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Advancing the use of scenarios to understand society's capacity

to achieve the 1.5 degree target

Abstract

With a range of potential pathways to a sustainable future compatible with the Paris Agreement 1.5°C target,
scenario analysis has emerged as a key tool in studies of climate change mitigation and adaptation. A wide range
of alternative scenarios have been created, and core amongst these are five socio-economic scenarios (Shared
Socio-economic Pathways or SSPs) and four emission scenarios (Representative Concentration Pathways or
RCPs). Whilst mitigation scenarios (the Shared Policy Assumptions, or SPAs) have been developed for each SSP-
RCP combination, describing the actions necessary to match the climate pathway of the RCP, there has not yet

been a systematic approach to address whether and how these actions can be enabled in practice.

We present a novel and transferable framework to understand society’s capacity to achieve the 1.5°C target, based
on four participatory case studies using the SSP-RCP scenarios. The methodology builds on a framework for
categorising different types of societal capitals and capacities and assessing their impact on the potential to
implement different types of mitigation actions. All four case studies show that SSP1 has the highest potential to
reach the target. Although environmental awareness is high in both SSP1 and SSP4, continued social inequalities
in SSP4 restrict society’s capacity to transform, despite economic growth. In the two least environmentally-aware
SSPs, SSP3 and SSPS5, the transformation potential is low, but the view on capitals and capacities nonetheless

helps identify opportunities for actors to develop and implement mitigation actions.

The study highlights that techno-economic assessments of climate strategies need to be complemented by
consideration of the critical role played by social and human capital, and by societal capacity to mobilise and create
these capitals despite different socio-economic trends. These capitals and capacities are essential to enable the

rapid innovation, behavioural change and international co-ordination needed to achieve the 1.5°C target.
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1. Introduction

The ambition of the Paris climate agreement to limit global temperature increase to 1.5°C by 2100 creates a
pressing demand to find ways to achieve this goal (Hulme, 2016; Rogelj et al., 2016). The IPCC special report on
the 1.5°C target presents four illustrative pathways, which all involve major transformation of the energy system
together with large-scale changes to human behaviour and land-use (IPCC, 2018). These changes pose major
political challenges, and some authors argue that the 1.5°C target will be unattainable without resorting to high-
risk, large-scale geo-engineering (Akimoto et al., 2017). Others, however, claim that limiting global temperature
increases to 1.5°C is possible through action-led, societal transformation (Hermwille, 2016; O'Brien, 2015;
Rockstrom et al., 2017; Tabara et al., 2013; Tabara et al., 2018a, Westley et al., 2011).
1
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With such different potential pathways to a sustainable future, scenario analysis has emerged as a key tool in
studies of climate change mitigation and adaptation, and a wide range of alternative socio-economic and climate
scenarios have been created (Akimoto et al., 2017; Friedlingstein et al., 2014; Rogelj et al., 2016; Rogelj et al.,
2009; Rogelj et al., 2015). Core amongst these are the five socio-economic scenarios (Shared Socio-economic
Pathways or SSPs) and four emission scenarios (Representative Concentration Pathways or RCPs), which have
been developed in parallel (Moss et al., 2010) and are intended to be independent yet complementary (O'Neill et
al., 2016; van Vuuren et al., 2014). The RCPs describe the evolution of future greenhouse gas concentrations and
associated climate impacts without any assumptions on mitigation actions. The SSPs explore different socio-
economic futures and the challenges they present for climate mitigation and adaptation (O’Neill et al., 2015) as
socio-economic factors enable or constrain the actions needed to meet climate and sustainability targets (O'Neill
etal., 2016). For example, scenarios including high investment in green technology and low energy demand reduce
the additional effort required for climate mitigation, whereas scenarios assuming high levels of human well-being
and flexible institutions may enable easier adaptation to climate change (O’Neill et al., 2017). For each SSP, a
baseline scenario describes a future socio-economic trajectory assuming no climate change and no additional
climate policy actions (Riahi et al., 2017). For each SSP-RCP combination, a set of internally-consistent Shared
Policy Assumptions (SPAs) has been developed that describes the additional mitigation actions that would need

to be taken (beyond the SSP baseline) to match the climate pathway of the RCP (Riahi et al., 2017).

Whilst the SSP-RCP scenario matrix has been designed to be relevant to end-users (such as decision-makers,
policymakers and practitioners) and consistent with climate policy assumptions (Carlsen et al., 2013; Kriegler et
al., 2014; Kriegler et al., 2012), there are limits to its utility in decision-making contexts for several reasons. Firstly,
the new scenarios were not designed as a direct tool for policy-makers, but rather for researchers to produce climate
assessments that will then be shared with policy-makers (Moss et al. 2010). As a result, policy-makers report “poor
understandability of scenario data” (Pilli-Sihvola et al., 2015). Secondly, the global SSPs may not be suitable for
use in all applications (e.g. a different spatial scale or context)” (Nilsson et al., 2017). Thirdly, such externally-
created scenarios may not be well connected to the users’ worldviews, impacting their understanding of and buy-
in to the scenarios (Lempert, 2013). There is therefore a need to better connect the knowledge of climate
researchers and policy-makers (Klein and Juhola, 2014; Pilli-Sihvola et al., 2015) in order for the new scenarios

to inform better adaptation and mitigation planning.

