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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 anaiseeconomic changeras developed This framework,

based on a wide survey of relevant literature, considers the impacts of both exogenous and
endogenous pressures on a hueavironment system, which could be a physical location (e.g.
city, village, river valley, country) or a sector (eagriculture, forestry, health). As a result of
impacts, decisiomakers 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 climatesocieeconomic changis

lower). Importantly, the framework developed in Deliverable 5.1 shows that the capacity to cope
with exogenous and endogenous pressussswell as the capacity to adapkepend on the
availability of five capitals: natural capital, human capital, social cagitencial capital and
manufactured capital.

Deliverable 4.1 thenreviews methodologies o r assessing Nfadaptive
c a p a anid hoy they may be implementeithin the CLIMSAVE IAP”. In D4.1 vulnerability is
conceptualised in terms ofig¢ prospect of suffering a decline in weding due to impacts that
cannot be avoided given the availabésources Coping capacitys defined aghe ability to deal

with climate changes (including variability and extremes) as they happen. Adaptalieimed 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 asedesarib
Deliverable 4.1 within the vulnerability framework described within Deliverable 5.1. Some
modifications have bee made in order to operationaistheir implementation withinthe
vulnerability screen of the IAP which enables users to map vulneraiispots for a selection of
ecosystem services indicatqdescribedn Section2.3).

1. Introduction

Policy-makers and other stakeholders need to better understand the future impacts of climate
change and the related vulnerabilityrafman and environemtal systemg¢Harley 2008). Current
adaptation policy and practice is often myopic, focused on improving the ability to ddpe w
current climate variabilitp nd on O6cl i mat e gernoahdngesnglomatarisksi n s t
(Brooks et al.2011). Lomerterm vision is needed and integrated assessmedels combined

with scenario analysisuch as in the CLIMSAVE projectepresent one way of facilitating this.

One of the main goals of adaptation is to reduce future vulnerability to hazards adswottiate
climate change, taking account of possible seconomic changg and indicators are needed both

to monitor progress in adaptation (procbssed or upstream indicators) and to measure the
effectiveness of adaptation (outcoimesed or downstream ditators). Identification of
vulnerability hotspots is an important form of outcome indicator, identifying where the important
vulnerabilities lie and helpingtakeholdergo consider ways in which they might be addressed.
Vulnerability is influenced bya wide range of factors social, economic, political, cultural and
environmental- and vulnerability indicators need to reflect this, while remaining feasible to
calculate and implement.

! http://Iwww.climsave.eu/climsave/doc/Report_on_Vulnerability Framework.pdf
2 hitp://lwww.climsave.eu/climsave/doc/Report_on_the_adaptive_capacity_methodology.pdf
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Many attempts have been made to measure vulnerability at difeeralets, combining measures of
exposure with measures of adaptive capacity under different scenaheglabal (e.g. Yohe et al.
2006; Brenkert and Malone 2008nhd regional scale@.g. Tate et al. 2010; Emrich and Cutter
2011). Assessments may bedzhsn 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.tktger and Schréter 2006). Braadle nethods 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 vulnergbilindicators may differ between brcazhle
assessments of the number of vulnerable people and the value of vulnerableaassétsal
analysis of policy options.

F¢ssel (2007) di stpiomguibs fpensd n bOé&ttvaend re r @abiigtyd at i o |
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 hazardoth are considered witth CLIMSAVE where the

IAP can be used to assestaptation to future climate changlee amount of adaptation that can be
implemented within a scenario being determined by availablaptive capacitywhich was
identified by Fussel as characteristioof the endpoint approach. But equal\GLIMSAVE
considerssocial adaptation and how the vulnerability of societies can be redycattluding
sociceconomic factors ithe methodology fovulnerability assessment Thus one innovationn
CLIMSAVE is seeking to strike a balance between these paradigms, integrating natural and social
science perspectives, combining a ielzard approach with political economy considerations.

It is generally recognexd that vulnerability is multidimensial and differential, varying across
physical space and among and within social g
studies have focused on the vulnerability of particular sectors to cliamtesocieeconomic

change and crossectoral approads are rarely used. A sectoral approach to vulnerability
assessment is set out in the framework proposed by Villagran de Leon (2006), bisectoss

i nteractions are not etalX2004)ifocused bnythree sectpimutdlid not (OXo)
examine crossectoral impacts. An indirect cressctoral approach to vulnerability assessment is
described by Schréter (2009) who investigated vulnerability of several sectors to changes in
ecosystem services resulting from a combination of climate artluse changes. Crosgctoral
interactions can be considered via integrated modelling, as in the ReglS integrated assessment in the
UK (Holman et al. 2005 a and b), examining impacts of regional climate change and socio
economic change on flooding, agriture, water resources and biodiversity in East Anglia and
northhwest England. An important aim of CLIMSAVE has been to advance the treatment ef cross
sectoral interactions in vulnerability assessment.

