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0. Preface 
 

The aim of this deliverable is to document a methodology for identifying hotspots of vulnerability 

that could be implemented within the CLIMSAVE Integrated Assessment Platform (IAP).  The 

methodology builds on previous work in the CLIMSAVE Project. In Deliverable 5.1 a framework 

for assessing vulnerability to climate and socio-economic change was developed
1
. This framework, 

based on a wide survey of relevant literature, considers the impacts of both exogenous and 

endogenous pressures on a human-environment system, which could be a physical location (e.g. 

city, village, river valley, country) or a sector (e.g. agriculture, forestry, health). As a result of 

impacts, decision-makers could decide to mitigate (i.e. reduce the pressures) or adapt (i.e. take 

action so that in the future the vulnerability to the impacts of climate and socio-economic change is 

lower). Importantly, the framework developed in Deliverable 5.1 shows that the capacity to cope 

with exogenous and endogenous pressures, as well as the capacity to adapt, depend on the 

availability of five capitals: natural capital, human capital, social capital, financial capital and 

manufactured capital. 

 

Deliverable 4.1 then reviews methodologies for assessing ñadaptive capacityò and ñcoping 

capacityò and how they may be implemented within the CLIMSAVE IAP
2
.  In D4.1 vulnerability is 

conceptualised in terms of the prospect of suffering a decline in well-being due to impacts that 

cannot be avoided given the available resources.  Coping capacity is defined as the ability to deal 

with climate changes (including variability and extremes) as they happen.  Adaptation is defined as 

the means of enhancing coping capacity and reducing vulnerability to future climate change; 

adaptive capacity as the ability to carry out such adaptation.  

 

This deliverable describes the implementation of the coping capacity method as described in 

Deliverable 4.1 within the vulnerability framework described within Deliverable 5.1. Some 

modifications have been made in order to operationalise their implementation within the 

vulnerability screen of the IAP which enables users to map vulnerability hotspots for a selection of 

ecosystem services indicators (described in Section 2.3). 

 

1. Introduction  
 

Policy-makers and other stakeholders need to better understand the future impacts of climate 

change and the related vulnerability of human and environmental systems (Harley 2008).  Current 

adaptation policy and practice is often myopic, focused on improving the ability to cope with 

current climate variability and on óclimate proofingô against short-term changes in climate risks 

(Brooks et al. 2011).  Longer-term vision is needed and integrated assessment models combined 

with scenario analysis, such as in the CLIMSAVE project, represent one way of facilitating this.  

One of the main goals of adaptation is to reduce future vulnerability to hazards associated with 

climate change, taking account of possible socio-economic changes, and indicators are needed both 

to monitor progress in adaptation (process-based or upstream indicators) and to measure the 

effectiveness of adaptation (outcome-based or downstream indicators).  Identification of 

vulnerability hotspots is an important form of outcome indicator, identifying where the important 

vulnerabilities lie and helping stakeholders to consider ways in which they might be addressed.  

Vulnerability is influenced by a wide range of factors - social, economic, political, cultural and 

environmental - and vulnerability indicators need to reflect this, while remaining feasible to 

calculate and implement. 

 

                                                 
1
 http://www.climsave.eu/climsave/doc/Report_on_Vulnerability_Framework.pdf 

2
 http://www.climsave.eu/climsave/doc/Report_on_the_adaptive_capacity_methodology.pdf 
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Many attempts have been made to measure vulnerability at different scales, combining measures of 

exposure with measures of adaptive capacity under different scenarios at the global (e.g. Yohe et al. 

2006; Brenkert and Malone 2005) and regional scales (e.g. Tate et al. 2010; Emrich and Cutter 

2011).  Assessments may be based on observations of recent severe events (e.g. Yohe and Tol 2002; 

Brooks et al. 2005), on surveys of experts (e.g. Alberini et al. 2006), or on indices justified on a mix 

of theoretical and empirical grounds (e.g. Metzger and Schröter 2006). Broadscale methods are 

useful for global assessments of mitigation, but their low resolution limits their usefulness as a 

guide to regional or local adaptation policy (Harley et al. 2008; Jones et al. 2010); Brooks et al. 

(2011) stress that the appropriate vulnerability indicators may differ between broadscale 

assessments of the number of vulnerable people and the value of vulnerable assets, and local 

analysis of policy options. 

 

F¿ssel (2007) distinguishes between óend-pointô and óstart-pointô interpretations of vulnerability.  

The former represents the (expected) net impacts of a given level of global climate change, taking 

into account feasible adaptations.  The latter is more concerned with reducing internal socio-

economic vulnerability to any climatic hazards.  Both are considered within CLIMSAVE where the 

IAP can be used to assess adaptation to future climate change; the amount of adaptation that can be 

implemented within a scenario being determined by available adaptive capacity, which was 

identified by Füssel as a characteristic of the end-point approach.  But equally, CLIMSAVE 

considers social adaptation and how the vulnerability of societies can be reduced by including 

socio-economic factors in the methodology for vulnerability assessment.  Thus, one innovation in 

CLIMSAVE is seeking to strike a balance between these paradigms, integrating natural and social 

science perspectives, combining a risk-hazard approach with political economy considerations. 

 

It is generally recognised that vulnerability is multidimensional and differential, varying across 

physical space and among and within social groups (Vogel and OôBrien 2004).  However, few 

studies have focused on the vulnerability of particular sectors to climate and socio-economic 

change, and cross-sectoral approaches are rarely used. A sectoral approach to vulnerability 

assessment is set out in the framework proposed by Villagran de Leon (2006), but cross-sectoral 

interactions are not explicitly included.  OôBrien et al. (2004) focused on three sectors, but did not 

examine cross-sectoral impacts. An indirect cross-sectoral approach to vulnerability assessment is 

described by Schröter (2009) who investigated vulnerability of several sectors to changes in 

ecosystem services resulting from a combination of climate and land-use changes. Cross-sectoral 

interactions can be considered via integrated modelling, as in the RegIS integrated assessment in the 

UK (Holman et al. 2005 a and b), examining impacts of regional climate change and socio-

economic change on flooding, agriculture, water resources and biodiversity in East Anglia and 

north-west England.  An important aim of CLIMSAVE has been to advance the treatment of cross-

sectoral interactions in vulnerability assessment. 

