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Summary 

The IMPRESSIONS project aims to quantify and explain the consequences of ΨƘƛƎƘ-end ǎŎŜƴŀǊƛƻǎΩ ƻŦ 
extreme climate, social and economic change up to 2100. These scenarios have been co-created with 
stakeholders within several case studies at different scales, and applied in climate change impact, 
adaptation, and vulnerability models to explore what futures under high-end scenarios might look like. 
The scenarios support the development of ΨǇŀǘƘǿŀȅǎΩ ƻŦ mitigation, adaptation and transformation, 
which are robust in the face of uncertainties, and support transformations towards sustainability and 
resilience in the context of high-end scenarios. 

This deliverable report 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 
development and modelling research. .ȅ ΨŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅΩΣ ǿŜ ƳŜŀƴ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎ 
available to societies to design and implement adaptations in advance of changing climate and socio-
ŜŎƻƴƻƳƛŎ ŎƻƴŘƛǘƛƻƴǎΦ .ȅ ΨŎƻǇƛƴƎ ŎŀǇŀŎƛǘȅΩΣ ǿŜ ƳŜŀƴ ǘƘŜ ǊŜǎƻǳǊŎŜǎ and capabilities available for dealing 
with extreme events and conditions as they happen. This research to explore and model the capacities 
of societies to adapt and to cope with high-end scenarios, and to expand these capacities via adaptive 
and transformative pathways, forms a key input both to assessing the feasibility of adaptation actions 
and to the assessment of vulnerability to residual impacts. 

Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǿŜ ǎǳƳƳŀǊƛǎŜ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŘŜǾŜƭƻǇŜŘ ƛƴ Latw9{{Lhb{ ŦƻǊ ǊŜǇǊŜǎŜƴǘƛƴƎ ǎƻŎƛŜǘƛŜǎΩ 
capacities to adapt to and to cope with high-end scenarios of climate and socio-economic 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 options 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 and constrain the 
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 these capacities could be represented. The report sets 
out the rationale for opting to build on a framework 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 easy to 
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 Europe and Scotland, in the form of 
constraints on the adaptation options, and as a key component of the vulnerability assessment. 

The capitals framework was also used as part of the process of building the scenarios and pathways in 
IMPRESSIONS, via assessment of baseline 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 
quantitative and qualitative streams of the pathways analysis. In the quantitative (modelled) stream, 
the capitals available are included in the IAP2. For each time slice, they constrain the ability to 
ƛƳǇƭŜƳŜƴǘ ŀŘŀǇǘŀǘƛƻƴ ƻǇǘƛƻƴǎ Ǿƛŀ ǘƘŜ ΨƭƛƳƛǘƛƴƎ ŎŀǇƛǘŀƭǎΩ for each option. They also influence the 
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 
effectiveness of 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 vulnerability. In the report, we present the 
results of adaptation strategies, co-developed with stakeholders, which results in improved capacities 
to adapt and cope in both the European and Scottish case studies.   
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1. Introduction 

ΨIƛƎƘ-ŜƴŘΩ ǎŎŜƴŀǊƛƻǎ όI9{ύ ƻŦ extreme climate and socio-economic change are those that relate to 
climate change levels at the upper end of the range of possible futures. HES include the underlying 
socio-economic storylines, both as the drivers of emissions (and other contextual factors) and as 
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 to limit climate change to 2°C above pre-industrial levels, and to 
pursue efforts to limit it to 1.5oC, it is increasingly plausible that global increases in mean temperatures 
will surpass these thresholds, perhaps substantially (IPCC 2014; Smith et al. 2011). HES are considered 
in IMPRESSIONS as those beyond the 2oC target, 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 social-ecological systems into other states, with largely 
unknown consequences that are probably less socially desirable (Rockström et al. 2009; Steffen et al. 
2015; Lenton et al. 2008; Russill 2015).  

Actions and responses in the face of HES will involve some balance of mitigation, adaptation, 
transformation, and residual damages (Tinch et al. 2015). Difficult decisions need to be made regarding 
the appropriate balances of these actions and their associated outcomes. Desirable societal 
transformations are likely to be needed to cope with high-end climate change. Improving 
understanding of such transformations under HES requires new approaches that can deal with non-
linearity and deep uncertainty, link climate resilience to broader considerations of sustainability and 
resilience, and foster more fundamental changes of societal practices, values and production and 
consumption processes to overcome underlying path dependencies and lock-ins (Hermwille et al. 
2017; Meadowcroft 2011; Shaw et al. 2014).  

The IMPRESSIONS project aims to quantify and explain the consequences of HES, taking into account 
uncertainties and strong non-linear changes related to these scenarios, as well as those with 
intermediate warming levels. High-end climate and socio-economic scenarios have been co-created 
with stakeholders at multiple scales within several case studies (see Deliverables D2.2 - Kok and Pedde 
2016; and D2.3 - Madsen et al. 2016) and applied in climate change impact, adaptation, and 
vulnerability (CCIAV) models to explore what such futures under extreme climate change could look 
like (see Deliverables D3A.1 - Carter et al. 2016; D3B.2 - Holman et al. 2017; and D3C.2 - Clarke et al. 
2017). The aim was to develop mitigation, adaptation and transformation pathways that produce 
synergies between adaptation and mitigation, develop resilience regarding uncertainties and support 
transformations towards sustainability and resilience in the context of high-end scenarios (see 
Deliverable D4.2 - Hölscher et al. 2017).  

This report 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 
development and modelling research. This ǿƻǊƪ ǎǳǇǇƻǊǘǎ Latw9{{Lhb{Ω ǊŜǎŜŀǊŎƘ to explore the 
capacities of societies to adapt and to cope with HES ς and particularly how the pathways that were 
co-created improve these capacities. It forms a key input to assessing the feasibility of adaptation 
actions and to the assessment of vulnerability to residual impacts.  

