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Abstract

:

In 2012, the Intergovernmental Panel on Climate Change (IPCC) moved from a vulnerability to a risk-based conception of climate change adaptation. However, there are few examples of work that translates this approach into climate change adaptation practice, in order to demonstrate the practical utility of following a risk-based approach to adapting to climate change. The paper explores critically the differing conceptions of vulnerability and risk across the literature relating to disaster risk management and climate change adaptation. The paper also examines a selection of spatially focused climate change vulnerability and risk assessment methodologies in this context. In doing so, we identify issues with the availability of spatial data to enable spatial risk-based climate change assessments. We argue that the concept of risk is potentially favorable in helping cities to understand the challenges posed by climate change, identify adaptation options, and build resilience to the changing climate. However, we suggest that change is needed in the way that practitioners and policymakers engage with risk-based concepts if they are to be embed into climate change adaptation activities.
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1. Introduction


Climate change adaptation features prominently in discussions on the realization of sustainable development. In their most recent report, the Intergovernmental Panel on Climate Change (IPCC) notes that future development should ‘combine adaptation and mitigation to realize the goal of sustainable development’ [1]. This is re-emphasized by the United Nations Environment Programme (UNEP) which suggests that ‘urgent action to combat climate change and minimize its disruptions is integral to the successful implementation of the Sustainable Development Goals’ [2]. The need for urban areas to live within the limits of dynamic natural resources has long been seen as critical for sustainable economic development given that natural processes underpin urban production [3,4]. Whilst climate change adaptation can contribute to wider sustainability goals, in practice many organizations and groups remain locked in silos. A common language and harmonized conceptual approach may help to promote the consideration of climate change adaptation into policy and, in particular, land use decisions which are critical to ensuring that urban areas are climate resilient. However, those in the climate change adaptation community have largely used ‘vulnerability’ as their frame for understanding and responding to climate change which is at odds with more mainstream understandings of exposure and disaster where the preferred term is ‘risk’ [5,6].



Identifying and assessing risk is common across a number of disciplines from health sciences to disaster risk management to critical infrastructure protection. Since 2012, the main scientific organization that leads on climate change, the Intergovernmental Panel on Climate Change (IPCC) has reframed climate change adaptation to focus on risk rather than vulnerability. Such a move intends to harmonize the climate change adaptation community with those working in allied disciplines, such as disaster risk management [7,8]. There is a further supposition that the risk-based concept can help to shift the focus from top-down, science-first vulnerability assessments to risk assessments that can better involve a range of stakeholders and can help to consider climate change as one risk along with many other challenges [9]. Reframing climate change assessments towards risk, as opposed to impact and vulnerability, may also help to prioritize climate change and assist with communicating the climate change challenge [10].



The need to bring disaster risk managers closer to climate change adaptation specialists is widely recognized, but has been hampered by conceptual misalignments. This has implications for the way that climate change, and associated risks, are managed in cities through spatial planning decisions. The interaction of socio-economic, climatic and physical factors has significant land-use consequences as well as overall questions regarding the distribution of resources and requires integration and spatially oriented strategies [11,12]. Spatial planning decisions are uniquely placed to help manage climate change impacts at a variety of scales but these decisions need to be underpinned by robust conceptual framing [13].



There are also potential difficulties in translating the new risk-based concept into practice, particularly in spatial planning which combines expertise from a range of disciplines. The definition of risk differs across disciplines and sectors [14,15]. In addition, existing climate change adaptation projects have used vulnerability-based conceptual frameworks, and there is therefore a question mark over the way that their resultant data can be easily reused now that risk-based approaches are being driven forwards. Essentially, whilst there has been much ink spilled over refining concepts, there are few examples of translating risk-based conceptions into practical projects with consideration of the challenges associated with using risk concepts in a climate change context.