 

The CLIMSAVE approach is similar to the concept adopted in the A-Team project (Schröter et al. 

2004; Metzger and Schröter 2006; Metzger et al. 2008) which constructed an index formed of 12 

indicators underpinning 6 determinants of 3 components of adaptive capacity.  The future values of 

the indicators were projected using estimated relationships between the indicators and GDP and 

population.  CLIMSAVE differs in two main ways. Firstly, the theoretical justification is different, 

rather than focusing on ñadaptive capacityò the CLIMSAVE approach is grounded in the concept of 

ñcoping capacityò. Coping Capacity is a concept grounded in a five-capitals model of resource 

availability, with a clear focus on developing indices that reflect how individuals within society 

would be able to cope at the moment a crisis is revealed: how much of which capitals do they have 

to draw on?  This directly addresses the critique noted by Schröter et al. (2004) in which the 

stakeholders were ambivalent regarding the A-Team index, accepting it as a first attempt to capture 

the regional context in which they make decisions, but with reservations regarding the choice of 

indicators used as components of the index, and because the adaptive capacity of individuals is not 
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captured by the index.  A further difference with the CLIMSAVE method is that we have addressed 

this potential ambivalence by drawing directly on stakeholder input, using scenario-specific 

projections of the capitals developed by stakeholders in participatory workshops. Furthermore, our 

projections are tied directly to the socio-economic scenarios, rather than driven by deterministic 

correlations with GDP and population changes (Schroter et al. 2004). The indicator variables used 

by the CLIMSAVE approach are selected to have a greater focus on individuals; for example 

personal savings and income are used rather than GDP. Taking account of these factors ensures the 

CLIMSAVE method is delivering something new and not solely focusing on either individual- or 

national-scale adaptive capacity. Instead our context remains firmly that of regional long-term 

planning, and we highlight the different factors influencing the ability to cope with the combined 

impacts of climate and socio-economic change across multiple sectors. 

 

2. Method 
 

2.1. The CLIMSAVE vulnerability index  

 

The CLIMSAVE vulnerability hotspot approach aims to assess the spatially-explicit impacts of 

future scenarios on human wellbeing. To do so it breaks vulnerability down into three key elements: 

(i) the severity of the impact itself; (ii) the level of adaptation in place through specific management 

options to reduce the impact; and (iii) the extent to which humans are able to draw on their 

available resources (both tangible and societal) to cope with the impacts that remain: ñcoping 

capacityò. Locations where the level of impact following adaptation is greater than societyôs ability 

to cope are considered vulnerable. 

 

 
Figure 1: Schematic overview of the CLIMSAVE vulnerability approach. 

 

Figure 1 illustrates how these elements are combined using output from the CLIMSAVE Integrated 

Assessment Platform (IAP). Impact is modelled using the IAP integrated modelling framework that 

includes models for a wide-range of sectors including urban development, agriculture, forestry, 

water provision, flooding and biodiversity. The user is able to map impacts for each of these sectors 

under a wide range of future scenarios by customising climate projections and socio-economic 

scenarios (1). Adaptation is represented within the IAP as a series of sliders which allow the user to 

modify the socio-economic scenario variables (for example, increasing the level of flood defence). 

Adaptive capacity changes with the socio-economic scenario and this is reflected by the different 
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ranges within which it is possible to move the slider within different scenarios. The resultant impact 

following adaptation is termed ñresidual impactò (2). It is this impact that has the potential to affect 

human well-being. The extent to which well-being is affected depends on three further factors. The 

first, termed the ñlower coping thresholdò is the level of residual impact below which the impacts 

on human well-being can be considered negligible (3). This could reflect, for example, very small 

puddles or pooling resulting from flood water overtopping a dam. The second, termed the ñupper 

coping thresholdò is the level of residual impact above which there is no way that a society, no 

matter how resource rich, could cope without impacts on human well-being. Areas with impacts 

above this threshold will therefore always be vulnerable (4). Between the two thresholds is the 

ñcoping rangeò, any residual impact within this range is referred to as a ñsignificant residual 

impactò as it has the potential to contribute to vulnerability. Within this range vulnerability is 

determined by the available coping capacity. Coping capacity reflects the available resources, both 

tangible and societal, that are available to a particular society and in the CLIMSAVE project these 

are split into four capitals: human, social, financial and manufactured. A fifth capital stock, natural 

capital, is not included in our index because it is represented directly by the biophysical modelling 

within the IAP. Areas with greater capital coping capacity can endure greater impacts with some 

only becoming vulnerable once the upper coping capacity threshold is reached (5). 

 

2.2. Quantifying coping capacity 

 

Developing an index of coping capacity is challenging as there is a wide range of contributing 

political, social, economic and technological resources that could contribute to reducing the severity 

of impacts on human well-being. It would be impossible to measure all of them, and determine 

exactly how they combine and interact to influence the human capacity to cope with specific 

impacts. However, at a general level, the principal determinant of coping capacity, at whatever 

geographical or social scale, is access to the capital stocks: areas with more capital are expected to 

be better able to cope.  

 

2.2.1. Selecting indicator variables 

 

Twenty-three potential indicator variables (Table 1) were identified representing the four capitals. 

These potential indicators were analysed based on five guiding principles: (i) appropriateness, there 

must be a clear conceptual tie between the variables and the capital that they are used to represent; 

(ii) open access, the data used must be freely accessible within the public domain; (iii) 

independence, the selected variables must have a low correlation with the other selected indicator 

variables; (iv) fixed asset, resource stocks were preferred over flows and rates; and (v) spatial 

resolution, fine spatial resolution datasets were preferred over those at the country scale.  

 

Eight variables were finally selected; two representing each capital (Table 1).  These included four 

at the NUTS 2 level and four at the NUTS 0 level. All datasets were freely available and the 

majority of datasets were available from Eurostat (http://appsso.eurostat.ec.europa.eu), however, 

World Bank and Eurobarometer datasets were also used.  For human capital, ñlife expectancyò and 

ñtertiary educationò were selected as they had the lowest correlation with the other variables 

considered (r=0.26) and clearly represented two key aspects of human capital: the health and 

education of the population. Social capital was the only capital for which no suitable high-

resolution dataset was identified. Furthermore, the available datasets were mostly highly correlated. 

