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Summary

The IMPRESSIONS projiats to quantify and explain the consequencestf e@i OSy | NA 23 Q 2
extreme climate, social and economic chamgeto 2100 These scenarios have beenaeatedwith
stakeholderswithin several case studiest different scalesand appliedin climate changeémpact,

adaptation and vulnerability models texplbre what futures undehigh-endscenarios mightook like

Thescenarios support theevelopment of W (i K ¢ | nditi§aflon,2adaptation and transformatign

whichare robust in the face aincertainties and support transformations towards sustainabilityda

resilience in the context of higénd scenarios

Thisdeliverablereport focuses on a particular component of the IMPRESSIONS work: the development

of indicators of adaptive and coping capacity, and their integration in the scenario and pathway
developnent and modelling research. & Wl Rl LJGA @S O LI OAGe Q> ¢S YStIy
available to societies to design and implement adaptations in advance of changing climate and socio
SO2y2YA0 O2yRAGAZ2Yad . & WO 2adudoAabilides avhiléble boedexlings S Y S
with extreme events and conditions as they happen. This research to explore and model the capacities

of societies to adapt and to cope wittigh-end scenariosand to expand these capacities via adaptive

and transfornative pathways, forms key input both to assessing the feasibility of adaptation actions

and to the assessment of vulnerability to residual impacts

Ly GKA& NBLRNIX ¢S adzYYFNAR&ES (KS YS(iK2R2f 238 RS¢
capacites to adapt to and to cope with higéind scenarios of climate and so&@oonomic change, and

explained how this was integrated with the modelling and with the development and analysis of the
scenarios and pathways.

The research included a review of the pis for modelling adaptive and coping capacities, which are
not directly observable features of societies but rather metaphors for the vast range of ways in which
the physical, financial, human and social resources available to societies shape andircdhstra
adaptation and coping measures they are able to introduce, and help to determine how effective those
measures will be. There are many ways in which thapadities could be representetihe report sets

out the rationale for opting to build on a freework that derives an index of capacity from indicators

of the stocks of human, social, financial and manufactured capital available to societies. This has the
advantages of being grounded in a theoretical model of wealth creation, being relatively ®asy t
communicate and understand, while remaining flexible enough to represent a very wide range of
possible scenarios. The capitals indicator framework was modified and extended to 2100 and
integrated within the IMPRESSIONS IAP2 modelling platforms for Eamdgcotland, in the form of
constraints on the adaptation options, and as a key component of the vulnerability assessment.

The capitals framework was also usedipart otthe process of building the scenarios and pathways in
IMPRESSIONS, via assessmédnbaseline capital levels, and iterations between experts and
stakeholders to establish how capitals evolve along pathways. The capitals are also used as
determinants of capacity to adapt, influencing the effectiveness of adaptation options in both the
guantitative and qualitative streams of the pathways analysis. In the quantitative (modelled) stream,
the capitals avadlible are included in the IAPEor each time slice, they constrain the ability to
AYLX SYSyd FRFELIGFGAZ2Y 2 Llifér 2tk optdid Mheyliaks® infliehce Yha G A y 3
vulnerability analysis via the amount of coping capacity available in each region. In the qualitative
stream, the availability of capitals is taken into account in determining the expert score for the
effectivenesof each action. Building up adaptive and coping capacities is itself an adaptation option
that is strongly represented in the pathways developed within all of the case studies in IMPRESSIONS
and that feeds back to the assessment of effectiveness and \albiitigy. In the report, we present the

results of adaptation strategies, @eveloped with stakeholdersyhichresults in improved capacities

to adapt and cope in both the European and Scottish case studies.
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1. Introduction

Wl ASTKRQ & OSy I ékiketnhd clindate difd (soci@cdnomicchange are those thatelate to
climate change levels at the upper end of the range of possible futti€S include the underlying
socioeconomic storylines, both as the drivers of emissions (and other contextual factmishsa
narratives that capture a range of plausible societal challenges to adaptation and mitigation, as well as
the ability of society to cope with the impacts of climate change.

Whilst the Paris Agreement aims fomit climate change to 2°C above pgrelustrial levels and to

pursue efforts to limit it to 1.%5C,it is increasingly plausible that global increases imm&mperatures

will surpass thse thresholds, perhaps substantially (IPCC 2014; Smith et al. 2011). HES are considered
in IMPRESSIONS asdhideyond tle 2°Ctarget, including worlds of +4°C and higher. Such changes
could lead to highly detrimental environmental, social, and economic consequences. There may also
be critical thresholds that could tip current soegological systems into othestates,with largely
unknown consequences that are probably less socially desi(Rlolekstrom et al. 2009; Steffen et al.
2015; Lenvn et al. 2008; Russill 2015).

Actions and responsem the face of HESvill involve some balance of mitigation, adaptat)
transformation and residual damages (Tinch et al. 20D8Bificult decisions need to be made regarding
the appropriate balances of thesactions and their associatedutcomes. Desirable societal
transformations are likely to be needed to copevith high-end climate change Improving
understanding of such transformations under HEQuires new approaches that can deal with non
linearity and deep uncertainty, link climate resilience to broader considerations of sustainability and
resilience, and foster nmre fundamental changesf societal practices, values and production and
consumption processet overcome underlying path dependencies and totk (Hermwilleet al.
2017; MeadowcrofR011; Shaw et al. 2014).

The IMPRESSIONS propats to quantify andelain the consequences of HES, taking into account
uncertainties and strong nelinear changes related to these scenari@s well asthose with
intermediate warming levels. Higgnd climate and socieconomic scenariobave beenco-created
with stakeholarsat multiple scales within several case studiese Deliverables D2-Xok and Pedde
2016 and D2.3- Madsen et al. 2016and appliedin climate changeimpact, adaptation and
vulnerability (CCIAVinodels toexplore what such futures under extremenctite change could look
like (see Deliverables D3A:Larter et al. 2016; D3B-Holman et al. 2017; and D3C.Zlarke et al.
2017). The aimwas to develop mitigation, adaptation and transformation pathways thatduce
synergies between adaptation andtigation, develop resilience regarding uncertaintiaisd support
transformations towards sustainability and resilience in the context of -bBigth scenariog(see
Deliverable D4.2HdlIscher et al. 2017)