The CLIMSAVE approaclis similar to the concemdgted inthe ATeam project (Schroéter et al.

2004; Metzger and Schréter 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 wer@rojected 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 fAadapti ve rtlegameeptofy 0 t
Afcoping capacityo. C ogpoundey in @ diyeapitalst modeli obesoarce ¢ 0 n ¢
availability, with a clear focus on developing iés that reflect how individuals within society
would be able to cope at the moment a crsieevealed: how much of which capitals do they have

to draw on? This directly addresses the critique noted Sohréter et al. (2004 which the
stakeholders were ambivalent regarding thi€eam index, accepting it as a first attempt to capture

the regimal context in which they make decisions, but with reservations regarding the choice of
indicators used as components of the index, and bedariadaptive capacitgf individualsis not
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captured by the indexA further differencewith the CLIMSAVE methd isthat we have addressed
this potential ambivalence by drawindjrectly on stakeholder input, using scenaspecific
projections of the capitaldeveloped by stakeholders in participatory workshé&psthermore, our
projections are tied directly to thedciceconomic scenarios, rather than driven by deterministic
correlations with GDP and population changes (Schrotal. 2004). The indicator variables used
by the CLIMSAVE approachare selected to have greater focus on individual$or example
persmal savingsand income are usedther than GDPTaking account ofttese factorensureshe
CLIMSAVE method is delivering something neamd not solely focusing on eitherdividual or
nationatscale adaptive capacity. Instead @aaemtext remains firmlythat of regional longerm
planning and we highlight the different factors influencing the ability to cope with the combined
impacts of climat¢ and socieeconomic change across multiple sectors

2. Method
2.1. The CLIMSAVE vulnerability index

The CLIMSAVE vulnerability hotspot approach aims to assess the spagigtiljycit impacts of

future scenarios on human wellbeing. To do so it breaks vulnerability down into three key elements:
() the severity of the impact itselfii) the level of adaptatiom placethrough specific management
optionsto reduce the impactand (iii) the extent to which humans are able to draw on their
avail able resources (both tangible and soci e
c a p a d.ocatigndwhere thdevel of impact following adaptation is greater tream ¢ i &bility 6 s

to cope are considered vulnerable.

4. Upper

E Coping K

| Threshold 5. Coping

g Range

=1 3. Lower v

vy ) C —-— e —
9 e Coping

a T an

Ad = adaptation; CC = coping capacity, NI = negligible impact
Figure 1: Schematic overview of the CLIMSAVE vulnerability approach

Figure 1 illustrates how these elements are combined using output frohIM8A&V/E Integrated
Assessment Platform (IAP). Impact is modelled using the IAP integrated modelling framework that
includes models for a widenge of sectors including urban development, agriculture, forestry,
water provision, flooding and biodiversityh& user is able to map impacts for each of these sectors
under a wide range of future scenarios by customising climate projections andcmuionic
scenarios (1). Adaptation is represented within the IAP as a series of sliders which allow the user to
modfy the socieeconomic scenario variables (for example, increasing the level of flood defence).
Adaptive capacity changes withe socieeconomicscenario and this is reflected by the different
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ranges within which it is possible to move the slider withifecent scenarios. The resultant impact
foll owing adaptation is termed Aresi dual i mpa
human welbeing. The extent to which weleing is affected depends on three further factors. The
first, termed t he Al ower coping thresholdodo is the | e
on human welbeing can be considered negligible (3). This could reflect, for example, very small
puddles or pooling resulting from flood water overtopping a dam. €he e n d , termed t
coping thresholdo is the | evel of resi dual [
matter how resource rich, could cope without impacts on humarbeiell). Areas with impacts

above this threshold will therefore alvgape vulnerable (4). Between the two thresholds is the
Afcoping rangeo, any residual i empsicgniwfiitchda mt t
i mpacto as it has the potenti al to contribut
deternined 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 capitaldiuman,social, financial andnarufactured. 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 vlnerable 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 resourcesctnat contribute to reducing the severity

of impacts on human welleing. 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 gemaérevel, 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 potentiaindicator variables (Table 1) were identifiegpresenting the fourapitask.