 Background and definitions 

IMPRESSIONS developed four HES in each of its case studies (Deliverable D2.2 - Kok and Pedde 2016), 
which represent alternative futures of what the world could look like in the 21st century. It also 
developed a vision for the desirable future that stakeholders wanted in 2100 in each case study 
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(Deliverable D4.2 - Hölscher et al. 2017). It then developed adaptation, mitigation, and transformation 
pathways to achieve that vision (Deliverable D4.2 - Hölscher et al. 2017). All these activities were 
undertaken in collaboration with stakeholders through a facilitated co-production process. This work 
required the ability to quantify, and represent in the CCIAV modelling, ǎƻŎƛŜǘƛŜǎΩ capacities to adapt to 
climate change and to cope with residual damages in the scenarios, and also to represent how these 
capabilities can be built up or degraded along pathways of actions. Important definitions related to 
this work are provided in Box 1. 

 

This deliverable focuses specifically on adaptive and coping capacity. The two can be distinguished (see 
Box 1) as coping capacity is the ability to deal with climate changes (including variability and extremes) 
as they actually happen, whilst adaptive capacity is the ability to reduce future vulnerability to climate 
change (Brooks 2003). Adaptation is understood as a longer-term process that may involve structural 
changes and strategies for addressing the long-run consequences of climate change, while coping 
reflects the measures and abilities immediately available to reduce harm and damages in the 
occurrence of an event (Birkmann et al. 2015). 

This distinction is useful, because it takes account of the time lags between adaptation decisions and 
their practical effects. Adaptation can work by targeting any of the components of vulnerability1: 
reducing exposure, reducing sensitivity, or increasing coping capacity. Building coping capacity can be 

                                                           

1 A brief overview of the background to vulnerability assessment is provided in Annex A. 

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

High-end scenarios (HES) describe what could happen to climate and socio-economic conditions in 
the future at the more extreme end of what is possible. 

Visions are normative statements about a desirable, sustainable, and resilient future. 

Pathways are formed of short-, medium- and long-term actions that can be clustered together in 
strategies that seek to realise specific aspects of a vision. 

Adaptive capacity reflects the resources available to societies that enable or constrain the 
adaptation options.  

Vulnerability in IMPRESSIONS is considered to be the potential for a specific part of a system to be 
harmed by a specific threat or threats.  Vulnerability can be thought of as a function of exposure, 
sensitivity and coping capacity: 

¶ Exposure is the degree, duration, and/or extent to which the system is subject to a 
particular perturbation (Gallopìn 2006); 

¶ Sensitivity is the degree to which a system is affected (adversely or beneficially) by these 
perturbations (IPCC 2001);  

¶ Coping capacity is the combination of all strengths and resources available within a 
community or organisation that can reduce the consequences of impacts arising through 
exposure and sensitivity (Birkmann 2007). 
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an important form of adaptation (Smit and Pilifosova 2003), especially where the nature of the 
challenges to be faced is uncertain, so flexibility must be maintained. This framework can be used as a 
qualitative metaphor for thinking about and discussing options (Carter et al. 2007) and/or can be 
developed into a quantitative model (Jones and Mearns 2005). 

IMPRESSIONS combines elements of both approaches, including developing a quantitative model for 
integrating vulnerability assessment within regional integrated assessment models (Figure 1). This is 
done by: 
 

¶ Setting a threshold for impacts that are negligible; 

¶ Determining a coping range within which society may be able to deal with non-negligible 
impacts by using coping capacity, if that is available; 

¶ (Optionally) setting an upper threshold above which it is impossible to cope with the impact, 
whatever the coping capacity; and 

¶ Defining an index to represent coping capacity. 

 

Figure 1: Schematic of the IMPRESSIONS approach to using coping capacity to distinguishing 
between impact and vulnerability.  

Rothman et al. (2013) argue that modern vulnerability assessments tends to be polarised in two 
extremes, which ǘƘŜȅ ǘŜǊƳ ΨƻǳǘŎƻƳŜΩ ŀƴŘ ΨŎƻƴǘŜȄǘǳŀƭΩ ŀǇǇǊƻŀŎƘŜǎΦ Lƴ ǘƘŜ ŦƻǊƳŜǊΣ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅ ƛǎ 
broadly assumed to be present, so that the ability to implement a given adaptation is not treated as a 
constraint and non-climatic and, especially, socio-ŜŎƻƴƻƳƛŎ ŦŀŎǘƻǊǎ ōŜŎƻƳŜ άŀƭƳƻǎǘ ƛƴǾƛǎƛōƭŜέΦ 
Reducing outcome vulnerability focuses on reducing exposure or sensitivity through either mitigation 
or technological adaptations. In contrast, contextual approaches focus on increasing the capacities of 
individuals and groups to adapt, mainly through addressing the underlying causes of their vulnerability. 

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

Research in IMPRESSIONS therefore combines ŜƭŜƳŜƴǘǎ ƻŦ ōƻǘƘ ǘƘŜ ΨŎƻƴǘŜȄǘǳŀƭΩ ŀƴŘ ΨƻǳǘŎƻƳŜΩ 
approaches, using capacities as a metaphor and in the form of quantified indices of adaptive and 
coping capacity. The coping capacity index is developed through a methodology (see Section 2), that 
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models adaptive and coping capacity as dependent on the stocks of different capitals (human, social, 
manufactured, and financial) that are available to a society/economy at a particular place and time. 

 IMPRESSIONS approach 

IMPRESSIONS aims to understand the risks and consequences of HES for Europe, and the options 
available for averting its most adverse effects in the context of alternative development pathways.  
IMPRESSIONS research has sought to develop mitigation, adaptation and transformation pathways 
that reduce climate change, prepare and protect societies from the impacts of climate change and 
support transformations towards sustainability and resilience in the context of HES. 

