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Abstract

To reach its climate targets, the European Union has to implement a major sus-
tainability transition in the coming decades. While the socio-technical change
required for this transition is well discussed in the academic literature, the eco-
nomics that go along with it are often reduced to a cost-benefit perspective
of climate policy measures. By investigating climate change mitigation as a
coordination problem, this thesis offers a novel perspective: It integrates the
economic and the socio-technical dimension and thus allows to better under-
stand the opportunities of a sustainability transition in Europe.

First, a game theoretic framework is developed to illustrate coordination on
green or brown investment from an agent perspective. A model based on the
coordination game "stag hunt" is used to discuss the influence of narratives
and signals for green investment as a means to coordinate expectations to-
wards green growth. Public and private green investment impulses — triggered
by credible climate policy measures and targets — serve as an example for a
green growth perspective for Europe in line with a sustainability transition.
This perspective also embodies a critical view on classical analyses of climate
policy measures.

Secondly, this analysis is enriched with empirical results derived from stake-
holder involvement. In interviews and with a survey among European insur-
ance companies, coordination mechanisms such as market and policy signals
are identified and evaluated by their impact on investment strategies for green
infrastructure. The latter, here defined as renewable energy, electricity distribu-
tion and transmission as well as energy efficiency improvements, is considered
a central element of the transition to a low-carbon society.

Thirdly, this thesis identifies and analyzes major criticisms raised towards
stakeholder involvement in sustainability science. On a conceptual level, dif-
ferent ways of conducting such qualitative research are classified. This con-
ceptualization is then evaluated by scientists, thereby generating empirical ev-
idence on ideals and practices of stakeholder involvement in sustainability sci-
ence.

Through the combination of theoretical and empirical research on coordi-
nation problems, this thesis offers several contributions: On the one hand, it
outlines an approach that allows to assess the economic opportunities of sus-
tainability transitions. This is helpful for policy makers in Europe that are striv-
ing to implement climate policy measures addressing the targets of the Paris
Agreement as well as to encourage a shift of investments towards green infras-
tructure. On the other hand, this thesis enhances the stabilization of the theo-
retical foundations in sustainability science. Therefore, it can aid researchers
who involve stakeholders when studying sustainability transitions.
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2 Chapter 1 Introduction

Introduction

., All economic theory turns essentially, if implicitly on the problem of coordinating
actors, and on the requirements for and consequences of different forms of
coordination.”

(Michael Storper and Robert Salais, 1997, World of Production, p. 27).

Europe is faced with the challenge of implementing a major sustainability transition
(Van den Bergh, Kallis and Truffer, 2013; Grin, Rotmans and Schot, 2010;
Frantzeskaki and Loorbach, 2010; Mercure et al., 2016) in the coming decades to
tackle the problems of climate change, social inequality and unsustainable growth.
Policy-makers have embraced this threefold challenge on a global scale in the recently
adapted sustainable development goals (SDGs), while scientists have dealt with
sustainability transitions by creating new fields of research, such as sustainability
science, socio-ecological systems (Fischer 2015) and transition research. Some recent
works argue that the study of sustainability transitions has become a research field of
its own (Markard, Raven and Truffer, 2012). The problems dealt with are considered
to be complex since they address ecological, economic and social dimensions at the
same time, extending the well-established perspective of a socio-technical transition
(Geels and Schot, 2010). Markard (2012: 956) defines sustainability transitions as
“long-term, multi-dimensional, and fundamental transformation processes through
which established socio-technical systems shift to more sustainable modes of
production and consumption.” Thus, aside from assessing and developing only
ecologically oriented technological solutions, a better understanding of
comprehensive societal and economic factors in transitions is crucial in this field
(Schneidewind and Augenstein, 2012) and serves as the motivation for this thesis. In
this section, | will explain the context in which | developed my work, followed by a
description of the research design of this dissertation (Section 1.1) and a short
summary of its results (Section 1.2). Section 1.3 provides an outlook on further
research.

Climate change mitigation as an investment opportunity

By focusing on climate change economics, | chose a highly relevant aspect of a
sustainability transition that has so far not been assessed in an integrated manner.
Much economic research on climate policy has been focusing on the costs of
mitigation and adaptation measures. Macro-economic perspectives typically show a
loss of gross domestic product (GDP) when global greenhouse gas (GHG) emissions
are reduced to safe concentration levels of 450 ppmv.! For example, the
Intergovernmental Panel on Climate Change (2015) suggests that the cost required
ranges from 1% to 3.7% of GDP by 2030 (compared to baseline GDP).?

! Parts per million by volume

2 The Organization for Economic Cooperation and Development (OECD, 2008) estimates
climate mitigation costs to be approximately 0.5% of GDP by 2030. Similar results are achieved
by studies that investigate the necessary emission reductions on EU level, such as the Impact
Assessment Report of the European Commission Staff (2014), and they come to similar
conclusions: an emissions reduction of 40% costs — depending on the scenario — between 0.1%
and 0.45% of GDP by 2030 (compared to the reference scenario).



In game theory, on an agent level, climate action is often described as a prisoner’s
dilemma in which rational actors can only reasonably defect (see e.g. Kruitwagen et
al., 2016; Nordhaus, 2015; Wood, 2010; Heugues, 2013). | will argue that this
description, while appropriate in particular circumstances, is misleading in general.
Rather than a prisoner's dilemma, the climate challenge presents a problem of
coordination failure, as illustrated by the structure known as a stag hunt.®

The global agreement achieved at the COP21 in Paris in 2015 to keep the
temperature rise well below 2°C and preferably below 1.5°C came with a different
narrative, framing climate action as an opportunity, not only in terms of sustainability
and wellbeing, but also in terms of investment and growth. This transition to
sustainability can be seen in line with ideas of green growth.* The OECD defines
green growth as being about “fostering economic growth and development while
ensuring that the natural assets continue to provide the resources and environmental
services on which our well-being relies. To do this it must catalyse investment and
innovation which will underpin sustained growth and give rise to new economic
opportunities” (OECD, 2011: 9). The Paris Agreement follows this definition®, by
combining climate action with the simultaneous effort to achieve the SDGs (Creutzig
et al., 2014) — an approach also taken up in the current G20 process (OECD, 2017).

Green investment needs in the European crisis

Paris brought not only the need for policy makers, business and industry, investors
and citizens in Europe to rethink their scenarios and decisions concerning climate
action. It also brought the need to shift large sums of capital from high-carbon to low-
carbon sectors, businesses and projects (OECD et al., 2015; Global Commission on
the Economy and Climate, 2014; World Economic Forum, 2013).6 Even though
investment is flowing towards renewables’ (McCrone et al., 2017) and away from
fossil sectors (Arabella Advisors, 2016; Baron and Fischer, 2015), and even though
instruments like green bonds are increasingly being accepted by financial market

3 First described by Rousseau (Rousseau, 1974), the stag hunt has been discussed in many
different contexts. For an economic discussion, see Skyrms (2001).

4 Well before the financial crisis, political leaders in the developing world started discussing
the sustainability of their countries’ economic growth (UNESCAP, 2012: 17). During a
UNESCAP conference in 2005, 52 Asian and Pacific governments and other stakeholders
(United Nations, 2017) signed a green growth declaration, stating that “increasing consumption
and production resulting from unsustainable economic growth is placing increasing stress on
the carrying capacity of Asia and the Pacific, as also elsewhere in the world” (UNESCAP, 2005:
19). As a consequence, the leaders recognized a “need to shift the development orientation from
a ‘Grow first, clean up later’ approach to one of Green Growth, as a way of communicating
environmentally sustainable growth to the broader community” (UNESCAP, 2005: 19). This
process eventually led to the integration of green growth into policy measures such as stimulus
packages. After the financial crisis in Europe, Asia and the US (UNESCAP, 2012:17), green
growth remained a debated concept among governments, international organizations,
companies and civil society. For a recent overview of the discussion concerning different types
of green growth, see Rische et al. (2014).

5 The New Climate Economy Report has for example put forward this narrative (Global
Commission on the Economy and Climate, 2014).

6 The European Union’s High-Level Expert Group on Sustainable Finance aims to shift “the
current capital allocation from an unsustainable pathway to a sustainable one” (EU High-Level
Expert Group on Sustainable Finance, 2017: 42).

"In 2016, the amount of capital invested into renewables fell — mostly due to a decrease in costs
— while installed capacity increased.
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actors (The Climate Bonds Initiative Markets Team, 2017), Europe still lacks a
substantial amount of green infrastructure® investment to get on track with its 2030
targets, partly due to low investment levels since the European economic and financial
crisis.

Infrastructure is a central element in the complex sustainability transition for
several reasons. First, it is long-lasting, consequently increasing the danger of a
carbon lock-in. Secondly, when looking at transport, energy and building
infrastructure, it is a major factor in global GHG emissions (Qureshi, 2016; Davis,
Caldeira and Matthews, 2010). Thus, making existing infrastructure less carbon
intensive and building new, low-carbon to zero-carbon infrastructure requires great
financial efforts. Calculations of the global investment needed to shift to low-carbon
infrastructure (until 2030) slightly differ, however, two well-cited studies earmark it
at €85 trillion (World Economic Forum, 2013) and €94 trillion (Global Commission
on the Economy and Climate, 2014). For the EU28, the European Investment Bank
(EIB) estimates an annual infrastructure investment gap of around €345bn until 2030
(Berndt et al., 2016). Estimates for the energy sector are at €100bn per annum, while
the latest EU interim report on sustainable finance calculates a required additional
investment for the climate and energy transition of €177bn annually until 2030 (EU
High-Level Expert Group on Sustainable Finance, 2017).

However, since public funds are limited due to austerity policies and high debt
levels in the wake of the financial and the sovereign debt crisis in the Eurozone
(Revoltella et al., 2016), the focus on investment sources for the transformation is
increasingly shifting to the private sector. Policy makers try to incentivize private
infrastructure investment (European Commission, 2016a; European Commission,
2015b) with instruments like the European Fund for Strategic Investments (EFSI)
(European Commission, 2016b) or the Capital Markets Union (CMU) (European
Commission, 2015a), emphasizing the need for low-carbon and renewable energy
investments (European Commission, 2016c). Therefore, this thesis focuses on green
infrastructure investment — considering specifically renewable energy infrastructure
projects, power distribution and transmission infrastructure projects as well as energy
efficiency improvements in line with the definitions of the United Nations
Environment Programme Finance Initiative (UNEP FI, 2014).°

Equilibrium selection through coordination mechanisms

The question why there is an investment gap for green infrastructure and technologies
is often addressed by bringing forward the argument of market failure. Zenghelis
(2011) claims that due to spill-over effects from technological progress and due to
ignorance of positive externalities, the private sector tends to underinvest in mitigation

8 Green Infrastructure is here defined as renewables energies on the side of generation, grids on
the side of transmission and distribution as well as energy efficiency in all of the building stock
and industry.

9 Serveral studies, e.g. from the World Economic Forum (2013), Inderst et al. (2012), OECD
(2013), and Eyraud et al. (2011), define green investment in a different way. For a broad
overview of the definitions of green investment and green finance, see Forstater and Zhang
(2016).



technologies and, hence, needs to be incentivized. Mazzucato and Penna unite the
concepts of market and coordination failure by highlighting that in situations “when
agents are unable to coordinate their expectations and preferences throughout the
business cycle, due to information asymmetries and high screening costs” (Mazzucato
and Penna, 2015: 14), a Pareto-inferior equilibrium is obtained that leads to a lack of
investment. This argument of coordination failure, defined as the “the failure to obtain
a Pareto optimal equilibrium” (Straub, 1995: 340), is taken up in this thesis to discuss
coordination on green investment in the context of the European sustainability
transition.

The choice of game theory to analyze this coordination problem seems intuitive.
In game theoretic experiments, uncertainty about the other players’ actions often leads
to coordination on Pareto-inferior equilibria — even if other strategies imply higher
payoffs (see e.g. Van Huyck, Battalio and Beil, 1990; Cooper et al., 1990).
Expectations play a crucial role in explaining such coordination failure!® (Beckert,
2009: 247; Hanaki et al., 2013). In this thesis, | therefore investigate coordination
mechanisms such as signals that can influence expectations concerning green
investment. This fits well into current discussions in the EU on policies and
instruments that are put in place to encourage institutional investment into sustainable
infrastructure.