In this study, we advance the use of combined SSP-RCP scenarios to explore systematically future society’s ability
to achieve the 1.5°C target, by identifying the potential to transform as a function of capitals and capacities in the
SSP-RCP combinations. Our methodology identifies the elements that ‘enable’ climate action in each SSP through
an assessment of 1) five capital stocks available for society to draw upon (human, social, natural, financial and
manufactured capital), and ii) four types of agency capacities (stewarding, unlocking, transforming and
orchestrating) through which actors are able to leverage these capitals and enact change. To this end, we developed
and applied a novel, cross-scale and transferable approach combining capitals (as indicators of the material and
non-material resources available) with actors’ collective capacities for change, consistent with each combined

SSP-RCP scenario for a series of nested case studies from global to European sub-national scales. We discuss how



this framework of capitals and capacities provides relevant information to decision-makers on the possible future

challenges and opportunities associated with the 1.5°C target.

2. Methodology

This study builds on the SSP-RCP framework to identify how different scenarios enable or constrain the
achievement of the 1.5°C target, for each of four case studies. We start with the recognition that the 1.5°C target
requires strong action, involving not just technological and social development but also institutional change,
behavioural change and land-use change, consistent with the level of mitigation action reported in integrated
assessments globally (Riahi et al., 2017) and regionally (van der Zwaan et al., 2016). The IPCC Special Report on
1.5°C highlights the importance of this framework, by stating that “strengthened multi-level governance,
institutional capacity, policy instruments, technological innovation and transfer and mobilization of finance, and
changes in human behaviour and lifestyles are enabling conditions that enhance the feasibility of achieving the
1.5°C target” (IPCC, 2018). This recognition requires moving beyond the original distinction between “challenges
to adaptation and challenges to mitigation” that defines the uncertainty space of the SSPs, and adopting a more
holistic approach geared towards understanding what the SSPs mean for achieving fundamental societal

transformation (Westley et al., 2011; Feola, 2015; Hermwille, 2016; Gillard et al., 2016; IPCC 2018).

Societal transformations are ultimately driven by different actors — both individuals or organisations representing
different societal spheres (governments, communities, market and third sector) — who consciously or
unconsciously act to change the state of human and natural systems (O'Brien, 2015; 2016; Avelino and Wittmayer,
2016). As these actors are embedded within societal structures (e.g. formal and informal institutions, social
networks, resource distribution), their capacities are manifest in the extent to which they are able to mobilise,
create and change these structures (Giddens, 1979) — in terms of institutions, resources, networks etc. We therefore

base our methodology on assessing two key sets of indicators:

1. Stocks of five types of capital: human, social, natural, manufactured and financial, with a focus on human
and social capital because they underpin the potential for transformational societal change;
2. Four types of capacity that give actors the agency to mobilise, create and change the stocks of these five

capitals: stewarding, unlocking, transforming, orchestrating.

The main goal of our methodology is to identify which stocks of capital can be mobilised by which types of actors
in each scenario combination. Whether and how actors are able to mobilise capitals is analysed by drawing on a
systematic framework of their capacities for transformation (Holscher et al., 2018a). The actors are identified

inductively in the scenario narratives, and are integrated into the capacity analysis.

The first step of our methodology was to link the capitals and capacities to potential mitigation actions in a
theoretical framework (Section 2.1). We then applied this framework within four case-studies (Section 2.2). In the

results (Section 3) we interpret the joint impact of the capacities and capitals on the potential for society to meet



the 1.5°C target under each scenario, and show how these findings relate to Integrated Assessment Modelling

approaches.

2.1. Capital stocks and societal capacities that constrain and enable actions towards

the 1.5°C target

“Capitals” are defined as stocks yielding a benefit valued by humans (Porritt, 2007). The concept of capitals is
useful for providing information on the enabling conditions in scenarios. They are straightforward (Tinch et al.,
2015) and provide a more systemic understanding than economic- or population-based indicators. In this study,
we consider five capitals: human (education, knowledge, health), social (individual relationships, societal trust,
institutions and networks), manufactured (technology and infrastructure), natural (ecosystems) and financial

(markets) (Jager et al., 2015; Porritt, 2007; Tinch et al., 2015).

Whether and how the capital stocks can be mobilised, created and changed to achieve the 1.5°C target essentially
depends on questions of agency (Westley et al. 2011, Gillard et al., 2016). In other words, who in the scenario
narrative has abilities to mobilise, create and change societal structures (e.g. formal and informal institutions,
social networks), knowledge, beliefs and resources for developing and implementing strategies and actions (Garud
et al. 2007; Boyd et al. 2014; Westley et al., 2013). We employ the concept of capacities for understanding the
abilities of actors in the scenarios to effectively mobilise, create and change capital stocks. At the same time,

capital stocks can constrain or enable actors in using their capacities.

Different types of capacities can be identified that fulfil distinct functions for developing and implementing
transformative strategies and responding to different types of transformation dynamics: stewarding, unlocking,
transforming and orchestrating (Table 1) (Holscher et al. 2018a; Holscher et al. 2018b). These capacities build on
a literature review of sustainability transitions and resilience approaches that are concerned with transformative
change and agency (Grin et al., 2010; Loorbach et al., 2017; Folke 2016; Olsson et al., 2014; Westley et al., 2013).
The three levels of capacity defined in Table 1 are based on the authors’ interpretation and synthesis of the literature

review and are subsequently used during the scenario analysis (see Section 2.2).