To achieve this, IMPRESSIONS work package (WP) 2 first developed a set of HES, which combined 
Representative Concentration Pathways (RCPs) beyond the 2°C threshold2 and Shared Socio-economic 
Pathways (SSPs). The SSPs are consistent with, but independent from, the RCPs (Deliverables D2.1 - 
Kok et al. 2015; D2.2 ς Kok and Pedde 2016; and D2.3 ςMadsen et al. 2016). The RCPs and SSPs were 
developed for the period 2010 to 2100. The impacts and vulnerabilities associated with these scenarios 
were simulated using a range of CCIAV modelling approaches in WP3 (Deliverables D3A.1 ς Carter et 
al. 2016; D3B.2 - Holman et al. 2017; and D3C.2 - Clarke et al. 2017). 

IMPRESSIONS WP4 then set out to develop and explore time- and scale-dependent adaptation, 
mitigation, and transformation pathways that build resilience and promote sustainability in the 
context of the combined high-end climate and socio-economic change scenarios, and which move the 
case study towards a desired scenario-independent vision. For each SSP, socio-economic scenario 
storylines and pathways have been developed through a comprehensive stakeholder engagement 
process organised by WP6A (Deliverables D6A.2 ς Zellmer et al. 2016; and D6A.3 - Faradsch et al. 2017).  

Deliverable D4.2 (Hölscher et al. 2017) presents the adaptation, mitigation and transformation 
pathways that were developed in the four IMPRESSIONS case studies in Europe, Scotland, Hungary and 
Iberia. These pathways identify possible courses of action for achieving desirable transformations, 
taking account of the synergies and trade-offs between different actions and strategies, the robustness 
of actions and solutions across different scenarios, and the institutional and agency conditions, as well 
as resources, that are needed to implement them. These last elements can be interpreted in terms of 
the governance capacities and system capitals that enable the implementation of the pathways and 
that are built up along the pathways. Through building governance capacities in the pathways, actors 
are able to create, mobilise and put in use the system capitals to implement the pathways and move 
towards the vision. 

The modelling frameworks developed in IMPRESSIONS WP3 (particularly the integrated models IAP2 
and rIAM, see Section 2) integrate sectoral models for urban development, agriculture, forestry, water 
supply, flooding and biodiversity. They quantify impacts within these sectors under the scenarios and 
pathways and map them at European or regional scales. The models use the capacity indices as 
quantitative constraints on adaptation in the models, and on coping in the vulnerability assessment. 

This report (Deliverable D4.3) explains the development and implementation of the indices of adaptive 
and coping capacity, with stakeholder and expert input, and its integration with the modelling, 

                                                           

2 Thus, in the IMPRESSIONS project, we consider RCPs beyond the EU and UNFCCC target to limit climate change 
to 2°C above pre-industrial levels, and the aim after Paris 2015 to make efforts to limit climate change to 1.5°C 
above pre-industrial levels. 
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pathway development and assessment exercises reported in Deliverable D4.2 - Hölscher et al. 2017.  
The consideration of vulnerability and coping capacity helps to identify future vulnerabilities in the 
scenarios and 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 given the capacities 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 very low adaptive and coping capacity. The 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 options for representing capacities to cope and to adapt in the 
IMPRESSONS integrated modelling (IAP2 and rIAM) and in the processes for developing and analysing 
scenario storylines and pathways (Section 2). We then explain the methods developed in IMPRESSIONS 
for representing adaptive and coping capacities, and how the capacity measures are integrated within 
the modelling. Section 3 then turns to the use of capitals in the analysis of scenarios and pathways, 
and explains how these are linked back in to the modelling. Section 4 summarises the methods and 
results, assesses strengths and weaknesses of the approaches taken, explores the extensions needed 
to provide a more dynamic framework in rIAM, and makes suggestions for future research. 

2. Developing capacity indicators for IMPRESSIONS 

Adaptive and coping capacities are closely related to the structure of societies, including human 
capabilities, technologies, and access to resources. They are not directly observable quantities but 
rather metaphors or models for the capabilities available for adapting to and 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, 
available data for the past and present, which can be projected for future periods in one of three ways: 
modelled directly within the Integrated Assessment Models (IAMs); incorporated directly in scenarios; 
or modelled via an estimated relationship with some other variable that is either modelled or included 
in scenarios. In the following sections we review briefly existing attempts to model these concepts, 
then explain the methods used in IMPRESSIONS to measure capacities and represent them in 
modelling and in the analysis of scenarios and pathways.  

 Options for representing adaptive and coping capacity in integrated assessments 

In IMPRESSIONS, adaptive and coping capacity indicators are required in order to supplement the 
biophysical and ecological modelling (representing natural capital) with a representation of social and 
economic factors that enable and constrain adaptation and transformation, and determine the ability 
to cope with extreme conditions and events. These 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 we use need to project changes in these factors under 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 these capacities 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 capitals over time 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 models could provide the information 
needed. Models examined included EXIOBASE, GTAP, IIASA and the International Futures model. 

2.1.1. ATEAM 

Different ways of assessing adaptive capacity were examined in the ATEAM project (Schröter et al. 
2004; Metzger et al. 2008; Acosta et al. 2013). Discussions with stakeholders relating to thresholds of 
adaptive capacity did not yield results that could be integrated within quantitative maps of potential 
impacts. This led ATEAM to develop a bottom-up model in which adaptive capacity is determined by 
ƛǘǎ ΨŎƻƳǇƻƴŜƴǘǎΩΣ ƛƴ ǘǳǊƴ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ΨŘŜǘŜǊƳƛƴŀƴǘǎΩ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅ ΨƛƴŘƛŎŀǘƻǊǎΩ όǎŜŜ Table 1), all 
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 with population 
and GDP (both being scenario variables). 

Table 1: The ATEAM adaptive capacity framework (adapted from Schröter et al. 2004). 