This report focuses on a particular component oé ttMPRESSIONS work, the development of
indicators of adaptive and coping capacity and their integration in the scenario and pathway

development and modellingesearch Thisg 2 NJ| & dzLJLJ2 NIl & L a ttoweSplofelthe b { Q NE

capacities of societies to adaphd to cope with HE&and particularly how the pathways that were
co-created improve these capacitief forms akey input to assessing the feasibility of adaptation
actiors and to the assessment wlilnerabilityto residual impacts

1.1. Backgroundand defnitions
IMPRESSION8velopedfour HESin each of its case studies (Deliverable DX2k and Pedde 2016),

which represent alternative futures of what the world could look like in th& @antury. It also
developeda vision for thedesirablefuture that stakeholders wanted in 210 each case styd
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(Deliverable D4.2Hdlscher et al. 20371t thendevelopedadaptation, mitigationand transformation

pathways to achieve that visiofDeliverable D4.2 Holscher et al. 2007 Al these activities were
undertakenin collaboration with stakeholders through a facilitatedmmduction processThis work

requiredthe ability to quantify and representn the CCIAVhodellinga 2 O A &apakiiSsiaadapt to

climate change and to cope with residual damagethe scenariosandalso to represent how these
capabilities can be built upr degraded along pathwayd actions.Important definitions related to

this work are provided in Box 1.

Box 1: Definitions of relevance to the work on quantifying adaptive and coping capacity

High-end scenarios (HE8gscribe whatouldhappento climate and soci@conomic conditions in
the future & the more extreme end of what is possible.

Visions are normative statementsbout a desirablesustainableand resilient future.

Pathwaysare formed of kort-, medium and longterm actionsthat can be clustered together i
strategiesthat seek to realie specificaspects of aision.

Adaptive capacityreflects the resources available to societigsat enable or constrairthe
adaptation options

Vulnerability in IMPRESSIONS is consideodak the potential for a specific part of a system to
harmed by a specific threat or threats. Vulnerability can be thought of as a functexposure
sensitivityand copingcapacity.

1 Exposureis the degree, duration, and/or extent to which the st is subject to a
particular perturbation (Gallopin 2006);

1 Sensitivityis the degree to which a system is affected (adversely or beneficially)ebg |
perturbations (IPCC 2001);

9 Coping capacityis the combination of all strengths and resources availatikhin a
community or organisation that can reduce the consequences of impacts arising thi
exposure and sensitivity (Birkmann 2007).

This deliverable focuses specifically on adaptive and coping capagéitiyvdloan be distinguished (see
Box 1) asoping capacitys the ability to deal with climate changes (including variability and extremes)
as they actually happemhilstadaptive capacitys the ability to reduce future vulnerability to climate
change(Brooks 2003)Adaptation is understood as a loegterm process that may involve structural
changes and strategies for addressing the laing consequences of climate change, while coping
reflects the measures and abilities immediately available to reducemhand damages in the
occurrence of an event (Birkmaet al. 2015).

This distinction is useful, because it takes account of the time lags between adaptatioorzaisd
their practical effectsAdaptation can work by targeting any of the components alherability*:
reducing exposure, reducing sensitivity, or increasing coping capacity. Building coping capacity can be

L A brief overview of the background to vulnerability assessment is provided in Aanex
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an important form ofadaptation (Smit and Pilifosov2003), especially where the nature of the
challenges to be faced is uncertain, sxithdity must be maintainedThis framework can be used as a
gualitative metaphor for thinking about and discussing options (Carter et al. 2007) and/or can be
developed into a quant#ttive model (Jongand Mearns2005.

IMPRESSIONS combines elements of bppinaaches, including developing a quantitative model for
integrating vulnerability assessment withiagionalintegrated assessment modg(Bigure 1) This is
done by:

Setting a thresholdor impacts that are negligibje

Determininga coping range withinvhich society may be able to deal with roergligible

impacts by using copingapacity, if that is available

1 (Optionally)settingan upper threshold above which it is impossible to cope with the impact,
whatever the coping capacitand

1 Defining @ indexto represent coping capacity.

1
1

A

Vulnerable —impossible to cope

Vulnerable — unable to cope

Not vulnerable - coping

Impact increasing

Potential coping range

Coping
capacity

Insignificant impact

Figure 1. Schematic of the IMPRESSIONS approach to usiging capacityto distinguishing
between impact and vulnerability

Rothman et al. (2013) argue that modern vulnerability assesssienids © be polarised in two
extremeswhichii KS& GSN)Y w2dzid2YSQ | yR WwWO2yGSElGdz £ Q | LILN
broadly assumed to be present, 8wt the ability to implement a given adaptation is not treated as a
constraint and norclimatic aml, especially socicS 02y 2YA O FIF OU2NA 0S02YS
Reducing outcome vulnerability focuses on reducing exposure or sensitivity through either mitigation

or technological adaptations. In contrast, contextual approaches focus on increasirgpaties of

individuals and groups to adapt, mainly through addressing the underlying causes of their vulnerability.

A major challenge for modelling approaclsegh as those used withIMPRESSIONS is to steer a path
between these two extremes, such thiie models and their users are helped to consider the different
options for reducing vulnerability in a way that takes accoutttath the capacities to adapt to climate
change and to cope with residual impacts.

Research inMPRESSIONS therefore combites SYSy ia 2F 020K GKS w02y i S
approaches, using capacities as a metaphor and in the form of quantified indices of adaptive and
copingcapacity.The coping capacity index is developed through a methoddlegs Sectior?), that
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models adapive and coping capacity @aependent on thestocks of differentapitals(human, social,
manufactured, and financial) that are available to a society/economy at a particular place and time.