These potential indicators were analysed basefivenguiding principles{(i) appropriateness, there

must be a clear conceptual tie between the variables and the capital that they are used to represent
(i) open access, the data used must be freely accessible within the public ;d¢imain
independence, the selected variablestave a low correlation with the ottelectedndicator
variables;(iv) fixed asset, resource stocks were preferred over flows and eatégv) spatial
resolution, fine spatial resolution datasets were preferred over those at the country scale.

Eight variablesvere finally selected; two representing each cafitable 1) Theseancluded four

at the NUTS 2level and four at the NUTS Olevel. All datasets were freely available and the
majority of datasets were available from Eurostat (http://appssustat.ec.europa.et)owever

World Bank and Eurobarometer datasets were also used. For human Gapifalf e ex pect ar
itertiary educationo were selected as they |
considered (r=0.26) and cleartgpresented 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.
il ncomei tiynee qumd 0 hel pveravselected as they dad the Ioveest correlation of

all variables (r=0.36) and represented two key aspects of social capital: inequality and community
support. Further mor e, i h ellwph corrbptiam percéptioa, drtiseance d o
volunteering metrics (rO00.62) suggesting that
capital related to trust. Financial capital variables also showed highcoretations, and all

~

variables, exqge t Anet household savings rateo, had c
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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 #tte NUTS 2 level and correlates highly wi national wealth (r=0.91
with GDP). ANet household savings rateo was
variableas it had the | owest correlation with #fAh
different aspect of fiancial capital:potential longterm financial reserves. Manufactured capital
vari ables were chosen to reflect two aspects
capitalo variable describes the totalwhistum of
it ransport o dat asirffrasouctureE(toadorails and navigadiel inkandt waterways)

that might be drawmupon to cope with a crisis. Transport data were standardised by area since
standardising by population disproportionately privileged sakg#éh 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 vaables considered during the indicator analysis. The
eight selected variables are marked with a tick\) .

Variable Spatial | Data Source iV
Life Expectancy NUTS2 | Eurostat vV
< | Tertiary Education NUTS2 | Eurostat iV,
8 Longterm Unemployment NUTS2 | Eurostat
T [HRsST (Human resources in Science and technology) NUTS2 | Eurostat
Income Inequality NUTSO | Eurostat vV
Help when threatened NUTSO | Eurobarometer | v
At-risk-of-poverty NUTSO | Eurostat
Corruption Perception NUTSO H&Tﬁgﬁ;ﬁg‘;y
-g Trust NUTSO | Eurobarometer
) Volunteering NUTSO | Eurobarometer
Household Income NUTS2 | Eurostat Vv
Household Financial Assets NUTSO | Eurostat
Household saving rate NUTSO | Eurostat
Net household savings rate NUTSO | Eurostat Vv
FinancialAssets (% of GDP) NUTSO | Eurostat
_f_g Net Foreign Assets NUTSO | World Bank
§ Net National Assets NUTSO | World Bank
L | GDP NUTS2 | Eurostat
Transport (Density) NUTS2 | Eurostat
g Transport (Area) NUTSZ2 | Eurostat \V,
g Transport (Pop) NUTS2 | Eurostat
% Produced Capital NUTSO | World Bank v
= | Construction NUTS2 | Eurostat
Eurostathttp://appsso.eurostat.ec.europa.eu
Eurobarometer (2005Mttp://ec.europa.eu/public_opinion/archives/ebs/ebs 223 en.pdf
Transparency international (201h}tp://cpi.transpaency.org/cpi2011/in_detail/
World bank:http://data.worldbank.org/datatalog/wealtbof-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
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variables and high and low levels of capital are not linear. Fangbea 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 semionomic scenarios reflect futures where
conditions are considerably differeinbm thepresent 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 semimomic scenarios and expert
judgement To account for notinearity, 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 distributvenliokig 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 theigraphs 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 socieeconomic scenarios

The CLIMSAVE IAP focuses on four soeeconomic storylines (Kok et 2013 and covers two

time steps (from baseline the 20205 and fromthe 202Gs to the 205Gs). During the creation of the
storylines stakehol@rs 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 tndp scale wash a n g ¢
developed to translate the stakeholdetermined changes into increases and reductions in the
indicator variables. For changes from baselinght 2020sa stakeholdec | as si f i ed A mc
change was reflected by a shift of a single clasthér positive or negative) reflecting the
stakehol der classificati on. -classshit Fajdhanges fndimer ge w
202Gs to the205Gs these shifts were doubled in weight reflecting the length of the time period being
double that fromthe baseline tadhe 2020. As such a moderate change frim 2020 to the205G

was reflectedbyatwo | ass shi ft, and -dasdishift. ghiscreatethalld glass by
system with baseline (0) in the centre and classes-8dm+6 on either side (Figure 2).