Indicators Determinants Components Index 

Female activity rate 
Equality 

Awareness 

Adaptive capacity 

Income inequality 

Literacy rate 
Knowledge 

Enrolment ratio 

R&D expenditure 
Technology 

Ability 
No. of patents 

No. of phone lines 
Infrastructure 

No. of doctors 

GDP per capita 
Flexibility 

Action 
Age dependency ratio 

World trade share 
Economic power 

Budget surplus 

 

The ATEAM model is based on a strong conceptual framework of what adaptive capacity represents, 
ōǳǘ Ƙŀǎ ǘƘŜ ǿŜŀƪƴŜǎǎ ǘƘŀǘ ƴƻƴŜ ƻŦ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ǾŀǊƛŀōƭŜǎ όǘƘŜ ΨŎƻƳǇƻƴŜƴǘǎΩ ŀƴŘ ΨŘŜǘŜǊƳƛƴŀƴǘǎΩύ 
are directly observable. The use of GDP and population 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 
ƘŜŀǾȅ ǊŜƭƛŀƴŎŜ ƻƴ ǘƘŜǎŜ ǘǿƻ ǎŎŜƴŀǊƛƻ ŦŜŀǘǳǊŜǎΣ ŀƴŘ ŘƻŜǎ ƴƻǘ ŀƭƭƻǿ ŦƻǊ ΨōǊŜŀƪƛƴƎΩ ƭƛƴƪǎ ŦǊom GDP to the 
indicators, even ǘƘƻǳƎƘ ǎǳŎƘ ΨŘŜŎƻǳǇƭƛƴƎΩ ƛǎ ǿƛŘŜƭȅ ǇǊƻƳƻǘŜŘ ŀƴŘ ƛǎ ŀ ƪŜȅ ŦŜŀǘǳǊŜ ƻŦ ǘƘŜ 9¦ {ǳǎǘŀƛƴŀōƭŜ 
Consumption and Production policies. This is particularly an issue for IMPRESSIONS that seeks explicitly 
to shift attention to transformative pathways that might involve radically different relationships 
between capacities and economic activity. 

2.1.2. CLIMSAVE and GUMBO 

A similar framework avoiding the dependence on GDP and population was developed under the 
CLIMSAVE project (see Harrison et al. 2015) which linked adaptive and coping capacity to the broader 
range of capital stocks underpinning wealth. The central role of wealth maintenance in sustainability 
has long been recognised, for example by Solow (1993), and indicators of wealth and sustainable 
development can be used to inform indicators of adaptive/coping capacity. The CLIMSAVE approach 
developed by Dunford et al. (2015) and Tinch et al. (2015) draws on Porritt (2006) who distinguished 
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five types of capital stocks that together underpin the generation of wealth/wellbeing in a 
society/economy:  

¶ Human capital ƛƴŎƭǳŘŜǎ ǘƘŜ ƘŜŀƭǘƘΣ ƪƴƻǿƭŜŘƎŜΣ ǎƪƛƭƭǎ ŀƴŘ ƳƻǘƛǾŀǘƛƻƴ ƻŦ ŀ ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴ 
as well as its individual emotional and spiritual capacities. It characterises the abilities that lie 
within an individual member of society. It broadly covers areas of education, job experience, 
skills and health. 

¶ Social capital Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ƴŜǘǿƻǊƪǎ ŀƴŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƻŦ ŀ ŎƻǳƴǘǊȅΩǎ 
population that enable individuals to maintain and develop their human capital in partnership 
with others, and to be more productive when working together than in isolation. It includes 
families, communities, businesses, trade unions, voluntary organisations, legal/political 
systems and educational and health institutions. Social capital can be used for adaptation by, 
for example, setting up voluntary organisations for emergency help. It includes informal and 
often local relationships as well as more formalised ones, like the political regime and civil and 
political institutions and basically refers to the networks and social relations of people. 

¶ Manufactured capital consists of material goods, tools, machines, buildings and other forms 
of infrastructure that contribute to the production process but do not become embodied in its 
output. Manufactured capital can be created for adaptation by building dams, water pipelines, 
sea-walls, hospitals, roads, etc. 

¶ Financial capital reflects the productive power of the other forms of capital and enables them 
to be owned and traded. 

¶ Natural capital consists of natural assets including geology, soil, air, water and all living things.  
Natural capital underpins the wide range of ecosystem services that are essential to human 
life and wellbeing. 

Using these stocks as the underpinning 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 al. 2010). Capital stocks are, at least in principle, separately measurable, 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 manufactured caǇƛǘŀƭΣ ǇŀǊǘǎ ƻŦ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭΣ ŀƴŘ άƛƴǘŀƴƎƛōƭŜ ŎŀǇƛǘŀƭέΦ  
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 a residual (the 
difference between total wealth and produced and natural capital) and implicitly includes measures of 
human capital and social/institutional capital as well as components of natural capital that are not 
measured in the estimate. 

UNECE (2009) notes that 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 a scenario-based 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, to 
incorporate information on geographical 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 system. GUMBO uses estimates of the five capital stocks, and associated 
flows, differentiated by scenario, as an integral part of the modelling. The main objective was not to 
make accurate predictions about the future, but rather to scope possible scenarios, providing a 
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 spatially-explicit modelling. 

2.1.3. World Risk Index 

The World Risk Index is based on globally available indicators selected on a priori grounds as 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ƻŦ ŎƻƴǎǘƛǘǳŜƴǘ ǇŀǊǘǎ ƻŦ ŀŘŀǇǘƛǾŜ ŀƴŘ ŎƻǇƛƴƎ ŎŀǇŀŎƛǘƛŜǎΦ ! ΨƭƻŎŀƭΩ ǾŜǊǎƛƻƴ Ƙŀǎ ŀƭǎƻ ōŜŜƴ 
developed. Figure 2 presents the indictors used to derive adaptive and coping capacities and their 
corresponding weightings. 

 

Figure 2: Method (indicators and weightings) to assess coping and adaptive capacity within the 
World Risk Index (Birkmann et al. 2015). 

The World Risk Index is then developed by combining these capacities with estimates of exposure and 
susceptibility. Exposure relates to άnatural hazards such as floods, earthquakes, droughts, storms, 
ŦƭƻƻŘǎ ŀƴŘ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜέ3, based on how frequently they occurred from 1970 to 2005, and the number 
of casualties. Some hazards such as volcanic eruptions are not included because of the lack of data and 
impact. Susceptibility refers to άselected structural characteristics of a society and the framework 
conditions in which communities facŜ ǇƻǘŜƴǘƛŀƭ ƴŀǘǳǊŀƭ ƘŀȊŀǊŘǎ ŀƴŘ ŎƭƛƳŀǘŜ ǇƘŜƴƻƳŜƴŀέ4 (Figure 3).  

