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1. Introduction

One of important outputs of the Green and Blue Space Adaptation for Urban Areas and Eco Towns (GRaBS) project has been the Vulnerability and Risk Assessment Tool, developed by the University of Manchester. It has been recognised by the Expert Panel supporting the project consortium that there is a need for a clarification of the terminology used in the tool. In particular, it was emphasised that the notions of risk, vulnerability and sensitivity should be explained.

This brief paper aims to describe the approach to the vulnerability concept within the risk framework applied in the GRaBS project. It also aligns the specific terms used in GRaBS with their equivalents in the reports produced by the Intergovernmental Panel on Climate Change (IPCC). The paper starts from exploring the different approaches to vulnerability recognised in literature. It then goes on to introduce the definition of vulnerability used by IPCC. This is followed by the description of the risk framework used in GRaBS. Finally, the GRaBS approach to risk and vulnerability is aligned with IPCC’s adaptation framework.
2. The concept of vulnerability

Vulnerability of systems (understood as, for example, human population, natural ecosystems or built environment) to the natural disasters generally, and to the impacts of climate and weather specifically, is not a straightforward concept. According to Adger et al. (2004) definitions of vulnerability in the climate change related literature tend to fall into two categories, viewing vulnerability:
1) In terms of the amount of (potential) damage caused to a system by a particular climate-related event or hazard (hazards and impacts approach), or
2) As a state that exists within a system before it encounters a hazard event. 

Adger et al. (2004) write that the first view has arisen from an approach based on assessments of hazards and their impacts, in which the role of human systems in mediating the outcomes of hazard events is downplayed or neglected. Climate change impact studies have typically examined factors such as increases in the number of people at risk of flooding based on projections of sea level rise, and have thus focused on human exposure to hazard rather than on the ability of people to cope with hazards once they are manifest. The hazards and impacts approach typically views the vulnerability of a human system as determined by the nature of the physical hazard to which it is exposed, the likelihood or frequency of occurrence of the hazard, the extent of human exposure to hazard, and the system’s sensitivity to the impacts of the hazard. 

Conversely, the view of vulnerability as a state (i.e. as a variable describing the internal characteristics of a system prior to the occurrence of a hazard event) has arisen from studies of the structural factors that make human societies and communities susceptible to damage from external hazards. In this formulation, vulnerability is something that exists within systems independently of external hazards, and therefore can be termed “inherent vulnerability” (for any system) or, in the case of people, “social vulnerability” (Adger et al., 2004).  In this formulation, it is the interaction of hazard with vulnerability that produces an outcome (e.g. physical damage or human morbidity). 

The difference between “hazards and impacts” and “state” approaches explained above may be associated with the different use of the term “vulnerability” in social and natural sciences. Natural scientists tend to use vulnerability to refer to climate change outcomes and impacts. For example, according to O’Brien et al. (2003; in Adger et al., 2004), biophysical vulnerability is concerned with the ultimate impacts of a hazard event, and is often viewed in terms of the amount of damage experienced by a system as a result of an encounter with a hazard, which may include economic losses, impacts on human health and wellbeing or damage to critical infrastructure.

In contrast, the social science community tends to use the “vulnerability” term as a way of referring to the properties of the system, which have a bearing on the outcome of hazard events such as floods or heatwaves (Brooks 2003; Adger et al 2004). For example, Blaikie et al. (1994: 9) offer the following definition of social vulnerability: “By vulnerability we mean the characteristics of a person or group in terms of their capacity to anticipate, cope with, resist, and recover from the impact of a natural hazard. It involves a combination of factors that determine the degree to which someone’s life and livelihood is put at risk by a discrete and identifiable event in nature or in society”. Thus, there is no consensus about the precise meaning of the term vulnerability in the scientific literature, and it seems to be open to interpretation. The IPCC aimed to systematise the approach to vulnerability in the Third Assessment Report (TAR) (IPCC, 2001). 

3. IPCC definition of vulnerability: hazards and impacts


According to the Definitions section of the Third Assessment Report (TAR), vulnerability is “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” (IPCC, 2001, p. 995). Exposure is defined as “the nature and degree to which a system is exposed to significant climatic variations.” Sensitivity is “the degree to which a system is affected, either adversely or beneficially, by climate-related stimuli.” Adaptive capacity is “the ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences.” Thus, IPCC seems to follow the “hazards and impacts” approach described in section 2. The characteristics of the system, which determine to what extent it is likely to be affected by a hazard, or be able to adjust to it, are explained by the notions of sensitivity and adaptive capacity. 