Table 1: Interpretation of capacities to measure enabling and disabling conditions in combined SSP-RCP scenarios. The literature

reviewed to assess the level of capacity is indicated in column 1, below the definition of each capacity

Capacities Low Medium High
Stewarding (Ability | -Low social cohesion. -Communities  of interest | -Strong social networks and
to anticipate, protect Risk-numb: No desire for without collective identity. supportive social contexts.
aljld recover frqm long-term  planning and | -Risk-averse: Mid-term | -Proactive long-term
disturbances while | reactive risk management. planning to control risk. integrated  planning.  Risk
exploitin, ) .. taki d rtaint
o po rum%,ties -Coping, no reflexivity. -Fragmented know-how eingﬁ cing an unceriaimnty
bpp ficial P (without knowledge '

cne .1c1a. . or integration). -Collective ~ memory and
sustalr}ablhty) learning (reflexivity,
(Chapin et al., 2010; integration of knowledge).




Folke et al., 2005;

Garmestani and

Benson, 2013)

Unlocking (Ability to | -Acceptance and support of | -Uncoordinated counter- | -No support for status-quo.

rejcognlse . and exiistlng t1.nst1tut10ns, values | movements. _Effective opposition

dismantle drivers of | an¢ Practices. -Competing interest networks | networks.

unsustainability and | -Powerful interest networks along with weaker counter-

path-dependencies) to maintain status quo. networks.

(Geels, 2014;

Kivimaa and Kern,

2016)

Transforming -Low investments in and no | -Innovation and competition | -Leadership for innovation.

( Ab111t.y to create | leadership for innovation. for specific interests. “Learning from tested

novelties and embed solutions (e.g upscaling and

them in practices) replicating).

(Frantzeskaki et al.,

2012; Raven et al.

2010; Westley et al.,

2013)

Orchestrating -No shared development | -Shared  and  long-term | -Shared  and  long-term

(Ability to coordinate | goals and frameworks. development goals between | development goals

multi-actor Processes | [ ow collaboration across small groups. -Collaboration across scales

to maximise€ | scales and sectors. -Collaboration  limited by | and sectors.

synergies) (Chan et .| competition across scales and .

al. 2015: -No' ~ transparency in | o ors. -Good governance, with
> . > | decision-making. engaged political culture.

Frantzeskaki et al, -Good governance but no

2014;  Hodson and political culture.

Marvin, 2010)

The theoretical framework facilitates the integration of human and societal dimensions of agency (via the
capacities) into the analysis of adaptation, mitigation and transformation. To do this, we divide actions into four
broad categories: technological, institutional, lifestyle and land-based, based on expert judgement of our
interdisciplinary authorship team. In our framework, these categories each depend on a different mix of capital
stocks, and require the relevant actors and capacities to mobilise these stocks (Figure 1). Using mitigation action
as an example, technological mitigation involves developing and investing in new and improved technologies such
as energy supply and energy efficiency, carbon capture and storage and (in some scenarios) ‘geo-engineering’,
requiring high stocks of financial and manufactured capital as well as social and human capital for technical
expertise. This therefore links with the transformative capacity for innovation and learning (capacity “T” in Figure
1). Institutional action includes governance-related actions such as taxation, regulation and market reform (e.g.
carbon trading). Lifestyle change includes individual and collective actions that reduce demand for energy and
resources, including dietary change and waste avoidance. Both institutional and lifestyle change require high levels
of social and human capital. To mobilise these capitals towards institutional change, all four capacities are required.
For individual lifestyle change, the focus is on the capacity to build flexible networks of individuals (stewarding),

social innovation (transforming) and effective counter-movements (unlocking). Land-based mitigation (including
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reduced emissions from agriculture, increased carbon storage and sequestration in soils and vegetation, and
bioenergy with or without carbon capture and storage) requires integrated, co-ordinated and long term planning as

well as know-how (stewarding, transformative and orchestrating capacities).

The crucial point in the framework is that the level of societal transformation required to meet the 1.5°C target
cannot be achieved through only one type of action, e.g. technological action alone, due to spillovers and trade-
offs (IPCC, 2018). According to this reasoning, mobilising capital stocks to enable the full spectrum of actions
requires all four types of capacity. However, the societal context (in this study, the combined SSP-RCP scenarios)

determines which capacities and which types of action will be feasible.

Action Types Capitals Actors Capacities

Technological S| H| N|F | M G| C | M|T S|U|T|O
Institutional S H|N|[F M G| C | M|T S| U|T]|O
Life-style S H|N|F | M G| C M| T S Uu|T]| O
Land-based S| H| N|F | M G|C|M|T s|u|T|oO

Figure 1: Elements of the theoretical framework to analyse the potential to reach the 1.5°C target. Capitals are social (S), human (H),
natural (N), financial (F), manufactured (M). Actors are governments (G), communities (C), markets (M), third sectors such as NGOs
and research (T). Capacities are: stewarding (S), unlocking (U), transformative (T), orchestrating (O). The darker shaded cells with

bold lettering are capitals, actors and capacities which are most influential in determining the effectiveness of a given mitigation type

2.2 Case studies: participatory development of SSPs for the European region, Iberia,

Hungary and Scotland

This theoretical framework has been applied in four case studies: Europe as a whole (the 2013 EU 27 plus
Switzerland and Norway); Scotland, the Iberian Peninsula (Spain and Portugal) and two municipalities in Hungary.
SSPs were co-produced with stakeholders for each case study: the ‘Eur-SSPs’ for Europe and the three ‘local

SSPs’: Scottish, Iberian and Hungarian.

The European and Scottish case studies focus on the cross-sectoral impacts of land-use and climate change, linking
urbanisation, agriculture, water resources, forestry and biodiversity sectors (Kok et al. 2017a; Harrison et al. 2018).
Both European and Scottish case studies build from previous scenario work in the CLIMSAVE project (Harrison
etal. 2015; Holman et al. 2016) and have been further developed to include the socio-economic and climate drivers
of the SSPs and RCPs (Kok et al. 2017a). The Iberian and Hungarian case studies focus on the sectors and impacts
that are more relevant to local societal interests. For Iberia the focus is on impacts on agro-forest systems and
governance of transboundary river basins (Tabara et al. 2018b) while for Hungary the focus is on impacts of

population dynamics on urban land-use and health (Li et al. 2018).