The quantification of each indicator in each of these classeanvdastakerwith reference to expert
judgements on the plaub | e dbéabsoluted maxi mum and mini mt
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 methodologitit@ p
changes, negative changes follow the same method, but inverted. First, it was decitheduiaer

limtf or a A hiigthed2020shautd heeset to the absolute maximum valughfe2020s

(class 2+ in Figure 2)A Aimoderaté change waset to half way between this value and baseline
(class 1+ in Figure 2)Second, it was decided that the lower limit shouldb®butsidehe range

set by the current distribution at baseline within the 2@2@nario; instead the lower limit was set

to 50%0f the current di st r(dabst)and halfwhybetwean thishandg h 0
baselinfor afimoderaté ¢ h (@lasg Je+) Third, for changes betwedine 202G and 2058 it was
decided that the 2050s maxi mu rhangednthé205Glevenir e ac h
no change had occurred from baselineh®2020s. This meant that the upper limits for classes 4 to

6 were set to the absolute maximum; the upper limit for agss set to the midpoint between the

limit for class 2 and clasé. Finally, it was determined that data would obé/outsideghe 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 gwhdérl @
changen the202G followeda fi h i g hio the20565)n Tohis 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 hen 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 simpliciy. By adding together shifts between the two time blocks it easily allows
cumulative changes to be representedhcluding situations where the direction of change is
different.

Max : 20505 max
Min : 2020s Max

Max : 2050s max
Min : midpoint of Current max and 2020s max

Max : 2050s max
Min : Current Max

Max : midpoint of Current max and 2020s max
Min : Current Min + 0.75(Current Max— Current Min)

Max : 2020s max
Min : midpoint of current distribution

Max : (2020s Max + Current Max )/2
Min : Current Min + 0.25{(Current Max— Current Min)

e 0
Max: Current Max
Min: Current Min
. 1o
Max : (Current Min + 0.75(Current Max — Current Min)
Min : (Current Min + 2020s Min)/2
. 2
Max : midpoint of current distribution
Min : (2020s Min)
. 3
Max : {Current Min + 0.25(Current Max — Current Min)
Min : {20205 Min + 2050s Min)/2
* 4
Max : (Current Min)
Min: 2050s Min
s 5
Max : midpoint of Current min and 2020s min
Min: 2050s Min
* 6

Max : 2020s Min
Min: 2050s Min

(RN L I A N I e

Figure 2: The sliding scale used to create a flexible coping capacity ss.
2.2.4. Calculating coping capacity

Coping cpacity was calculated as thewsighted 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 thesliding-scale classes that reflected the stakeheddbrcted 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 seenario

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 regsent a crossection of ecosystem services categories. Two indices
were selected for provisioningnd culturalservices and one each for regulatengd supporting
services. The six indicators wel@: a food index (provisioning)(ii) the water exploitaon index
(provisioning); (iii) a flood index (regulating);(iv) a biodiversity index (supporting)iv) a
landscape intensity index (cutal; reflecting the negative consequences of land use intensification
for broader environmental quality and humanllivieeing and (vi) a landscape diversity index



(cultural; reflecting the role of land use diversity in supporting landscape aesthBtieg)etail of
these indices is explained in the resufisdtion3.4).

For each of these indices upper and lower mpghresholds were chosen in consultation with
sectoral experts and the modellers responsdsleach variableThe thresholds for the food index
were, for example, based on the daily calories required for rfthieseing 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 twé society once the

t hreat has been identified (1i-whatfweanarbee ndootn
such, copi ng do e sternd reseach br onanufctuned salutigns, bub cogd reflect
the gplication of existing resean®r 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 andakseié
rationing; drawing on financial capital to import food from elsewhere or purchase technological
solutions; drawing on manufactured capital including available technology (refrigefetezers/

food processors) and transport networks to acdéges mesources; 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 Copirtydsholdi Lower Coping Threshold
Equation 2: Significant Residual Impact = Residual Imjpdaiwer Coping Threshold
Equation 3: Vulnerability Index = Significant Residual Impact / Coping Range