1.2. IMPRESSIONS approach

IMPRESSIONS aims to understtra risks andconsequences ofESfor Europe, and the options
available for averting its most adverse effects in the context of alternative development pathways
IMPRESSIONSsearch has sought develop mitigation, adaptation and transformation pathways
that reduceclimate change, prepare and protect societies from the impacts of climate change and
support transformations towards sustainability and resilience in the contelS$

To achieve thissMPRESSION®rk packaggWP) 2first developed a set of HES, whichnbined
Representative Concentration Pathways (RCPs) beyond the 2°C thfestwBhared Socieconomic
Pathways (SSPs). The SSPs are consistent with, but independent from, thB&igérsaljles D2.1
Koket al. 2015; D2.2 Kokand Pedde 208; and D2.3;Madsen et al. 20166 The RCPs and SSPs were
developed for the period 2010 to 2100 he impacts and vulnerabilities associated with these scenarios
were simulated using a range 6CIAModelling approachem WP3(Deliverables D3A.4 Carter et

al. 2016;,D3B.2- Holman et al. 2017and D3C.2 Clarkeet al. 2017)

IMPRESSIONSH then set out to develop and explore timeand scaledependent adaptation,
mitigation, and transformation pathways that build resilience and promote sustainability in the
contextof the combined higkend climate andsociceconomic change scenariaand which move the
case study towards a desired scenaridependent visionFor each SSP, so@oonomic scenario
storylines and pathways have been developed throagbomprehensive skeholder engagement
procesorganised by WP6@®eliverables D6A2Zellmer et al. 2016; and D6A.Baradsch et al. 20).7

DeliverableD4.2 (Holscher et al. 2017presents the adaptation, mitigation and transformation
pathways that were developed in ttieur IMPRESSIONS case studies in Europe, Scotland, Hungary and
Iberia. These pathwaysdentify possible courses of action for achieving desirable transformations,
taking account of the synergies and tradis between different actions and strategies, tfudustness

of actions and solutions across different scenarios, and the institutional and agendiions as well

as resourceghat are needed to implement them. €helast elemens can be interpreted in terms of

the governance capacities and systenpitals that enable the implementation of the pathways and
that are built up along the pathway¥hrough building governance capacities in the pathways, actors
are able to create, mobilise and put in use the system capitals to implement the pathwaysosad
towardsthe vision.

The modelling frameworks developed in IMPRESSWREparticularly the integrated modelAP2

and rlAM, seé&ection 2 integrate sectoral models for urban development, agriculture, forestry, water
supply, flooding and biodiversityh&y quantify impacts within these sectors under tloesariosand
pathways and map them at European or regional scales. The models use the capacity indices as
guantitative constraints on adaptation in the models, and on coping in the vulnerability assgssme

This report (DeliverablB4.3) explains the development and implementation of the indices of adaptive
and coping capacity, with stakeholder and expert input, and its integration with the modelling,

2Thus, in the IMPRESSIONS project, we consider RCPs beyond the EU and UNFCCC target to limit climate change
to 2°C above préndustrial levels, and the aim after Paris 2015 to make efforts to limit climaaagito 1.5°C
above preindustrial levels.
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pathway development and assessment exerciggmrted in Deliverable D4.2 Holscher et al. 2017

The consideration of vulnerability and coping capacity helps to identify futuleerabilitiesin the
scenariosand thereby flag areas where additional adaptation is required in order to reduce sensitivity,
reduce exposure, and/or build the coping capacity needed to avoid future vulnerabilities. This
information is fed back in to the modelling and pathway development processes, both as a way of
putting limits on the amount of adaptation that is feasible givea tapacities available at a particular
place and time in a scenario, and through the option of selecting actions and pathways that seek to
build up the capacities needed to adapt and to cope. This is particularly important for some scenarios
which have vey low adaptive and coping capaciiyhe pathways were then assessed with regard to
the effectiveness of the proposed measures, including assessment of the extent to which the pathways
would improve the capacities.

In the following we first explore the opibns for representing capacities to cope and to adapt in the
IMPRESSONS&egratedmodelling (IAP2 and rlAM) and in the processeslémeloping and analysing
scenario storylines and pathwag@ection 2) We then explain the methods developed in IMPRESSION
for representing adaptive and coping capacitiasd how the capacity measures are integrated within
the modelling. Section 3 then turns to the use of capitals inahalysis of scenaricand pathways,
and explains how these are linked back in to thedelbng Section 4 summarises the methods and
results, assesses strengths and weaknesses of the approachesdagtnes the extensionseeded

to provide a more dynamic framework in rIARhd makes suggestions for future research.

2. Developing capacity inidators for IMPRESSIONS

Adaptive and coping capacities are closely related to the structure of societies, including human
capabilities, technologies, and access to resources. ateyot directly observable quantitidsut

rather metaphors omodels for tke capabilities available for adapting émd coping with climate
change. We need therefore to construct indicators of adaptive/coping capacity based on
characteristics of societies and environments. Ideally, indicators should be derived from robust,
availeble data for the past and present, which can be projected for future periods in one of three ways:
modelled directly within thertegratedAssessmenkModels(IAMs) incorporated directly in scenarios;

or modelled via an estimated relationship with someatkariable that is either modelled or included

in scenariosin the following sectionsve review briefly existing attempts to model these concepts,
then explainthe methods used in IMPRESSIONS to measure capacities and represent them in
modelling and inlte analysis of scenarios and pathways.

2.1. Options for lepresenting adaptive and coping capacity in integrated assessraent

In IMPRESSIONSlaative and coping capacity indicators are required in order to supplement the
biophysicabnd ecological modellingepresenting natural capitalyith a representation of social and
economic factorghat enable and constrain adaptation and transformatiand determine the ability

to cope with extreme conditions and event¥hese factors are to a large extent a reflection of
economic activity and investment decisions leading to changes in physical infrastructure, health,
education and so on. The methods wse need to project changesthesefactorsunder the scenarios

and pathways.

One option is to construct initial conditions (and in particular their spatial distribution) based on a suite

of indicators to reflect capacities, then to consider how theggacities evolve as part of the scenario
development process. This is similar to the approaches developed in ATEAM and CLIMSAVE; the World
Risk Index could also be adapted for this approach.
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An alternative method would be to model the changes in capitaés ime more directly, through a
model which has explicit representation of economic activity, investment, and trade. Constructing such
a model is beyond the scope of IMPRESSIONS, but existing roodielprovide the information
needed. Models examineddluded EXIOBASE, GTAP, IIASA and the International Futures model.

2.1.1.ATEAM

Different ways of assessing adaptive capacity were examined in the ATEAM project (Schroter et al.
2004; Metzger et al. 2008; Acosta et al. 2013). Discussions with stakeholdergradatimesholds of

adaptive capacity did not yield results that could be integrated within quantitative maps of potential
impacts. This led ATEAM to develop a bottopnmodel in which adaptive capacity is determined by

Ala WwO2YLRyYySy(ia@F MWRSGENIYAYVI wHzy©®d R ¢ Rrabdef)jal YI (St &
incorporated in a fuzzy logic model. Maps of the generic adaptive capacity index for each of the
scenarios were produced, using projections of the indicators based on relationships wittatapul

and GDP (both being scenario variables).