The scenarios have been developed by engaging stakeholders to develop the scenario narratives and review the
analyses (Tabara et al. 2018b), therefore ensuring that scenarios are diverse enough to be relevant for and driven

by stakeholders but still comparable in terms of structure and process.

In line with van Ruijven et al. (2014), the local SSPs are consistent with the global SSPs, while allowing for
specific characteristics, depending on the stakeholders’ choice of key drivers of change and their interpretation of
the global and Eur-SSPs. The local and Eur-SSPs describe a range of challenges to adaptation and mitigation,
which have been interpreted as varying levels of inequality and carbon intensity (Figure 2). Eur-SSP1 and Eur-
SSP5 develop into relatively inclusive societies, whereas Eur-SSP3 and Eur-SSP4 are highly unequal. Eur-SSP1
and Eur-SSP4 are less carbon-intensive than Eur-SSP3 and Eur-SSP5. A European SSP2 was not developed as it
was interpreted to converge to the average of the other scenarios, and therefore was less suitable than the other
SSPs for identifying alternative capacities and challenges. We refer to Kok and Pedde (2016) for the Eur-SSPs and
local SSPs and to the Supplementary Material for the sketch of all the SSP narratives for all case studies.

Eur-SSP1 Eur-SSP5

Eur-SSP4 Eur-SSP3

Figure 2: Interpretation of challenges to adaptation (inequality) and mitigation (carbon intensity) of the European SSPs

The Eur-SSPs and local European SSPs combined with the respective RCP can be used to structure “what could
happen” and map the trend onto a theoretical space in time (until 2100) and to show the distance from “what do
we want”, i.e. the 1.5°C target (Figure 3). The combining of each SSP with an RCP was based on the challenges
to mitigation. SSP1 and SSP4 have lower challenges to mitigation so they were combined with RCP4.5, while
SSP3 and SSP5 were combined with RCP8.5.



Actions and Strategies

“how could we reach the target”,
through e.g. mitigative and
adaptive actions

Scenario (SSP5 with RCP8.5)
“what could happen”

today 2100

Figure 3: Conceptualisation of scenarios as context to develop mitigation and adaptation pathways to reach a desired vision in 2100.

The actions to develop sustainable pathways towards the vision build from the scenario and are scenario-contextualised in time.

This conceptualisation is consistent with the original separation between SSPs and SPAs. Actions (SPAs) are not
included in our combined SSP-RCP scenarios but are enabled or constrained by the differing capacities of the
actors and capitals in each SSP-RCP combination. In this reasoning, SSP-RCP represents the societal potential to
transform, and the SPAs represent societal action towards transformation. The SSP-RCP context thus needs to
contain information on what conditions exist to enable (or constrain) the additional actions needed to reach the

1.5°C target.

The participatory process to develop the Eur-SSPs and local SSPs consisted of workshops in which stakeholders
addressed the exploratory question: “what could happen?” (Borjeson et al. 2006). The workshops were
professionally facilitated (Gramberger et al. 2015) and used an analytical method for analysing qualitative and
semi-quantitative variables in order to bridge qualitative and quantitative scenarios (Pedde et al. 2018). As part of
this, the level (low-medium-high) of each type of capital was defined for each scenario in each of three time-slices
(2010-2040, 2041-2070 and 2071-2100). The trends in capitals are reported in Supplementary Material and

categorised in Figure 4.



Subsequently, the scenario narratives were interpreted to qualitatively assess the capacities against the categories
and levels of capacities of Table 1. The capacities interpreted for each scenario narrative were then combined with
the stakeholder-derived capital trends to assess the potential of society to transform to achieve the 1.5°C target.
The potential was then interpreted against the categories of mitigation actions to define what mitigation is feasible

and this was compared with potential identified with the global SSP-RCP mitigation pathways (Riahi et al., 2017).

3. Results: Capacities and capitals in SSPs

3.1 Availability of capitals and capacities across SSPs

The results show the levels of capacities and capitals available in the SSPs to transform society to function
consistently with the requirements to achieve the 1.5°C target. The availability of capitals and capacities in each

case study is summarised in Figure 4.



Capitals

Capacities

Region Storyline

High commitment to achieve sustainable development goals through effective governments and

Europe global cooperation, ultimately resulting in less inequality and less resource intensive lifestyles

Effective regulation ("communitarianism"), stable but slower economic growth and socia

Scotland participation lead to a sustainable Scotland

SSP1

Triggered by continuing and growing social participation in environmental, social, and economic
issues and fuelled by a European social-oriented political framework, Iberia embraces a path|
towards a new development model

Iberia

A transparent and multi-level governance leads to a prosperous and greener Hungary

Hungary characterised by local circular economies and integration in Europe

Region Storyline

Sparked by economic woes in major economies and regional conflict, antagonism between and|
within regional blocs increases, resulting in the disintegration of social fabric and many
countries struggling to maintain living standards

Europe

Driven by resource pressure and migration, rivalry between social groups explodes, resulting in
feudal-like systems where the have-nots work to provide the haves. Everyone learns to live with|
less

Scotland

SSP3

Short-lived governments lead to a fragmentation of the social and economic fabric in Iberia
Iberia

Hungary finds itselfin a ‘war zone’ between competing regional powers. A day-to-day mentality

Hungary establishes. This leads to social fragmentation, stratification and sectarianism.