This paper explores the move from a vulnerability-based framework to a risk-based framework. After outlining the underpinning components of vulnerability and risk, we demonstrate the utility of the risk-based framework suggested by the IPCC for spatial planning policy and practice. However, the latter half of the paper points to potential issues in the translation of climate change risk to broad adaptation policy and spatial planning. We conclude that the concept of risk helps cities to identify adaption options and build resilience to the changing climate by connecting across disaster risk management and climate change adaptation approaches. However, the conceptual mismatches—particularly around the notion of ‘exposure’—have to be approached cautiously particularly with regard to spatial data [16]. The conceptual difficulties mean that there may be issues in deploying the use of geospatial and statistical classification techniques to spatially explore similarities and differences of cities in terms of their climate risk. This is important since the spatial understanding of risk could help decision makers prioritize climate risk and to help cities learn from one another.




2. Materials and Methods


The overall aim of the paper was to understand the implications of translating the IPCC’s risk-based framework into practice, particularly in developing tools that could assist European cities in understanding their climate risk and to compare cities with one another. The thinking here was to lead to the development of a climate risk typology of European cities and regions within the Horizon 2020 RESIN project [17].



This entailed a literature review of the use of vulnerability and risk assessments in the climate change adaptation field. The literature search was made via Web of Science and Scopus using the terms ‘vulnerability assessment’ and ‘risk assessment’ with qualifiers around the field of ‘climate change adaptation’. Papers were categorized based on the extent to which they were (a) conceptually oriented or (b) practically oriented. From this, it was possible to trace the transformation in the IPCC’s conceptualization of vulnerability and risk. Practical papers were reviewed in order to enable a sense of the way in which the conceptual elements of vulnerability and risk were deployed in practice.



This paper then moves on to compare examples of European projects that have used either a vulnerability or a risk-based framework in order to isolate the similarities and differences between them, their strengths and limitations, and the extent to which they could be reused or reframed in terms of different concepts. There were a limited number of projects which employed a comparative pan-European methodology and so five were selected in order to balance across the differing assessment types (risk versus vulnerability) and the spatial scale to which they were applied.




3. Results


3.1. Comparing Definitions


Until recently, the vulnerability assessment of socio-ecological systems (SES) was the main focus of the climate change adaptation literature and was the approach adopted by the IPCC up to their Fourth Assessment Report (AR4). Vulnerability was defined as: ‘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’ [18] (p. 995). This can be expressed as a function: Vulnerability = f (Exposure, Sensitivity, Adaptive Capacity) and is visually outlined in Figure 1.



Here, climate change impacts upon a system. The degree to which that system is exposed in terms of the character and magnitude of climate change and the degree to which a given unit of analysis is affected combine to make an impact. Once the adaptive capacity of a system is subtracted, the residual figure would indicate the extent of the system’s vulnerability. For example, a property may be considered as being exposed to flood risk and is more sensitive because of the existence of a basement. However, its vulnerability may be reduced because of the existence of early flood warning systems.



Vulnerability-based frameworks developed quickly. Within the climate change literature, the emphasis of early work (so-called ‘first-generation’) was on biophysical vulnerability which tends to focus on observed and projected changes in climate that may exacerbate exposure and sensitivity [20]. However, this could be criticized for privileging a ‘science first’ perspective to the detriment of implementing action. Thus, scholars began to draw attention to the ways in which existing socio-economic circumstances interact with climate change. This led to a distinction between outcome vulnerability (‘the residual consequences that remain after adaptation has taken place’) and contextual vulnerability (‘a present inability to cope with external pressures or changes, such as changing climate conditions’) [21,22]. As a result, subsequent IPCC reports paid attention to the way in which non-climatic drivers that also may affect vulnerability [23]. Critics pointed to a number of reasons why the framing of climate change in terms of vulnerability could be problematic. Vulnerability can be interpreted negatively and, thus, by labeling people and places as ‘vulnerable’, a passive attitude may be adopted to climate change. Similarly, the negative framing overlooks the importance of local culture and underlying resilience, particularly in non-western nations [24,25]. In short, a vulnerability frame can promote inaction [26].



The vulnerability framework also did not fit with other models available in the more present-day oriented disaster risk management literature, where the concept of risk predominates [27]. Given that climate change adaptation and disaster risk management have many overlaps, bringing the two approaches together is desirable in practice [28]. Amongst several other factors, this has led to the IPCC modifying their definition of vulnerability in AR5 by moving to a risk-based conceptual framework [6,22] (Figure 2).