ñIncome inequalityò and ñhelp when threatenedò were selected as they had the lowest correlation of 

all variables (r=-0.36) and represented two key aspects of social capital: inequality and community 

support. Furthermore, ñhelp when threatenedò correlated well with corruption perception, trust and 

volunteering metrics (rÓ0.62) suggesting that the variable also represents other elements of social 

capital related to trust. Financial capital variables also showed high inter-correlations, and all 

variables, except ñnet household savings rateò, had correlations Ó 0.6. ñHousehold incomeò was 
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chosen as an indicator of financial capital because it reflects the general wealth of the population at 

a local scale, is available at the NUTS 2 level and correlates highly with national wealth (r=0.91 

with GDP). ñNet household savings rateò was selected, despite being a rate rather than a stock 

variable, as it had the lowest correlation with ñhousehold incomeò and reflected a conceptually 

different aspect of financial capital: potential long-term financial reserves. Manufactured capital 

variables were chosen to reflect two aspects of manufactured capital. The World Bankôs ñproduced 

capitalò variable describes the total sum of physical capital and urban land per capita, whilst 

ñtransportò data from Eurostat reflects infrastructure (road, rails and navigable inland waterways) 

that might be drawn upon to cope with a crisis. Transport data were standardised by area since 

standardising by population disproportionately privileged areas with low populations such as the 

Scottish islands. Transport and produced capital variables had a very low correlation with one 

another (r=-0.02). The correlation matrix for all variables is shown in Appendix A. 

 

Table 1: Dataset overview showing the variables considered during the indicator analysis. The 

eight selected variables are marked with a tick (V) . 

 Variable Spatial Data Source V 

H
u

m
a

n 

Life Expectancy NUTS2 Eurostat V 

Tertiary Education NUTS2 Eurostat V 

Longterm Unemployment NUTS2 Eurostat 
 

HRST (Human resources in Science and technology) NUTS2 Eurostat 
 

S
o

c
ia

l 

Income Inequality NUTS0 Eurostat V 

Help when threatened NUTS0 Eurobarometer V 

At-risk-of-poverty NUTS0 Eurostat 
 

Corruption Perception 
NUTS0 Transparency 

International  

Trust NUTS0 Eurobarometer 
 

Volunteering NUTS0 Eurobarometer 
 

F
in

a
n

c
ia

l 

Household Income NUTS2 Eurostat V 

Household Financial Assets NUTS0 Eurostat 
 

Household saving rate NUTS0 Eurostat 
 

Net household savings rate NUTS0 Eurostat V 

Financial Assets (% of GDP) NUTS0 Eurostat 
 

Net Foreign Assets NUTS0 World Bank 
 

Net National Assets NUTS0 World Bank 
 

GDP NUTS2 Eurostat 
 

M
a

n
u

fa
c
tu

re
d 

Transport (Density) NUTS2 Eurostat 
 

Transport (Area) NUTS2 Eurostat V 

Transport (Pop) NUTS2 Eurostat 
 

Produced Capital NUTS0 World Bank V 

Construction NUTS2 Eurostat 
 

Eurostat: http://appsso.eurostat.ec.europa.eu  

Eurobarometer (2005): http://ec.europa.eu/public_opinion/archives/ebs/ebs_223_en.pdf 

Transparency international (2011): http://cpi.transparency.org/cpi2011/in_detail/ 

World bank: http://data.worldbank.org/data-catalog/wealth-of-nations 

 

2.2.2. Standardising indicator variables 

 

To create variables to represent each of the four capitals the paired indicator variables were 

combined. To do this, standardisation was required. However, relationships between indicator 

http://appsso.eurostat.ec.europa.eu/
http://ec.europa.eu/public_opinion/archives/ebs/ebs_223_en.pdf
http://cpi.transparency.org/cpi2011/in_detail/
http://data.worldbank.org/data-catalog/wealth-of-nations
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variables and high and low levels of capital are not linear. For example, a 5% increase in tertiary 

education from 0 to 5% would have a significantly greater impact on human capital than an increase 

from 45 to 50%. Furthermore, some of the socio-economic scenarios reflect futures where 

conditions are considerably different from the present. As such, standardisation cannot simply use 

existing European extreme values; instead plausible 'absolute' maxima and minima for the 2050s 

were determined based on descriptions of the CLIMSAVE socio-economic scenarios and expert 

judgement.  To account for non-linearity, different functional forms relating an indicator to its 

standardised index were used, determined using expert judgement drawn from a fuzzy approach. 

For each variable, the expert group was asked to sketch a distribution curve linking real values of 

the indicator to a conceptual five class classification from very low to very high (Appendix B). The 

experts were then asked to use this to define breakpoints between the five classes. The experts were 

given freedom to modify their graphs and breakpoints until they were happy with them and were 

able to refer to the present day distribution of the dataset for guidance. Capital values for baseline 

conditions were calculated as an average of the paired indicator values. 

 

2.2.3. Changing capitals with socio-economic scenarios 

 

The CLIMSAVE IAP focuses on four socio-economic storylines (Kok et al. 2013) and covers two 

time steps (from baseline to the 2020s and from the 2020s to the 2050s). During the creation of the 

storylines, stakeholders were asked to state how each of the four capitals would change qualitatively 

for each time step. They were asked to determine whether the capital would increase, decrease or 

stay the same and whether or not this change was ñmoderateò or ñhighò. A sliding scale was 

developed to translate the stakeholder-determined changes into increases and reductions in the 

indicator variables. For changes from baseline to the 2020s, a stakeholder-classified ñmoderateò 

change was reflected by a shift of a single class (either positive or negative) reflecting the 

stakeholder classification. A ñhighò change was reflected by a two-class shift. For changes from the 

2020s to the 2050s these shifts were doubled in weight reflecting the length of the time period being 

double that from the baseline to the 2020s. As such a moderate change from the 2020s to the 2050s 

was reflected by a two-class shift, and a ñhighò change by a four-class shift. This created a 13 class 

system with baseline (0) in the centre and classes from -6 to +6 on either side (Figure 2).  