S |T |0 |U

Region Storyline

Globally, power and economic opportunities concentrate in a relatively small political and

business elite, leading to substantial proportions of populations having a low level of]
development. Europe, as a whole, becomes an important player in a world full of tensions

The private sector gains political power and the country is ruled by few multinationals. Wealthy

Scotland live in eco-communities, while social unrest slowly takes over, resulting in the revolutionary|

SSP4

"tartan spring"

Higher inequalities lead to substantial proportions of the population having a low level o
development and a “subtle” enforcement of inequality, while an increase in renewable energies
business is very lucrative for the political elite

Iberia

With social inequalities and power centralisation on the rise, Hungary becomes a socio-|
economically stratified country. Resources are scarce for the have nots. Local communities self-
organise at the periphery of an elitist regime

Hungary

Region H |S Storyline

Competitive markets, innovation and participatory societies produce rapid technologica
progress and development of human capital as the path to sustainable development. A lack o
environmental concern leads to the exploitation of abundant fossil fuel resources

Europe

Establishment of for-profit publically owned energy companies, such as Statoil and the Scotland
Energy Corporation (SEC), leads to high revenues, redistributed with egalitarian social policies.
High employment and population growth, but higher pressure on the environment

Scotland

SSP5

Iberia becomes dependent on technology, fossil fuels, subsidies from the EU and gas fro
northern Africa, and investments of large corporations. Eventually this development mode
collapses

Economic growth and rigid governance schemes hook Hungary to fossil fuel development
Hungary model. Eventually, this leads to environmental degradation and atomizing society: Hungary ends

in turmoil

Figure 4: Overview of the SSP analysis for four case studies (“regions”) with levels of capitals and capacities indicated by the colour:

green=high; orange=medium; red=low; white=not quantified. Capitals are social (S), human (H), natural (N), financial (F),

manufactured (M). Capacities are: stewarding (S), unlocking (U), transformative (T), orchestrating (O).
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In all case studies, SSP1 achieves the highest capitals and capacities because of the active participation of all types
of actors (market, research, government and third sector) towards sustainability. In the Eur-SSP1, strong
international cooperation and institutions, most importantly the political integration of European countries in view
of shared sustainability priorities, enable the establishment of multi-level governance and an early shift towards a
sustainability focus. European institutions also play a positive role in enabling a strong early push towards
sustainability in the Hungarian and Iberian SSP1 (a “European social framework” in Iberia and the European
Union in Hungary), in combination with bottom-up participation and municipality-level sustainability-oriented
investments and governance. Only in the Scottish SSP1 the trigger towards sustainability is not directly enabled

by the European Union but rather by the Scottish government.

The rapid transition towards sustainability in SSP1 leads to the maintenance and further steady creation of
capacities until 2100. Societal and environmental awareness is generated early in the scenario, resulting in high
levels of human and social capital and thus in high orchestrating, transformative and stewarding capacity. The
unlocking capacity that has supported the establishment of effective counter-movements and social innovation
decreases towards 2100, as the new sustainability paradigm is established and the importance of opposition

networks decreases.

In SSP3, capacities and capitals decline in all case studies. The cause of the overall decrease of capacities is the
focus on short-term governance, weak leadership and low investment for innovation. The lack of reflexivity and
learning from tested solutions results in generally low stewarding, transformative and orchestrating capacities,
apart from in the Scottish case study, where governance and innovation are managed by large companies. However,
unlocking capacity brings the potential for novel networks, unconstrained by top-down enforcement given the lack
of leadership. The potential for a reversal of the status-quo is limited by the general lack of coordination and

competing interests of counter-movements.

In SSP4, capacities tend to average at medium level for two main reasons: societal fragmentation and a
combination of low capacity for local actors with higher capacity of actors at national or European level. In Europe,
Iberia and Scotland, powerful multinationals exert a stabilising influence which enables cooperation (orchestrating
capacity) and innovation (transformative capacity). These capacities are however exercised in a very top-down
manner due to the concentration of power, and learning is limited due to competition, political and economic
power-grabbing and large-scale social exclusion. In Hungary, social networks and reflexive learning together with
the existence of counter-movements until 2070 generate high stewarding and unlocking capacity, enabling
communities to push for sustainability and resilience. At national level, however, the focus is on day to day survival
and coping, low investments, and rigid top-down maintenance of status throughout the whole scenario, de facto

decreasing the potential of local actors.

SSPS shows the greatest variation of capitals and capacities between case studies. Natural capital is low in all SSP5
case studies, while human and social capitals are high in Europe and Iberia but low in Scotland and Hungary.
Although all SSP5 case studies share the common traits of economic development and social equality, the effect

of individualism, economic growth (linked to high resource exploitation and consumption) and environmental
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damage were perceived differently in different case studies. Scotland and Iberia end up with medium unlocking
capacity, consistent with lack of support for the status-quo and effective opposition. Because other capacities
and/or capitals are limited, overall potential remains close to “medium”, except for Europe (and Scotland, to an
extent) where potential is “high” due to the availability of knowledge, capitals, technology and preparedness to

shift to “re-emergence of investments in renewables” when needed.

