region based on 
conventional scenarios using Foresight Panel storylines (alpha to delta) and interpreting exogenous 
model drivers. The results include a medium high scenario of climate change. Right shows a set of 
simulations using agent-based social simulation where households reduce demand during times of 
scarcity (dashed vertical lines) and adopt new technology (solid vertical lines), as well as deal with 
climate change. 

Source: (Downing, Butterfield et al. 2003) 
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9 A recipe for a protocol on vulnerability 
It should be clear from the lessons learned in vulnerability assessment and the many 
potential linkages to water planning, that no single vulnerability assessment methodology is 
suitable for all managers in any river basin or to inform all potential plans.  Designing a 
protocol for vulnerability assessment is thus not as simple as following someone else’s 
example.   

Several recipes are common in water planning.  Probably the most widely used approach is 
participatory appraisal (‘just ask’).  Field interviews with vulnerable populations, water 
managers and other stakeholders are used to portray the dimensions of vulnerability and 
relative status.  Linked to this can (and should) be policy and institutional assessments, 
which define and evaluate the wider policy, legal and institutional context within which 
decisions are made.  This approach sits comfortably alongside a ‘development discourse’ 
approach that uses the toolkit of political ecology (e.g., stylised facts, structural analysis) to 
describe the institutions and actors that create and mediate vulnerability.  A more 
quantitative approach is the ‘indicator-led’ selection of indices such as the Water Poverty 
Index (one of many such aggregations).  One of the most quantitative constructions is the 
‘hazard-damage function’ that reduces vulnerability to an impact assessment relating causes 
to consequences.   

There is no reason to suppose that any of these recipes is (a) suitable for a particular 
assessment, (b) sufficient on its own, or (c) well-validated and generalisable from one 
context to another.  Nevertheless, the process of designing a protocol seems to have several 
common elements: 

• What is the scope of the assessment? Who are the stakeholders who will guide the 
use of the vulnerability assessment? 

• Who are the analysts? What are their capabilities (e.g., disciplines, tools) and 
constraints (e.g., time, funding)? 

• What are the steps for the assessment? What degree of quantification is required or 
possible? What are the outputs? 

• How will information on vulnerability be used in planning adaptive strategies and 
measures?   

While there are no generic answers to these questions, Table 5 provides a checklist of design 
issues and steps that a team might consider.  The tasks highlighted in bold are likely to be a 
minimum set of activities that even a rapid appraisal should consider.  The full inventory is 
likely of interest only if the full progression from a rapid baseline of water resources to 
dynamic adaptive capacity is required (as suggested above). 
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10 Looking forward 
An assumption of this paper is that a formal vulnerability/adaptation science is required in 
order to make real progress in adaptive management of environmental change.  That is, we 
require a common language to describe concepts and behaviour.  We require formal tools, 
whether indicators or multi-actor models, to build an interdisciplinary science.  We require a 
wide range of applications and case studies to expand our collective experience.  As a 
conclusion, we offer the beginnings of a research strategy on vulnerability. 

The toolkit of vulnerability methods needs further development.  Comparative assessments 
of methods in similar situations are required to judge their feasibility, potential biases and 
yield (in terms of insight gained per unit of effort).  Some methods are only at an exploratory 
stage—multi-agent models, knowledge elicitation tools, multi-scale scenarios, participatory 
vulnerability assessments, and no doubt others.  The notion of system-level adaptive capacity 
as an emergent attribute of lower order vulnerability remains to be tested and refined.  
Several dialogues on resilience and vulnerability are underway that plan to explore such 
issues. 

Much can be learned by a formal meta-analysis of case studies of water vulnerability.  A 
water manager manages (or should manage) water quantity and quality in order to reduce 
vulnerability. A key question is the extent to which a vulnerability framework can be 
generalised across different actors, catchments and contexts.  Useful techniques in a meta-
analysis may be subjective risk assessment, elimination by aspect and other multivariate 
statistical methods.  The ambition is to test generic tools that will help water managers deal 
with their specific vulnerabilities. 

Exploring the grounded reality of linking vulnerability to IWRM would benefit from 
structured dialogues and practical exercises to refine terminology, define the catalogue of 
analytical or exposure units, and canvass the range of suitable methods.  Prototypes of 
resilience/vulnerability models, based on abstract systems, would structure a high level 
discourse on the concepts of resilience and vulnerability, emergence of vulnerability from 
lower level interactions, and indicators of vulnerability for use at the system level. 

Scenarios are common at a range of scales.  However, few scenarios relate directly to 
vulnerability and specifically linking across scales (Downing and Ziervogel 2005).  An 
exercise to construct vulnerability scenarios would address a common set of characteristics: 

• What are exogenous drivers of vulnerability? 
• How are the drivers mediated or distributed among vulnerable groups? 
• How might the multiple attributes of vulnerable groups and their exposure to risks be 

integrated into vulnerability profiles? 
• How sensitive are local actors and water users to different outcomes? 
• How might changes in probability distributions of common risks (e.g., climate, water 

quality) be disaggregated to the exposure of specific vulnerable groups? 
• What actions by vulnerable people might exacerbate or mediate their vulnerability? 

Finally, the pathways that extend present vulnerability into the future are likely to be 
transitions of some complexity.  An exploration of how livelihoods, coupled systems, 
poverty and environmental change might be configured over the next several decades would 
focus on the kinds of future vulnerabilities that are only emerging at present.  A good 
example is the rapid rise of urban poverty in Africa and mega-cities that often have poor or 
at least uneven water infrastructure.   
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Table 5. Checklists in creating a protocol for vulnerability assessment 
 

Scoping the assessment 
 Identify client and stakeholders 
 Set objectives 
 Develop conceptual framework 
 Describe decision framework 
 Set boundaries of the system 
 Determine management units 
 Identify planning time frame of 

issues 
 Suggest anticipated responses 

 

Analytical team 
 Time frame for assessment 
 Range of disciplinary expertise 
 Size of team 
 Availability of geographical, 

environmental and social data 
 

Analytical steps 
 Who/exposure units 
 Stresses, threats, hazards 
 Historical impacts, signal events 
 Priority rating of exposure/threats 
 Narrative description of 

vulnerability 
 Elicitation of dimensions/reasons for 

concern 
 Identification of indicators for each 

dimension/exposure unit 
 Data on indicators, transformation 
 Plot profiles, validate with 

stakeholders 
 Participatory exercises with 

vulnerable groups 
 Construct hazard-damage functions 

to quantify economic losses 
 Develop dynamic measures of 

vulnerability 
 Subjective rating of common 

attributes (for comparison) 
 

 

Linking to adaptive management 
 Inventory of potential adaptive 

responses, related to specific 
threats and actors 

 Compile simply rule-based models 
of how vulnerable groups (and 
stakeholders) might respond to 
different scenarios of stresses and 
hazards 

 Develop prototype models of 
vulnerability to explore concepts 
and indicators from different 
perspectives (resilience, multi-
agent, economic) 

 Select indicators for monitoring, 
scenario evaluation 

 Link vulnerability profiles and 
indicators to basin scenario and 
management models  

 Construct scenarios of future 
vulnerability 

 Evaluate indicators of adaptive 
capacity and the effect of 
management regimes to reduce 
future vulnerability 

 

These tasks should be part of any baseline assessment. 

The other tasks are extensions that may be justified depending on the objectives and resources of the 
assessment. 
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