These variables are then used to classify all areas intocfasses( i )ot viiinerable, negligible

i mpact 0: where residual i mpact ;(is) |esst thahrt
copingo: where the significant nrnesidudaivuil mepaa
c o pi n g othe copihgecapacity is not great enough to deal with the significant residual impact

and(i v) Avul nerabl e, i mpossi ble to copeo: wher

coping threshold. Summary statistics, in terms of the total vulneral@lle@adenumber of vulnerable
peoplearecalculated at the European scale using the two vulnerable classes and summing the area
and population of cells identified as vulnerable. Furthermore, -sexgsral aggregate vulnerability

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

The CLIMSAVE IAP provides an opportunity to explore the four s@onomic scenarios
combined witha range of climate scenarios. Five global climate models (GCMs) chosen to
represent the range of wartainty 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 scenarid31(A42, B2).
In this aralysis the four soci@conomic scenarios were run under each GCM twice, Wiigh a
Ahi gh emissions scenari o0 where SRES sce
and secondf or a Al ow e mwhers SRES scenaroHmas selectaavi t h
climate sensitivity This resulted ira total of 40combinedclimate and so@-economicscenarios.
The spatial pattern was mapped for each scenario and the number of vulnerable people (VP) and
total vulnerable area (VA) was redad; the 2050s timeslice was used in all cases.

ar i
| (

nar
Al ow
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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 isafjgneasry high (7282

years) and the majority of countries have high levels of tertiary educatie860h% As such, of all

the capital stocks available for coping, human capital is the most widespread resource consistently
available at a high level. Thee&lthy, well educated population of Europe is one of its greatest
potential resources for coping with climate impacts.

(@) HUMAN (b) SOCIAL
(life expectancy? and tertiary educatiofl) (income inequalit}’ and help when threaten®d

(C) FINANCIAL (d) MANUFACTURED
(household incom& and household savings rife | (transport (aredf and produced capit)
Class Standardised
Index Value

F Very High >0.8

High 0.6-0.8
Medium 0.4-0.6
Low 0.2-04
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 capitabthernandcentralEur ope) have dhigh

Aivery higho social capital and | arger areas,
levels of social capital. Italy stands out with low social capital. This is a result of Italy having a
particularly lowwa | ue f or fihel p when threatenedo, 18%

and a relatively high inequality index (ranking™Hhighest of 26 countries). Whilghe choice of
indicator is bound to have an impact on the patterns highlighted in the dateaeisularly when
datasets such as opinion surveys are wused,
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t hr e a vagablecdrelated well with other inditors such as corruption perception, trust and
volunteering. Italy, for example, had the fthu 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
arecontinuous. As such whilst Italy was the only country to fall beneath the 0.4 threshold Portugal,
Hungary, Romani a, Greece and Spain al/l had so

The financial capital maffFigure 3c) showa pattern of moderate and low capitad Europe with
northernand central Europe having relatively higher financial capital than the majorigasiern

and southern Europealong with much ofthe United Kingdomand Ireland NUTS 2 areas
containing key cities are also apparent as higher pettsn 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 capith 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 te205Cs. A classification
capital is therefore low with respect to a potential future where in the most affluent areas income
quadrupls from their current values (fromcurrent EU naximumof2 6 , 3250 to 100, 00
household savingsiore than doubléfrom 95 0 0 04 ,& 000 (2)5. It is also I mpo
variables selected are focused on the household level at which coping would take place.
Furthermore, by including hoekold 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 ltaeng tle greatest

net household savings,®®00u/ capi t a) .

The manufactured capital m&pigure 3d) indicatethat the highest capital stocks are in France,
Belgium, Switzerland, Denmark, the Netherlands aondthern England, locations traditionally
recognised fortheir high density transport infrastructure. Conversely, the lowest manufactured
capital stocks are in Portugal, Romania, Bulgaria and Greeeas with both very low transport
density and produced capital stocks. This overall trend matches well withfrdsgructural capital

maps produced by Greiving et al. (20XAppendix E) who useindices for road network density,
sustainable water use and hospital bedsch highlight lowvaluesin southern Europe, particularly
Portugal, Spain, Italy and Greec€he Greiving maps differhowever with easternnations
particularly Finland, Latvia and Lithuanibighlighted as having some of the highest infrastructural
capacitiesbut these countriebave lowmanufacturectapital in Figure 3d The main differences

here are the inclusion of produced capital within the CLIMSAVE manufactured capital index, and
Greivingés inclusion of sustainabl e water us:
capital as a component of coappiintgalcoa ptaoc iptryo vwed ¢
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 witt
impacts by moving populatis. An investigation of the data suggests that areas such as Latvia and
Lithuania, whilst relatively rich in terms of infrastructure (ranking” Ehd 13" out of 27) are
relatively poor in terms of overall physical assets (rankiff @&l 24, respectiely). Conversely,