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 multiplying the exposure 
(E) by an equally-weighted combination of susceptibility (S), coping (CC) and adaptive capacity (AC), 
together considered to be an index of vulnerability: WRI = E * (1/3*(S+CC+AC)). 

                                                           

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

http://ihrrblog.org/2011/09/26/2011-un-world-risk-index/
http://ihrrblog.org/2011/09/26/2011-un-world-risk-index/
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Figure 3: Assessing susceptibility within the World Risk Index (Birkmann et al. 2015). 

In contrast, following the definitions set out above, CLIMSAVE modelled the outcomes (άƛƳǇŀŎǘǎέ ƛƴ 
CLIMSAVEΣ άŜȄǇƻǎǳǊŜέ ƛƴ ²wL), defined άŎƻǇƛƴƎ ǊŀƴƎŜǎέ ǿƛǘh respect to scenario indicators 
όάsusceptibilityέ ƛƴ ²wL), and then determined whether or not there is (a) enough adaptive capacity to 
adapt, leading to reduced exposure and/or susceptibility, and (b) enough coping capacity to cope with 
residual damages. This reflects the fact that the WRI is a static indicator relating to the current risks 
and capacities for any given area, while CLIMSAVE used a quasi-dynamic time slice model for the long-
term future. Hence, the CLIMSAVE index of coping capacity contained some characteristics that the 
²wL ǇƭŀŎŜǎ ǳƴŘŜǊ άǎǳǎŎŜǇǘƛōƛƭƛǘȅέΣ ƛƴŎƭǳŘing infrastructure and income distribution. Adaptive capacity 
can then be used in an iterative way to consider the ability to reduce impacts/exposure and/or enhance 
coping capacity. 

2.1.4. IIASA, EXIOBASE and GTAP 

IIASA is driving a framework for integrated analysis of future climate impacts, vulnerabilities, 
adaptation and mitigation (IIASA 2009; Moss et al. 2010; Arnell et al. 2011; van Vuuren et al. 2012; 
Kriegler et al. 2012). This is built around a matrix that combines climate forcing via Representative 
Concentration Pathways with socio-economic conditions via Shared Socio-economic Pathways. 
Together, these two axes describe situations in which mitigation, adaptation and residual climate 
damage can be evaluated. This framework is used in IMPRESSIONS and quantified values of the key 
variables of GDP, population and urbanisation from the global SSP database 
(https://secure.iiasa.ac.at/web-apps/ene/SspDb/) are used as model input and boundary conditions 
in IMPRESSIONS scenario modelling (Deliverable D3.1 - Carter 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 Multi-Regional Environmentally Extended Supply and Use / Input Output 
(MR EE SUT/IOT) database. It is the result of harmonising supply and use tables for a large number of 
countries, estimating emissions and resource extractions by industry, and linking the country tables 
through trade. The result is an international input-output table that can be 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 activity (as in Tukker et al. 2014). 

https://secure.iiasa.ac.at/web-apps/ene/SspDb/
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The focus on environmental impacts of economic activities is not the best fit for IMPRESSIONS, which 
already has detailed models representing land use and some natural resources. 

A better fit is provided by GTAP, the Global Trade Analysis Project (see Dimaranan and McDougall 
2002). This is a multi-region, multi-sector, 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 intermediate use of 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. Hence, GTAP data underpin the economic 
modelling in the International Futures (IF) model, which combines this representation of the global 
economic system with key data from the Shared Socio-economic Pathways. 

2.1.5. International Futures model (IFs) 

International futures (IFs) is a free global integrated assessment model (with regional and country 
details) with a long-term focus (base cases from 2010 and scenario exploration until 2100). The IFs 
project started in 1980 and seven model generations have been developed since then. This model has 
been used for the United Nations Human Development Report (Hughes et al. 2011) and the Global 
Environmental Outlook5. 

In principle, IFs and IMPRESSIONS are strongly complementary. Details of the model and the rationale 
for exploring it in detail are presented in Annex B. Briefly, IFs is strong on the components absent from 
IMPRESSIONS ς notably modelling the whole world economy, modelling production by sector, feeding 
back into consumption, savings, and investments with balanced budgets ς but is weak where the 
IMPRESSIONS Integrated Assessment Platform (IAP2) is strong, having very little in the way of spatial 
detail and nothing on land use or environment beyond a representation of climate change, GHG 
emissions and water use. There is a good overlap between the IFs scenarios and three of the SSPs, and 
the remaining SSP could be replicated. 

To explore this further, a long list of all the reported6 IFs variables (1340 variables) was considered, to 
create a much shorter list (150) that are potentially useful in IMRESSIONS. There is considerable 
overlap with the variables used in Dunford et al. (2015) that woǳƭŘ ǇŜǊƳƛǘ ΨǊŜǇƭƛŎŀǘƛƻƴΩ ƻŦ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ 
index using IFs variables - the only major gap is the 'social cohesion' part of the social capital index, 
which uses the 'help when threatened' indicator that is not present in IFs. However, 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 countries but also across scenarios (see Figure 4 for 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 them as a way 
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 influence productivity/growth. These include for example indicators of government 
effectiveness, government corruption and freedom/democracy that could be combined to represent 
social capital; and indicators of traditional infrastructure and ICT infrastructure that could represent 
manufactured capital. However, they are scenario input parameters (multipliers, in the case of the first 

                                                           

5 http://www.unep.org/geo/  
6 There are others that are calculated as internal steps, but not kept. 

http://www.unep.org/geo/
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three cited, and elasticities for the last two) in IFs rather than anything modelled within the system, so 
they do not develop over time within scenarios. 

Similarly, the original idea of using the IFs multi-factor 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 question is higher or lower than what would 
be expected/normal for a country at a given level of output/development (see Figure 4). 