3.2 Potential to transform

In Figure 5, we show the overall potential of Eur-SSPs to transform societies towards a 1.5°C -consistent world as
a function of capitals and capacities. Letters representing each of the four capacities (S, U, T, O) are plotted on a
scale of high-medium-low (according to the definitions in Table 1) on the x-axis, and their position on the y-axis
is determined by the combined level of human and social capital (the capitals that underpin social transformation).
The colour of the boxes indicates how these levels of capitals and capacities combine to determine society’s overall
potential to achieve the 1.5°C target in each scenario, from “very low” to “very high”. For example, in the Eur-
SSP1 the potential for achieving the 1.5°C target is “very high” as a result of “high” social and human capitals,
“high” stewarding, orchestrating and transformative capacity and “medium” unlocking capacity; whereas Eur-

SSP3 results in “low” potential because of overall “low” capitals, “low” stewarding and orchestrating capacity,

“medium” transformative capacity, and “high” unlocking capacity.
SSP1 SSP3 SSP4 SSPS
Europe U S,T,0 S,0 T U S,U,T,0 U,0 S,T
Scotland U S,T,0 S,0 u,T U,0 S, T (0} U S, T
Iberia U S,T,0 S,T,0 U S U,T,0 S,T,0 U
Hungary U S,T,0 T,0 S,U T,0 S,U U S,T,0
capitals
. . very
H medium| high high
M low [medium| high
L very low| low |medium
L M g capacities

Legend: the potential of societies to transform consistently with a 1.5°C world

Figure S: Analysis of the potential to transform society to function consistently with the requirements to achieve a 1.5°C world for each
Shared Socio-economic Pathway (SSP) as a result of the combination of different levels of capitals and capacities in each case study in
2100. The capacities assessed are stewarding (S), unlocking (U), transformative (T) and orchestrating (O). Their position on the y axis

depends on the combined level of human and social capital.
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Because of the high levels of both capacities and capitals, SSP1 has generally “very high” potential to transform.
However, because people are generally more satisfied with this world and there is less impetus for transformative
change, this manifests in medium unlocking and “high” (rather than “very high”) transformative capacities. In
contrast, SSP3 has “very low” or “low” potential in all case studies, as the capitals and capacities are low due to
the power of “elites” coupled with conflicts and disparities. However stewarding, unlocking and orchestrating
capacity can grow as people organise themselves into communities of interest to counter the status quo, and to
share resources such as food (as in the Hungarian and Scottish case studies). This provides some stability and
decreases conflict, albeit with larger inequalities than at present. In the Eur-SSP3, the European Union collapses

but “richer (ex) Member States” can still afford clean technology, clean water, energy and health services.

SSP4 tends to have “low” or “medium” potential across all case studies. This is because cohesion, collaboration
and networks exist within social classes (unlike the more conflictual SSP3 scenarios). Capacities and capitals are
high for the elite, who adopt green technology, but low for the majority. This stratification and social exclusion
limit the capitals and capacities, and thus the overall potential to transform. Despite generally having higher
capitals than SSP3, due to more stability and economic growth, the overall potential of SSP4 is similar to or only

slightly higher than SSP3 because the capacities tend to change little over time.

The SSPS potential, in contrast, ranges from “very low” to “very high”. In Europe and Scotland high stewarding
and transformative capacity are available, as risk-taking and uncertainty are embraced and innovation is embedded.
However, the lack of engaged political culture tends to reduce the potential in all case studies. A U-turn towards
sustainability emerges in all SSP5 case studies by 2100, but this happens smoothly in Europe and Scotland whereas

in Hungary and Iberia, with lower transformative potential, the transition is much more chaotic.

In summary, these results show important differences in the way in which capacities are manifested both between
case studies and between SSPs. For example, in SSP5 (and to some extent in SSP4) transformative capacities
enable large-scale deployment of high-tech solutions, whereas in SSP3 unlocking and orchestrating capacities can

grow and enable low-technology community-based action and social innovation.

4. Discussion

4.1 Lessons learned: understanding potential in scenarios

In the theoretical framework we have assumed that the capacities of actors to mobilise capitals can explain the
potential to achieve the 1.5°C target. The results have shown that using the combined capitals-capacities framework
allowed us to systematically identify the enabling and constraining conditions in the scenarios. This results in
further enriching the understanding of the scenarios, with the capitals-capacities framework acting as the bridging

framework between scenarios and policy.

The analysis of capitals and capacities within the locally derived European scenarios reinforces the ability of SSP1

to deliver mitigation to meet RCP2.6, and confirms the finding that SSP3 is unlikely to be able to meet RCP2.6
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(Riahi et al. 2017), unless the turbulence in the scenario leads to major institutional and lifestyle changes
(Marquart-Pyatt et al. 2014, Longhurst et al. 2016, Schanes et al. 2018). For SSP4 and SSP5, which rely mainly
on technological and land-based mitigation, the analysis raises doubts over the ability of society to deliver the level
of mitigation required to achieve RCP2.6, given the relatively weak and uneven levels of human and social capital
and governance capacity. To meet the 1.5°C target, even higher levels of mitigation would be required, which

emphasises that only SSP1 might have a good chance of meeting this target.

It is worth noting that the IAM modelling of the global SSP-RCP scenarios reported in Riahi et al. (2017) is
intended as a reference case on which further analysis of climate impacts and adaptation can be built, and therefore
does not consider the feedback effects of climate change on socio-economic systems (e.g. via impacts on
ecosystems, energy systems, infrastructure or health). Given that some level of warming is implicit in all scenarios,
even those which eventually achieve a RCP2.6 or 1.5°C target (possibly after overshoot), these potential negative
feedbacks are significant. Consideration of the capitals and capacities framework helps to illustrate that climate
change could negatively affect all five types of capital, which could further reduce the chances of reaching climate
targets. The SSP1 scenario, which acts early and strongly to limit climate change and does not rely on overshoot
followed by negative emissions, is likely to minimise these negative climate feedback effects and maximise the
chances of successful mitigation. The choice of mitigation action could also create positive or negative feedbacks
on capacity, as with the example of high food prices for SSP4 reported in Popp et al. (2017). Again, SSP1 with its
focus on reduced demand for resources minimises this type of impact. Similarly, high levels of capital and capacity

will foster more effective adaptation to climate impacts, which in turn will reduce the damage from climate change.