Yet, risk is also a term that is difficult to define [14,15] even though there is an international standard on risk management. IEC 31010 defines risk as the ‘effect of uncertainty on objectives’ [29]. An ‘effect’ is a positive and/or negative deviation from what is expected, whilst ‘objectives’ may be different aspects or goals. Furthermore, the standard considers risk in terms of an event’s consequences combined with the likelihood of occurrence. Likelihood is the ‘chance of something happening’ and can be measured qualitatively or quantitatively [29]. In general terms, likelihood can be used interchangeably with probability. That said, probability more precisely refers to a quantifiable measurement where ‘measure of the chance of occurrence [can be] expressed as a number between 0 and 1, where 0 is impossibility and 1 is absolute certainty’ [29].



This definition, albeit broad, results in a classic risk calculation whereby risk is the probability of an event with the consequences of an event:


Risk = Probability × Consequences



(1)







Applying this risk conceptualization to the case of natural hazards can be problematic since the variables are not independent of one another: for example, the size of an event’s impact influences the likelihood of occurrence [28]. That is, it is not the presence of a hazard that indicates the risk, rather, a hazard only becomes a risk when a system is exposed to the hazard and is vulnerable to it should it be exposed; thus, ‘risk is also a function of the underlying environmental and socioeconomic context in which …. climate change occurs’ [30]. Moreover, whilst there are many examples of risk assessment methodological frameworks, these need to be fully cognizant of geographical variability, environmental processes and socio-economic vulnerability in order to be of use with respect to climate change [31]. For these reasons, the notions of vulnerability and exposure can usefully be introduced into the conceptualization of risk in order to capture these nuances. Therefore, as reflected in the IPCC AR5 approach, there is a functional relationship between the elements of risk, which are broken down to reflect the hazard, exposure, and vulnerability (Figure 2). Exposure and vulnerability combine as the consequences (‘the impacts, if these [hazardous] events/trends occur’) whilst probability relates to the hazard; or the ‘probability of the occurrence of hazardous events/trends’ [32].




Risk (R) = f (Probability of a Hazard (p), × Exposure (E), × Vulnerability (V))



(2)





Table 1 compares and contrasts the key concepts between each knowledge area to explore the commonalities and differences. When those working within the pre-IPCC AR5 concepts refer to vulnerability, IPCC AR5 and disaster risk management understands this as risk. Similarly, vulnerability in IPCC AR5 equates to sensitivity and adaptive capacity within climate change studies (pre-IPCC AR5), or, for disaster risk management, simply ‘sensitivity’ [33].



The most important shift has occurred in the formulation of exposure, a concept that has not been well-defined in climate change adaptation studies [16,34]. The pre-IPCC AR5 considered the degree of exposure (that is, the degree to which railway tracks or electricity substations come into contact with a hazard as a consequence of the magnitude of climatic variation). IPCC AR5 modifies this to focus more on what is exposed (an electricity substation or railway tracks) (Table 1). This makes sense, particularly when thinking about critical infrastructure, because an electricity transmission line, for example, is only exposed to windstorms if it is above ground [35].



Since exposure has been removed from the understanding of vulnerability, the latter is now only composed of two components: sensitivity and adaptive capacity which, largely, retain the same definitions across AR4 and AR5. Risk is a newly introduced definition which tries to capture both the language of probability/consequence in addition to the spatial relationships between hazard, exposure and vulnerability. Whilst these concepts lend themselves well to the spatial identification of risk, the definitions are suitably open enough for divergent interpretations.




3.2. Comparing Risk/Vulnerability Assessments/Approaches


Now, why do any of these conceptual changes matter? Quibbling over conceptual differences may seem pedantic in the face of the hard work of trying to implement climate resilient urban development. However, the framing of climate change, whether that be through the lens of ‘vulnerability’, ‘risk’ or ‘resilience’, is important because ‘frames allow certain questions to be asked while others get silenced’ [21,36] (p. 15). Furthermore, policy development is fundamentally hinged on how the concepts are framed: ‘adaptation policy will be framed by how risk and vulnerability are conceptualized’ [23]. It is recognized that the IPCC needed to bring in the language of risk in order to apply insights from related disciplines, particularly around impacts and vulnerabilities [7]. However, it is critical to ask what the implications of this change are, particularly in terms of spatial planning? Moreover, what role will impact and vulnerability assessments continue to play in the new conceptual landscape?