From green investment to green growth

Through coordination on green investment at the micro-level, as described above,
stakeholders can establish new business models and forms of cooperation. This can
trigger a re-coordination of expectations, supported by policy and market signals, and,
thus, lead to a positive, collective, self-perpetuating dynamic that has the potential to
shift the economy towards green growth.* If enough sectors are included and several
mechanisms are in interplay, this coordination could lead to a new macro state of
green growth. The EU just recently stated in the interim report of the High-Level
Expert Group on Sustainable Finance that closing the green investment gap of around
€11 trillion until 2030 will bring “significant benefits, including clean energy and
reduced greenhouse gas emissions; it will also create new jobs in Europe, reduce
energy poverty and improve air quality” (EU High-Level Expert Group on
Sustainable Finance, 2017: 13).

An important step in this process is the integration of the mechanisms of green
growth into economic analyses of climate policy (see Wolf, Schiitze and Jaeger, 2016,
for an excellent overview). Mechanisms identified in this thesis are expectations,
technical progress and shocks in the form of an investment impulse. A green
investment impulse could trigger technical progress and increase employment and
demand in low-carbon sectors, hence coordinating the expectations of European

10 In the entrepreneurship literature, investors are considered to react to norms, values,
regulation and incentives at the company, sector or societal level (Bergek, 2013) while the
organizational literature refers to growth and technological opportunities as coordination
signals for firms (Storper and Salais, 1997).

1 Creutzig et al. (2014) define a European energy transition and the renewable investment
which comes along with it as a stimulus that could lead to more employment.
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investors that have been seriously dampened by the crisis. A new report by the OECD
supports this idea, saying that “combining economic reforms with ambitious climate
policies in an integrated, synergistic manner can spur economic growth while also
mobilising the investment needed to achieve longer-term climate objectives” (OECD,
2017: 7).22 This thesis investigates such mechanisms in light of an ambitious climate

policy.

Involving stakeholders to investigate coordination

Social science dealing with climate change and sustainable development is by nature
interdisciplinary. Moreover, transdisciplinary (Bergmann and Schramm, 2008;
Scholz et al., 2006; Jahn, Bergmann and Keil, 2012; Mauser et al., 2013) and
participatory research methods (Becker, 2006; Glicken, 1999; Renn, Webler and
Johnson, 1991) are commonly used to cope with the “societal embeddedness*
(Granovetter, 1985: 487) and complexity (Klein et al., 2012) of these issues that affect
the whole of society and, thus, touch upon a multitude of different interests.
Sustainability science (Kates et al., 2001; Clark and Dickson, 2003) has taken a lead
in integrating themes such as sustainable development and climate action with
methodologies that come along with stakeholder involvement (SI). On the one hand,
this dissertation follows the tracks of sustainability science by involving stakeholders
in research in order to incorporate non-academic actors” views and knowledge (Welp
et al., 2006). During this process of stakeholder involvement, critical questions arose
on knowledge production, understanding of science and the autonomy of science,
leading to the observation that the theoretical foundations concerning practices (Ison,
2008; Scholz and Steiner, 2015b) and concepts (Scholz and Steiner, 2015a) of
stakeholder involvement in sustainability science are yet to be stabilized.

This thesis contributes to this stabilization in a twofold approach: First, with an
analysis of conceptual foundations of Sl in sustainability science, ranging from the
co-design of research processes to the co-production of knowledge (Hirsch Hadorn et
al., 2006; Moser, 2016; Polk, 2015; Wiek, 2007) and questions about the science-
policy interface. Secondly, this work was substantiated with evidence on current
stakeholder practices among scholars and researchers engaged with sustainability or
transition research.

Overall, this thesis highlights the fundamental role of coordination in achieving
the climate targets and in shaping expectations and investment strategies.
Furthermore, it shows how coordination of actor’s expectations can lead to a
sustainability transition with low-carbon infrastructure on the micro-level and green
growth on the macro-level.

12 Specifically, the report names the following drivers of growth: “investment in low-emission,
climate-resilient infrastructure; an additional fiscal initiative to fund climate-consistent non-
energy infrastructure; pro-growth reform policies to improve resource allocation; technology
deployment; and green innovation.” (OECD, 2017: 7)



1.1

Research design

1.1 Research design

All papers in this dissertation deal with the coordination and cooperation of different
societal actors. Hence, the overarching attempt of this work was to clarify how such
coordination can be established, combined with a critical reflection of the method of
stakeholder involvement, which was used to obtain results in Chapter 5, 6 and 7. More
specifically, the role of coordination for climate change mitigation and green
investment was evaluated across the economic, the policy, the sociological and the
methodological dimension. Table 1 provides a classification and overview of the
chapters in this thesis and will be followed by a summary of the chapters and their

main research questions.

Table 1 Chapter Classification

I _ Chapter

Dimension

Economic
dimension

Chap.

Chap.

Investment

Expectations

Technical progress

Green growth

>
X |x[x|x[N 3

>
X |x[x|x|w 3

Level

Macro

x

x

Micro

Policy
dimension

Climate & energy
policy

Financial market &
investment policy

Sustainability
(SDGs)

Level

International

EU

Sociological
dimension

Stakeholder
Involvement/ Co-
design

Narratives

Method

Qualitative

Quantitative

Theoretical
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1.1.1 Economic dimension

In standard macroeconomic theory, higher investment (1) is either achieved through a
reduction in consumption (C) or an increase in public debt (G). The formula
Y=C+1+G combined with I=I(R)* depicts this relationship: Investment depends
positively on the interest rate R, i.e. investment tends to increase when interest rates
are low. Using a Keynesian approach, expansive fiscal policy will increase national
income on the macro-level in the short term through the multiplier effect,
overcompensating a crowding-out of private investors. On the micro-level, firms will
invest according to an expected price of credit, which can be influenced by
government spending or investment subsidies. Chapter 3 discusses how a green
investment impulse that serves as a shock to the economy (Bryant, 1994; Jaeger et al.,
2015; Bowen et al., 2009) can change expectations and spur technical progress
(Acemoglu et al., 2012), and so can lead the European economy onto a green growth
trajectory.

Keynes emphasized the power of expectations when it came to investment, output
and employment (Hoover, 1997). While standard macro-economic theory generally
accepts the postulate of rational expectations as introduced in the 1970s, recent
approaches such as learning models have described a development of expectations
over time. Addressing the criticism of the concept of rational expectations, the game
theorists Evans and Honkapohja frame the latter as an equilibrium concept:

“We emphasize that rational expectations [RE] is in fact an equilibrium concept. The
actual stochastic process followed by prices depends on the forecast rules used by
agents, so that the optimal choice of the forecast rule by any agent is conditional on
the choices of others. An RE equilibrium imposes the consistency condition that each
agent’s choice is a best response to the choices by others. In the simplest models we
have representative agents and these choices are identical.” (2001: 11)

Referring to the micro-level, experiments have shown that players tend to act
irrationally (see e.g. Aumann, 1990; Cooper et al., 1990; Van Huyck, Battalio and
Beil, 1990), challenging Harsanyi and Selten’s (1988) assumption that rational
expectations let agents choose the payoff dominant and, thus, Pareto-superior
equilibrium in a game with two Pareto-rankable equilibria. This idea is taken up in
Chapter 4, which investigates coordination mechanisms for green investment on the
investor level. Instead of using a game with one (Nash) equilibrium — like in a
prisoner’s dilemma —, | will argue that investment for mitigation and adaptation is
better analysed as a stag hunt!*, allowing for two equilibria to choose from.s
Therefore, | will discuss coordination mechanisms that either change the payoff
function in the game directly, e.g. through subsidies for green investment, or target
players’ expectations exogenously, e.g. through credible narratives. Chapter 2 of this
thesis describes such a narrative where large-scale green and low-carbon investments

13 'Y=GDP/output; C = consumption; | = investment; G = government purchases of goods and
services

14 Morgan offers an interesting discussion on whether narratives link economic models with
the real world as a “cognitive bridge” (Morgan, 2012: 244) or, following Mink (1978),
configure “the events of the world so that they can be understood” (Morgan, 2012: 245).

15 Dynamic models can integrate learning of coordination, leading to some kind of “bounded”
rationality (Sargent, 1993, Gintis, 2009).
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for 1.5°C can lead to green growth while at the same time reaching climate and
sustainability targets.

With regard to the economic dimension, my findings lead me to argue in favor of
the following claims:

* Investors’ negative expectations are holding back green growth, which
would address climate change and sustainability goals at the same time
(Chapters 2 and 4).

» This leads to coordination failure among investors and to the selection of a
Pareto-inferior Nash-equilibrium (Chapter 4).

* Achange in expectations or a re-coordination of expectations towards
green growth can shift investment strategies and allow actors to coordinate
on a Pareto-superior (Nash)-equilibrium (Chapters 3 and 4).

1.1.2 Policy dimension

Climate and energy policy strongly rely on economic actors in order to be
implemented. Whether investors build wind farms or coal-fired power plants,
therefore, also depends on signals from policy makers that shape expectations, e.g.
through feed-in tariffs or financial market regulation. Chapter 2 covers international
climate policy with regard to the United Nation Framework Convention on Climate
Change (UNFCCC) as well as the SDGs (OECD, 2011). The SDGs are closely linked
with the idea of green growth, which combines ecological, economic and social
aspects. Chapter 3 deals with the effects of the implementation of European climate
targets on the macro-level (European Commission, 2014) while Chapter 5 deals with
the effects of current and future climate, energy and financial market policies in the
EU on actor level. The implementation of all policies mentioned relies on actors from
different areas of society. Sustainability science deals explicitly with this challenge of
integration in a sustainability transition and is consequently the focus of Chapters 6
and 7. This leads to the following claims:

*  Current climate policy is unlikely to reach its goals because it is too weak
and lacks coherence with investment, financial market and economic policy
in the EU (Chapter 2).

»  Expectations can be influenced by signals from policy makers, markets and
civil society (Chapters 3 and 5).
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1.1.3 Sociological dimension

Stakeholder involvement is a powerful tool to investigate the coordination of agents.
To find out which signals could influence green investment decisions, | have
integrated actors from industry, civil society and business in the research design of
Chapter 5. In a next step, European insurance companies, who are seen as investors
with high potential for financing the transition to a low-carbon economy, were
interviewed on market, policy and civil society signals, complementing the theoretical
analysis with results from stakeholder dialogues. Since coordination as well as
economic thought are strongly influenced by narratives (Morgan, 2012), they are
discussed in more detail in Chapters 2, 3 and 4. Furthermore, dealing with co-design
and co-production of knowledge obtained through stakeholder involvement was
perceived as challenging. Thus, | decided to formulate a typology that further
conceptualizes stakeholder involvement in sustainability science (Chapter 6). Chapter
7 collects evidence on current practices, ideals and needs when scientists involve
stakeholders and contributes to the stabilization of practices in sustainability science.
Concerning the methodologies, Chapters 2, 4 and 6 take a more theoretical approach,
while Chapter 3 creates quantitative results and Chapter 5 relies on a mix of qualitative
and quantitative data. | derived the following claims:

»  Stakeholder involvement is helpful in understanding policy processes
(Chapters 5, 6 and 7).

* Narratives that stakeholders inherit have a strong influence on economic
activity and shape expectations for coordination (Chapters 2, 3 and 4).

In the following section, the chapters of this thesis with their respective research
questions will be described, divided into three main areas: possibilities for green
growth, coordination of investors’ expectations on green investment and the role of
stakeholders in sustainability science.

1.1.4 Research questions

Possibilities for green growth

A strengthening of the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty sets the context for Chapter 2,
published as Wolf et al. (2019), which describes the investment challenge for
keeping global warming at 1.5°C as an opportunity to globally achieve a ‘Great
Transition’ to green growth and to sustainable development as intended by the SDGs.
Therein, we raise the research question: How can the investment need for a 1.5°C
scenario become an opportunity for green growth?

To give a more comprehensive view of the effects of climate policy Chapter 3,
published as Schitze et al. (2017), introduces new mechanisms in a well-known
computable general equilibrium model (GEM-E3). | address the research question:
Which mechanisms can be integrated into computable general equilibrium (CGE)
models to better evaluate economic effects of climate policy that aims to foster
investment?
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Coordination of investors’ expectations on green investment

Game theory can be applied to investigate the relationship between expectations and
trust among actors. Chapter 4, published as Mielke and Steudle (2018), develops a
game theoretic perspective on green investment, dealing with the research question:
Can a stag hunt-like model be used to gain insights on green investment and
coordination failure?