The four “mitigation types” used in our framework are derived from macro-scale mitigation studies, such as van
Vuuren et al. (2008), Riahi et al. (2017) and Fujimori et al. (2018). In local SSPs, the boundaries between those
types become more blurred. In future assessments, the categories need to be explicitly assessed to capture the full
potential of SSPs. For example, the results of SSP5 show that, in spite of lower potential for institutional and
lifestyle change, there could be potential for actors to move towards the goal in ways that are (1) not covered by
the categories or (2) fall between the categories. It is therefore necessary to inform global assessments with results
from continental and local case studies (Kok et al. 2017b, Rosa et al. 2017, Obermeister et al. 2018) and increase

the relevance of mitigation at multiple levels.

However, there was some conceptual mismatch between the results in Figures 4 and 5 and our framework of
capacities (Figure 1). The main mismatch was for the stewarding capacity in SSP1 and SSP5. With low challenges
to adaptation and mitigation, SSP1 implies some level of transformation towards the 1.5°C target. However the
stewarding capacity inferred from analysis of the stakeholder-derived scenario did not fit perfectly in either the
“medium” or “high” category in our framework (Table 1). This mismatch results from the normative
conceptualisation of the capacities as ideal-type conditions and actor abilities, while the SSPs outline very
divergent socio-economic scenarios. We nevertheless show that the application of the framework enriches the for

understanding potential in scenarios, by providing overarching analytical categories.

14



The mismatches between capacity categories and challenges to mitigation and adaptation assumptions behind the
European SSPs can be explained by the uncertainty due to (1) the interpretative nature of the capacity categories
and (2) the diverging worldviews and opinions on the social challenges to sustainability and the 1.5°C target.
Although studies such as Rockstrom et al. (2017) suggest clear decadal steps to be undertaken at global level for
the road to 1.5°C target, the sub-global level shows diverging opinions because different beliefs and stakes are
accounted for in order to enable the (global) action. This study adds the capitals and capacities dimensions to the
SSP-RCP framework to complement actor-based, participatory approaches (Klein and Juhola, 2014), narratives-
only approaches (Nilsson et al., 2017) and fully empirical studies that cannot be directly applicable in other
geographical areas or sectors (Chaudhury et al., 2013; Vervoort et al., 2014). Because the approach is systematic,
it can be applied and tested in other geographical areas and sectors to increase comparability, in spite of the
inevitable interpretative nature of narratives. However, future application could be hampered by the approach
being intensive and therefore needing expensive external human and financial resources. Nevertheless, because of
its conceptual simplicity and inclusion of actor-based capacity analysis, the approach could appeal to decision-
makers and practitioners (Klein and Juhola, 2014) and enhance the use of scenarios to explore how agency affects
the future (Falardeau et al. 2019). The categories of capacities in Table 1 enable impact modellers to include
qualitative and quantitative information about the SSP context, beyond GDP and population-based indicators

(Barrington-Leigh and Galbraith, 2019).

4.2 Potential application of the SSP capital and capacity framework to Integrated

Assessment Modelling

The assessment of capitals and capacities for each scenario can complement the use of Integrated Assessment
Models (IAMs). Our framework can provide a ‘reality check’ to indicate whether the societal conditions consistent
with each SSP would actually allow the relevant actors to build and mobilise the capitals that are required to
implement the mitigation options to meet a given RCP. In this section we link the level of capitals and capacities
within each case study SSP (from Figures 4 and 5) to the mitigation and transformation options required to achieve

the 1.5°C target (Figure 1), and consider the implications for TAM modelling.

For SSPI1, all four case studies envisage that the level of social and human capital and the stewarding,
transformative and orchestrating capacities increase to high levels by 2100, with the unlocking capacity starting
high but falling to medium by 2100 as most citizens become satisfied with the status quo. The potential to
implement all four types of mitigation (technological, institutional, lifestyle and land-use) is therefore generally
high, if we assume that the high social and human capital will enable the high levels of manufactured and financial
capital that are required for technological mitigation. Natural capital also increases in SSP1 (e.g. a large increase
for Iberia and moderate increase for Hungary by 2100), indicating that land-based mitigation would also be viable,

especially as there is a high level of stewarding and transformative capacity.

This can be compared with the mitigation actions required to reach RCP2.6 from the SSP1 baseline for the OECD
region of Europe according to IAM modelling (Bauer et al., 2017; Bauer et al., 2016; Popp et al., 2017; van Vuuren
et al., 2017), bearing in mind that even stronger mitigation (beyond RCP2.6) will be required to reach the 1.5°C
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target. Mitigation in the SSP1xRCP2.6 IAM starts with a strong focus on reducing energy demand, through both
technological and lifestyle measures. After 2040 there is a major shift from fossil fuel towards biomass and
renewable energy, as well as extensive afforestation, which is made possible by the low demand for meat which
frees up land for biomass and forests. This scenario thus involves rapid implementation of all four types of
mitigation (technological, institutional, lifestyle and land-based), which in turn requires high levels of all four
capacities. Our study complements the IAM modelling by giving confidence that the locally derived versions of

SSP1 for Europe are broadly consistent with high levels of these capitals and capacities.