Impact and vulnerability assessments remain useful as elements of the risk assessment process in order to advance climate change adaptation and resilience goals. The differences between impact, vulnerability and risk assessments, and the functions that they perform in adaptation and resilience planning, are outlined in Table 2. It can be seen that impact, vulnerability and risk assessments are crucial to adapting and building resilience to climate change. However, neither impact nor vulnerability assessments consider the probability of occurrence of hazards, potential exposure to hazards, or the severity of related impacts. Risk assessments go beyond impact and vulnerability assessments and bring together different elements of the adaptation agenda (including impacts and vulnerability) to provide a basis for analyzing which weather and climate risks are most pressing. The resultant data on the IPCC’s risk elements (hazard, exposure, vulnerability) can be useful separately; for example, in communicating hazard probabilities and informing measures to reduce vulnerability to hazards. The ability to deconstruct different risk elements offers additional insights to decision makers when planning adaptation responses, by identifying which issues are driving risk in a particular situation. However, it is when these elements are brought together within a risk assessment framework they become more powerful. This is particularly the case where supporting spatial data are available, as the elements of weather and climate risk vary according to location [37]. This approach is being taken forward within the Horizon 2020 RESIN project, which is developing a climate risk typology of European cities and regions [17].



Risk assessment is, therefore, a process that is focused on supporting decision-making. Brown and Wilby [38] describe analyzing climate risk as a matter of ‘due diligence’, which can be interpreted as taking a reasonable level of care before taking a decision. As Dickson et al. [39] suggest, this ties risk assessment closely to decision making; ‘… [risk] assessments aim to simplify complicated experiences of risk in order to assist in decision making’.



The benefits of undertaking a risk assessment can also be observed in the outcomes of decisions informed by a risk-based approach, particularly where spatial risk data are available. Here, developing responses to minimize losses and negative impacts associated with climate change is key. Cities and urban areas face risks from a range of sources. Other risks, generated by socio-economic and bio-physical drivers of change, are equally as important as climate change when making decisions. The judgment on the precise influence of non-climatic drivers can be made if climate and non-climate risk information is available to be evaluated [10,40]. King et al. [41] (p. 8) highlight the importance of such an evaluation, noting that; ‘The most important decision that any government has to make about climate change is one of priority: how much effort to expend on countering it, relative to the effort that must be spent on other issues’.




3.3. Comparing the Application of Risk/Vulnerability Assessments/Approaches


Having established the utility of a risk assessment versus a vulnerability-based assessment approach, we now turn to some of the problems that may be encountered by the movement from vulnerability to risk in climate change adaptation studies. Table 3 outlines existing climate change assessment projects. The ESPON typology, for example, lacks depth in terms of the scope of hazard, exposure, vulnerability or adaptive capacity indicators to provide an effective framework for understanding spatial risk. Given that it is based on the earlier AR4 conception, the ESPON work can only indicate vulnerability rather than taking further measures to identify and prioritize risk based on the vulnerabilities. There is also limited granularity which is unhelpful for adaptation planning—the five groups of the typology are based on geographical and climate data which do not have much analytical purchase (‘science-first’ vulnerability perspective). Although offering better granularity than ESPON, the European Environment Agency’s (EEA) Urban Vulnerability Map is limited by a focus on present-day vulnerabilities only and a limited set of indicators because of inconsistent data coverage across all European countries. Therefore, the Urban Vulnerability Map can only offer cities a route into the early stages of adaptation planning where potential applications are scoped out. The Reconciling Adaptation, Mitigation and Sustainable Development for Cities (RAMSES) project utilizes risk concepts in order to harmonize with AR5. However, RAMSES focuses only on 571 cities contained within the EU’s Urban Audit. Whilst this is understandable, the perspective is limited to specific cities and also ignores the wider hinterland that a city might be embedded within; a particularly important consideration for progressing climate change adaptation. Finally, the risk-based conception was utilized in the Adaptation Strategies for Climate Change in the Urban Environment (ASSCUE) project over a decade ago with success. However, the methodologies are applicable at neighborhood and conurbation scale. The project was also based on the UK only and on the spatial unit of the urban morphology type which limits comparability across other cities and regions.