 

Figure 4: Examples of simulated times series of national multi-factor productivity coefficients 
(MFPSC) from International Futures model showing 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 investments are limited 
by production and consumption), whereas an approach based on historical data for indicators only 
allows calculation for the base year, and must then be projected forwards using scenario-dependent 
assumptions. Hence, the spatial patterns stay the same as in the baseline - unless 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: 

¶ IFs variables are at national scales, whereas 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 within-nation variability remains fixed; 

¶ IFs is built on the assumption 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 IMPRESSIONS (see Figure 4); 
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¶ 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 examined the time-paths 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 pathways in response to 
the possibly extreme changes under high-end scenarios. This 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 which the components of a capacity index could vary independently. This is an 
important part of thinking about transformative options ς for example, pathways that cope with 
declining economic performance through building up social and human capital. We concluded that 
stakeholder- and expert-driven methods were more useful for the purposes of exploring 
transformative pathways. 

 Developing capacity indicators for IMPRESSIONS 

Two integrated modelling platforms are being developed and applied within IMPRESSIONS (see 
Deliverable D3B.1 - Holman et al. 2015) ς the IMPRESSIONS Integrated Assessment Platform 2 (IAP2) 
and the European regional Integrated Assessment Model (rIAM) which are both further developments 
of the CLIMSAVE Integrated Assessment Platform (IAP; Holman and Harrison 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 rIAM having an automated time-stepping approach whereas the IAP2 runs 
on time slices with the user moving between time slices. Both platforms contain a similar series of 
linked sectoral models which are described in Deliverable D3B.1 (Holman et al. 2015). 

Within IAP2 and rIAM, the capacity framework is required to serve two main purposes: 

¶ To define adaptive capacity as a constraint on the amount of adaptation that can feasibly be 
carried out in any given scenario at any time period; 

¶ To define coping capacity as a determinant of the extent of coping that is feasible at a 
particular time and place in any given scenario. 

The research in IMPRESSIONS sought to explore alternative methods for representing the capitals, to 
extend the time horizon to 2100 within IAP2, and to move to a dynamic model for rIAM. Following the 
review of options (see Section 2.1) the decision was taken to build on the methods developed in the 
CLIMSAVE project as set out in Dunford et al. (2015) and Tinch et al. (2015). The capacity index is 
developed based on indices of four capitals, each of which is in turn dependent on two indicators 
(Table 2). A natural capital component is not included in the index, because substantial components 
of the natural environment are formally modelled within IAP2 and rIAM. The remaining components ς 
human, social, manufactured and financial capitals ς need to be represented separately in the 
scenarios and through the incorporation of indicators of capitals in the modelling. 

The Dunford et al. (2015) methodology requires three main sets of inputs:  

(i) Initial raw, spatially-explicit baseline values of the capital indicators (listed in Table 2) 
quantified using available datasets (e.g. Eurostat);  

(ii) Expert-derived curves tying indicator values to levels of available capital (shown in Figure 5); 
and  

(iii) Stakeholder-derived estimates of how these capital levels άǎƘƛŦǘέ ōŜǘǿŜŜƴ ǘƛƳŜ ǇŜǊƛƻŘǎ within 
the scenarios. 
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Table 2: The components of the IMPRESSIONS coping capacity index. 

 
 

Of these, only the final dataset, the shifts in capitals with time, need to be modified to customise them 
to the SSP socio-economic scenarios used within the IMPRESSIONS project. These capital shifts (both 
positive and negative; explained in Section 2.2.1) are used to project indicator levels for different 
future scenarios and allow both capitals and, ultimately, capacities to be derived from them. The 
approach therefore starts from stakeholder-derived qualitative estimates of changes in capital levels 
over time, using these to project indicator levels for different scenarios, and then using those to 
calculate capitals. This may appear circular, but it is in fact useful because the baseline indicators are 
available in a spatially disaggregated form (NUTS1 or 2). This means that the method enables spatial 
mapping of capitals and coping capacity, based on stakeholder understanding of scenarios, but without 
making excessive demands on stakeholder time and thinking. 

2.2.1. Using the IAP2 to project capitals for the IMPRESSIONS stakeholder workshops 

The IAP2 was used to provide information on the capitals available within the scenarios for the 
IMPRESSIONS European and Scottish stakeholder workshops. This section details the methodology 
followed to produce these outputs for the SSP scenarios out to 2100 within the IAP2. 

Step 1: Baseline Capital values 

To quantify levels of baseline capital (from which scenarios can change through time) existing capital 
settings calculated by Dunford et al. (2015), and embedded in the IAP2 were used. These capital levels 
were determined based on published data sources by linking key indicator variables to levels of 
available capital by developing functional forms that reflected the expected relationships (Figure 5). 
This approach was complemented by a panel of IMPRESSIONS experts that defined plausible extreme 
values and distributions for each indicator, based on the stakeholder-derived scenarios and current 
data.  
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Figure 5: Capitals indicators and their maximum/minimum values at present and in the European 
scenarios. Scale: N = NUTS region; Capital: H = human; S = social; F = financial; M = manufactured. 

  

http://siteresources.worldbank.org/INTAFRICA/Resources/AICD-Mali_Country_Report.pdf
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Step 2: Determining scenario-driven changes in capitals (άǘƘŜ ǎƘƛŦǘǎέύ 

The first step in projecting the capitals for new scenarios to 2100 within the IAP2 was to identify the 
direction and magnitude of changes in each of the four capitals within each of the SSPs for three time 
periods: 2010ς2025; 2025ς2055; and 2055ς2100.  

This was achieved through stakeholder consultation and expert workshops in iteration with the IAP2 
modelling team. For each SSP and each time slice, the expected direction (positive or negative) and 
magnitude (high, moderate, or none) of the change in each capital stock was estimated to reflect the 
scenario storyline (Table 3). These values were then translated into integer inputs for the IAP2 
modelling though consultation between the modelling and stakeholder workshop teams. 