Chapter 5, published as Mielke (2018), investigates signals of influence for
private investment decisions by insurance companies in Europe, asking the following
research questions: What kind of signals from policy makers, market players or civil
society actors influence insurers’ investment decisions for green infrastructure today?
And which signals could help them to coordinate on green investment?

The role of stakeholders in sustainability science

Although by now, researchers often involve stakeholders, the scientific community
still lacks comprehensive theoretical analysis of the practical processes behind their
integration — for example on the different perceptions of scientists’ roles and their
objectives, the knowledge to be gathered, their understanding of science or the
science-policy interface. Chapter 6, published as Mielke et al. (2016), aims to
conceptualize stakeholder involvement in science by answering the following
research question: How can the different perceptions of stakeholder involvement in
science be classified?

Chapter 7, published as Mielke, VermaRen and Ellenbeck (2017) provides
evidence from sustainability research collected in an international survey to shed light
on the following research questions: What kind of scientists involve stakeholders and
how? What kinds of ideals underlie scientists’ SI practice? Do these ideals match the
practice? How do researchers’ ideals concerning stakeholder involvement relate to
the types of Sl identified in our previous research?

The following section summarizes the results of the chapters.
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1.2 Results

Through this thesis, the following contributions to current scientific discussions are
made.

Chapter 2 describes a narrative where large-scale green and low-carbon
investments for a 1.5°C target can lead to green growth while at the same time
reaching climate and sustainability targets. The chapter outlines the investment needs
of such a scenario and the mechanisms that can turn this challenge into a green growth
opportunity.

With an enhanced version of a classical model used to assess the effects of climate
policy in Chapter 3, | contribute to the integration of green growth trajectories into
classical computable general equilibrium (CGE) models such as GEM-E3. Simulation
results show that, given an ambitious GHG emission constraint and a price on carbon,
positive economic effects are possible if 1) technological progress results to some
extent endogenously from the model and 2) a policy intervention triggering an
increase of investments is introduced into the model. The positive effects can then be
further amplified if 3) the investment behaviour of firms is positively (negatively)
influenced by higher (lower) sales expectations and these expectations become self-
fulfilling. The result is important for policy making because the outcome suggests that
investment-oriented climate policies can lead to a more desirable outcome in
economic, social and environmental terms. It can also help find new policy solutions
towards reaching the target of staying well below a 2°C temperature increase.

While new game theoretic approaches concerning out-of-equilibrium mechanisms
(DeCanio and Fremstad, 2013) or coalitions (Hannam et al., 2017) have moved away
from the classical game theoretic view on climate action as a prisoner’s dilemma on
a country level, | discuss climate action on the investor level and translate the new
narrative into a stag hunt in Chapter 4. In a simple model of a non-cooperative
coordination game based on the stag hunt with two stable Nash equilibria, | examine
the role of expectations and trust among investors when making decisions for brown
or green investment. The coordination problems which arise in such games can lead
to coordination failure, i.e. the selection of a Pareto-inferior equilibrium. As multiple
experiments show, actors often fail to coordinate on a payoff dominant equilibrium in
such games due to uncertainty (Van Huyck, Battalio and Beil, 1990; Hanaki et al.,
2013). Thus, | discuss how uncertainty could be reduced along two options: one that
concerns a change in the payoff structure of the game and another one that concerns
subjective probabilities. By drawing on experimental results and by using a model of
brown and green investment, | show the limitations of these principles and discuss
further mechanisms that could lead to coordination.

Chapter 5 analyses how signals could help to coordinate insurers’ expectations
concerning green investment. The largest European insurance companies, based on
their total assets (Statista, 2016), as well as relevant investors’ associations were asked
to rank signals by their importance to their investment strategies, showing how the
insurance sector perceives the influence of policy makers, market actors and civil
society actors on their green infrastructure investment decisions. It can be concluded
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that policies concerning climate and energy as well as financial market and investment
are important factors in the formation of expectations and the shift of investment
strategies. Policy implications for climate risk disclosure, environmental, social and
governance (ESG) criteria, carbon price reform and green bond design may be derived
from this research. A substantial carbon price and the disclosure of climate risks can
help to make carbon intensive investments less attractive. To incentivize a shift in
investments towards green infrastructure, these instruments need to be accompanied
by other measures. Aside from support schemes such as feed-in tariffs and guarantees
by development banks, green bonds can be an important instrument — if designed in a
competitive, transparent and standardized way. Most importantly, policy signals have
to be coherent and credible to coordinate expectations. Civil society actors play a vital
role in this coordination through their influence on the public debate on climate
change as well as their engagement and divestment efforts with insurance companies.

Although researchers often involve stakeholders, the scientific community still
lacks comprehensive theoretical analysis of the practical processes behind their
integration. Chapter 6 addresses this research gap by developing four ideal types of
stakeholder involvement in science — the technocratic, the functionalist, the
neoliberal-rational and the demacratic type. In applying this typology, which is based
on a literature review, interviews and practical experiences, | identify and discuss
three major criticisms raised towards stakeholder involvement in science: the
legitimacy of stakeholder claims, the question whether bargaining or deliberation are
part of the stakeholder involvement process and the question of the autonomy of
science. Thus, the typology helps scientists to better understand the major critical
questions that stakeholder involvement raises and enables them to position themselves
when conducting their research.

Chapter 7 evaluates current stakeholder involvement (SI) practices in science
through a web-based survey among scholars and researchers engaged in sustainability
or transition research. It substantiates previous conceptual work with evidence from
practice by building on four ideal types of Sl in science as developed in Chapter 6.
The results give an interesting overview of the varied landscape of stakeholder
involvement in sustainability science, ranging from the kind of topics scientists work
on with stakeholders, to scientific trade-offs that arise in the field and to improvements
scientists wish for. Furthermore, | describe a discrepancy between scientists’ ideals
and experiences when working with stakeholders. On the conceptual level, the data
reflects that the democratic type of Sl is predominant concerning questions on the
understanding of science, the main goal, the stage of involvement in the research
process and the science-policy interface. The fact that respondents expressed
agreement with several types shows that they are guided by multiple and partly
conflicting ideals when working with stakeholders. | therefore conclude that more
conceptual exchange between practitioners as well as more qualitative research on the
concepts behind practices is needed to better understand the stakeholder-scientist
nexus.
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1.3 Outlook

With this thesis, | intend to foster a better understanding of the transition processes
linked to climate policy in economics and sustainability science. By viewing climate
action —ranging from investment into green technologies to enforcing climate polices
— as a coordination problem, | contribute a different theoretical focus to the debate.
This focus entails the importance of expectations and narratives as well as the need
for stakeholder integration when studying sustainability problems. The author plans
to continue this work in several ways, but always in collaboration with other
researchers: The coordination model developed in Chapter 4 shall be integrated into
a macro-economic framework, linking Chapters 2, 3 and 4. The discussions with
institutional investors shall be continued to find out more about necessary instruments
and products to enhance the energy transition in Europe with a special focus on the
German 'Energiewende’, thereby enriching the current debate on green finance. Since
the author will continue to involve stakeholders in this line of research, conceptual
contributions concerning the science-policy nexus are also planned.
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Abstract

In 2018, the Intergovernmental Panel on Climate Change (IPCC) produced a special report
on the impacts of average global warming of 1.5°C above pre-industrial levels and related
global greenhouse gas (GHG) emission pathways. It is set in the context of strengthening
the global response to the threat of climate change, sustainable development, and efforts
to eradicate poverty. This paper, which differs from the classical perspective on climate
policy focusing on the net costs of mitigation efforts for society, takes up this context by
proposing a win-win framing: The 1.5°C scenario should be seen as an opportunity for the
world to achieve a Great Transition towards green growth. Since the latter combines
ecological, economic and social aspects of development, it is closely linked to and shows
synergies with the idea of sustainable development as described by the Sustainable
Development Goals (SDGs). With this article, the authors outline the investment needs of
such a scenario and the mechanisms that can turn this challenge into a green growth
opportunity, e.g. technical progress and a re-coordination of expectations. Furthermore,
the article discusses investment sources for the fundamentally needed energy and SDG
transition. Since interest rates are low and investment remains below pre-crisis levels,
there is room for a substantial increase in investment for the Great Transition without
necessarily crowding-out other types of investment.
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1. Introduction

In 2015, at COP21 in Paris, it was agreed to “keep global temperature rise this century
well below 2 degrees Celsius above pre-industrial levels and to pursue efforts to limit the
temperature increase even further to 1.5 degrees Celsius”. In parallel, the UN adopted the
2030 Agenda for Sustainable Development, with its 17 Sustainable Development Goals
(SDGs) that address poverty eradication and climate change, among other issues. These
SDGs open a perspective for green growth, which we interpret as combining ecological,
economic and social aspects of development (e.g. OECD, 2011). However, the green
growth concept has, in the past, been criticized for being synonymous with consumerism
(Confino, 2012), or as failing to appropriately conceptualize social welfare (Jakob and
Edenhofer, 2014). There have also been discussions on “degrowth” (e.g. Kallis, Kerschner
and Martinez-Alier, 2012), “post-growth” (e.g. Hardt and O'Neill, 2017), as well as “a-
growth” —an approach that disregards GDP (gross domestic product) growth as an overall
measure of progress (Van den Bergh, 2017). However, along the lines of the argument by
Hepburn and Bowen (2012), who state that continued economic growth is feasible and
desirable if the understanding of growth significantly changes in its characteristics by
transitioning from material output towards an “intellectual economy”, we use the term
“green growth” in the spirit of a win-win opportunity between environmental and human
well-being in both economic and social terms. GDP growth seems to be a necessary, albeit
far from sufficient, condition for increasing well-being (no poverty, zero hunger, quality
education, etc. — as formulated by the SDGs), at least in the medium term. One could,
therefore, interpret green growth as a means to an end, namely “green well-being”.
Nevertheless, since this is not a common term, we will use the concept of green growth
here.

That said, since the IPCC special report (IPCC, 2018) aims to place humanity’s
response to the threat of climate change in the context of sustainable development and
poverty eradication, a green growth focus seems highly appropriate, especially in
developing countries. It entails the idea that limiting the global average temperature
increase to 1.5°C can also help the world to achieve the SDGs. On this basis, this paper
proposes a complement to the special report. It is organized as follows: Section 2 discusses
investment needs for reaching the 1.5°C target and for achieving the SDGs. Section 3
argues that the huge magnitude of green investments needed would lead to a Great
Transition towards green growth. The section explains basic economic mechanisms that
lead to green growth and relates them to the world’s ability to implement the SDGs.
Section 4 discusses how such investments can be provided, and Section 5 concludes.
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2. The investment challenge

Shifting the political climate target to well below a 2°C temperature increase, and
especially to a 1.5°C increase, is mainly a question of the time horizon. Combining this
change in time horizon with a discussion of the investment needs for decarbonizing the
economy should play an important part in reframing the policy debate.

2.1 Comparing 1.5 with 2°C

Whether aiming at no more than 1.5 or 2°C above pre-industrial global temperature levels,
the remaining “safe” emissions budget for GHGs should inform the primary emissions
scenario to be followed by the world.! This might include the assumption that no
temperature overshoot? will take place, since many of the physical, chemical, ecological,
social, and psychological impacts of overshoot may not be reversible, even in the long
rund. In both temperature scenarios, the economy, and in particular the energy sector, will
need to become essentially GHG emissions free fairly soon.

A major difference between the time horizons for the 1.5 and the 2°C limits is nicely
illustrated by Carbon Brief (2017): with a 50% (66%) chance of staying below 1.5°C
warming and at the current rate of emissions, the remaining carbon budget would be used
up in only 7.8 (4.1) years, versus 26.6 (19.1) years for a 50% (66%) chance of staying
below 2°C.* A “back-of-the-envelope” type of calculation that assumes a linear decrease
in emissions, for reasons of simplicity, implies that emissions have to fall to zero in twice
the time that would remain at current emission levels. This corresponds to 15.6 (8.1) years,
meaning 2032 (2025), for a 50% (66%) chance to meet the 1.5°C target. For purposes of
analysis and policy development, the scenario of emissions falling to roughly zero by 2030
would, therefore, be a useful focal point. A recent perspective by Rockstrom et al. (2016)
proposes a pathway in line with the Paris Agreement to keep warming “well below 2°C”,
namely one which follows a global “carbon law”, halving gross anthropogenic CO,
emissions every decade in all countries and sectors, leading to net-zero-emissions by 2050,
and so on. This poses a similar focal point for the 2°C case that the 1.5°C scenario can
then be contrasted with.