 

The quantification of each indicator in each of these classes was undertaken with reference to expert 

judgements on the plausible óabsoluteô maximum and minimum values for each indicator. A 

systematic approach was then put in place that created limits between which each indicator variable 

was standardised for each of the classes. The following steps explain the methodology for positive 

changes, negative changes follow the same method, but inverted. First, it was decided that the upper 

limit for a ñhighò changeò in the 2020s should be set to the absolute maximum value for the 2020s 

(class 2+ in Figure 2). A ñmoderateò change was set to half way between this value and baseline 

(class 1+ in Figure 2). Second, it was decided that the lower limit should not be outside the range 

set by the current distribution at baseline within the 2020s scenario; instead the lower limit was set 

to 50% of the current distribution for a ñhighò change (class 2+) and halfway between this and 

baseline for a ñmoderateò change (class 1+). Third, for changes between the 2020s and 2050s it was 

decided that the 2050s maximum would be reached following a ñhighò change in the 2050s even if 

no change had occurred from baseline to the 2020s. This meant that the upper limits for classes 4 to 

6 were set to the absolute maximum; the upper limit for class 3 was set to the midpoint between the 

limit for class 2 and class 4. Finally, it was determined that data would only be outside the current 

distribution following particularly extreme or consistent changes (class 4 or above) and that the 

dataset would only move beyond the 2020s maximum most extreme scenario (where a ñhighò 

change in the 2020s followed a ñhighò change in the 2050s). This set the lower limits for classes 4 

and 6. The lower limits for classes 3 and 5 were set to half way between these limits and the limit 

below. Figure 2 shows the impact of the approach on the distributions of two very different 

indicators. Once each pair of indicator variables had been transformed using the limits of the 
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appropriate class they were then averaged to capital variables. The advantage of the approach is in 

its relative simplicity. By adding together shifts between the two time blocks it easily allows 

cumulative changes to be represented ï including situations where the direction of change is 

different.  

 

 
 

Figure 2: The sliding scale used to create a flexible coping capacity system. 

 

2.2.4. Calculating coping capacity 

 

Coping capacity was calculated as the unweighted average of the values of the four capitals for any 

given scenario. For baseline this was the raw baseline capitals, and for the scenarios it was the 

average of the sliding-scale classes that reflected the stakeholder-selected changes in the capital 

values. For display on the IAP the continuous coping capacity variables were broken down into six 

classes with reference to their overall distributions across the scenarios. 

 

2.3. Calculating vulnerability  

 

As described in Figure 1 vulnerability is a result of the combination of residual impact, the upper 

and lower coping thresholds and coping capacity. Six ecosystem service (ES) indicators were 

selected from the IAP to represent a cross-section of ecosystem services categories. Two indices 

were selected for provisioning and cultural services and one each for regulating and supporting 

services. The six indicators were: (i) a food index (provisioning); (ii) the water exploitation index 

(provisioning); (iii) a flood index (regulating); (iv) a biodiversity index (supporting); (iv) a 

landscape intensity index (cultural; reflecting the negative consequences of land use intensification 

for broader environmental quality and human well -being; and (vi) a landscape diversity index 
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(cultural; reflecting the role of land use diversity in supporting landscape aesthetics). The detail of 

these indices is explained in the results (Section 3.4).  

 

For each of these indices upper and lower coping thresholds were chosen in consultation with 

sectoral experts and the modellers responsible for each variable. The thresholds for the food index 

were, for example, based on the daily calories required for males (this being greater than the value 

for women), with a lower coping threshold of 2500 and an upper coping threshold of 0.01. This 

means that coping begins when the projected impact drops below 2500. Unlike adaptive capacity, 

coping is conceptualised as being the immediate response of individuals within the society once the 

threat has been identified (i.e. ñwe are not going to have enough food - what can be done?ò). As 

such, coping doesnôt allow for any long-term research or manufactured solutions, but could reflect 

the application of existing research or produced capital. In the food example, coping might include: 

using human capital by enduring the health implications of poorer nutrition or applying appropriate 

skills (cooking/ preserving/ foraging); using social capital by pooling reserves and societal self-

rationing; drawing on financial capital to import food from elsewhere or purchase technological 

solutions; drawing on manufactured capital including available technology (refrigerators/ freezers/ 

food processors) and transport networks to access other resources; or a combination of any of these. 

For each index the coping range and significant residual impact proportion are then calculated 

(Equation 1 and 2). In this methodology vulnerability is defined as occurring in areas where the 

significant residual impact, as a proportion of the coping range, is greater than the coping capacity. 

By implementing this methodology a vulnerability index is calculated for each ES index at the grid 

cell level (Equation 3).  

 

Equation 1: Coping Range = Upper Coping Threshold ï Lower Coping Threshold 

 

Equation 2: Significant Residual Impact = Residual Impact ï Lower Coping Threshold 

 

Equation 3: Vulnerability Index = Significant Residual Impact / Coping Range 

 

These variables are then used to classify all areas into four classes: (i) ñnot vulnerable, negligible 

impactò: where residual impact is less than the lower coping threshold; (ii) ñnot vulnerable, 

copingò: where the significant residual impact is less than the coping capacity; (iii) ñvulnerable, not 

copingò: where the coping capacity is not great enough to deal with the significant residual impact; 

and (iv) ñvulnerable, impossible to copeò: where the residual impact is greater than the upper 

coping threshold. Summary statistics, in terms of the total vulnerable area and number of vulnerable 

people are calculated at the European scale using the two vulnerable classes and summing the area 

and population of cells identified as vulnerable. Furthermore, cross-sectoral aggregate vulnerability 

is calculated by counting for each cell the number of sectors that are vulnerable.  

 

The CLIMSAVE IAP provides an opportunity to explore the four socio-economic scenarios 

combined with a range of climate scenarios. Five global climate models (GCMs) chosen to 

represent the range of uncertainty in future climate are included within the IAP. These models 

(CSMK3, HadGEM, MPEH5, IPCM4 and GFCM21; Appendix C) can each be run with high, 

medium or low climate sensitivity and any of the four SRES emissions scenarios (A1, B1, A2, B2). 

In this analysis the four socio-economic scenarios were run under each GCM twice, first, with a 

ñhigh emissions scenarioò where SRES scenario A1 was selected with ñhighò climate sensitivity 

and, second, for a ñlow emissions scenarioò where SRES scenario B1 was selected with ñlowò 

climate sensitivity.  This resulted in a total of 40 combined climate and socio-economic scenarios. 