For SSP3, in contrast, levels of social and human capital and orchestrating capacity decrease to low levels in all
case studies as governance breaks down and anarchy prevails. Levels of the other capacities vary from low to
medium across the case studies, with unlocking potential reaching a high level in the Eur-SSP by 2100 because of
general dissatisfaction with the prevailing situation. This means that it is not possible to achieve a significant level
of climate change mitigation either through technological innovation (e.g. due to low transformative capacity) or
land-use change (low stewarding capacity) consistent with the finding in the IAM literature that RCP 2.6 is not
achievable with the global SSP3 (Riahi et al., 2017). However, this study shows that SSP3’s turbulence may also
enable dramatic (and, sometimes, enforced) behavioural and institutional changes with potential for local
reconstruction when networks of people reorganise and effectively oppose the status-quo (when unlocking
capacity is high). Similar potential has been identified in the POLFREE project, where low internationalisation
and economic growth (as assumed in SSP3) have been linked to reduced GHGs emissions, increased circular

economies and overall employment (Schanes et al. 2018 and POLFREE, 2016).

For the unequal and divided society portrayed in SSP4, levels of social and human capital are low in the Eur-SSP
and Hungary and medium in Scotland and Iberia. Transformative capacity is medium in Scotland and Iberia,
indicating some potential for technological development including wind and solar power in Iberia. The other
capacities are medium to low, indicating that it will be difficult to implement a comprehensive mitigation strategy
that includes lifestyle change and land-based change. For comparison, the IAM modelling of SSP4 (Bauer et al.,
2017; Calvin et al., 2017; Popp et al., 2017) requires very high investment in low-carbon energy technologies
(nuclear, renewables and bioenergy with CCS) to reach RCP2.6, because the potential for land-based measures is
limited by high population growth and high demand for food. This reliance on low-carbon energy supply results
in a very expensive mitigation strategy, with carbon prices reaching over US$2000/t CO, (compared to just
US$140/t CO; in SSP1 which focuses on demand reduction and land use). However, the low level of capitals and
capacities in the locally derived SSPs raises doubts that this high level of technical investment and innovation
could be achieved in practice. In addition, IAM modelling of SSP4 indicates that food prices would increase by a
factor of six (Popp et al., 2017) due to pressure on land for bio-energy and afforestation. This would have

implications for human and social capital that could further limit the mitigation potential.

The locally derived fossil-fuel based SSP5 scenarios vary markedly between case studies. There could be a high
potential for technological and land-based solutions in the Eur-SSP and Scotland to some extent, though in the
other case studies and for other mitigation options the mitigation potential is limited by low capacities or capitals.

The IAM modelling for SSP5 indicates that very drastic mitigation is needed to reach RCP2.6, to counter the
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strong growth in energy demand and lock-in to fossil fuel technologies up to 2040 (Bauer et al., 2017; Kriegler et
al., 2017; Popp et al., 2017). By 2100, 65% of global final energy demand must be delivered as electricity and 7%
as hydrogen, and fossil fuels are almost completely replaced by renewables, biomass with CCS (to provide
negative emissions), and nuclear. Biomass demand in 2100 is the highest of all the scenarios, though a high
biomass production efficiency is assumed, limiting the global cropland area to slightly less than in SSP4. As for
SSP3, the uneven spread of capitals and capacities highlights potential difficulties with reaching this level of
mitigation in practice. The Eur-SSP does provide the required high levels of capital and capacity for technological
and land-based mitigation, but the local SSPs reveal limitations in capitals (Scotland), capacities (Iberia) or both

(Hungary).

5. Conclusion

Our study has developed a transferable method for assessing the ability of society to achieve the societal
transformation necessary to meet climate targets, which has been tested across a range of spatial scales in European
case studies. The assessment of capitals and capacities in the SSPs has the potential to inform a more realistic
assessment of the potential uptake and effectiveness of a range of mitigation options needed to achieve 1.5°C by
taking account of the diverse scenario-specific constraints and enablers. By integrating social science and
participatory approaches with climate and socio-economic scenario modelling outputs, this transdisciplinary
method can explore important feedbacks on the capacity for transformation that cannot be included in techno-

economic models.

The results at sub-global level have highlighted different potentials to achieve the 1.5°C target for the same SSP
across different case study areas, not only due to scale effects, but also to the normativity of the SSPs and the
different beliefs and stakes of local actors that must be taken into account in order to enable change at global scale.
Even in the most archetypical SSP1 and SSP3 scenarios, the capacities to enable change result in multiple
possibilities to act which may lead to trade-offs or give unexpected opportunities for transformation and mitigation,
such as in SSP3. The case studies consistently show that the SSPs with least challenges to mitigation, SSP1 and
SSP4, have very different potentials for transformation, with SSP1 having a high or very high potential whereas
SSP4 is restricted to low or medium potential due to high levels of inequality. Likewise the two SSPs with highest
challenges to mitigation, SSP3 and SSP5, have different potentials, with SSP5 having the highest potential in those

case study versions with higher capitals and lower social inequality.

This study highlights the critical role played by social and human capital, and also by societal capacity to mobilise
and create these capitals despite different socio-economic trends, for example by stewarding and human natural
resources, orchestrating collaboration in alignment with long-term goals for positive change, unlocking existing
unsustainable path-dependencies in behaviours, values, market patterns, institutions etc., and developing social,
technological and governance innovations. These capitals and capacities are essential to enable the rapid
innovation, behavioural change and international co-ordination needed to achieve the 1.5°C goal. Consideration
of future changes in capitals and capacities alongside IAM projections could help to inform policy-making and

determine the actions and strategies needed to achieve ambitious climate targets.
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