Tablel: The ATEAM adaptive capacity framework (adapted from Schréter et al. 2004).

Indicators Determinants Components Index
Female ?.CtIVIW -rate Equality
Income inequality
- Awareness

Literacy rate Knowledge
Enrolment ratio g
R&D ex [

penditure Technology
No. of patents . . .

. Ability Adaptive capacity
No. of phone lines
Infrastructure

No. of doctors
GDP percapita | b0 ity
Age dependency ratio Action
World trade share Economic power
Budget surplus P

The ATEAM model is based on a strong conceptual framework of what adaptive capacity represents,
odzi KIFa GKS ¢SIt{lySaa GKIG y2yS 2F GKS AYyUSNXYSRAL
are directly observable. The use of GDP wplulation as the key predictor variables for the indicators

has the advantage of relying on statistical relationships that can be estimated from past data, but puts

KSI gé NBtAIyOS 2y (GKSasS Gg2 aO0Syl NA dmEBPHdteNE &4 > |
indicatorsevenii K2 dzZ3 K & dzOK WRSO2dzZLJt Ay3aQ A& gARSt& LINBY2G:
Consumption and Production polici@sis is particularly an issue for IMPRESSIONS thateseticitly

to shift attention to transformaive pathways that might involve radically different relationships

between capacities and economic activity.

2.1.2.CLIMSAVENd GUMBO

A similar framework avoiding the dependence on GDP and population was developed under the
CLIMSAVE project (see Harrison e2@15) which linked adaptive and coping capacity to the broader
range of capital stocks underpinning weallthecentral role of wealth maintenance in sustainability
has long been recognised, for example by Solow (19893]) indicators of wealth and sustabia
development can be used to inform indicasonf adaptive/coping capacity. TIGLIMSAVEpproach
developed by Dunford et a{2015) and Tinch et &2015)draws on Porritt (2006) who disijuished
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five types of capital stocks that together underpin tlyeneration of wealth/wellbeing in a
society/economy:

 Humancapitah y Of dzZRSa GKS KSIf GKxX (y2¢ftSR3IS:T alAfta
as well as its individual emotional and #pial capacities. It charactess the abilities that lie
within an individual member of society. It broadly covers areas of educgbb experience,
skillsand health.

f SocialcapitaD2yarada 2F (GKS adGNUOGdzZNBas AyadgAaAddziazy
population that enable individuals to maintaincddevelop their human capital in partnership
with others, and to be more productive when working together than in isolation. It includes
families, communities, businessesade unions, voluntary orgarasions, legal/political
systems and educational aned#ith institutions. Social capital can be used for adaptation by,
for exampe, setting up voluntary orgarasons for emergency help. It includes informal and
often local relatbnships as well as more forma&dones, like the political regime and civiban
political institutions and basically refers to the networks and social relations of people.

1 Manufactured capitalconsists of material goods, tools, machines, buildings and other forms
of infrastructure that contribute to the production process but do hecome embodied in its
output. Manufactured capital can be created for adaptation by building dams, water pipelines,
seawalls, hospitals, roads, etc.

9 Financial capitateflects the productive power of the other forms of capital and enables them
to be owred and traded.

1 Natural capitalconsists of aturalassets including geology, soil, air, water and all living things.
Natural capitalunderpins the wide range of ecosystem services that are essential to human
life and wellbeing.

Using these stocks as thaderpinning for adaptive and coping capacity has the advantage of linking
the capacity framework to an existing conceptual framework with substantial research and data
available (Omann et a2010).Capital stocks are, at least in principle, separately suezble, though
available methods do not distinguish between human and social capitals, and give an incomplete
accounting of natural capital. The methods presented in World Bank (2005; 2011) derive estimates of
Total Wealth broken down into manufacturedlcih G I £ = LI NG & 2F y I GdzNF € OF LI
Measurements are in monetary terms, with all capital stocks measured in the same units, and detailed
calculations are available for 1995, 2000 and 2005. Intangible capital is measured as d (dsdua
difference between total wealth and produced and natural capital)iamglicitlyincludes measures of
human capital and social/institutional capital as well as components of natural capital that are not
measured in the estimate.

UNECE (2009) notekat economic wealth calculated in this way is sensitive to assumptions about
future income and to the choice of discount rate. This can be seen as a weakness from the perspective
of making predictions. However, it does lend itself reasonably well to aagodrased approach in

which the future levels of income are features of the scenarios, and the objective is not prediction but
rather exploration of the consequences of different scenarios, based on stakeholder discussions
incorporate information on gographical differences and dynamics to inform assessment of likely
future changes as part of scenario development

The capitals approach has also been used successfully in the GUMBO (Boumans et al. 2002) simulation
model of the integrated earth systemlUMBO uses estimates of the five capital stocks, and associated
flows, differentiated by scenario, as an integral part of the modelling. The main objeaieot to

make accurate predictions about the future, but rather to scope possible scenarios, ipgpad
simulation tool to facilitate participation in modelling and scenario exploration. In this respect, the
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objectives of GUMBO are similar to those of IMPRESSIONS, although IMPRESSIONS has a much more
specific focus, and uses spatiaixplicit modellirg.

2.1.3.World Risk Index

The World Risk Index is ke on globally available indicators selected anpriori grounds as
2F O2yaidArddsSyi

NELINBaSyidl GdA@Sa
developed.Figure 2presents the inditors usedto derive adaptive and coping capacitiesmd their
corresponding weightings.
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Figure2: Method (indicators and weightings}o assess coping and adaptive capacity within the
World Risk Index (Birkmamet al. 205).
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The World Risk Index is theieveloped by combining these capacities with estimates of exposure and
susceptibility. Exposure relates tmatural hazards such as floods, earthquakes, droughtsms,

Tt 22RA

Iy R 3, Basetl onthdvdré&gtientiyhey Scturred from 1970 to 2G0% the number

of casualties. Some hazards such as volcanic eruptions are not included because of the lack of data and
impact. Susceptibility refers téselected structural characteristics of a society and the framework
conditions in which communities féc LJ2 G Sy G A I €

y I G dzN f

K I (Figux3a

YR O

There are similarities with the ATEAM and CLIMSAVE approaches, in terms of indicator selection. The

major difference in approach is that the World Risk Index (WRI) is assessed by muttiglgxmpsure