The spatial pattern was mapped for each scenario and the number of vulnerable people (VP) and 

total vulnerable area (VA) was recorded; the 2050s timeslice was used in all cases.  
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3. Results 
 

3.1. Capitals  

 

The European capital maps generally reflect expected patterns. Human capital (Figure 3a) is high 

across the majority of Europe, reflecting the fact that life expectancy is generally very high (72-82 

years) and the majority of countries have high levels of tertiary education (14-36%). As such, of all 

the capital stocks available for coping, human capital is the most widespread resource consistently 

available at a high level. The healthy, well educated population of Europe is one of its greatest 

potential resources for coping with climate impacts.  

 

  

(a) HUMAN 

(life expectancy
N2

 and tertiary education
N2

) 

(b) SOCIAL 

(income inequality
N0

 and help when threatened
 N0

) 

  

(c) FINANCIAL 

(household income
 N2

 and household savings rate
N0

) 

(d) MANUFACTURED 

(transport (area)
N2

 and produced capital
N0

) 

 
 Class Standardised 

Index Value 

 Very High  > 0.8 

 High 0.6-0.8 

 Medium 0.4-0.6 

 Low 0.2-0.4 

 Very Low < 0.2 

 

Figure 3: Baseline capital estimates for Europe. 

 

Compared with human capital, the maps of social capital (Figure 3b) suggest a more varied picture 

of Europe. Areas with higher levels of capital (northern and central Europe) have ñhighò rather than 

ñvery highò social capital and larger areas, particularly in the east and south, have moderate and low 

levels of social capital. Italy stands out with low social capital. This is a result of Italy having a 

particularly low value for ñhelp when threatenedò, 18% compared to a European average of 46%, 

and a relatively high inequality index (ranking 11
th
 highest of 26 countries). Whilst the choice of 

indicator is bound to have an impact on the patterns highlighted in the datasets, particularly when 

datasets such as opinion surveys are used, it is important to remember that the ñhelp when 
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threatenedò variable correlated well with other indicators such as corruption perception, trust and 

volunteering. Italy, for example, had the fourth lowest ranking for corruption perception, and 

ranked 10/28 and 11/27 for participation and trust. It is also important to remember, that although 

presented on the IAP as a classified map for clarity, that the capital (and coping capacity) variables 

are continuous. As such whilst Italy was the only country to fall beneath the 0.4 threshold Portugal, 

Hungary, Romania, Greece and Spain all had social capital values Ò 0.45. 

 

The financial capital map (Figure 3c) shows a pattern of moderate and low capital for Europe with 

northern and central Europe having relatively higher financial capital than the majority of eastern 

and southern Europe along with much of the United Kingdom and Ireland. NUTS 2 areas 

containing key cities are also apparent as higher points within their national context (London, 

Madrid, Milan, Helsinki). Whilst the spatial pattern of financial capital appears reasonable, a first 

interpretation may be that the categories assigned present a relatively pessimistic picture of the 

financial capital in Europe, and a different map than that expected with reference to GDP 

(Appendix D). When considering this point it is important to remember that these maps are 

designed to be baseline inputs into a system that must be able to cover a range of potential 

conditions that could take place between now and the 2050s. A classification of ñlowò financial 

capital is, therefore, low with respect to a potential future where in the most affluent areas income 

quadruples from their current values (from a current EU maximum of 26,325ú to 100,000ú) and net 

household savings more than double (from 9,500ú to 25,000ú). It is also important to note that the 

variables selected are focused on the household level at which coping would take place. 

Furthermore, by including household savings, a variable that specifically does not correlate with 

GDP, we are able to consider aspects of financial capital that can be brought into play when coping 

becomes necessary. Norway, for example, is flagged as particularly high due to having the greatest 

net household savings (9,500ú/capita). 

 

The manufactured capital map (Figure 3d) indicates that the highest capital stocks are in France, 

Belgium, Switzerland, Denmark, the Netherlands and southern England, locations traditionally 

recognised for their high density transport infrastructure. Conversely, the lowest manufactured 

capital stocks are in Portugal, Romania, Bulgaria and Greece, areas with both very low transport 

density and produced capital stocks. This overall trend matches well with the infrastructural capital 

maps produced by Greiving et al. (2011) (Appendix E), who use indices for road network density, 

sustainable water use and hospital beds, which highlight low values in southern Europe, particularly 

Portugal, Spain, Italy and Greece. The Greiving maps differ, however, with eastern nations, 

particularly Finland, Latvia and Lithuania, highlighted as having some of the highest infrastructural 

capacities, but these countries have low manufactured capital in Figure 3d. The main differences 

here are the inclusion of produced capital within the CLIMSAVE manufactured capital index, and 

Greivingôs inclusion of sustainable water use and hospital beds. When developing manufactured 

capital as a component of coping capacity we looked to ñproduced capitalò to provide an indication 

of total physical assets (machinery, equipment, structures and urban land) and the infrastructure 

variable as a measure of both the connectedness of the physical assets and as routes to cope with 

impacts by moving populations. An investigation of the data suggests that areas such as Latvia and 

Lithuania, whilst relatively rich in terms of infrastructure (ranking 12
th
 and 13

th
 out of 27) are 

relatively poor in terms of overall physical assets (ranking 23
rd

 and 24
th
, respectively). Conversely, 

locations such as Ireland and Finland, which rank high for produced capital (6
th
 and 10

th
, 

respectively) suffer from having lower manufactured capital due to their low transport infrastructure 

densities. In the Greiving maps, Ireland and Finland must have comparably high values for 

sustainable water resource infrastructure and hospital bed provision that compensate for the low 

density of transport infrastructure.  
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3.2. Coping capacity 

 

At baseline, the CLIMSAVE map of coping capacity looks reasonable (Figure 4a). The majority of 

Europe has a medium level of coping capacity reflecting the fact that in general Europe has a 

reasonable level of capital to deal with crises, and that there is considerable scope for coping 

capacity to both increase and decrease with changes in its socio-economic future. The 

differentiation in classes between high- and low-medium identifies key differences between 

northern and central Europe, where coping capacity is generally higher, and southern and eastern 

Europe where coping capacity is lower. In terms of extremes, only two sub-regions of Bulgaria map 

out as ñvery lowò and there is significant room for improvement in all countries, with only 

Netherlands and Switzerland, north-western Norway and the cities of London, Paris, Oslo and 

Brussels standing out as having high coping capacity. These distributions broadly reflect the map of 

adaptive capacity identified in other index-based projects (Schröter et al., 2003, Metzger et al., 2006 

and Acosta et al., 2013) particularly those of Greiving et al. (2011; see Discussion).  