locations such as Ireland and Finland, which rank high for produced cagitaan@® 14,
respectively suffer from haing lower manufactured capital due to their low transport infrastructure
densities. In the Greiving maps, Ireland aRishland 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 capacitpks 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 inease and decrease with changes in its ssmoomic future. The
differentiation in classes between higand lowmedium 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 twoegitns of Bulgaria map

out as Avery | owdo and there is significant
Netherlands and Switzerland, nowtlestern Norway andhe 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 indbased projects (Schroter et al., 2003, Metzger et al., 2006
and Acosta et al., 2013) piaularly those of Greiving et al. (2011; see Discussion).

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

The method maps a significant variety of spatial patterns that reflect the storylines of the scenarios.
For exampl e, in the AWe are the worl dodo scen
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 mot®ftooperation. 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 thrdughe 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
il csadr us c enar i oterm policg plenning lamarat stagnating economy lead to the
disintegration of social fabric and a shortage of goods andcseend reflected by an initiacrease

in financial capitaland amoderatdoss of social capital followely high losses of humanoapital

and moderate losses fafiancial and manufactured capitals in the 2050s. The coping capacity maps
reflect these changesell by showing an initial improvement in coping capacity in many places
resulting from the shotterm plicies. 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 expectsmyarshauldlgoadme( Sy Gl
shows a continual decline in coping capacity
significant improvements following a slow start (for more detailthe scenarios see Kok et al.
2013).

3.3. Vulnerability

Vulnerability maps can be created for eaxfhthe ecosystem service indica@nd eachof the
combined climate andociceconomicscenarig for the twotime 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 projectiondathe socieeconomic scenarid he vulnerability maps

can be produced before or after adaptation within the IAP. The results shown here are without
adaptatonFi gure 5 il lustrates a worked example f .
i Ri de hes2062@and 2058 time slices.
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Figure 4: Estimating coping capacity: (a) coping capacity mapfor baseline; (b) coping
capacity maps forthe four CLIMSAVE sociceconomic scenarios irthe 202G and 205G; and

(c) the changes in capital stocks drivinghe changes as estimated by stakeholders at the sacio
economic scenari o workshops. AHO = high =and
negative.
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(a) Biodiversity Vulnerability, 2020s

WRW, 2020s Riders, 2020s
MPEHS5, High Emissions MPEHS5, High Emissions
Vulnerability index @\ | Vulnerability index @\
Q Q
Vulnerable People: 34,141,000 (7%) Vulnerable People: 66,207,000 (13%)
Vulnerable Area: 358,039 km” (8%) Vulnerable Area: 615,294 km” (13%)
(b) Biodiversity Vulnerability, 2050s
WRW, 2050s Riders, 2050s
MPEHS5, High Emissions MPEHS5, High Emissions
Vulnerability index | @\ Vulnerability index @\
Q Q
Vulnerable People: 88,754,000 (18%) Vulnerable People: 50,173,000 (10%)
Vulnerable Area: 951,652 km” (20%) Vulnerable Area: 557,183 km* (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
sectorfor selected climate and soci@conomic scenariogn the 2020 and 205G

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 st ovheselEurapeis dndasrowmirRhedlebalsnarket, ishaso n e
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 secamomic scenarios reflect a positive mov

forward in terms of soci al and human capital
of the AWRWO scenario is reflected as a | arg
economic downturn of t he aB Ridemense dn fisaocwin and i o
manufactured capitals |l eading to AWRWO havi ng¢

aaoss Europe ithe202Gs (Figure 5a).

| n the worked exampl e, t he combinati on of t
ivul nerabl e, not copingo (orange) areas highl
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could be coped with given sufficient capital. The spatial pattern of this combined area is very
similar in both socieeconomic scenariogs the 2020sHoweve, the proportion that is vulnerable

due to its inability to copéorange and red combinechanges notably between the see@mnomic
scenarios with areas of the UK, France, Italy, Lithuania and Bulbaiymore able to cope with

the impacts on biodives i ty i n t he A WR Wsecentrio @ahis isireflectedhinethefi Ri d
summary figuregor the 2020s358,039 krfiis mapped as vulnerablen i WRNeas 615,294
km’is vulnerable in fARidersbo.