However, in Table 18.5 of the TAR, vulnerability is described as the “degree to which a system is susceptible to injury, damage, or harm (one part - the problematic or detrimental part - of sensitivity)”. Sensitivity is the “degree to which a system is affected by or responsive to climate stimuli” (cited from Smit et al. (1999)). Vulnerability in the second definition is therefore a subset of one of the determinants of vulnerability as defined in the first definition, making the two definitions contradictory, provided they are assumed to be describing the same type of vulnerability (Adger et al., 2004). This contradiction further illustrates the principal disagreement over the definition of vulnerability within the climate change research community, namely whether vulnerability is determined purely by the internal characteristics of a system, or whether it also depends on the likelihood that a system will encounter a particular hazard (Brooks, 2003). 

The IPCC Fourth Assessment Report (IPCC, 2007) defines vulnerability consistently with the first definition in TAR. This definition is also used by the UK Climate Impacts programme (UKCIP, 2003). The “official” IPCC definition of vulnerability is closely followed by the UKCIP (2003), which is as follows:
 
Vulnerability: Vulnerability defines the extent to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes. It depends not only on a system’s sensitivity but also on its adaptive capacity.
Sensitivity: The degree to which a system, receptor or exposure unit would be affected, either adversely or beneficially, by a particular change in climate or climate-related variable. (E.g. a change in agricultural crop yield in response to a change in the mean, range or variability of temperature.) Different systems may differ in their sensitivity to climate change, resulting in different levels of impact.

Adaptive capacity: The ability of a system to adjust to climate change (including climate variability and extremes), to moderate potential damages, take advantage of opportunities, or cope with the consequences. Adaptive capacity can be an inherent property of the system, i.e. it can be a spontaneous or autonomous response. Alternatively, adaptive capacity may depend upon policy, planning and design decisions carried out in response to, or in anticipation of, changes in climatic conditions.

4. GRaBS definition of vulnerability: state

Within the concept of risk adopted for GRaBS the elements at risk (i.e. the people, places and things) can have inherent vulnerability, irrespective of whether they do or will ever come into contact with a hazard of sufficient magnitude to cause harm. Therefore, the approach is different from the one taken by IPCC and UKCIP, and it reflects the view of vulnerability as a state.

The definition of risk in terms of the GRaBS project is based on the risk assessment framework developed through the EPSRC ASCCUE project (Lindley et al., 2006; Gwilliam et al., 2006). It considers three risk components in relation their influence on systems at risk: vulnerability, hazard and exposure. 

Vulnerability refers to the intrinsic characteristics of the systems (human population, natural ecosystems or built environment, or other), which are influenced by climate change. Thus, vulnerability defines the extent to which these receptors are susceptible to harm from, or unable to cope with, hazards. The hazard in the risk triangle framework is the extent, severity and probability of the phenomenon (for example flooding or heat wave) that can cause harm to the system. The term ‘exposure’ relates to the degree to which the system can come in contact with the hazard. Exposure is a function of not only a geographical location, but also of characteristics of the surroundings, which may exacerbate or limit the hazard (Lindley et al., 2006). The ways that each component can lead to a risk being realised has been demonstrated by Crichton (2001) in the risk triangle framework (Figure 1).
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Figure 1: The risk triangle (after Crichton, 2001; modified). 


It could be asked, whether departing from the widely used IPCC definition is justifiable. It is worth remembering that the focus on GRaBS is on reducing the vulnerability of communities, which has previously been the primary focus of vulnerability mapping projects (Adger et al., 2004). Further, national and international agencies recommend mapping of social vulnerability (understood as the inherent characteristics of the human system) as an important step in disaster management, in particular emergency response (UNISDR, 2004; Cabinet Office, 2008). Understanding spatial patterns of susceptibility to damage is considered crucial, since it can allow action to be taken where there is imperfect knowledge about a hazard and/or the relative patterns of exposure to a hazard in the real world (Adger et al., 2004). Further, it could be argued that since those vulnerable to climate change impacts may be also disadvantaged in other ways, targeting all vulnerable elements can be beneficial for wider policy goals. There is therefore merit in providing information on the vulnerability component of risk even where information on the other components is not available. In the GRaBS approach, the adaptive actions are targeted at changing exposure and changing vulnerability (Figure 2), in other words making “adjustments in a system’s behaviour and characteristics that enhance its ability to cope with external stresses” (Brooks, 2003: 8). 
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Figure 2.  Adaptation through reduction of risk and exposure (Lindley et al., 2007).
5. Compatibility between the GRaBS and IPCC approaches