L While carbon budget estimates come with their own uncertainties, they provide a simple and
helpful focal point for actions to be taken.

2 Overshoot means allowing the temperature increase to exceed a target, and then causing it to fall
back down to the preferred goal within some reasonable time period (by removing CO2 from the
atmosphere).

3 In addition, many negative CO2 emissions technologies require higher amounts of net energy
production and investment. Since they currently only exist at small scale, except for re-forestation,
it would be difficult to develop, invest in, and install them in significant amounts by 2030. Finally,
there may be negative environmental impacts such as localized earthquakes and water pollution.
Therefore, the risks and benefits of overshoot scenarios can be evaluated if the designated
temperature increase scenario fails.

4 While IPCC and other reports use the word “probabilities”, and we use the word “chances”, these
numbers merely refer to a distribution derived from the range of outcomes of the various physical
climate models. We cannot know the actual probabilities of future climate scenarios occurring,
unless we consider subjective probabilities, but this lies beyond the scope of this paper.
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2.2 Advantages of a 2030 timeframe

An advantage of focusing on the shorter timeframe until 2030 is that it reduces uncertainty
compared to the AR5 WGIII report, which mostly focused on the entire time period from
2005/2010 through 2100.° The 2030 timeframe is also on the active horizon of investors,
especially those taking longer-term investment decisions. The introduction of a challenge
such as decarbonization in this shorter timeframe can mobilize capabilities that might not
have been available otherwise (Jaeger et al., 2011). “Cost-optimal” mitigation scenarios
through 2100, which may lead to counterintuitive results — such as emissions in a 1.5°C
scenario being higher than those in a 2°C scenario until about 2024 (see UNEP, 2016: xvi)
—, are much less conducive to mitigation action. Therefore, as a research direction fitting
the IPCC's special report, macro-economic analyses of mitigating climate change, with a
typical timeframe of about 30 years (until 2050), should be complemented with or replaced
by analyses focusing on the earlier period from 2020 until 2030. Furthermore, micro-
economic analyses will be important when it comes to determining an appropriate mix of
new technologies for each major region of the world, and for providing investment
guidelines. This technology mix, as well as the financing mix, would depend, in part, on
the relative costs of labor versus capital and the decrease in capital costs in each region,
the existing policy regime, as well as on factors such as regional weather, climate trends
and social and governance aspects. Also, as the timeframe of the SDGs is 2030, synergies
may be reaped by coordinating investments needed for reducing emissions with those
needed for achieving many of the SDGs. Potential synergies are outlined in Section 3.2
below.

2.3 Investment needs

The total investment needs for a 1.5°C target are not yet to be found in the literature. The
comparison of timeframes above, however, implies that the total capital investment
requirements for the transformation to a zero-emissions-economy must be fulfilled within
about one decade — rather than in 3 decades for a 2°C scenario. This includes replacing
the entire existing fossil fuel energy system, increasing energy efficiency substantially,
reducing land-use emissions to roughly zero, and meeting new energy demand growth
much more quickly. We explicitly highlight the importance of additional investment
needs, e.g. in the electricity distribution and transmission systems, for mass transit and for
new transportation technologies such as electric vehicles, which were often ignored in
previous IPCC assessments and which go beyond “business-as-usual” levels. To get a
rough idea of the magnitude of the required investments, the World Economic Forum
(2013) calculated an annual investment need of US$5.7 trillion from 2015 to 2030 to keep
global infrastructure in line with a 2°C target, amounting to US$85 trillion overall,
whereas the New Climate Economy Report (Global Commission on the Economy and
Climate, 2014) calculated a higher annual investment need of US$6.27 trillion (US$94
trillion overall) for the same period of time. However, many investments needed for
carrying out a comprehensive energy transition, such as investments for additional mass
transit and the electrification of all freight train lines, are omitted by the models relied on
by such reports.

As a rough calculation, when averaging over the much shorter time frame until 2030,
the rate of investment per year to meet a 1.5°C target would need to be about three times

5 For a critical review of this type of analysis, see Rosen and Guenther (2016).
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as high (in today’s dollars) as the respective rate to meet a 2°C target. Of course, this
would depend on how the unit capital costs of the replacement technologies change over
time, and on how fast energy demand grows (or shrinks). However, the higher temperature
increase allowed in the 2°C scenario implies that in the 1.5°C scenario, investment needs
for adaptation to climate change will be somewhat lower.

Given the much higher annual investment requirements of the 1.5°C scenario for the
energy sector and related upstream and downstream sectors, other sectors of the global
economy may have to, or will, shrink. This will lead to a structural shift in economic
activities. However, the total investment pool of the world would not be limited to current
global investment levels of about 25 percent of global GDP; rather the envisaged level
would need to be several percentage points higher, including both public and private
investments. Also, additional capital investments between 2020 and 2030 will be required
in order to be able to accomplish all the non-climate change related SDGs. These would
include, for example, funding for water and sewage systems, for educational and health
institutions, as well as for organic agricultural systems. The additional and redirected
investment needs for complying with the 1.5°C scenario, plus SDGs, would, probably,
require more than US$10 trillion of annual capital investment. The ramp-up-period for
implementation would have to occur within about 2-3 years from now on. How this could
be achieved is discussed in the following section.
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3. The investment opportunity: Green growth and SDGs

When it comes to analysing the economic impacts of a 1.5°C target, the focus should be
on the impact of the additional capital investments needed for a decarbonization of the
global economy, relative to business-as-usual. Also, the associated change in operating
and fuel costs of various alternative technologies should be taken into account, as
substantial shifts between sectors of the economy would occur.

To date, the effects of policies to mitigate climate change have largely been explored
by combining an economic model, including some technological details for the supply
side of the energy sector, with a climate system model (together called “integrated
assessment model” (IAM)). A paramount assumption in most of these integrated
assessment models is that labor and capital resources are employed at “optimal” levels in
the reference scenario. Thus, in such models additional investments to further mitigate
climate change would never be optimal over a time horizon of a few decades, and would
come at a “net cost” to society during this period. “Net cost” typically means that GDP
(or a measure of welfare) would be somewhat lower than otherwise. This occurs because
mitigation investments are forcibly redirected from other areas of the economy where they
would be “optimally” employed (this effect is known as crowding-out). A second result
of the optimal use of production factors usually assumed within these models is that
involuntary unemployment cannot be represented and hence not addressed.

Furthermore, most of these models consider technological progress as exogenously
given. Therefore, higher investment levels do not lead to increased technological progress.
Also, financial markets are usually considered an intermediary that allocates resources
efficiently in climate economic models. Yet, additional financing needs (for larger capital
investments®) must be accommodated by financial market actors as well as financial
authorities and, hence, must be represented in the models. Thus, the effect of large
additional investments in mitigation, as required for a 1.5°C target, cannot be investigated
with this kind of model. A new report by the IPCC chairman, advising the ARG,
acknowledges a “pushback” against IAMs due to a “perceived lack of transparency
surrounding the assumptions and structure of the IAMs underpinning the assessment of
global emission pathways” (IPCC Chairman, 2017: 34). The green growth literature, on
the other hand, is rarely model-based (Wolf, Schiitze and Jaeger, 2016).

3.1 Mechanisms that lead to green growth

The large additional investments of a 1.5°C scenario can have a positive impact on the
economy and society via several mechanisms:

e The development of low-carbon and more energy efficient technologies is key
for a transition to a low-carbon economy. A considerable increase in investments
in low-carbon technologies will increase the production and productivity levels
of these sectors. This will spur technical progress through product and process
innovation, known as “learning by doing”, and through “spillover” effects to
upstream and downstream activities. More generally, technical progress will also

61t is useful to note that low-carbon technologies are, typically, more capital intensive (little or no
variable costs during operation) than high-carbon technologies, which use fossil fuels while
operating.
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increase in other sectors where large investments are made, for example for
reaching SDGs that are not environmentally focused.

It can be expected that the large additional investment requirements for the period
2020-2030 in the 1.5°C scenario would cause a significant increase in the
absolute number of jobs in all large economic regions of the world, relative to a
2°C scenario. To reach the SDGs relating to decent work and reduced
inequalities, higher wages and salaries have to be ensured and, therefore, should
be complemented by progressive labor market policies. In the EU, the financial
crisis has caused investment levels and growth to fall, both of which have
remained low in recent years (Baldi et al., 2014). Decreasing inequality, as
required by many SDGs, can also be achieved by additional investment and
economic growth, and is likely to help meet the other non-climate SDGs, such as
the elimination of hunger, improvements in education, etc.

In turn, such actions would raise expectations relative to the current situation of
low investment levels, high unemployment, and low economic growth in most
economic regions (OECD, 2015). Expecting accelerating growth, companies will
decide to invest to be able to meet the increasing demands for their products and
services, which in turn — and partly as a self-fulfilling prophecy — will lead to
growth due to the expansion of the capital goods sector.

This said, a re-coordination and re-orientation of investments, both in magnitude
and between sectors of the economy is needed to shift the world economy to a
green growth path (Jaeger et al., 2011; Jaeger et al., 2015). Seriously aiming at
the 1.5°C target would be an important signal for investors that could trigger such
a change (Mielke, 2018). The magnitude of the investments, and the timeframe
outlined above, have the clear potential to provide a strong policy signal (Bowen
et al., 2009). In order to be credible, this signal for private investors also needs
to be backed by public investment, which will then lead to further private

investment following the logic of “animal spirits”.

This last mechanism in particular and the sources of investment will be considered in

more detail in Section 4. Recent work (Steudle et al., 2017 in preparation) suggests that,
by including these mechanisms in conventional economic models, a more appropriate
analysis of a transition towards green growth becomes possible.

Identifying green growth opportunities —arising from environment-related investments

on the scale described above — can play an important role for the global response to climate
change. Win-win opportunities between climate, on the one hand, and the economy and
society, on the other, can make emission reductions a strategy of global self-interest.

This would strengthen the response to climate change compared to a situation in which

this respective response is perceived as being a burden that needs to be shared (Jaeger et
al., 2012).
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3.2 Synergies with achieving the SDGs

Similarly, the following arguments can help strengthen the global response to climate
change: If a level of capital investment is pursued worldwide that would enable a 1.5°C
scenario to develop, the additional growth in employment and GDP, as well as changes in
the composition of GDP, could facilitate the achievement of many other SDGs. For
example, the rapid expansion of decentralized solar and wind electricity supply
technologies in developing countries could provide hundreds of millions of people with
access to electricity and, thus, help to achieve SDG #7 (affordable and clean energy). It
would also prevent a carbon lock-in to older energy supply technologies, and enable
developing countries to leapfrog developed countries in the energy sector. To limit the
need to expand existing electricity grids, major investments could also be directed to the
purchase of energy storage devices, such as batteries for shared community use. The
expansion of the geographical range of electricity supplies would also help to implement
SDG #7 (affordable and clean energy).

The increase of investment in industries consistent with sustainable development,
should also go along with both the establishment of living wages for employees and
extensive job training, in order to upgrade the skill levels of new employees in line with
SDG #4 (quality education) and SDG #5 (gender equality). Digitalization provides a big
opportunity to provide this type of training on a global scale. This could further help to
realize SDGs #8 (decent work and economic growth), #9 (industry, innovation and
infrastructure) and #11 (sustainable cities and communities).

Ceasing the use of fossil fuels for energy services in all industries and implementing
efficiency measures would also help to make them more sustainable, as required by SDG
#9. The achievement of 100 percent sustainable agriculture throughout the world would
likewise support climate change mitigation (SDG #13) and improve life on land (SDG
#15) as well as below water (SDG #14). These actions could greatly decrease poverty
(SDG #1), help to eliminate hunger (SDG#2) and lead to good health and well-being (SDG
#3). There exist many additional synergies between strengthening the global plan for
mitigating climate change and achieving all non-climate SDGs by 2030. Of course, in
order to enable the green growth scenario described above, the additional investment
needs have to be successfully financed. The next section considers how this could be done.
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4. Investment sources

The transition required to achieve the 1.5°C target can be called “Great Transition” or
“Great Transformation”. While the investment needs for the scenario identified above may
seem huge, they are not historically unheard of in scale. For instance, massive additional
investment yielded full employment in the United States during the beginning of World
War 1l (1939-1942) (see Delina, 2016). This historical analogy demonstrates that in
conditions of significant slack — as presently given — the world economy can be mobilized
and changed very quickly if backed by a respective political will. In fact, policies can be
very effective in increasing private investment. The introduction of the feed-in-tariff in
Germany, which increased investment in renewable energy while decreasing capital costs
much faster than expected, provides an example. Since currently interest rates are low and
investment remains below pre-crisis levels, there is room for a substantial increase in
investment for the Great Transition without necessarily crowding-out other types of
investment. However, financial sector regulation that is better aligned with the 1.5°C
pathway and the SDGs is essential. The mix between public and private investment will
necessarily vary over time and by region. It will depend partly on the speed of the
reduction of unit capital costs of no- and low-carbon technologies, and the policy mix
(more market-based or more regulatory policy solutions; as well as the combinations of
fiscal, financial and monetary policies) adopted.