(E) by an guallyweighted combination of ssceptibility (S), coping (CC) and adaptive capacity (AC),

together consideredo be an index of vulnerabilit)/RI = E * (1/3*(S+CC+AC))

3 http://ihrrblog.org/2011/09/26/201 1-un-world-risk-index/

4 http:// ihrrblog.org/2011/09/26/201 un-world-risk-index/
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Figure3: Assessing susceptibility within the World Riskdex (Birkmam et al. 2015)

~

In contrast, following the definitions set out abov@l.IMSAVEodeled the outcomes¢ A Y LI O & ¢
CLIMSAVE & SE LJ2 & dIN&efined X0 2 RIWY 3 Nl rg5aet atd scemmrioiindicators

o qusceptibilitg AV, arid thendetermined whether or not there iga) enough adaptive capacity to
adapt, leading to reduced exposure and/or susceptibility, and (b) enough coping capacity to cope with
residual damagesThis reflects the fact that the WRI is a static indicator relating éodinrent risks

and capacities for any given area, widleIMSAVEseda quastdynamictime slicemodel for the long

term future. Hence, he CLIMSAVEdex of coping capacityontaired some characteristics that the
2wL LJX F OSa dzy RS NJing infdastrOcfute)érid indoe disgiutioAdapfive tagzrity
canthenbeused in an iterative way to consider thbilityto reduce impacts/exposure and/or enhance
coping capacity.

2.1.4.11ASA, EXIOBASE and GTAP

IIASA is driving a framework for integrated as@yof future climate impacts, vulnerabilities,
adaptation and mitigationl{fASA 2009Moss et al. 2010Arnell et al. 2011yan Vuuren et al. 2012
Kriegler et al. 2012). This is built around a matrix that combines climate forcing via Representative
Concatration Pathways with soci@conomic conditions via Shared See@mnomic Pathways.
Together, these two axes describe situations in which mitigation, adaptation and resicnatecl
damage can be evaluate@his framework is used in IMPRESSIONSyjaaqtified values of the key
variables of GDP, population and urbanisation from e thglobal SSP database
(https://secure.iiasa.ac.at/wetapps/ene/SspDb/ are used as model input and boundary condision

in IMPRESSION&enariomodelling(Deliverable D3.1Carter et al. 2015)A similar approach could be
adopted for modelling capacities, but the IIASA models do not directly provide this.

EXIOBASE is a global, detailed Mrégional Environmentally Exiged Supply and Use / Input Output
(MR EE SUT/IOT) datakalt is the result of harmonigy supply and use tables for a large number of
countries, estimating emissions and resource extractions by industry, and linking the country tables
through trade. Theesult isaninternational inputoutput table that carbe used for the analysis of the
environmental impacts associated with the final consumption of product groups, for example to
calculate the global environmental footprint of national economic actifaty in Tukker et al. 2014).

Ay
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The focus on environmental impacts of economic activities is not the best fit for IMPRESSIONS, which
already hasletailed models representing lange and some natural resources

A better fit is provided by GTAP, the GlobaldEr&nalysis Project (see Dimaranan and McDougall
2002. This is a muHiegion, multisector, computable general equilibrium model, with perfect
competition and constant returns to scale. The main output of GTAP is a global database describing
bilateral trade patterns, production, consumption and intermediatewf commodities and services.

The data are grounded in actual current flows and are not directly useful for projecting capitals in
scenarios, but can be used to initialise further modelling. HeGJeAP data underpin the economic
modelling in the International Futurg$F)model, which combines this representation of the global
economic system with key data from the Shared Secimnomic Pathways.

2.1.5.International Futures model (IFs)

International futues (IFs) is a free global integrated assessment model (with regional and country

details) with a longerm focus (base cases from 2010 and scenario exploration until 2100). The IFs

project started in 1980 ansevenmodelgenerations have been developedaithen. This model has

been used for the United Nations Human Development Report (Hughes et al. 2011) and the Global
Environmental Outlook

In principle, IFs and IMPRESSIONS are strongly complemé&rgtaiys of the model and the rationale
for exploringit in detail are presented in AnndX Briefly,IFs is strong on the components absent from
IMPRESSION®iotably modelling the whole world economy, modelling production by sector, feeding
back into consumption, savings, and investments with balanced disdgbut is weak where the
IMPRESSIONegratedAssessmenBPlatform (IAR) is strong, having very little in the way of spatial
detail and nothing on landise or environment beyond a representation of climate change, GHG
emissions and water uséhere isa good overlap between the IFs scenarios mde of the SSPs, and
the remaining SSP could be replicated.

To explore this further, bong list of all the reportetiFs variables (1340 variables) was considered, to
create a much shorter list (150) thateapotentially useful in IMRESSIONSere is considerable
overlap with the veablesused in Dunford et a(2015) thatwodzf R LISNXY A G WNB LI A O (A 2y
index using IFs variableshe only major gap is the 'social cohesion' part of the samgital index,

which uses the 'help when threatened' indicatihiat is not present in IF$lowever, the patterns in

these variables exhibit a convergence over time such that in most cases by 2100 there is quite limited
variability, in particular across cotries but also across scenarios (deigure 4for an example).
Furthermore, the actual model relationships underpinning the variables are strongly dependent on
GDP and population (much like the ATEAM approach) which limits the appeal of using themyas a wa
of modelling features that are not captured by GDP (which is already a scenario variable in
IMPRESSIONS).

IFs includes several parameters that could underpin capital measures, for example from the
parameters that irtience productivity/growthThese inalde for example indicators of government
effectiveness, government corrupticand freedom/democracy that could be combined to represent
social capitgland indicators of traditional infrastructure and ICT infrastructure that could represent
manufactured cpital. However, theyare scenario input parameters (multipliers, in the case of the first

S http://www.unep.org/geo/
5 There are others that are calculated as internal steps, but not kept.
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three cited, and elasticities for the last twim) IFsrather than anything modelled within the system, so
they do not deelop over time within scenarios.

Similarly,the original idea of using the IFs md#tor productivity coefficients for each capital was

not feasible, because these are not absolute measures, but rather relative ones, used to adjust the
production function according to whether the capital in questis higher or lower than what would

be expected/normal for a country at a given level of output/development {&gare 3.