 

Figure 4b shows coping capacity as it is mapped for the CLIMSAVE socio-economic scenarios. 

The method maps a significant variety of spatial patterns that reflect the storylines of the scenarios. 

For example, in the ñWe are the worldò scenario (WRW) successful innovation and steady 

economic growth lead to a scenario in which effective governments change the focus from GDP to 

welfare leading to a redistribution of wealth, less inequality and more global cooperation. This was 

interpreted by the stakeholders as a slow reduction in financial capital, and an increase in human, 

social and manufactured capitals. The overall impact on coping capacity is seen as a steady 

improvement in coping capacity through the 2020s where the southern and eastern European 

countries rise to the level of the northern countries at baseline, and the northern countries improve 

to a time in the 2050s where coping capacity is ñhighò or better across Europe. Conversely, the 

ñIcarusò scenario, where short-term policy planning and a stagnating economy lead to the 

disintegration of social fabric and a shortage of goods and services is reflected by an initial increase 

in financial capital and a moderate loss of social capital followed by high losses of human capital 

and moderate losses of financial and manufactured capitals in the 2050s. The coping capacity maps 

reflect these changes well by showing an initial improvement in coping capacity in many places 

resulting from the short-term policies. However by the 2050s, there has been a significant downturn 

and coping capacity in Europe has worsened to the position that the majority of countries are 

considerably less able to cope with climate change than they were at baseline. The other two 

scenarios also reflect expectations, the dystopian society of ñShould I stay or should I goòô (SoG)  

shows a continual decline in coping capacity, and the world of ñRiders on the stormò shows 

significant improvements following a slow start (for more detail on the scenarios see Kok et al. 

2013). 

 

3.3. Vulnerability  

 

Vulnerability maps can be created for each of the ecosystem service indicators and each of the 

combined climate and socio-economic scenarios for the two time slices (e.g. Figure 5). The 

vulnerability maps are a powerful tool, spatially representing the combined influence of both the 

modelled level of impact and the ability of society to cope, both of which are independently 

influenced by both the climate projection and the socio-economic scenario. The vulnerability maps 

can be produced before or after adaptation within the IAP.  The results shown here are without 

adaptation. Figure 5 illustrates a worked example for the two ñpositiveò scenarios ñWRWò and 

ñRidersò in the 2020s and 2050s time slices.  
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(a) Baseline (b) 2020s 2050s 
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(c) WRW Icarus SoG Riders 

2020s 2050s 2020s 2050s 2020s 2050s 2020s 2050s 

Human M+ H+ 0 H- 0 M- M+ H+ 

Social H+ M+ M- 0 M- M+ M+ M+ 

Financial M- M- M+ M- M- M- M- M+ 

Manufactured M+ M+ 0 M- M- M- M- M+ 

 

Figure 4: Estimating coping capacity: (a) coping capacity map for baseline; (b) coping 

capacity maps for the four CLIMSAVE  socio-economic scenarios in the 2020s and 2050s; and 

(c) the changes in capital stocks driving the changes as estimated by stakeholders at the socio-

economic scenario workshops. ñHò = high and ñMò = moderate ñ+ò = positive and ñ-ò = 

negative. 
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(a) Biodiversity Vulnerability, 2020s 

WRW, 2020s 
MPEH5, High Emissions 

Riders, 2020s  
MPEH5, High Emissions 

  
Vulnerable People: 34,141,000 (7%)

 
Vulnerable People: 66,207,000 (13%)

 

Vulnerable Area: 358,039 km
2 
(8%) Vulnerable Area: 615,294 km

2 
(13%) 

(b) Biodiversity Vulnerability, 2050s 

WRW, 2050s 
MPEH5, High Emissions 

Riders, 2050s  
MPEH5, High Emissions 

  

Vulnerable People: 88,754,000 (18%)
 

Vulnerable People: 50,173,000 (10%)
 

Vulnerable Area: 951,652 km
2 
(20%) Vulnerable Area: 557,183 km

2 
(12%) 

 Not vulnerable, negligible Impact  Vulnerable, not coping 

 Not vulnerable, coping  Vulnerable, impossible to cope 

 

Figure 5: Worked example illustrating the vulnerability maps with respect to the biodiversity 

sector for selected climate and socio-economic scenarios in the 2020s and 2050s. 
 

The storyline for WRW is one of steady growth, with improvements in government effectiveness, a 

declining focus on financial capital and global efforts to focus on sustainable development. 

Conversely, the storyline for ñRidersò is one where Europe is on its own in the global market, it has 

invested heavily in green technology, but there is no buyer to sell it to, and as such there is a strong 

economic recession. In terms of capitals, both socio-economic scenarios reflect a positive move 

forward in terms of social and human capital and a decrease in financial capital. The ñtogethernessò 

of the ñWRWò scenario is reflected as a larger boost to social capital than that in ñRidersò. The 

economic downturn of the ñRidersò scenario is reflected as a decrease in financial and 

manufactured capitals leading to ñWRWò having greater levels of coping capacity than ñRidersò 

across Europe in the 2020s (Figure 5a). 

 

In the worked example, the combination of the ñnot vulnerable, copingò (yellow) and the 

ñvulnerable, not copingò (orange) areas highlight where there is a significant residual impact that 
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could be coped with given sufficient capital. The spatial pattern of this combined area is very 

similar in both socio-economic scenarios in the 2020s. However, the proportion that is vulnerable 

due to its inability to cope (orange and red combined) changes notably between the socio-economic 

scenarios with areas of the UK, France, Italy, Lithuania and Bulgaria being more able to cope with 

the impacts on biodiversity in the ñWRWò than in the ñRidersò scenario. This is reflected in the 

summary figures for the 2020s: 358,039 km
2
 is mapped as vulnerable in ñWRWò, whereas 615,294 

km
2
 is vulnerable in ñRidersò. 