Inthe2056, t he ARi derso storyline indicates that

paid off, protecting Europe from some of the worst impacts of climate change, positioagsy it

leader in green technology markets and improving its position invtmd economy; this is
reflectedin a si gni fi cant i mprovement i n al |l capit
conversely, is a storyline of steady increase, but a move away from market economies, this is
reflected by similar increases imuman, social ard manufactured capitalsout a decrease in
financial capitaland as a result a slightly lower copiogpacitythanfiRiders in the UK, Austria

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

In the worked examp]doth the influence of thimcreasing climatic pressures and the influence of

the changes in coping capacity are identifiable. A comparison of thes 2082058 maps for both
sociceconomic scenarios reveals a reduction in t
great¢ proportion of both maps in the AVulnerab
indicate that sociglimatic pressures have increased the significant residual impact with respect to
biodiversity for Europe. In some areas, such as southerng~thaancrease in significant residual
impact is reflected by an increase in vulnerability in both scenarios. However, the increase in

coping capacity in ARidersodo means that some o
were vulnerable unddiRiders in the 202G are no longer vulnerable ime 2050G. Furthermore,

areas of Hungary, Romania and Greectha205G aremor e v ul ner abl e i n t he
than they are in fARi der s 0. aredimiRWA ircreasirgffrore ct e d

358,039 km (2020) to 951,652 krh (205@), whereas the vulnerablreai n A Ri der s o de
from 615,294 krh (202@) to 557,183 krh (2050s) The ability to explore vulnerability spatially in

this way, and to unpick the different roles played by diffes@giceconomicscenarios 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 d@mbined climate andociceconomicscenarios(a)

the number ofvulnerablepeople and (b) the vulnerableareawith respect to six sectoral impacts
(represented as ecosystem service indicat®ts) relative levelsf vulnerability reproduced are in

line with expectations based on the seetonomic scenarios anithe climate projections. In
general termsthe more dystopian scenarios (SoG/Icarus) show greater vulnerability in terms of
both the number ofulnerablepeople and theareavulnerable than the more utopian scenarios
(WRW and Rides) for the majority of sectors. Similarly in mosases, the more moderate climate
scenarios (Blemissions low climate sensitivity) generally have lower vulnerability than their
extreme counterparts (Ag&missions high climate sensitivity). In terms ofthe socioceconomic
scenariosthese general trends reflect the lower significant residual impacts in the scenarios where
innovationis successful, and higher coping capacitidgerehigher capital stockare available in

the utopian scenarios. In a climatontext, vulnerability tends to be higher in high emissions
scenarios as these scenarios tend to experience the greatest climatic changes, svbrelatput
stress on thecosystem serviee However, in addition to these general trends, Figure 7 shotvs tha
the indices show a more nuanced impression reflecting the exact combination of climate model,
level of climate sensitivity, socieconomic scenario and sector.
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3.4.1Food provision

The Food Provision Index is a grid ctdlvel index of selsufficiency 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 widespreaccwdtgrral 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

consideed 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 gopira 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 climatenarios showing VA roop between

20 and 35%. SoG has considerably smallerdéh (<5%). This is due to the fact thah contrast to

the utopian scenaripagricultural yields are low, GDP and irrigation efficiency have decreased, and
the population hashown no change in dietary patterns away from spdeasive meat production.

In comparison witlthe dystopian Icaruscenario which shares many of these problems, the SoG
population is growing fast (+23%), rather than declink®§4). The combinationfall 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 Hauggs projected to produce little to no food, in SoG
there are very few grid cells thdo not produce foadThe ordering of the scenarios in terofs
vulnerable population (VP) is different: ¥&pin SoG isof the same order of magnitude to that of
Icarus and WRW (between 27 and 38%) and it is Riders that has notably lowssp(R 25%).

This differencebetweenVP and VAIn SoG with respect tthe sociceconomic scenarios reflects

the fact that, although food is being grown wherever possible, urbas) est@ah do not grow food,
remahn vulnerable. Furthermore, witlin increasing population in SoG thesehanareas become

even more dependent onots areasthat supply food: and more vulnerable in terms of food
provision.

In terms of climate, there is edlvely 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
thereis 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 hotegrGHCM21 scenario the vulnerability

to food provision is projected to be less because food is being grown wherever possible, at the
expense of other |l and uses. A comparison of
the milder CSMK3 scenario etvs that the increased stress on the system leads to food being
produced higher into the Alps and in areas of Sweden, France, Austria, Huggfarnjia, Latvia

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

3.4.2 Water gploitation

The Water Exploitationndex (WEI) takes into consideration both the availability of water and its
utilisation for human consumption, agriculture andustry The index works at the level of a river
basin and allocates the same level of wdbdity to all grid cells withireachriver basin.