4.1 Public investment

The change of the world economy that would be required to achieve a 1.5°C scenario is
so significant that market mechanisms alone are not sufficient to realize a phase out of
almost all GHG emissions by 2030. Since the capital costs are still relatively high, though
falling rapidly, in order to effectively promote some low-carbon technologies (i.e. solar
electric) public capital must be invested and used to incentivize large-scale private
investment — in some if not all regions. Thus, governments will be required to provide the
primary management and investment institutions to spark and implement the necessary
transitions, both to achieve the 1.5°C scenario and the other SDGs. This need comes at a
time when many governments in the European Union and elsewhere, reduced their public
spending for infrastructure in the wake of austerity measures triggered by the sovereign
debt crisis (Revoltella et al., 2016; Egler and Frazao, 2016). The US government under
Trump may increase infrastructure spending, but has at the same time emphasized support
for fossil-based industries such as coal, oil, gas, conventional cars, and others, which could
result in a carbon lock-in of the US economy. In a 1.5°C scenario, austerity policies would
have to exempt many energy system investments, at least the low-carbon ones required to
achieve that scenario. To “crowd-in” private investors, governments would need to
incentivize and regulate low-carbon infrastructure and technology investments beyond
merely establishing high carbon taxes. Public expenditure can also be geared towards a
green economy by redirecting existing public investment and greening public procurement
processes (UNEP, 2011). Existing support schemes, like feed-in tariffs and other revenue
guarantees, quotas, resource portfolio standards or tax cuts for project investment, could
be massively scaled up. Apart from governments, the regional development banks could
also play a leading role in this process due to their mandate and state backing. Public
(development) banks need to be aligned with the 1.5°C scenario and the SDGs. They can,
for instance, offer guarantees where needed and issue green bonds’, whose proceeds are

7 For a definition of green bonds see Climate Bonds Initiative (2017).
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dedicated to low-carbon investments. They can also support private investment by
offering technical assistance and capacity building, as well as by supporting flagship
projects and good practices in the field of zero-carbon technologies and infrastructure.
Governments can also help to leverage private capital through public-private partnerships
or other investment vehicles. For example, the European Union’s Fund for Strategic
Investments (EFSI) aims at using 21 billion Euro of public money to leverage private
investment in order to reach a total of 315 billion Euro for European small and medium-
sized enterprises (SME), mid-caps, innovation and infrastructure. In terms of the 1.5°C
target, such a support scheme would have to be limited to exclusively financing climate-
friendly projects as well as scaled up massively®. Another possibility would be to scale-
up instruments like the Green Climate Fund to collect and re-direct public capital towards
mitigation and adaptation projects. At the same time, fossil fuel subsidies should be
eliminated globally, as well as all other subsidies that could hinder the decarbonization
process. This needs to be done cautiously, though, without neglecting the social dimension
that the SDGs emphasize.

4.2 Private investment

Certainly, in the first few years of pursuing a 1.5°C scenario, some investments that would
otherwise occur in a business-as-usual scenario would have to be redirected. First, this
could happen via corporations in all industries diverting their own investments from their
traditional products to renewable energies, enhanced resource efficiency technologies and
to decentralized solar energy production at their building sites as well as in the
communities in which they operate. Second, government or quasi-public mechanisms
have to be established to redirect investment between major sectors of the economy. In
combination with scaled-up public spending for the decarbonization of the economy, both
would have a great impact on creating a credible green growth narrative, as laid out in
Section 3.1 This narrative is necessary to re-orient investors’ expectations towards a low-
carbon economy with a credible and large demand for green products and infrastructure.
Already today, private sources of funding play a big role in financing green investments,
with US$243 billion in 2014, as compared to only US$148 billion of public investments
(Buchner et al., 2015). In the last few years, in addition to an increasing volume of public
green bonds being issued, private actors such as energy companies (EDF, Iberdrola),
technology companies (Apple, Mitsubishi) and banks (BNP Paribas, Rabobank) have also
issued green bonds. The total issuance of labeled green bonds has, thus, reached US$155.5
billion in 2017 (Climate Bonds Initiative, 2018). Institutional investors, who have a long-
term focus and are currently looking for investment opportunities, could also be important
players in financing the Great Transition. °

If uncertainty as to the credibility of climate policies and support mechanisms can be
greatly reduced, private investors could coordinate around green investment, and, thus,
further influence the expectations of actors in other sectors (Mielke and Steudle, 2018).
To support the 1.5°C target, a critical mass of economic actors needs to coordinate around

8 The European Commission has extended the EFSI until 2020 and scaled it up to 33,5 billion of
public money to reach an investment total of 500 billion Euro.

% McKinsey estimates that institutional investors could fill up one third to half of the estimated
infrastructure investment gap of about three trillion dollars a year under a 2°C scenario, if the right
incentives and policies were put in place (Bielenberg et al., 2016). For a 1.5 degree scenario, the
investment gap would be much larger and of shorter duration.
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a new and different global growth path. One possibility to enhance credibility would be a
short-term but large public investment impulse that would trigger technical progress, thus
positively influencing investors’ expectations, leading to fewer GHG emissions and — in
some regions — higher growth rates at the same time (Jaeger et al., 2015). A credible green
growth narrative could help to establish such a re-coordination of public and private
investment to support a 1.5°C world.

A set of papers by Zenghelis and colleagues (see Zenghelis, 2011; 2012; Romani, Stern
and Zenghelis, 2011) analyses the possibility of stimulating additional net private sector
investment in detail. Given investment levels close to record lows in most OECD
countries, the authors detect a “lack of confidence to invest rather than a lack of liquidity”
(Romani, Stern and Zenghelis, 2011: 4) and they argue that credible long-term green
growth policies provide opportunities for restoring confidence and leveraging additional,
rather than only displacing, investment (Zenghelis, 2012). Similarly, a UNEP Green
Economy Report calls for the private sectors' “understanding and sizing the true
opportunity represented by green economy transitions across a number of key sectors”
(UNEP, 2011: 1).
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5. Conclusions

The IPCC Special Report must be complemented with a focus on the idea that a 1.5°C
non-overshoot scenario can only be realized with a massive mobilization of financial and
human resources. This requires a huge and immediate effort on the part of all governments,
financial institutions, businesses, and civil society organizations. Analysis must stress that
such a mobilization may even be required in order to achieve a 2°C non-overshoot
scenario, including the SDGs, but at a lower annual level of investment with more time
for ramping-up.2® In order to achieve the 1.5°C target, large-scale investments, involving
a significant fraction of global GDP per year, are required — and possible, as history has
shown. They would also be beneficial for realizing more immediate economic and social
goals through a coordination of investors' expectations and technological progress.
Additionally, there are many economic and social synergies to be reaped between strict
climate change mitigation policies and policies needed to implement the other SDGs. To
this end, for a credible green growth narrative, climate policies have to be complemented
with political incentives that substantially increase (public and private) investment levels.
Countries and businesses will be more likely to work towards a 1.5°C scenario, if they
expect economic benefits from doing so.
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Abstract

Reaching the Sustainable Development Goals requires a fundamental socio-economic
transformation accompanied by substantial investment in low-carbon infrastructure.
Such a sustainability transition represents a non-marginal change, driven by
behavioral factors and systemic interactions. However, typical economic models used
to assess a sustainability transition focus on marginal changes around a local optimum,
which — by construction — lead to negative effects. Thus, these models do not allow
evaluating a sustainability transition that might have substantial positive effects. This
paper examines which mechanisms need to be included in a standard computable
general equilibrium model to overcome these limitations and to give a more
comprehensive view of the effects of climate change mitigation. Simulation results
show that, given an ambitious greenhouse gas emission constraint and a price of
carbon, positive economic effects are possible if (1) technical progress results (partly)
endogenously from the model and (2) a policy intervention triggering an increase of
investment is introduced. Additionally, if (3) the investment behavior of firms is
influenced by their sales expectations, the effects are amplified. The results provide
suggestions for policy-makers, because the outcome indicates that investment-
oriented climate policies can lead to more desirable outcomes in economic, social and
environmental terms.
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technical progress, expectations, 1.5 °C
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1. Introduction

In climate policy debates, a widespread assumption is that effective climate policy
comes at substantial initial costs, and that therefore it would be a burden and a risk for
producers and consumers alike. This understanding is at least partially attributable to
the models behind it, which usually exclude positive effects by construction (Wolf,
Schitze and Jaeger, 2016). These models focus on marginal changes around an
equilibrium that is Pareto optimal, except for climate damages in a more or less distant
future. However, a sustainability transition typically implies a non-marginal transition
from one economic equilibrium to another. Thus, a sustainability science approach
differs from the standard economic approach, assuming, e.g., more complex
interactions between the macro- and the micro-level (Antal and VVan Den Bergh, 2016).

A concept that relates to the recent macroeconomic discourse, which refers to a
transition between different economic equilibria, is the idea of green growth. J&nicke
(2012), Wolf, Schitze and Jaeger (2016) and Pollin (2015) provide more in-depth
discussions on green growth and the green economy. However, only few studies have
investigated short-term economic benefits of climate policy (see e.g. Jaeger et al.,
2011; 2015) or interaction effects between environmental regulation and technical
progress (Guo, Qu and Tseng, 2017). Related reports from international institutions
such as the Organization for Economic Cooperation and Development (OECD),
United Nations Environmental Program (UNEP), the Worldbank, the World
Economic Forum and others (UNEP, 2011; World Economic Forum, 2013; Global
Commission on the Economy and Climate, 2014; OECD, 2017) usually do not use
the same models as used in macroeconomic climate policy analysis. Green growth is
mainly described by narratives rather than by a trajectory that can be assessed with
formal models. According to Antal and van den Bergh (2016), a synthesis of
sustainability thinking and macroeconomics still needs to be accomplished.

Since most standard economic models exclude the possibility of green growth by
construction, there are two possible solutions in terms of economic modelling:
Creating new types of models that differ from the usual approach of computable
general equilibrium (CGE) models, like, e.g., agent-based models, or changing certain
mechanisms in CGE models in order to overcome some of their intrinsic limitations.
Without in any way dismissing the former, this paper aims at the latter.

GEM-E3 (Capros et al., 1999), the model used for this purpose is calibrated to the
European economy and has been used for evaluating EU level climate policies
numerous times. The current situation in Europe in the aftermath of the financial crisis
is characterized by low levels of investment, growth and employment. This makes
Europe an interesting case for the investigation of a new type of climate policy (Van
der Ploeg and Withagen, 2013), focusing on economic benefits and the role of
investment. Additionally, these insights can be helpful for the discussion on how to
reach the recently agreed international 1.5°C climate target.

Our paper relates to the vast literature and reports on climate policy evaluation
providing cost-benefit analyses. The IPCC (2014) suggests that the cost required to
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mitigate greenhouse gas (GHG) emissions to safe concentration levels (450 parts per
million by volume (ppmv)) ranges from 1 to 3.7% of GDP by 2030 (compared to the
baseline GDP). The OECD (2008) estimates climate mitigation costs to be
approximately 0.5% of GDP by 2030. According to these calculations, timely and
globally concerted action would reduce the costs of GHG abatement (Kriegler et al.,
2013). Studies that investigate the reduction of EU level GHG emissions, such as the
European Commission Impact Assessment Report (European Commission Staff,
2014) come to similar conclusions. Depending on the policy scenario, the costs of a
40% emission reduction scenario is estimated to lie between 0.1% and 0.45% of GDP
by 2030 (compared to the reference scenario).

According to the Impact Assessment Report, the implementation of a carbon price
in all sectors and the reuse of the revenues to reduce labour costs would reduce the
economic costs of GHG abatement. The reported costs are usually measured by
comparing a reference scenario without constraints with a counterfactual scenario that
includes a GHG emission target as an additional constraint to the optimization. In this
way, the outcome can only be as good as, or worse than, the reference scenario. Rosen
(2016) and Rosen and Guenther (2016) provide a more detailed review of the
analytical approaches and assumptions used in the Fifth Climate Assessment (AR5)
of the IPCC (2014) and their shortcomings.