Table 3: Qualitative information on changes in capitals for the European SSPs derived from 
IMPRESSIONS workshops. Increase or decrease compared to 2010 are indicated in the brackets for 
three time slices (2025, 2055, 2100). The middle rows contain stakeholder-derived values, the 
bottom row (bolded) shows the values rounded-up as they are represented within the modelling. 

Parameter SSP1 SSP3 SSP4 SSP5 

Human capital Strong increase  
(0, +, ++) 
(0,1,2) 

Decrease  
(0,-,-) 
(0,-1,-1) 

Decrease and then 
increase, Middle 
class re-emerges 
(0, -, 0).  
(0,-1,0) 

Strong increase 
(1, 1 ½  +, ++) 
(1,2,2) 

Social capital Strong increase 
(0, +, ++) 
(0,1,2) 

Increase, then 
decrease. 
Increase because 
group of people 
cluster against 
others 
(0, +, 0).  
(0,1,0) 
 

Decrease and then 
increase  
(0, -, 0). 
(0,-1,0) 

Strong increase  
(1, 1 ½  +, ++) 
(1,2,2) 

Manufactured capital Steady increase 
(0, ½+, +) 
(0,1,1) 

Decrease  
(0,-,-) 
(0,-1,-1) 

Increase. Depends 
on sector 
(0, +, +)  
(0,1,1) 
 

Strong increase 
(½  +, +,++) 
(1,1,2) 

Financial capital Steady increase 
(0, ½+, +) 
(0,1,1) 

Strong decrease 
(-,-,--) 
(-1,-1,-2) 

Strong increase 
with saturation 
after 2050. 
(0, ++, ++)  
(0,2,2) 

Strong increase 
(½  +, +,++) 
(1,1,2) 

 

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

The number of shifts (increases or decreases) applied for a given scenario is a cumulative result of the 
shifts from previous time steps. As shown in Table 3 the size and magnitude of the shifts are 
ŘŜǘŜǊƳƛƴŜŘ ŦƻǊ ŜŀŎƘ ǘƛƳŜ ǇŜǊƛƻŘ ŀǎ ŜƛǘƘŜǊ άƳƻŘŜǊŀǘŜέ ƻǊ άƘƛƎƘέ ŀƴŘ ŀǎ ŜƛǘƘŜǊ άƛƴŎǊŜŀǎŜǎέ ƻǊ 
άŘŜŎǊŜŀǎŜǎέ ƻǊ ŀǎ άƴƻ ŎƘŀƴƎŜέΦ  For shifts in the first time ǇŜǊƛƻŘ ΨƳƻŘŜǊŀǘŜΩ ŎƘŀƴƎŜǎ ƳƻǾŜŘ ƻƴŜ Ŏƭŀǎǎ 
ŀƴŘ ΨƘƛƎƘΩ ŎƘŀƴƎŜǎ ƳƻǾŜŘ ǘǿƻ ŎƭŀǎǎŜǎΣ ǎƻ ǘƘŜ ǎƘƛŦǘǎ Ŏŀƴ ǾŀǊȅ ŦǊƻƳ -- to ++.  As the shifts are treated as 
cumulative and time-dependent, shifts were weighted by the number of years they reflected and as 
such the 30-year 2025ς2055 shift was weighted as twice the value of the 15-year 2010ς2025 shift, 
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while the 45-year 2055ς2100 shift was weighted at three times that value. Any half values from the 
workshops were rounded up when converting into integer shifts within the IAP2.  

This meant that the maximum total range of possible shifts is -12 to +12 in IMPRESSIONS (with ++ for 
all three periods counting as +2 for 2020s, +4 for 2050s and +6 for 2100s).  However, in practice the 
shifts are truncated at +10 as shifts this extreme are considered to be sufficient to shift even the 
extreme values from baselines to maximum/minimum indicator values depending on the trajectory. 
The shift scores are as shown in Table 4. Hence the sequence (-, -, --) for SSP3 financial capital in Table 
1 is converted to (M-, M-, H-) and would be evaluated as {-1,-2,-6} for a net impact by 2100 of -9 steps 
on the indicator scale. 

Table 4: Conversion of capital change shifts 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 methodology of Dunford et al. (2015), the scenario-driven shifts in overall capital 
availability are used to determine limits between which indicator variables are re-standardised to 
reflect changes through time. These re-standardisation 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 variable, and intended to represent a situation at which an 
indicator variable is contributing the most/least it possibly can to a capital ς arguing, for example, that 
increasing tertiary education levels above 60% will not represent a relevant (to adaptive/coping 
capacity) increase in human capital. However, they needed to be customised for IMPRESSIONS to 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 al. (2015), plausible minima and maxima for each 
indicator value were developed for the 2050s and later times were not considered. However, within 
ǘƘƛǎ ǿƻǊƪ ǘƘŜ нлрлǎ ŜȄǘǊŜƳŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ άŦŀǊ ŦǳǘǳǊŜέ ǊŀǘƘŜǊ ǘƘŀƴ нлрлǎ ǎǇŜŎƛŦƛŎŀƭƭȅΦ 
Consequently, it was decided that, for IMPRESSIONS, it was reasonŀōƭŜ ǘƻ ǳǎŜ 5ǳƴŦƻǊŘ Ŝǘ ŀƭΦΩǎ нлрлǎ 
plausible minimum and maximum values to reflect the 2100s (see Figure 5). 

The addition of the 2055ς2100 time step within IMPRESSIONS required the standardisation process 
from Dunford et al. (2015) to be modified. The grey lines in Figure 6 show the re-standardisation 
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 
scale in IMPRESSIONS (the red boxes on Figure 6) and, secondly, the existing boxes in shifts +/-3 to 6 
were fine-tuned to slightly slow the rate at which maximum values could be reached (the blue boxes 
shown in Figure 6 ς the original Dunford et al. (2015) boxes are shown in grey). 
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Table 5: Mapping capital change shifts onto indicator ranges. 