]'PSCIWO:k-nq)(Anuua) =+ MFPSC[Working](Belgium) -8 MFPSC[Workingl(Denmark) MFPSC[Working)(Finland) % MFPSC[Working](France) MFPSC[Working(Germany)
PSC[Working](Greece) MFPSC[Working)(ltaly) - MFPSC[Working](Luxembourg) MFPSC[Working](Malta) MFPSC[Working}(Netherlands) -+ MFPSC[Working}(Portugal)
- MFPSC[Working](Spain) MFPSC[Working](Sweden) =% MFPSC[Working](Unitd Kingdm)

Figure 4: Exampls of simulated times series of nationamulti-factor productivity coefficiens
(MFPSC) from International Futes modelshowing convergence over time for European countries.

The apparent advantage from the IMPRESSIONS perspective of using IFs variables is that these are
modelled dynamically for each scenario, with feedbacks/consistency (e.g. total investmelirs teick

by production and consumptionjvhereas an approach based on historical data for indicators only
allows calculation for the base year, and must then be projected forwards using scdepgodent
assumptionsHence, the spatial patterns stay thensa as in the baselineunless these assumptions

are constructed to vary across countries, but that would require substantial demands on
stakeholder/expert time. In practice, however, there are several disadvantages:

91 IFsvariables are at national scalebgreas in IMPRESSIONS we are using NUTS1 or 2. It would
be possible to adjust some IFs variables for which we have baseline data available at sub
national level, under the assumption that this witknation variability remains fixed,;

1 IFs s built on thessumption of convergence, i.e. the weaker societies gradually close the gap
with the stronger ones. This is inconsistent with some of the SSPs, and results in much reduced
variation across societies at the longer timescales of interest in IMPRESSIONG§uU(=e4;
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9 The variables in IFs are very strongly driven by the link to GDP, making them less interesting in
terms of other sources of variability across scenarios/countries, and less suitable for studying
transformative solutions.

Therefore, having examaa the timepaths of the candidate variables within IFs, the conclusion was
reached that modelling capacities through IFs (or similar approaches) would not give the range of
capacity variation that is required for broad thinking about transformative pattsania response to

the possibly extreme changes unddgh-end scenariosThis is in part because the relevant variables

in these models are either fixed (elasticities/multipliers) or strongly linked to GDP and/or population,
curtailing the extent to whiclthe components of a capacity index could vary independefithysis an
important part of thinking about transformative options for example, pathways that cope with
declining economic performance through building up social and human capital. We conthaded
stakeholder and experidriven methods were more useful for the purposes of exploring
transformative pathways.

2.2. Developingcapacityindicators for IMPRESSIONS

Two integrated modelling platforms are being developed and applied within IMPRESSEBNS
Deliverable D3B.1Holman et al. 2015 the IMPRESSIONi8egrated Assessment Platform 2 (IAP2)
and the European regional Integrated Assessment Model (rlAM) which are both further developments
of the CLIMSAVEtegrated Assessment Platform (IAP; Holmad &tarrison 2012; Harrison et al.
2015). The principal difference between the two platforms (outlined in Holman et al. 2015) is the
treatment of time, with the rlAM having an automated tirs&epping approds whereas the I1AP2 runs

on time slices wih the use moving between timeslices. Both platforms contain a similar series of
linked sectoral models which are describedigiverable D3B.Hplman et al. 2015)

Within IAP2 and rlAMhe capacity framework is required to seriveo main purposes:

1 To defineadaptive capacityas a constraint on the amount aflaptationthat can feasibly be
carried out in any given scenad any time period

1 To definecoping capacityas a determinantof the extent ofcopingthat is feasible at a
particular time and place in argiven scenario.

The research in IMPRESSIONS sought to explore alternative methods for representing thetoapitals,
extend the time horizon to 2100 within IAP2, a@adnowve to a dynamic model for rlANFollowing the
review of options (se&ection 2.} the decision was taken to build on the methods developed in the
CLIMSAVE project as set out in Dunford e{20115) and Tinch et af{2015). The capacity index is
developed based oindicesof four capitals each of which is in turn dependent on two indicato
(Table 2. Anatural capital component is not includedtime index, because substantial components

of the natural environment are formaltyodelled within IAP2 and rIAMhe remaining components
human, socialmanufacturedand financial capitalg need to be represented separately in the
scenarios and through the incorporation of indicators of capitals in the modelling.

TheDunford et al. (2015) methodology requires three main séteputs:

(i) Initial raw, spatiallyexplicit baseline values of theapital indicatos (listed in Table )2
quantified using available datasets (e.g. Eurostat);

(i) Expert-derived curves tying indicator values to levels of available cagtaln inFigure J;
and

(i) Sakeholderderived estimates ofiow thesecapital levelst & KA Fié¢ o0 S G ¢ ®ithiy GAYS

the scenarios.
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Table 2 The components of the IMPRESSIONS coping capacity .index

Indicators Capital Stock Index
Life expectancy
Tertiary Education
Income inequality
Help when threatened
Transport
Produced capital (World Bank data)
Household income
Net household savings rate

Human Capital

Social Capital

Coping capacity

Manufactured Capital

Financial Capital

Of these, only the final dataset, the shifts in caiteith time, need to be modified to customise them

to the SSP socieconomic scenar®used within the IMPRESSIONS project. These capital(bbth
positive and negativeexplainedin Section 2.2 lare used toproject indicator levels for different
future scenariosand allow both capitals and, ultimately, capacities to be derived ftbem. The
approach therefore starts from stakeholdderivedqualitative estimates ofchanges ircapital levels
over time using these to project indicator levels for different scenarios, and then using those to
calculate capitals. This may appear circubart it is in fact useful because thaselineindicators are
available in a spatially disaggregated foflRUTS1 or 2)This means that the method enables spatial
mapping of capitals and coping capacity, based on stakeholder understanding of scenariothdaut
making excessive demands on stakeholder time and thinking.