Some models of climate policy (see e.g. Stern, 2007) include the future benefits
from avoiding climate damages and air pollution, where the proper discount rate of
avoided future costs is a decisive parameter and is therefore often debated. Potential
short-term economic benefits, such as increased technical progress, international
competitiveness, a positive investment climate or other feedback effects are usually
not examined. However, when investigating fast decarbonization possibilities, which
becomes ever more important with a 1.5°C climate target, the impact of large amounts
of investment on innovation and spillover effects should not be neglected. A key
question is whether GHG mitigation can bring about economic benefits, even when
costs of climate change (damages) in the future are not taken into account. Wolf,
Schitze and Jaeger (2016) provide a comprehensive overview of different modelling
approaches that address positive economic effects and the mechanisms they depend
on.

This paper will investigate three mechanisms which are considered important for
positive effects of climate mitigation:

1. Several studies argue that the transition to a low-carbon economy requires large
additional investment, e.g.,, UNEP and IEA estimate the required additional
investment at global scale to be US$0.5 trillion annually by 2020 and US$1
trillion annually by 2030, in order to reach the target of staying below 2°C global
warming (International Energy Agency, 2014). This number would increase for
a 1.5°C target. However, academic literature on the effects of green investment
programs is scarce. To address this research gap, we introduce an investment
program and investigate its effects.
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2. Technical progress is often regarded as a key mechanism for reducing abatement
costs. Wing (2006) notes that computational models used to evaluate the costs
and benefits of climate policy often treat technical progress as exogenous and
invariant to climate policy, and therefore disregard the feedback effects involved.
There is a variety of approaches for the endogenization of technical progress,
from the original hypothesis on induced technical change (ITC) by Hicks (1932)
to directed technical change for climate change mitigation by Acemoglu et al.
(2012). Most commonly used approaches are the stock of knowledge approach
(see e.g. Popp, 2004) and the learning-by-doing approach (see e.g. Griibler and
Messner, 1998; Grubb, Chapuis and Duong, 1995). We introduce a simple
learning-by-doing mechanism based on production levels.

3. As pointed out by Wing (2006), the endogenization of technical progress via
learning-by-doing gives rise to multiple equilibria. With more than one possible
equilibrium, the question of equilibrium selection arises, which causes problems
in a general equilibrium framework. This problem can be described as a
coordination problem (see e.g. Bryant, 1983; Cooper and John, 1988). To address
this, we introduce a mechanism of adaptive expectations, in which investment
decisions of firms are influenced by sales expectations in the specific sector.

Although there are numerous studies on the effects of endogenous technical
progress by various scholars (see Wing, 2006, for an overview), it usually has not
been studied in combination with other model changes or policies, such as adaptive
expectations or an investment program. We want to test whether an investment
program combined with changes in the model mechanisms can trigger a shift from
economic costs to benefits within the given model framework.

This paper is organized as follows: In Section 2, we first describe the standard
CGE model and the default features of the modelling framework. Second, we describe
the model mechanisms considered crucial in determining the overall economic impact
of GHG mitigation, and especially key mechanisms for sustainable investment. Third,
we provide a description of different scenarios, which are characterized by different
combinations of policies and model changes. Section 3 compares the results of these
scenarios and Section 4 summarizes the findings.
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2. Materials and methods

The objective of this work is to discuss crucial mechanisms for a more comprehensive
economic evaluation of climate policies that foster investment.

2.1 Landscape

There are different modelling approaches, such as macro-econometric, computable
general equilibrium or systems-dynamics, which are used to assess the economic
impacts of alternative climate policies.

Computable general equilibrium (CGE) models are the most commonly used tools
for the assessment of climate policy, since they simultaneously capture the
interrelation of all markets and agents while allowing for the integration of alternative
policy scenarios. All scenarios in these models represent an optimal allocation of
resources under different types of constraints. By construction, the reference scenario
represents a long-run equilibrium where the economy grows at a steady rate. Hence,
all other scenarios lead to sub-optimal solutions within the given analytical framework.
CGE models, however, may fall short on realism as they do not capture market
imperfections. However, several extensions to the classical Arrow-Debreu-type
(Arrow and Debreu, 1954) of general equilibrium models have been made, to make
them more realistic. Such extensions are involuntary unemployment in the labour
market (Boeters and Savard, 2011), oligopolistic competition and monopolies
(Balistreri and Rutherford, 2013) and endogenous productivity (Tarr, 2013).

This paper addresses additional mechanisms that are expected to play an important
role for climate policy.

2.2 The GEM-E3 model

This section provides an overview of the core structure and key mechanisms of the
model used.

2.2.1 Model description

For the purpose of this paper, a well-established computable general equilibrium
(CGE) model, GEM-ES, is used. This description is based on the detailed model
description of GEM-E3, which can be found in the GEM-E3 reference manual
(Capros et al., 1999) and the GEM-E3 model documentation (Capros et al., 2013).
The model has been applied for policy analyses and impact assessments of climate
policy, such as the Impact Assessment Report of the European Commission
(European Commission Staff, 2014).

The GEM-E3 model is a macroeconomic recursive-dynamic CGE model with
multiple regions and sectors. It consists of a CGE core and an environmental module.
Different versions of the model can differ regarding their characteristics, such as
varied closure rules and institutional regimes. The environmental module includes
emission permits, energy efficiency standards and several policy options for allocating
emission permits and for using the generated revenues. Labour, (total factor)
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productivity and expectations on sectoral growth rates are the main determinants of
economic growth. The main characteristics of the model are:

Firms: Firms operate under perfect competition and use a nested production
function, including capital, labour, energy and materials. Firms are characterized by
myopic expectations.

Households: Representative households (one for each country and region)
maximize a utility function to determine their demand for goods and services. The
household can buy durable (equipment) goods, non-durable (consumable) goods, and
services. The use of durable goods requires some amounts of non-durable goods.

Markets: Firms optimize their profits and households optimize their utility,
determining supply and demand for goods and services. Equilibrium prices are
derived in the market, by ensuring that supply equals demand. Consumption and
investment are allocated using transition matrices.

Technology: Technical progress is exogenously represented in the production
function. In each time step, the producer can change its production inputs depending
on changes in prices of labour, capital and all intermediate goods and services. The
electricity sector is more detailed, differentiating between different technologies
producing electricity.

Externalities: Greenhouse gas emissions are included as an environmental
externality by introducing an additional constraint on the system. The emission
constraint produces a shadow price for the emissions. Firms can invest in pollution
abatement capital, which reduces emissions per unit of output, and hence its costs.
This version of the model does not include damages to the environment and the
economy in the future.

Output: Projections are made in 5-year intervals and include macroeconomic
output (investment, capital, consumption, employment, balance of payments, input-
output-tables, and others) as well as output related to energy and the environment
(energy use and supply, greenhouse gas emissions, pollution permits, pollution
abatement capital).

Appendix A provides a short technical description of GEM-E3-M50, the version
of the model used for this paper, as also presented in Jaeger et al. (2015).
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2.2.2 Investment and related mechanisms

The hypothesis to be tested in this paper, is that investment is a key mechanism for
producing positive economic effects of climate policy. In order to test this hypothesis,
it is necessary to determine the variables that are inputs to and outputs of investment
from the investment function in GEM-E3 (as shown in Formula (6) below):

1. Inputs to investment: The investment demand is endogenously specified using
Tobins’Q (Tobin, 1969), by comparing the market price of capital with its
replacement cost. In the current implementation, investment depends on: the
optimal demand for capital (given by the production function and elasticities), the
depreciation rate (technologically determined), the interest rate (arising from
financial market dynamics which are outside the scope of the model), the unit
cost of investment, expectations on sectoral growth (exogenously defined), as
well as a calibrated scale parameter. We derived two main possibilities of
influencing the investment decision:

—  To change the unit cost of investment via an investment subsidy
— To endogenize expectation dynamics, such that investors learn from
their past experience.

2. Outputs of investment:

—  Technical progress is exogenous in the model at hand. In the real-world,
however, investment has an influence on technical progress — therefore
this mechanism will be addressed.

— Investment influences the size of the capital stock and through that
production and employment. Its effect is the substitution of labour with
capital and between different types of capital — leading to higher
unemployment and crowding-out of investment as a first-round effect
(which is then offset through higher production levels as a second-round
effect). This is an issue we will investigate in the simulation results.

The key mechanisms which will be investigated further in Section 2.3 are: the
effects of an investment subsidy, expectation dynamics and technical progress.

2.2.3 GHG emissions constraint

A standard way of introducing climate targets is in the form of a policy that puts a cap
on total emissions allowed, hence an additional constraint is added to the optimization
problem. In this case, we have chosen a more ambitious climate target than the one
agreed in the European Union (40% by 2030 compared to 1990), namely 50% (the
respective scenario is called M50 only, as described in Section 2.4). Simulations for
the Impact Assessment Report (European Commission Staff, 2014) have shown that
applying a 40% GHG emission reduction target leads to small negative effects on
GDP between 0.1% and 0.45% by 2030 (compared to the reference scenario).To give
a structured overview of the model changes and expected outcomes, we formulate a
number of propositions. Proposition 1 is used in combination with the model
extensions but is based on an existing mechanism in the model.
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Proposition 1. The introduction of an emission cap in the form of an additional
constraint to the optimization problem, will lead to a worse economic outcome.

2.3 Relevant mechanisms and related model extensions

This section describes the model changes implemented to account for the mechanisms
described in Section 2.2.2. The propositions are used to structure the model changes
and the expected results based on the mechanisms of general equilibrium models in
general and the GEM-E3 model in particular.

2.3.1 Investment program

A key goal of this paper is to evaluate the effects of a considerable increase in low-
carbon investment (public or private) in addition to the introduction of a GHG
emission cap. Greening the economy is the target of a number of green recovery
proposals (e.g. Bowen et al., 2009; Edenhofer and Stern, 2009; Zenghelis, 2012;
Beyerle and Fricke, 2014), notably the Green New Deal proposed by the European
Green Party (see e.g. Schepelmann et al., 2009) and the New Climate Economy
Report (Global Commission on the Economy and Climate, 2014). They highlight the
large scale and long-term benefits, such as “building the foundations of sound,
sustainable and strong growth in the future” (Bowen et al., 2009: 2). Two channels
through which public expenditures can be geared towards a green economy are
proposed by UNEP’s Green Economy Report: redirecting public investment and
greening public procurement (UNEP, 2011). Further, increasing the leverage effect of
public investment on private investment is being discussed at different levels, national,
EU and international. UNEP’s Green Economy Report suggests government actions
that set conditions for private investment: to phase out fossil fuel subsidies, to reform
existing incentives and provide new incentives, and to strengthen market-based
mechanisms (UNEP, 2011: 14).

The World Economic Forum (2013) concludes that 80% of investment will have
to come from private sources. Zenghelis (see 2011; 2012; Romani, Stern and
Zenghelis, 2011) analyses the possibility of stimulating additional net private sector
investment in detail. Finding historically low investment levels in most OECD
countries, the authors see a “lack of confidence to invest rather than a lack of liquidity”
(Romani, Stern and Zenghelis, 2011: 4) and argue that credible long-term green
growth policies provide opportunities for restoring confidence and leveraging
additional investment (Zenghelis, 2012: 3). Similarly, the Green Economy Report

EIA3

calls for the private sectors’ “understanding and sizing the true opportunity
represented by green economy transitions across a number of key sectors” (UNEP,

2011: 14).

A key assumption of CGE models, however, is full employment of resources.
Under this assumption, any new investment project will reduce investment elsewhere.
This crowding-out effect is a key distinction between optimizing and non-optimizing
models. If increasing investment levels improves the economic situation, this can
either point to the fact that there is another possible equilibrium point, which actors
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cannot foresee or cannot coordinate on. Or it points to the fact that there are market
imperfections in place that lead to a non-optimal outcome in the current situation.