Whilst the definitions of vulnerability adopted by GRaBS and IPCC are rooted in different approaches, there is a clear compatibility between the methodological approaches (Table 1). Vulnerability, as defined by IPCC (2001; 2007), has much in common with the concept of risk as elaborated in the natural hazards literature (Brooks, 2003). Thus, what GRaBS describes as “risk”, the IPCC would call “vulnerability”. GRaBS’ “vulnerability” could be seen as the IPCC’s “sensitivity”. 


Table 1: Compatibility of GRaBS and IPCC methodological approaches and terminology.  
	GRaBS 
	IPCC 

	Risk
	Vulnerability

	Vulnerability 
	Sensitivity

	Exposure 
	Exposure

	Hazard
	“Adverse effects of climate change, including climate variability and extremes”


An important concept not included in Table 1 is adaptive capacity. Within the IPCC framework, adaptive capacity is “the ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences. The GRaBS’ framework embraces this definition but provides additional clarity because it shows explicitly that adaptive capacity may be improved by either reducing exposure or the vulnerability of receptors, or a combination of the two (Figure 2). Vulnerability interpreted as a combination of “sensitivity” of a system and its “adaptive capacity” is commonly used in the policy and public bodies’ language in the UK. For example, the Cabinet Office (2008) guidance on identifying people who are vulnerable in a crisis considers them as those that are less able to help themselves in the circumstances of an emergency (based on the Civil Contingencies Act 2004). The DEFRA and Environment Agency R&D Technical Report on flood warning for vulnerable groups considers the vulnerability in terms of people’s awareness of being at risk and their ability to respond to and recover from a flood event (Thrush et al., 2005: ii). 

The focus of the GRaBS Vulnerability and Risk Assessment Tool is on the identification of locations characterised by high vulnerability, which when exposed may be at high risk from climate change impacts, in order to develop and implement adaptation actions for them. Thus, separating the exposure and vulnerability gives GRaBS a certain advantage over applying the IPCC approach to placing of adaptive actions (Figure 3). In GRaBS, adaptive actions can target vulnerability (e.g. improving material conditions of people, providing help for the elderly) and exposure (e.g. providing flood defences) (Figure 2), whilst IPCC refers to adaptation to overall risks (impacts and vulnerabilities), thus assuming that the inherent characteristics of systems are not the target of adaptive actions (Figure 3). 
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Figure 3: Location of adaptation in the climate change issue (IPCC, 2001 after Smit et al., 1999).


Brooks (2003: 8) argues that placing “inherent vulnerability” within the context of risk (such as is done in GRaBS), rather than describing the vulnerability as the outcome of combinations of hazards, exposure, sensitivity and adaptive capacity (such as defined by IPCC), should help to reduce the confusion associated with definitions of vulnerability and facilitate better communication between researchers with different backgrounds, therefore improving the prospects of managing the threats posed by climate variability and change. Thus, the approach taken by GRaBS can be seen as one that allows effective communication of the problems and targeting of solutions. 

6. Conclusions

This brief review emphasises that there are various definitions of vulnerability associated with the “mixed heritage” of the term, taking from natural and social sciences and focusing, respectively, on the impacts and on the state. The GRaBS approach to vulnerability as state emerged based on a recognised risk framework, and departs somewhat from the terminology used by IPCC. As we have shown, it is possible to align the approaches used by IPCC and GRaBS, thus reducing the potential confusion over use of the terms. Considering the purpose of the GRaBS Vulnerability and Risk Assessment Tool, which is to guide adaptation actions, it is justified to use a conceptual framework, which allows targeting adaptation actions to reduce both vulnerability and exposure in order to minimise the overall risk. 
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