2.2.1.Using the IAP2 to project capitals for tH&IPRESSION&keholderworkshops

The IAP2 was used to provide information on the capitafailablewithin the scenariosfor the
IMPRESSIONSré&pean and Scottish stakeholder workshops. This section details the methodology
followed to produce these output®r the SSP scenarios out to 2100 within the I1AP2

Step 1:Baseline Capital values

To quantify levels of baseline capital (from which scemsac@n change through time) existing capital
settings calculated by Dunford et 015, andembeddedin the IAP2 were used. These capital levels
were determined based on published data sources by linking key indicator variables to levels of
available capal by developing functional forms that reflected the expected relationships (Fiure

This approach was complemented bpanelof IMPRESSIONSperisthat defined plausible extreme
values and distributions for each indicator, based on the stakehaldewed scenarios and current
data.
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Figure5: Capitals indicators and their maximum/minimum values at present and in the European

scenariosScale: N = NUTS region; Capital: H = human; S = social; F = financial; M = manufactured.
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Step 2: Determining scenaridriven changes in capitalsi(i KS a KA Fd a¢ o

The first step in projecting the capitals for new scenarios to 2100 within the IAP2 was to identify the
direction and magnitude of chang& each of the four capitalwithin each of the SSRar three time
periods: 20102025 20252055 and 20552100.

This was achieved througitakeholderconsultation and expert workshops in iteration with the 1AP2
modelling team. For each SSP and each stioe, the expected direction (positive or negative) and
magnitude bigh, moderate,or none)of the clange in each capital stock wastimatedto reflect the
scenario storyling(Table 3. These values were then translated into integer inputs for the 1AP2
modelling though consultation betweethe modelling and stakehold&rorkshop teams.

Table 3: Qualitative information on changes in capitaldor the European SSPsderived from
IMPRESSIONS workst®ncrease or decrease compared to 2010 are indicated in the brackets for
three time slices (2025, 2055, 2100)The middle rows contain stakeholdeterived values,the
bottom row (bolded)shows the values roundedp as they are represented within the modelling.

Parameter SSP1 SSP3 SSP4 SSP5
Human capital Strong increase | Decrease Decrease and ther|] Strong increase
0, +, ++) ©O,,) increase Middle 1,1% +, +4)
(0,1,2) (0-1,-1) class reemerges | (1,2,2)
©,-, 0).
(0,-1,0)
Social capital Strong increase | Increase, then Decrease and thell Strong increase
0, +, +4) decrease. increase (1,1% +, ++)
0,1,2) Increase because| (0,-, 0). (1,2,2)

group of people | (0,-1,0)
cluster against

others
(0, +, 0).
(0,1,0)
Manufactured capital Steady increase | Decrease Increase. Depend| Strong increase
(0, Yo+, 4) ©,,-) on sector (2 +, +,++)
(0,1,1) (0-1-1) (0, +, +) (1,1,2)
(0,1,1)
Financial capital Steady increase | Strong decrease | Strong increase Strong increase
(0, Yo, +) (---) with saturation (Y2 +, +,++)
(0,1,1) (-1,-1,-2) after 2050. (1,1,2)
(0, ++, ++)
(0,2,2)

Step 3: Calculate the total number of shifts within a scenario

The number of shiftincreases odecreasesapplied for a given scenario is a cumulative result of the

shifts from previous time steps. As shown Tiable 3the size and magnitude of the shifts are
RSGUSNN¥AYSR F2NJ SIFOK GAYS LISNA2R |a SAGKSNI aY2R
GRSONBI aSa¢ 2 RJrshilts indthe first eISYNRSERP WY 2 RSNI 6SQ OKIF y3S:
FYR WKAIKQ OKIFy3dSa Y2O0SR (g2t 0fAk thashfimke tréakdas K S & KA
cumulative and timedependent, shifts were wghted by the number of years they reflected and as

such the 3@year 20252055 shift was weighted as twice the value of they&ar 201@2025 shift,
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while the 45year 20552100 shift was weighted at three times that valdey half values from the
workshopswere rounded up when converting intotegershifts within the 1AR.

This meant thathe maximum total range of possible shifts12 to +12 in IMPRESSIONS (with ++ for
all three periods counting as +2 for 2020s, +4 for 2050s and +6 ®@sP1 Howeverin practice the
shifts aretruncated at +10 as shifts this extreme are considered to be sufficienshift eventhe
extremevalues from baselines to maximuminimum indicator valuedepending on the trajectory
The shift scores are as shownTiable 4Hence the sequencg, -, --) for SSP3 financial capital in Table
1 is converted to (M M-, H) andwould be evaluated asX,-2,-6} for a net impact by 2100 a&® steps

on the indicator scale.

Table4: Conversion otapital changeshifts to sliding scale

Shift | Standardisation maximum 2020 | 2050 | 2100
H+ High positive +2 +4 +6
M+ Moderate positive +1 +2 +3
0 No change 0 0 0
M- Moderate negative -1 -2 -3
H- High negative -2 -4 -6

Step 4: Determining the standardisation range for shifts

Following the rethodology of Dunford et al. (2015), the scenadioven shifts in overall capital
availabilityare used to determine limits between which indicator variables arsta@dardised to
reflect changes through time. These-s@andardisation limits Table 5 Figure 5) were created in
Dunford et al. (2015) with reference to the plausible 2020s and 2050s European and World maximum
and minimum values for each indicator variahésd intended torepresent a situation at which an
indicator variable is contributing ehmost/least it possibly can to a capitgrguing, for example, that
increasing tertiary education levels above 60% will not represent a reldtaradaptive/coping
capacity increase in human capitdlowever, they needed to be customised for IMPRESSIHO take

into consideration both the extension of the time frame (to 2100), and the addition of an extra time
step (from two time steps to three)

With respect to the time frame, within Dunford et §2015), plausible minima and maxima for each

indicatar value were developed for the 2050s aladier timeswere not considered. However, within

GKA&E 62N) (GKS Hnpnad SEGNBYSE 6SNB daASR (2 NBLINEB:
Consequentlyit was decided that, for IMPRESSIONS, itwas réasoh S (2 dza S 5dzy ¥ 2 NR
plausible minimum and maximum values to reflect the 21@8g Figure 3.