To represent this mechanism in the model, a green investment program was
introduced. For the purpose of this paper, the investment program was modelled as a
change in policy. The value-added tax (VAT) is increased and the resulting additional
revenues are used to subsidize investment. It is important to note that, what we want
to investigate is the effect of the investment program and not how the additional
investment is funded. The way it is implemented is comparable to other reallocation
policies, such as the introduction of a price on carbon or a cap on the maximum
amount of carbon emissions. Therefore, it can be expected that it leads to a crowding-
out effect. The required additional VAT is calculated such that the government
revenues are increased by 10% compared to the reference case plus the GHG emission
constraint (the scenario M50 only). Hence, the new VAT revenues are determined by:

Cf

VATrevenues®/ = VATrevenuesM™ /¥ 5 1.1 (1)

where “Ref ” denotes the reference scenario, “M50 only” the 50% GHG emission
reduction scenario and “Cf” denotes the counterfactual scenarios, meaning the “M50

only” scenario with additional model changes.

The subsidy per unit of investment, PNV is calculated such that the new
investment is equal to the M50 only investment plus the additional value-added tax
(VAT) revenues:

INVY = INVMSonly 4 yATadditionalRevenues/ and 2
Cf M50 only NV \Cf
Py = Py (]+{P5r:h )= ) (3)

with PINY being a negative value.

Proposition 2. In a standard CGE model, such as GEM-E3, an investment
program leads to an outcome that is worse than the scenario it is based on (M50 only),
because it reallocates resources away from the optimal allocation.

Proposition 3. If the reference scenario is the optimal scenario by assumption, an
investment program will always lead to crowding-out of consumption by investment
(and of investment in one sector by investment in another) in the short-run.

2.3.2 Learning by doing

CGE models, apart from few exceptions which will be described below, represent
technical progress exogenously. However, the technical progress of clean tech-
nologies is key for a transition to a low-carbon economy. A considerable increase in
low-carbon investment will increase the production level of these sectors. This will
increase technical progress for these products through product and process innovation.
An exogenous rate of technical progress does not take this feedback effect into
account when higher levels of investment are applied.
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Wing (2006) differentiates four ways of introducing technical progress
endogenously, two of which are used less often: (1) price-induced input augmentation
and (2) backstop-technologies; and two of which are more popular: (3) the stock of
knowledge approach and (4) the learning-by-doing approach. Price-induced input
augmentation is not used very often, due to difficulties in specifying a function that
describes the relation between relative input prices and the augmentation of different
inputs. Backstop-technologies are regarded as a semi-endogenous approach, which
allows for radical technical change by introducing a new production technique. The
new technique will be employed in response to an increase in prices, which in turn is
dependent on other variables, mostly exogenous.

The stock of knowledge approach results from the new economic growth literature,
where knowledge is represented as a kind of capital, the stock of knowledge (H),
which grows with R&D investment, depreciates over time and follows an innovation
process (transformation function) — which includes the efficiency of innovation,
diminishing returns to R&D and spillover effects. However, the problem is the lack
of disaggregated data on R&D and the calibration of initial knowledge stocks. The
central argument is that climate policy does not increase R&D in general but that there
is a trade-off between innovation (accumulation of knowledge) in different sectors.
Popp (2004) and related papers implement a stock of knowledge approach into the
DICE model. Furthermore, Acemoglu and colleagues (2012) use a stock of knowledge
approach as well and find that a combination of carbon taxes and (temporary) research
subsidies is sufficient to redirect technological development towards clean
technologies through investment.

In the learning-by-doing (LBD) approach, the key parameter is the learning rate
which depends on experience in a given sector. See Arrow (1962) for a discussion on
which economic variables are a good proxy for experience. Bottom-up models favor
the LBD approach and mostly use cumulative capacity or cumulative production
levels as a proxy for experience. Grubb et al. (1995) use cumulative abatement as a

proxy.

There is a rich literature on learning and experience curves, which started with a
study by Wright (1936) who introduced the concept of “learning curves”, measuring
learning-by-doing as labour cost reduction in relation to cumulative output. He found
a constant percentage of unit labour cost reduction per doubling of cumulative output
in airframe manufacturing. Later on, the concept was extended to “experience curves”,
by including different learning effects through R&D, production scale, cost of capital,
etc. and by investigating total product costs instead of labour costs. Nagy et al. (2010)
compare three different “laws” of technical progress (time, production levels and
cumulative production) for a large set of technologies and find that all three show very
similar development paths for a large set of technologies. However, it is not
straightforward to transfer these micro-level learning curves to the macroeconomic
level.

The goal here is not to build on the vast amount of literature on technical progress
by providing deeper insights into the forces that drive it. Instead, we start from the
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point that technical progress is present and is linked to the “experience” in a sector.
Hence, exogenous learning parameters which do not change in response to policy
induced changes in sectoral compositions, miss an important part of the feedback
effects triggered by climate policy.

In the model used, technical progress or total factor productivity TFP;;, is
determined by calibrating the model to exogenously given GDP growth rates. This is
done because the purpose of the model is not to predict growth, but to assume that
under business as usual the official growth rate predictions (e.g., by DG ECFIN (2012)
in the EU) will be realized in the reference case.

In our approach we have semi-endogenised TFP in order to reflect learning by
doing effects from higher production levels. The equation below describes the
computation of TFP. It remains a calibrated parameter but an additional factor is
added that depends on the production level:

Cf

Ccf Ref Dii—1
TR, = TR @

2it-1

where “i” denotes the sector, “j” denotes the region and “t” denotes the time.Q; ,_ is
the sum of the sectoral outputs over all regions j, i.e. Q;;—1 = X; @;;-1 because
spill-over effects between different regions are important for technological progress.

The correction factor fo_l /fof , shows that technical progress in a given sector

increases when the production in that sector increases. This means that TFP stays the
same in the reference case (as production does not change). However, different levels
of production in the counterfactual scenarios lead to different levels of TFP.

The review by Wing (2006) showed that a common way to prevent implausible market
share dynamics in LBD approaches is to include upper bounds. In this paper we
introduced an upper bound on the correction factor. Furthermore, for simplicity we
assume that shrinking sectors do not “unlearn” immediately in response to reductions
in demand. Hence, to prevent unreasonable dynamics, the correction factor is limited
toarange from1to 3., i.e.,

Ref Cf Ref
TFPy <TFF, <3.TFP 7. (5)

Proposition 4. The partial endogenization of learning-by-doing leads to an
improvement of GDP as compared to M50 only, due to its effect on productivity.

Proposition 5. The combination of learning-by-doing with an investment program
leads to an improvement of GDP, because the investment program triggers a stronger
learning-by-doing effect.
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2.3.3 Expectations

The before mentioned literature suggests that technical progress creates positive
externalities in the form of spillover effects, which can lead to underinvestment in
these technologies. There are two main reasons for this: (1) the social benefit of
innovation is higher than the private benefit of the individual investors (2) the benefit
is often beyond the investment horizon of the individual.

Often, investors do not take into account their individual contribution to overall
technical progress (because this depends on the behavior of others). Instead, they take
it as given and collectively invest below the social optimum. Zenghelis (2011)
describes climate change as a market failure emerging from uncoordinated actions of
individuals that leads to a collectively inferior outcome. Such a mechanism of
expectation dynamics has already been investigated in Jaeger et al. (2011; 2015). If
several producers invest more into their productive capital, they will experience
higher overall technical progress. If this experience is taken into account in investment
decisions in the next period, this can lead to positive expectation dynamics.

Investment connects two time steps in a model. Expectations about future prices,
policies and demand are crucial in determining the return on investment (which is
subject to uncertainty) and therefore, the investment decision. The latter then drives
the optimal allocation of capital leading to the optimal outcome. In the model used,
time is modelled in a recursive dynamic way and agents have myopic expectations.
Investment is described by the following function:

PK;

INVVy = Alis Ko ((m

)A + STGR;, +d,-.,). (6)
where Al is a calibrated scale parameter; K is the optimal demand for capital; PK is
the cost of capital; PINV is the cost of investment; d is the rate of depreciation; r is
the national interest rate; STGR is an exogenous parameter expressing expectations
about sectoral growth. STGR represents the expectations on the future rate of capital
return, to ensure that the investment plans are actually realized. Since STGR is an
exogenous parameter calibrated to the reference scenario, it does not change with
production levels (sales expectations of firms).

However, to include a response to increased rates of investment, this parameter should
change endogenously, depending on the economic performance of that sector. For the
purpose of better representing expectation dynamics, the following adjustment of
STGR was implemented to represent adaptive expectations:

Q% .\’
STGR,, = STGR™] . (%) . @
=ijt—1

Similar to the correction factor described in Section 2.3.2, this represents the fact
that sales expectations in a given sector depend on past experience: the larger the
change in production level in that sector in a specific country, the higher the sales
expectations for the next period and vice versa. The difference to Section 2.3.2 is that
output values are differentiated by country and sector, Q; ; .1, because for expectation
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dynamics we do not assume large spillover-effects between countries (larger sales in
one country do not necessarily lead to higher sales expectations in another country).
Furthermore, we assume expectations to be more responsive to increases in
production than technical progress, which is why we assume a quadratic relationship.
In sectors with small output levels, the correction factor can lead to large adjustment
of the STGR parameter. To take this into account, the correction factor is limited to a
range from 0.5 to 3, allowing for negative effects on expectations as well, i.e.,

Ref
it

< STGR{, <3-STGR[/. 8)

05-STGR

Proposition 6. The partial endogenization of expectations does not lead to an

improvement of GDP as compared to M50 only, as it amplifies the negative effects of
the emission target through its effect on production levels.

Proposition 7. The combination of all three mechanisms (adaptive expectations,
learning-by-doing and an investment program) is expected to result in higher levels
of GDP as compared to all other scenarios, because the three effects work in the same
direction.

The next section describes the scenarios used for the analysis.
2.4 Scenario description

For the purpose of testing the propositions, different scenarios are defined. The
geographical focus is Europe, since the low levels of investment make it an interesting
case for these specific model changes.

2.4.1. Reference scenario (Ref)

The first step is to define a reference scenario, which represents the optimal growth
path in the absence of any imperfections or frictions and assumes a business-as-usual
world in terms of policies.

The data used for GEM-E3-M50 for the European Union consists of national
accounts data and input-output tables from Eurostat. One underlying assumption of
the reference scenario is that the output growth rate is in line with macro-economic
projections, in this case 2012 Ageing Report prepared by DG ECFIN (2012).
According to this report, the EU28 will have a growth rate of 1.5% over the period
2015-2050 and a decrease in the working age population. The methodology for the
calibration of the exogenous parameters is described in more detail in the GEM-E3
model documentation (Capros et al., 2013). Although the calibration of the reference
scenario is not based on the latest data and projections, we do not consider this as
problematic. This paper aims at identifying general mechanisms and focuses on the
comparison of a reference scenario with counterfactual scenarios.

The different counterfactual scenarios are compared and evaluated against the
reference scenario. A counterfactual scenario uses different assumptions (including
changes in exogenous variables or policies). If these changes do not affect the
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reference scenario, the model does not need to be re-calibrated. The aim of the model
changes introduced for the purpose of this paper is to keep the calibration of the
reference case unchanged, to ensure comparability of results.

2.4.2 Climate policy scenario (M50 only)

All assumptions are identical to the reference scenario for this scenario. Additionally,
it includes a constraint on total greenhouse gas emissions. To show the impact of an
“extreme” scenario, we chose a more ambitious emission reduction target than the
currently agreed target of 40% (compared to 1990). For this scenario, we apply an
emissions reduction target of 50% compared to 1990 (approx. 46% reduction from
2005). No changes in climate policies are assumed for non-EU countries. To exclude
other reallocation effects, it is assumed that the carbon tax revenues are not reused in
the economy for a specific purpose (although this is generally possible within GEM-
E3) but they are used instead to improve the public budget.

2.4.3 Variants with model changes

To perform an evaluation of the effects of the mechanisms introduced into the model,
several scenarios with different combinations of model changes have been analysed.
The scenarios are specified in Table 1.

Abbreviation Scenario Description
Ref Reference Optimal path, assuming a business-as-usual policy framework
M50 only M50 50% reductioln of GHG emissions compared to 1990
o M50 with investment Part of the investment required to decarbonize the EU economy is
M50 inv . . . X
program financed by increasing consumption taxes
- M50 with technical Learning by doing effects are introduced in the sectors producing
M50 . © . . ©
progress both clean energy technologies and other equipment goods
M50 ex M50 with adaptive The investment decision of firms is adjusted so as incorporate
P expectations expectation dynamics, next to myopic expectations
M50 tl + inv M50 with technical progress and investment program
M50 tl + exp M50 with technical progress and adaptive expectations

M50 with technical progress, adaptive expectations

M350 tl + exp + inv and investment program

Table 1 Scenario description
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3. Results

3.1 Macroeconomic aggregates

This section shows the main findings of the simulations. Table 2 shows the results of
all scenarios compared to the reference scenario in 2030. For GDP, employment, and
energy consumption and energy intensity, the results for 2030 are also depicted in
Figure 1. Appendix B shows the main outcomes of the reference scenario. The
combined scenario (M50 tl + inv + exp) performs best in all four dimensions.