 

In the 2050s, the ñRidersò storyline indicates that the initial investments in green technology have 

paid off, protecting Europe from some of the worst impacts of climate change, positioning it as a 

leader in green technology markets and improving its position in the world economy; this is 

reflected in a significant improvement in all capitals and thus, coping capacity. ñWRWò, 

conversely, is a storyline of steady increase, but a move away from market economies, this is 

reflected by similar increases in human, social and manufactured capitals, but a decrease in 

financial capital, and as a result a slightly lower coping capacity than ñRidersò in the UK, Austria 

and northern parts of Spain, Portugal and Italy (Figure 5b).  

 

In the worked example, both the influence of the increasing climatic pressures and the influence of 

the changes in coping capacity are identifiable. A comparison of the 2020s and 2050s maps for both 

socio-economic scenarios reveals a reduction in the ñNot vulnerable, negligible impactò class and a 

greater proportion of both maps in the ñVulnerable, impossible to copeò class. Both these factors 

indicate that socio-climatic pressures have increased the significant residual impact with respect to 

biodiversity for Europe. In some areas, such as southern France the increase in significant residual 

impact is reflected by an increase in vulnerability in both scenarios. However, the increase in 

coping capacity in ñRidersò means that some of the areas, such as Norway, the UK and Spain which 

were vulnerable under ñRidersò in the 2020s are no longer vulnerable in the 2050s. Furthermore, 

areas of Hungary, Romania and Greece in the 2050s are more vulnerable in the ñWRWò scenario 

than they are in ñRidersò. This is reflected by the vulnerable area in ñWRWò increasing from 

358,039 km
2
 (2020s) to 951,652 km

2
 (2050s), whereas the vulnerable area in ñRidersò decreases 

from 615,294 km
2
 (2020s) to 557,183 km

2
 (2050s). The ability to explore vulnerability spatially in 

this way, and to unpick the different roles played by different socio-economic scenarios and climate 

projections across multiple time periods is one of the great advantages of the CLIMSAVE 

approach.  

 

3.4. Sectoral vulnerability 

 

Figures 6 and 7 present, respectively, for 40 combined climate and socio-economic scenarios: (a) 

the number of vulnerable people; and (b) the vulnerable area with respect to six sectoral impacts 

(represented as ecosystem service indicators). The relative levels of vulnerability reproduced are in 

line with expectations based on the socio-economic scenarios and the climate projections. In 

general terms, the more dystopian scenarios (SoG/Icarus) show greater vulnerability in terms of 

both the number of vulnerable people and the area vulnerable than the more utopian scenarios 

(WRW and Riders) for the majority of sectors. Similarly in most cases, the more moderate climate 

scenarios (B1 emissions, low climate sensitivity) generally have lower vulnerability than their 

extreme counterparts (A1 emissions, high climate sensitivity). In terms of the socio-economic 

scenarios, these general trends reflect the lower significant residual impacts in the scenarios where 

innovation is successful, and higher coping capacities where higher capital stocks are available in 

the utopian scenarios. In a climatic context, vulnerability tends to be higher in high emissions 

scenarios as these scenarios tend to experience the greatest climatic changes, which puts greater 

stress on the ecosystem services. However, in addition to these general trends, Figure 7 shows that 

the indices show a more nuanced impression reflecting the exact combination of climate model, 

level of climate sensitivity, socio-economic scenario and sector.  
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Figure 6: Percentage of the European population vulnerable, relative to baseline, for the six ecosystem service indices by socio-economic and 

climate scenario. 
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Figure 7: Percentage of European area vulnerable for the six ecosystem service indices by socio-economic and climate scenario.
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3.4.1 Food provision 

 

The Food Provision Index is a grid cell-level index of self-sufficiency in terms of food provision. It 

does not take either existing food stores within these regions, or imports from external areas into 

consideration. Therefore scenarios with widespread agricultural production will be seen as less 

vulnerable in terms of food provision than those scenarios where food provision is concentrated into 

particular regions. It should be noted that, as a result, heavily urbanised and afforested grid cells are 

considered more vulnerable, due to the fact that these areas are by their nature lacking food 

production ability. As an index of vulnerability in terms of the food provisioning ecosystem service 

(and not food availability) this is reasonable as, in terms of coping in a scenario where food is 

sparse, urban areas will always be dependent on food producing areas.  

 

In the majority of climate scenarios, the WRW scenario has the greatest vulnerable area (VA), 

followed by Icarus and Riders, with the majority of climate scenarios showing a VA FOOD between 

20 and 35%. SoG has considerably smaller VAFOOD (<5%). This is due to the fact that, in contrast to 

the utopian scenarios, agricultural yields are low, GDP and irrigation efficiency have decreased, and 

the population has shown no change in dietary patterns away from space-intensive meat production. 

In comparison with the dystopian Icarus scenario, which shares many of these problems, the SoG 

population is growing fast (+23%), rather than declining (-9%). The combination of all these issues 

leads to a situation where things are going so badly in SoG that food provision is the primary focus 

and food is produced wherever it is possible. In comparison to WRW, where Norway and a belt 

from southern France across the Alps to Hungary is projected to produce little to no food, in SoG 

there are very few grid cells that do not produce food. The ordering of the scenarios in terms of 

vulnerable population (VP) is different: VPFOOD in SoG is of the same order of magnitude to that of 

Icarus and WRW (between 27 and 38%) and it is Riders that has notably lower VPFOOD (< 25%). 

This difference between VP and VA in SoG with respect to the socio-economic scenarios reflects 

the fact that, although food is being grown wherever possible, urban areas, which do not grow food, 

remain vulnerable. Furthermore, with an increasing population in SoG these urban areas become 

even more dependent on those areas that supply food: and more vulnerable in terms of food 

provision. 

 

In terms of climate, there is relatively little difference between the scenarios in terms of overall 

vulnerability, CSMK3 and MPEH5 show relatively greater vulnerability and HadGEM and 

GFCM21 show relatively less, but in general the patterns are similar across climate scenarios, and 

there is little difference between the high and low emissions scenarios. Much like the socio-

economic scenarios the differences identified are driven by the extra stress put on the system by the 

climate: where there is greater stress, such as in the hotter, drier GFCM21 scenario the vulnerability 

to food provision is projected to be less because food is being grown wherever possible, at the 

expense of other land uses. A comparison of Ridersô food provision vulnerability in GFCM21 and 

the milder CSMK3 scenario shows that the increased stress on the system leads to food being 

produced higher into the Alps and in areas of Sweden, France, Austria, Hungary, Estonia, Latvia 

and Lithuania that are not needed for cultivation under the CSMK3 scenario. 