The addition of the 2052100 time step within IMPRESSIONS required the standardisation process
from Dunford et al (2015) to be modified. The grdines inFigure 6show the restandardisation
approach used in the first IAP (Dunford et al., 2015). To include the additional time step two changes
were made. Firstly, the number of shifts possible was extended from 6 in the original IAP to a 10 point
sale in IMPRESSIONS (the red boxeBiguare § and secondlythe existing boxes in shifts-8to 6

were fine-tuned to slightly slow the rate at which maximum values could be readimedblue boxes
shown inFigure & the original Dunford et a[2015) loxes areshownin grey).
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Table5: Mappingcapital changeshifts onto indicator ranges

Shift Standardisation maximum Standardisation minimum
210+ 2050s Max 2050s Max
9+ 2050s Max 2020s Max + 0.75 * (2058020s Range)
8+ 2050s Max 2020s Max + 0.5 * (2052020s Range)
7+ 2050s Max 2020s Max + 0.25 * (2058020s Range)
6+ 2050s Max 2020s Max
5+ 2050s Max (Current max + 2020 max)/2
4+ 2050s Max Current Max
3+ (Current max + 2050 max)/2 Current Min + 0.75*(Current Range)
2+ 2020s Max Current Min + 0.5"Current Range)
1+ (Current max + 2020 max)/2 Current Min + 0.25*(Current Range)
0 Current max Current min
1- Current Min + 0.75*(Current Range) (Current min + 2020s min)/2
2- Current Min + 0.5*(Current Range) 2020s min
3 Current Min + 0.25*(Currentdrge) (2020s min + 2050s min)/2
4- Current min 2050s min
5 (Current min + 2020s min)/2 2050s min
6- 2020s min 2050s min
7- 2020s min 0.25 * (20562020s Range) 2050s min
8- 2020s min 0.5 * (20502020s Range) 2050s min
9- 2020s min 0.75 * (20562020s Range) 2050s min
¢10- 2050s min 2050s min
R B B BE s
80
% 70
ﬁ‘
w
R - - .
50
w I
kL I —
210+ 9+ B+ T+ b+ 5 44 3 i 1+ ] b 13 3 4 5 3 7- B 9- >0

Shift value

Figure6: Example of capital shifts for the human capital life expectancy indicator. Red boxes are new
additions required to allow shifts to 2100 and blue boxes show madifications from the Dunford et
al. (2015) standardisations shomwas grey boxes. The initial spread of data is shown as the grey box
at 0 shifts. The box around shifts +2 8 is to illustrate the scope of change considered plausible in
the first timestep.
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Step 5: Applying the restandardisationsto produce scenarierelevant capital indicators

With the resstandardisation ranges determined, scenario values for each capital indicator were then
calculated by applying the f&andardisations associated with the appropriate number of shifts fo
that time step as calculated in step 3. Applying the shifts takes the full distribution of catklbility

at the baseline across the regions andstndardiss them between new maximum and minimum
values, thereby maintaining the ordering of regsdmased on their levels of capital at baseline (based
on contemporary datg)but allowing the levels of capital to increase and decrease in line with the
scenario storylines.

The shifts and thresholds allow all countrieshiavevery low and very high lels of indicators (and
hence capitalsunder the scenariasFigure 7illustrates this for the human capital indicatof life
expectancyThe figure illustrates how the order of regions is maintained whilst the absolute levels of
capital are able to incres/decrease: a location at the bottom of the distribution will always be lowest
but could attain increasingly higher levels of the indicator in quesiitwis the approach is focussed
on acrosghe-board adaptations and transformations, not for considgrihe implications of different
approaches in different regions.

Step 6: producing scenarielevant capital indicatorsand coping and adaptive capacities

Following transformation, each pair of indicator variables is averégsslming equal weightindd
calculate capital variableEachcapital indicator is spatialgxplicit and resolved at either the NUTS 1

or NUTS 2 spatial resolutiomhe capital variablesare then used in two way® provide important

inputs to the IMPRESSIONS scenario workshapHy Ftoping capacity is calculated as the average of
the four available capitals and is used for vulnerability assessment within the IAP2. Secondly, the four
capital datasets produced are used to set the limits for adaptation within the. IRERrEhermorethe
capitalmaps are shown to stakeholdensthin the workshopgo contextualise the spatial patterns in
availabé capital within the scenarias each time period. The following section discusses in more detalil
the roles of these indicators in the adafitan and vulnerability assessment.

2.3. Use of capitals in adaptation and vulnerability assessment

As noted above, the capitals measures are being used for two main purposes in IAP2 and rlAM: firstly
as constraints on the amount of adaptation that is feasibla given time periodinder the scenarios,
and secondly as determinants of coping capacity in the vulnerability assessment.

2.3.1.Adaptive capacity and limiting capitals

The capital levels determined for the scenarios have been used as a representataapif/e
capacityto qualitatively or quantitativelyletermine the effectiveness of the adaptation actions within
each pathwayin moving towards the visiorFor adaptabns that fall outside the capabilities of the
IAP2Y 2 RSt f Ay3a 00GKS & ljSeatioh 3andFiguiie d, $his & doNdbly 0sihgrthe Zapifals
to inform the expert assessments the likely effectiveness of the adaptation effort in reaching the
desiredstatus of thevision indicatorsKigure §.

C2NJ GKS Y2RStftSR RYIA@yardyg &bGNBF OdKS K8z OF LIAGI
model inputsthat represent adaptationby using thecapitals to derive limits on the levels of
adaptation measures that were considered feasible in any given scetfagar¢ 9. Theadaptatin
optionsinthe IAP2 N5 NBLINBaASYy (SR o0& ev&lofadamalch @ coitiiN®(sed K 4 K A
Table §. Stakeholder workshops and sectpecific expert judgement were used to determine the

specific options that might be used to bring abolie tadaptation, and their requirements in terms of
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OFLAGIE FTOFAfFTOATAGEY 0@ RSTAYAYI WEiAYAGAY3 OF LA
options are considered feasible for any given scenario and time. Comparirigethified limiting

capital with the capitals available in any given scenario allows determination of the levels of adaptation
GKIFG FTNB WL FdzaAiofSQ Ay GKS aSyaS 2F o0SAy3a 0O2ya.
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Figure7: Indicator ranges andapitals acrosshe range from-10 to +10 (210QsEuropean scenarigs
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Figure8: Use of capitals witin the IMPRESSSIONS assessment of the efficacy of pathway actions in
achieving the desired status of thgualitative vision indicators

Figure9: Useof capitals withn the IMPRESSSIONS assessment of the efficacy of pathway actions in
achieving the desired status of thenodelled vision indicators






























































































