In general, the WEI shows increasing vulnerability through the ssmmoomic scenarios in the
order Riders < WRW < SoG < Icarus both in terms of VA and VP. Furthermore, low emissions
climate scenarios hew less vulnerability than their high emissions counterparts. There are
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differences betweeclimate models with those which are generaillder andwetter (e.g. CSMK3)
showing considerably less vulnerability th#rose which aréhotter and drier (e.g. GFCM2J).
Furthermore, in some scenarios, such as MPEH and IPCM the difference betweetsnoiic
scenarios is much less notable, than in others (such as GFCMi2d)s illustrated inFigure 8a

Both the WRW and SoG scenarios have approximately 900,8nT vulnerable area when
combinedwith 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
whereaghese areas show some vulneraépiln SoG. Thesdlifferencesare 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 not in SoG. Such differences exist despite

WR W0 s hehcoping 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 particutddigle 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 vulnerabiltytha SoG i s the fact that So0oG6és r
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 GFCbligdiate modelthe level of vulnerability
increases nbot h scenari os, with more areas <cl assi
However, in the WRW scenario, only a very small additional area is vulnerable in comparison with
the area vulnerable using the MPEH climatede| and an area of central Spasnless vulnerable

using GFCM21 than using MPEH5. Conversely, in the SoG scenario there is considerably greater
area vulnerable using the GFCM21 scenario than with MPEHS5. Furthermore, using the GFCM21
climate scenario rather than showing similar levelsuwherability with different spatial patterns,

there is considerably greater area vulnerable in SoG than in the WRW scenario. Areas of Spain,
Corsica, t he UK, Bel gium and the Nether,) ands
copingo in WRW.

3.43 Biodiversity

The Biodiversityindex identifies, for a mixed group of 11 representative spegle=e habitat and
climate suitability have chanddrom baseline; it is a gridell based index. The biodiversity index
follows a consistent trend across theciceconomic scenarios. opiversiTy Increases in the
order Riders < WRW < Icarus < SoG: a pattern that reflects the decreasing amounts of coping
capacity across these scenarios. In terms @fic¥RersiTy, the same pattern is clear for ttveo
utopian scenarios, howevethe dystopian scenarios show Icarus to have greatgiodiRrsiTy
thanSoGduetoSo G6s hi gher p o phadinsateiscenarios, the Biodieersimdex o f
is shown to be one of the most climatically sensitive: low emissoesarios show considerably
less VP and VA than their high emissions countesparespective of soci@conomic scenario.
The CSMK3 high emissions scenario is showrbécabout a third less vulnerable than the high
emissions scenarios of the otimeodels (Riders CSMK3 high MAopiversity = 8%; the mean of
the equivalent variable from the other scenarios is 12.5%). This is most likely bdgais®nario

is theleast extremand the most like current conditions. As such it had fewer negative atipiis

on species.
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(a) Water Exploitation Vulnerability: MPEH5, High Emissions
WRW, 20505 SoG 2050
Vulnerability index @\
Q
.
VulnerablePeople 101,268,000 (20%) VulnerablePeople 146,726,000 (29%)
Vulnerable Area: 911,081 Knt20%) Vulnerable Area: 928,670 Krt20%)
(b) Water Exploitation Vulnerability: GFCM21, High Emissions
WRW, 2050 SoG 2050
VulnerablePeople 111,209,000 (22%) VulnerablePeople 181,456,000 (36%)
Vulnerable Area920,816 kri(20%) Vulnerable Area: 1,180,404 Kr{25%)
Not vulnerable, negligible Impact Vulnerable, not coping
Not vulnerable, coping Vulnerable, impossible to cope

Figure 8. Water exploitation vulnerability maps showingthe influence of selected climate and
sociceconomicscenarioson vulnerability for the 2050s.

3.4.4 Flooding

The Flood Index is based on the number of people impacted bynal@0 year floodevent The
index considers both fluvial and coastal flooding and is calculdedevery grid cell. In all
scenarios VA oop increases in the order WRW < Riders < Icarus < SoG ango¥pPfollows 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 andeM3p is < 0.5%). This insensitivity to climate is
primarily due to the fact that séavel rise, the primary driver of coastal flooding, does not change
significantly between the climate scenarios (from 0281 Low to 0.3 in Al 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, tinékeater and
biodiversity indices wher there are significant shifts in spatial pattern, there are very few cells
which change class between scenarios as a result of fluvial floddirsgcould be explained by the
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