Shift Standardisation maximum Standardisation minimum 

²10+ 2050s Max 2050s Max 

9+ 2050s Max 2020s Max + 0.75 * (2050-2020s Range) 

8+ 2050s Max 2020s Max + 0.5 * (2050-2020s Range) 

7+ 2050s Max 2020s Max + 0.25 * (2050-2020s 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*(Current Range) (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 * (2050-2020s Range) 2050s min 

8- 2020s min - 0.5 * (2050-2020s Range) 2050s min 

9- 2020s min - 0.75 * (2050-2020s Range) 2050s min 

¢10- 2050s min 2050s min 

 

 
Figure 6: 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 modifications from the Dunford et 
al. (2015) standardisations shown as grey boxes. The initial spread of data is shown as the grey box 
at 0 shifts. The box around shifts +2 to -2 is to illustrate the scope of change considered plausible in 
the first timestep. 
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Step 5: Applying the re-standardisations to produce scenario-relevant capital indicators 

With the re-standardisation ranges determined, scenario values for each capital indicator were then 
calculated by applying the re-standardisations associated with the appropriate number of shifts for 
that time step as calculated in step 3. Applying the shifts takes the full distribution of capital availability 
at the baseline across the regions and re-standardises them between new maximum and minimum 
values, thereby maintaining the ordering of regions based on their levels of capital at baseline (based 
on contemporary data), but allowing the levels of capital to increase and decrease in line with the 
scenario storylines.  

The shifts and thresholds allow all countries to have very low and very high levels of indicators (and 
hence capitals) under the scenarios. Figure 7 illustrates this for the human capital indicator of life 
expectancy. The figure illustrates how the order of regions is maintained whilst the absolute levels of 
capital are able to increase/decrease: a location at the bottom of the distribution will always be lowest, 
but could attain increasingly higher levels of the indicator in question. Thus the approach is focussed 
on across-the-board adaptations and transformations, not for considering the implications of different 
approaches in different regions. 

Step 6: producing scenario-relevant capital indicators, and coping and adaptive capacities 

Following transformation, each pair of indicator variables is averaged (assuming equal weighting) to 
calculate capital variables. Each capital indicator is spatially-explicit and resolved at either the NUTS 1 
or NUTS 2 spatial resolution. The capital variables are then used in two ways to provide important 
inputs to the IMPRESSIONS scenario workshops. Firstly, coping 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 IAP2. Furthermore the 
capital maps are shown to stakeholders within the workshops to contextualise the spatial patterns in 
available capital within the scenarios in each time period. The following section discusses in more detail 
the roles of these indicators in the adaptation and vulnerability assessment.  

 Use of capitals in adaptation and vulnerability assessment 

As noted above, the capitals measures are being used for two main purposes in IAP2 and rIAM: firstly 
as constraints on the amount of adaptation that is feasible in a given time period under 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 representation of adaptive 
capacity to qualitatively or quantitatively determine the effectiveness of the adaptation actions within 
each pathway in moving towards the vision. For adaptations that fall outside the capabilities of the 
IAP2 ƳƻŘŜƭƭƛƴƎ όǘƘŜ άǉǳŀƭƛǘŀǘƛǾŜ ǎǘǊŜŀƳέΥ ǎŜŜ Section 3 and Figure 8), this is done by using the capitals 
to inform the expert assessments of the likely effectiveness of the adaptation effort in reaching the 
desired status of the vision indicators (Figure 8). 

CƻǊ ǘƘŜ ƳƻŘŜƭƭŜŘ ƻǇǘƛƻƴǎ ƛƴ L!tн όǘƘŜ άǉǳŀƴǘƛǘŀǘƛǾŜ ǎǘǊŜŀƳέύΣ ǘƘŜ ŎŀǇƛǘŀƭ ƭŜǾŜƭǎ ŀǊŜ ǳǎŜŘ ǘƻ ƳƻŘƛŦȅ ǘƘŜ 
model inputs that represent adaptation, by using the capitals to derive limits on the levels of 
adaptation measures that were considered feasible in any given scenario (Figure 9). The adaptation 
options in the IAP2 ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ΨǎƭƛŘŜǊǎΩ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǘƘŜ level of adaptation is controlled (see 
Table 6). Stakeholder workshops and sector-specific expert judgement were used to determine the 
specific options that might be used to bring about the adaptation, and their requirements in terms of 
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ŎŀǇƛǘŀƭ ŀǾŀƛƭŀōƛƭƛǘȅΣ ōȅ ŘŜŦƛƴƛƴƎ ΨƭƛƳƛǘƛƴƎ ŎŀǇƛǘŀƭǎΩ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǎǇŜŎƛŦƛŎ ŀŘŀǇǘŀǘƛƻƴ 
options are considered feasible for any given scenario and time. Comparing the identified limiting 
capital with the capitals available in any given scenario allows determination of the levels of adaptation 
ǘƘŀǘ ŀǊŜ ΨǇƭŀǳǎƛōƭŜΩ ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ ōŜƛƴƎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŎŜƴŀǊƛƻ ŀǎǎǳƳǇǘƛƻƴǎΦ ²ƛǘƘƛƴ ǘƘŜ L!tнΣ ǘƘƛǎ 
ŜǎǘŀōƭƛǎƘŜǎ ǘƘŜ ΨƎǊŜŜƴΩ ŀǊŜŀǎ ƻƴ ǎƭƛŘŜǊǎ ǘƘŀt limit the possible settings. 

HUMAN Life expectancy Education 

   

SOCIAL Income Inequality Help when threatened 

   

FINANCIAL Household Income Household savings 

   

MANUFACTURED Transport Produced capital 

   

Figure 7: Indicator ranges and capitals across the range from -10 to +10 (2100s, European scenarios). 
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Figure 8: Use of capitals within the IMPRESSSIONS assessment of the efficacy of pathway actions in 
achieving the desired status of the qualitative vision indicators. 

 

Figure 9: Use of capitals within the IMPRESSSIONS assessment of the efficacy of pathway actions in 
achieving the desired status of the modelled vision indicators. 

  




















































