Retrofitting extant data may be problematic. For example, the ESPON project produced supporting data on the Territorial Effects of Climate Change on European Cities [43]. Underpinning the report was spatial data that resulted in the broad identification of five ‘climatic types’. The data are at NUTS 3 level and includes data for climatic conditions and the pre-AR5 vulnerability concepts of exposure, sensitivity and adaptive capacity. The data are available for reuse. However, examination of these data entails detailed considerations of how the concepts were developed to ensure that it remains of use today. ESPON’s exposure indicators measure change in a hazard (e.g., changes in annual mean temperature), which corresponds with AR5’s ‘hazard’. Similarly, ESPON’s sensitivity data indicate susceptibility to harm insofar as a receptor is located (AR5’s ‘exposure’) in the presence of an exposure element (AR5’s hazard). ESPON [41] then combines sensitivity and exposure to create an impact which, with the addition of adaptive capacity, gives overall vulnerability scores. The sensitivity indicators comprise physical sensitivity, cultural sensitivity, social sensitivity, environmental sensitivity and economic sensitivity. All but the economic sensitivity data are spatial. It is not that the data cannot be reused, but a process of working through the definitions and analyzing the indicators is required in order to reframe and repackage them in order to be useful to the AR5 concepts. It is surely a waste of resources to compile new datasets where significant effort has been made to commission and promote the original ones. Exposure indicators may be used as ‘Hazard’ whilst some, but not all, of the sensitivity indicators can be used to represent ‘Exposure’.





4. Discussion


There are a number of reasons why the concept of risk, and the undertaking of risk assessments, has advantages over vulnerability-driven terminology and related assessments. Conceptually, separating out exposure can be beneficial to spatial planners as it emphasizes the worth and spatial targeting of exposure reduction measures (e.g., not building in flood risk areas). Conversely, a focus only on probability and consequences tends to privilege the construction of more robust flood defenses [46]. The separation of exposure from vulnerability helps decision makers prioritize actions that can either reduce exposure to a hazard, or else reduce vulnerability through measures that address sensitivity and adaptive capacity. It also moves the climate change adaptation community closer to models that have been used in disaster risk management and, in turn, the insurance industry [31].



An example can help to illustrate this. In order to understand the risk of flooding to a building, it is necessary to understand whether the building is exposed (spatially) to the flood in the first place. Further accentuating the risk may be particular factors that make a building sensitive to flooding (such as the presence of basement floors). The risk may be less if adaptive capacity is high; the existence of early flood warning systems is an example here. Given the understanding of the different elements of risk, a decision maker can then prioritize actions based on:




	
Reduce greenhouse gas emissions to lessen the frequency and severity of future hazards



	
Undertaking adaptation measures that reduce exposure (by relocating the building outside the potentially flooded area)



	
Undertaking adaptation measures that reduce sensitivity (by making sure that vulnerable groups or activities are not housed in that building)



	
Undertaking adaptation measures that increasing adaptive capacity (by installing flood mitigation measures for the building; presence of early warning systems).








Risk assessments focus attention on the highest risks, the locations where risks are most prominent, and enable the relative significance of climate and non-climate related risks to be determined. Here, the risk assessment is narrowing or helping to prioritize the range of possible risks to consider and clarifying the objectives of the adaptation planning process. In turn this can help to direct attention to the allocation of available capacity and resources for climate change adaptation and resilience building. Risk assessments also help to fill knowledge gaps by increasing understanding of the probability and consequence of different risks: ‘one of the key purposes of risk assessment is to allow decision-makers to weigh choices for action under uncertainty’ [41] (p. 23). Risk assessment can help to illuminate the implications of different decision options when responding to climate risk, which may include a decision not to act and therefore to accept the identified risk(s).