 

3.4.2 Water exploitation 

 

The Water Exploitation Index (WEI) takes into consideration both the availability of water and its 

utilisation for human consumption, agriculture and industry. The index works at the level of a river 

basin and allocates the same level of vulnerability to all grid cells within each river basin. 

 

In general, the WEI shows increasing vulnerability through the socio-economic scenarios in the 

order Riders < WRW < SoG < Icarus both in terms of VA and VP. Furthermore, low emissions 

climate scenarios show less vulnerability than their high emissions counterparts. There are 
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differences between climate models with those which are generally milder and wetter (e.g. CSMK3) 

showing considerably less vulnerability than those which are hotter and drier (e.g. GFCM21). 

Furthermore, in some scenarios, such as MPEH and IPCM the difference between socio-economic 

scenarios is much less notable, than in others (such as GFCM21). This is illustrated in Figure 8a. 

Both the WRW and SoG scenarios have approximately 900,000 km
2
 vulnerable area when 

combined with the MPEH model. However, despite the similarity in overall area, the spatial 

patterns are different. In WRW there is no vulnerability in the UK, Belgium or the Netherlands, 

whereas these areas show some vulnerability in SoG.  These differences are most likely driven by 

the higher coping capacity in WRW. On the other hand, there is vulnerability in Greece and the 

southern coast of France that is present in WRW, but not in SoG. Such differences exist despite 

WRWôs higher coping capacity in these areas and instead reflect changes from the increased GDP 

in the WRW scenario. In WRW GDP has increased by 94% whilst it has decreased by 36% in the 

SoG scenario. This leads to an increase in vulnerability that is particularly notable in areas with a 

low GDP at baseline as, in the water model, increasing GDP increases water use to reflect changing 

lifestyles and the use of more water intensive appliances.  Another factor that explains areas where 

WRW has greater vulnerability than SoG is the fact that SoGôs reduced water efficiency leads to 

irrigation becoming less profitable. This, in turn, leaves more water available for other purposes: it 

means that in some areas SoG may have more water available for exploitation than WRW as in 

WRW the water is being used to irrigate fields. 

 

Figure 8b shows a different situation where the vulnerability in the WRW scenario is considerably 

lower than that of SoG. Under the hotter, drier GFCM21climate model the level of vulnerability 

increases in both scenarios, with more areas classified as ñvulnerable, impossible to copeò. 

However, in the WRW scenario, only a very small additional area is vulnerable in comparison with 

the area vulnerable using the MPEH climate model, and an area of central Spain is less vulnerable 

using GFCM21 than using MPEH5. Conversely, in the SoG scenario there is considerably greater 

area vulnerable using the GFCM21 scenario than with MPEH5. Furthermore, using the GFCM21 

climate scenario rather than showing similar levels of vulnerability with different spatial patterns, 

there is considerably greater area vulnerable in SoG than in the WRW scenario. Areas of Spain, 

Corsica, the UK, Belgium and the Netherlands are vulnerable in SoG but are ñnot vulnerable, 

copingò in WRW.  

 

3.4.3 Biodiversity 

 

The Biodiversity Index identifies, for a mixed group of 11 representative species, where habitat and 

climate suitability have changed from baseline; it is a grid-cell based index. The biodiversity index 

follows a consistent trend across the socio-economic scenarios. VABIODIVERSITY increases in the 

order Riders < WRW < Icarus < SoG: a pattern that reflects the decreasing amounts of coping 

capacity across these scenarios. In terms of VPBIODIVERSITY, the same pattern is clear for the two 

utopian scenarios, however, the dystopian scenarios show Icarus to have greater VPBIODIVERSITY 

than SoG due to SoGôs higher population. In terms of the climate scenarios, the Biodiversity Index 

is shown to be one of the most climatically sensitive: low emissions scenarios show considerably 

less VP and VA than their high emissions counterparts, irrespective of socio-economic scenario. 

The CSMK3 high emissions scenario is shown to be about a third less vulnerable than the high 

emissions scenarios of the other models (Riders CSMK3 high VABIODIVERSITY = 8%; the mean of 

the equivalent variable from the other scenarios is 12.5%). This is most likely because this scenario 

is the least extreme and the most like current conditions. As such it had fewer negative implications 

on species. 
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(a) Water Exploitation Vulnerability: MPEH5, High Emissions  

WRW, 2050s SoG, 2050s 

  
Vulnerable People: 101,268,000 (20%)

 
Vulnerable People: 146,726,000 (29%)

 

Vulnerable Area: 911,081 km
2 
(20%) Vulnerable Area: 928,670 km

2 
(20%) 

(b) Water Exploitation Vulnerability: GFCM21, High Emissions  

WRW, 2050s SoG, 2050s  

  
Vulnerable People: 111,209,000 (22%)

 
Vulnerable People: 181,456,000 (36%)

 

Vulnerable Area: 920,816 km
2 
(20%) Vulnerable Area: 1,180,404 km

2 
(25%) 

 Not vulnerable, negligible Impact  Vulnerable, not coping 

 Not vulnerable, coping  Vulnerable, impossible to cope 

 

Figure 8: Water exploitation vulnerability maps showing the influence of selected climate and 

socio-economic scenarios on vulnerability for the 2050s. 

 

3.4.4 Flooding 

 

The Flood Index is based on the number of people impacted by a 1 in 100 year flood event. The 

index considers both fluvial and coastal flooding and is calculated for every grid cell. In all 

scenarios VAFLOOD increases in the order WRW < Riders < Icarus < SoG and VPFLOOD follows the 

order Riders < WRW < Icarus < SoG. 

 

Although climatic changes do influence the levels of vulnerability, the differences across climate 

models are very small (range of both VA and VPFLOOD is < 0.5%). This insensitivity to climate is 

primarily due to the fact that sea-level rise, the primary driver of coastal flooding, does not change 

significantly between the climate scenarios (from 0.12 in B1 Low to 0.3 in A1 High). Fluvial 

flooding increases in the wetter climate scenarios. However, the vulnerability index counts the 

number of cells affected. The lack of sensitivity to climate suggests that, unlike the water and 

biodiversity indices where there are significant shifts in spatial pattern, there are very few cells 

which change class between scenarios as a result of fluvial flooding. This could be explained by the 
