Risk assessment processes (and therefore outcomes) are affected by uncertainty. For example, uncertainty in climate projections must be recognized within any analysis of the probability of occurrence of hazard events. Here, it is important to be clear as to which dimensions of uncertainty risk assessment can respond. Addressing this point, Willows and Connell [40] (p. 48) note that, ‘risk assessment deals explicitly with uncertainty in decision-making rather than giving an over-confident view of what is known.’ Climate change risk assessments do not reduce uncertainty associated with climate change, but the process can support decision makers in analyzing the consequences of an (uncertain) changing climate in order to focus and target strategies and actions in response.



Risk connects across the science-policy interface in the climate change adaptation and resilience world. Science-based assessments of risk feed into the policy arena, where a range of issues (including climate and non-climate risks) then compete to influence decisions. As a result, it is necessary to acknowledge that the identification of significant climate related risk may not stimulate action, even when the decision-making process is driven by climate change. Decision makers may perceive addressing other issues and risks as a higher priority.



Ultimately, risk assessments, particularly when applied spatially, can be much more powerful in helping decision makers to prioritize climate risk and to develop tailored adaptation strategies relating to spatial planning. There have already been significant research projects that have helped to advance the state of climate change adaptation knowledge in cities. However, there are problems in terms of their spatial reference point, the data that they draw on, and their understanding of the term ‘exposure’, which has thus far inhibited comparability. In order to advance the aim of prioritizing climate risk, and facilitating knowledge sharing between cities, a number of knowledge gaps that will need to be addressed in future research. For example, further comparative work utilizing the latest advances in geospatial techniques could assist in the development of a strategic screening tool that can be applied at the beginning of a longer process of urban adaptation planning to inform tasks, including adaptation options development and peer-to-peer learning. This could reflect urban risk to climate change by capturing the domains of hazards, exposure, sensitivity, and adaptive capacity. Such comparative work should also be underpinned by recognizing that cities are embedded within a wider urban hinterland and should aim for a systems perspective to acknowledge the integrated impacts of climate risks as well as the temporal and spatial variability of climate risks. Lastly, risk assessments need to draw on an already rich tradition in risk communication in order to ensure that the uncertainties associated with climate change are properly communicated to end-users with associated advice for interpretation and application.




5. Conclusions


In conclusion, we argue that the spatial assessment of risk is important for targeting adaptation responses and is particularly useful in the field of spatial planning. However, finding spatial data to follow a risk-based assessment approach is difficult and there is a gap in knowledge on the risk to cities from climate change and the potential adaptation responses. Prior applications of vulnerability assessments, which are based on earlier conceptual framings, may potentially have data that could be reused. However, there needs to be a careful translation of the concepts in order to reuse the data. In terms of the risk-based framing of climate change, there is further work to be done on understanding how appropriate spatial data can be developed and shared.
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Figure 1. Pre-Intergovernmental Panel on Climate Change (IPCC) AR5 Conceptual Framing of Climate Change Vulnerability. Sensitivity: is ‘the degree to which a system or species is affected, either adversely or beneficially, by climate variability or change’ [19]; Exposure: is ‘the nature and degree to which a system is exposed to significant climatic variations’ where the exposure unit is ‘an activity, group, region, or resource that is subjected to climatic stimuli’ [18]; Adaptive Capacity: is the ‘ability of systems, institutions, humans, and other organisms to adjust to potential damage, to take advantage of opportunities, or to respond to consequences’ [18]. 
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Figure 2. The IPCC AR5 conceptual framework with risk at the center [22]. 
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Table 1. Comparison of the conceptual elements of vulnerability and risk between IPCC pre-AR5 and AR5. All terms are drawn directly from the IPCC reports [19,20].
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	Term
	IPCC pre-AR5 Definition
	IPCC AR5 Definition





	Adaptive Capacity
	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 ability of people, institutions, organizations, and systems, using available skills, values, beliefs, resources, and opportunities, to address, manage, and overcome adverse conditions in the short to medium term.



	Exposure
	The nature and degree to which a system is exposed to significant climatic variations.
	The presence of people, livelihoods, species or ecosystems, environmental services and resources, infrastructure, or economic, social, or cultural assets in places that could be adversely affected.



	Hazard
	No glossary definition
	The potential occurrence of a natural or human-induced physical event or trend, or physical impact, that may cause loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, and environmental resources.



	Risk
	No glossary definition
	The potential for consequences where something of value is at stake and where the outcome is uncertain, recognizing the diversity of values. Risk is often represented as probability of occurrence of hazardous events or trends multiplied by the impacts if these events or trends occur. Risk results from the interaction of vulnerability, exposure, and hazard.



	Sensitivity
	The degree to which a system or species is affected, either adversely or beneficially, by climate variability or change.
	The degree to which a system or species is affected, either adversely or beneficially, by climate variability or change.



	Vulnerability
	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 propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.










[image: Table] 





Table 2. Differences between impact, vulnerability, and risk assessments.
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	Impact Assessment
	Vulnerability Assessment
	Risk Assessment





	Inputs
	Impact assessments require details of weather and climate hazards and the natural and human systems with the potential to be affected.
	Sensitivity and adaptive capacity data are needed to undertake a vulnerability assessment, based on the IPCC’s AR5 approach.
	The IPCC’s AR5 risk approach focuses on the interaction between hazard, exposure and vulnerability. Data are required on these themes to complete an assessment.



	Outputs
	Potential weather and climate impacts to natural and human systems. Cascading impacts, within and between systems, are significant yet can be difficult to establish due limited data and modeling capacity.
	Details of the vulnerability of ‘receptors’ to weather and climate hazards. Data permitting, vulnerability can be mapped spatially.
	Identification of weather and climate risks. Data permitting, risk assessment outputs can be mapped spatially.



	Issues
	Impact assessments generally provide no indication of the probability of impacts occurrence. Impact severity, which relates factors including hazard intensity and the vulnerability of the system to the event, is not commonly considered.
	Adaptation responses can be developed to reduce vulnerability. However, without details of the probability of, and potential spatial exposure to, hazards, the effectiveness of responses to moderate vulnerability is reduced.
	Risk assessments provide a picture of priority risks, in terms of their probability and consequence, enabling available response capacity and resources to be targeted more effectively.










[image: Table] 





Table 3. Comparison of European risk- and vulnerability-based projects.
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	Project (Year)
	Brief Description
	Conceptualization
	Spatial Unit
	Gaps





	ASSCUE (2006) [42]
	The ASSCUE project looked at the impacts of climate change on towns and cities in the UK. ASSCUE considered the concept of risk in order to underpin the development of conurbation and neighborhood scale adaptation strategies.
	Risk
	Urban Morphology Types
	Limited comparability—based on UK only and at conurbation and neighborhood scale



	ESPON (2011) [43]
	ESPON developed a typology of European regions based on their vulnerability to climate change, their adaptive capacity, and the impact that climate change may have on the economy.
	Vulnerability
	NUTS 3
	Limited data availability. Different use of the term exposure. Limited to a typology based on climate and geography; not socio-economic issues (although socio-economic indicators are mapped).



	PESETA II (2014) [44]
	The JRC PESETA II project (Projection of Economic impacts of climate change in Sectors of the European Union based on bottom-up Analysis) aimed to understand the spatial effects of the biophysical and social impacts of climate change on European regions and also for different sectors.
	Vulnerability
	NUTS 2
	Limited to a focus on climate and economic impacts.



	EEA Urban Vulnerability Map (2015) [45]
	This EEA‘s map book provides a Europe-wide overview of the potential vulnerability of major European urban areas to climate change by highlighting areas of potential weakness.
	Vulnerability
	EU-OECD Classification of Cities
	Limited set of indicators. Focused on present-day.



	RAMSES (2016) [37]
	RAMSES developed risk assessment tools using existing data. A top-down, indicator approach identified climate risks for 571 European cities as contained in the Urban Audit.
	Risk
	EU-OECD Classification of Cities
	Limited set of indicators. Limited number of cities.
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