M50only M50tl M50exp M50inv tl +exp+inv

GDP —056% —022%  —-104% —0.24% +9.73%
Employment —076% —046% —141% -—1.21% +1.18%
Energy Use —491% —3.83%  —557% —4.87% —2.73%

Table 2 Macroeconomic results, all scenarios compared to reference in 2030

a) GDP b) Employment

100% = Reference scenario 100% = Reference scenario

95.0 97.5 1000 1025 105.0 107.5 1100 9% 9% o7 98 9 100 101 102 103

MS0 only M50 only
MS0 tl M50 tl
M50 exp M50 exp

MSO thexp MS0 thexp
M50 inv

M50 inv

MS0 ti+inv M50 thinv

MS0 ti+exptiny M50 t+expHinv

d) Energy Intensity

100% = Reference scenario
8 87 88 89 90 91 92 93 94 95 96 97 98

c) Energy Consumption

100% = Reference scenario
91 92 93 9 95 96 97 98 99

M50 only MS0 only

M50 M50 tl

M50 exp M50 exp
M50 ti+exp M0 th+exp

M50 inv M50 inv
M0 th+inv MS0 thiny

MS0 th+expinv M50 thexp+iny

Fig. 1 Results for GDP and employment, energy consumption and energy intensity in
2030, comparing all counterfactual scenarios with the reference scenario.

We can see that the M50 only scenario (with an ambitious climate target, but no
model changes applied), shows a decrease in GDP compared to the reference scenario
(—=0.56% GDP in 2030 compared to reference) due to a 50% GHG emission reduction
target. This corresponds with the results of the European Commission Impact
Assessment Report on the 2030 climate and energy framework (2014), showing GDP
effects between —0.1% and —0.45% in 2030 when comparing a 40% emission
reduction scenario with the reference scenario. This outcome supports Proposition 1.

M50 combined with the investment program (M50 inv) shows slightly improved
GDRP results if compared to the M50 only scenario. This outcome does not support
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Proposition 2 if measured in terms of GDP. However, the proposition can be
supported if measured in terms of “welfare”, a measure of how well consumer
preferences are satisfied. Due to the crowding-out effect, an increase in investment
causes a decrease in consumption, which reduces the welfare of the consumer in the
short-run.

However, GDP results remain below the reference case, which means that the
negative effect of the emission target is only partially offset by the investment
program. This means that an ambitious climate target in combination with an
investment program leads to lower economic costs than a climate target alone (in
terms of loss of GDP as compared to the reference scenario) but does not lead to
economic benefits compared to the reference case (but compared to M50 only). The
investment program leads to a crowding-out effect, hence an increase in investment,
and at the same time a decrease in consumption. This outcome supports Proposition
3.

M50 combined with only technical progress (M50 tl) shows slightly improved
GDP results if compared to the M50 only scenario. This outcome supports Proposition
4. However, GDP results remain below the reference case. This means that the
negative effect of the emission target is partially offset, but no positive economic
effect can be found.

M50 combined with adaptive expectations (M50 exp) leads to lower GDP growth
compared to both the M50 only scenario and the reference scenario. This outcome
supports Proposition 6. This means that investors’ expectations amplify production
levels in a negative way. The combinations of model changes on the other hand show
positive economic effects, despite the GHG emissions constraint.

The combination of technical progress and an investment program (M50 tl + inv)
results in GDP improvements compared to the reference scenario and the M50 only
scenario in 2030. This outcome supports Proposition 5. The combination of technical
progress and adaptive expectation (M50 tl + exp) results in GDP improvements
compared to the reference scenario and the M50 only scenario in 2030 as well. This
means that positive expectation dynamics can have a similar effect as the investment
program. The combination of investment program, technical progress and adaptive
expectations (M50 tl + inv + exp) show even higher GDP results. This outcome
supports Proposition 7.

Regarding employment, the outcome of the M50 only scenario is worse than the
reference scenario. The same is the case for combinations of M50 and one model
change (tl, inv or exp), which shows that these mechanisms alone do not lead to
positive effects. Employment levels for M50 exp and M50 inv are even below M50
only. This general conclusion is in line with the European Commission Impact
Assessment Report on the 2030 climate and energy framework (2014). However, in
the combined scenarios (M50 tl + inv, M50 tl + exp and M50 tl + exp + inv) the
employment effect is positive as compared to both the M50 only and the reference
scenario in 2030.
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Total emissions are the same for all scenarios, due to the constraint on GHG
emissions. Figure 1 shows the energy intensity and energy use in 2030 for all scenarios,
which show improvements as compared to the reference case.

The development over time (see Figure 2) from 2015 to 2030, shows that the
investment program causes a reduction of GDP at first. This can be explained by the
the first round effect where investment is crowding-out consumption and the fact that
positive effects from the additional investment are only realized in the next time step,
hence after 5 years.

GDP
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Fig. 2 Results for GDP over time

3.2 Sectoral impacts

The sectoral disaggregation is what distinguishes CGE models from optimal growth
models, which are also used for assessments of economic impacts of climate policy.
Results at sectoral level can give us insights into crowding-out of investment between
sectors. The sectoral dimension is also important for finding out which sectors will
contribute most to the transformation in terms of emission reduction (relevant for
climate policy) as well as in terms of economic development (important for economic,
labour and education policy).

The changes in production levels and emissions of the different sectors are
presented in Figure 3. The energy sector shows the largest emission reductions
(approximately 50% compared to the reference scenario, for every alternative
scenario), hence this is the sector that needs to contribute most to the abatement
process. The energy-intensive industry will also reduce emission levels considerably.
The transport sector is expected to contribute the least to emission reductions.
Equipment goods producers will increase emissions, but much less than the increase
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of the production level. The overall reduction of GHG emissions is 50% in all
scenarios, due to the binding constraint on these emissions.

a) Domestic Production b) GHG Emissions
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Fig. 3 Results by sector for production levels and GHG emissions compared to the
reference scenario in 2030.

In economic terms, sectors contributing to energy efficiency improvements, such
as construction, equipment goods and services will show higher domestic production
due to larger investment in these sectors. Also at sectoral level, we can see a crowding-
out effect of the investment program from some sectors to others. This outcome again
supports Proposition 3.
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4. Discussion

Reaching the Sustainable Development Goals, including climate action and affordable
clean energy, requires a fundamental socio-economic transformation accompanied by
substantial investment in low-carbon infrastructure. However, there has been little
macroeconomic analysis that evaluates the effects of a substantial increase of
investment in low-carbon technologies. The usual analyses of climate policy show
negative economic effects of emission targets, because they are treated as an
additional constraint to the optimization process, e.g., in CGE models and additional
feedback effects are not taken into account. However, when evaluating the effects of
a large increase of investment for the decarbonization of the economy, assuming no
effect on technical progress and investors’ expectations does not give a
comprehensive picture. Rather, a sustainability transition should be analyzed as a non-
marginal change of the economic state, driven by behavioral factors and systemic
interactions.

This paper identifies key mechanisms that need to be included in a standard
computable general equilibrium model to overcome these limitations. These
mechanisms are an investment program, technical progress and adaptive expectations.
The results of this work highlight the central role of large additional investment and
provide a more comprehensive analysis of the effects of climate policy.

The outcomes of the scenarios with single model changes are in line with what can
be expected from the literature on macroeconomic climate policy assessment (see e.g.
Popp, 2004; Gribler and Messner, 1998; Grubb, Chapuis and Duong, 1995) and from
the model properties: Technical progress partially offsets the negative economic effect
of introducing an ambitious emission constraint. The introduction of adaptive
expectations alone, amplifies the negative effect, because it depresses sales
expectations of firms. An investment program leads to crowding-out of consumption
with investment and therefore to less efficient resource allocation.

The results of the combined scenarios (M50 tl + inv and M50 tl + exp, M50 tl +
exp + inv), however, add new insights to the literature on the role of technical progress
in climate economic models: Technical progress is necessary for positive economic
effects of climate policy, but not sufficient. Combining technical progress with an
investment program or adaptive expectations leads to positive economic effects.
These findings build on Wing (2006), who argued that the endogenization of technical
progress gives rise to multiple equilibria. Indeed, the partial endogenization of
technical progress introduces the possibility for a different economic growth path. The
investment program as well as adaptive expectations introduce the possibility of
switching between different economic growth paths.

The results provide suggestions for policy makers aiming for ambitious climate
goals. If ambitious climate policy (towards 1.5 °C) should bring about more desirable
economic outcomes, it should not be implemented in isolation. Instead, green growth
policies should be the core of a wider economic program aimed at increasing
investment levels and enhancing technical innovation. Green public procurement and



64 Chapter 3 The role of sustainable investment in climate policy

green public investment (as proposed in UNEP (2011)) will be an important element,
as well as implementing credible long-term green growth policies that restore
confidence and leverage additional private investment (Zenghelis, 2012).

We can draw conclusions on the mechanisms that lead to a change in the direction
of the economic effects of climate policy. However, drawing conclusions on the
magnitude of the effect requires additional empirical validation and sensitivity
analysis. Furthermore, generalizing these results to other countries requires more in
depth analysis at the (EU) member state level as well as an extension of the analysis
to other countries. Additionally, research on the role of the financial market is required
in order to address the question of how to finance such an investment program, how
potential funding constraints might reduce the positive effect or whether credit-
financed investment can reduce the crowding-out effect.
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Appendix A: Short technical description of the GEM-E3
M50 model

This section provides a short technical overview of the GEM-E3-M50 model, as
presented in Jaeger et al. (2015). It provides the general structure of the model in order
to better understand the model changes described in the paper. This description is
based on the detailed model description of GEM-E3, which can be found in the GEM-
E3 reference manual (Capros et al., 1999) and the GEM-E3 model documentation
(Capros et al., 2013).

Appendix A.1 Firms
Firms maximize their profits subject to technology constraints:

MaxP x Q — Cost (A1)

5.0 = CES(K,L,E, M) (A2)

A Constant Elasticity of Substitution (CES) is used as production function. Firms
production is modelled via nested production functions so as to explicitly reflect
different substitution elasticities among different inputs:

Q; =TFP. x Q; - (theta,- X (EE?) + (1 — theta;) x ( ) ) (A3)
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where Q: total output, TFP: Total Factor Productivity, KLE: Capital-Labour—Energy
bundle, MA: Material bundle, theta: distributional parameters between KLE and MA,
r,r2 and r3: elasticity of substitution parameters, KL: Capital-Labour bundle, EN:
Energy bundle, theta2: distributional parameter between KL and EN, 10: intermediate
inputs, theta3: distributional parameter among intermediate inputs.
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Appendix A.2 Households

Households maximize their utility, subject to an income constraint:

MaxU = LES(C, L]V) (A7)

stM=w-L+r-K+ foreignTransfers (A8)

where U: Utility represented by a Linear Expenditure System function, C:
Consumption, LJV: Leisure. Households follow a twostep decision process. At first
they allocate their resources among consumption/labour supply and savings and then
they allocate aggregate consumption over different consumption purposes.

C=ch- % - (M —P-ch — Savings) (A9)

where ch: subsistence minima, bh: consumption share parameter.

Appendix A.3 Government consumption
Government consumption (GC) is set exogenously (gcexo), GC=gcexo.
Appendix A.4 Investment

The model is recursive dynamic over time, meaning that multiple (static) equilibria
are linked over time with a stock-flow-relationship of capital and investment. Agents
have myopic expectations with respect to prices, meaning that the set of decision
parameters is constant over time. Endogenously specified investment is determined
using Tobins’Q (i.e., by comparing the market price of capital with its replacement
cost). The motion equation of the capital stock is:

K = (1—d) x K,_1 + INVV, (A10)

Firms in the current year decide on their optimal capital stock by comparing the
rate of return on capital to its replacement cost.

a1 _ PKi 4 o g
INVV;, = Al x K;y x ((m) 4 STGRy; +d,l,) . (A11)

where Al is a calibrated scale parameter; K is the optimal demand for capital; PINV
is the unit cost of investment; d is the depreciation rate; r is the national interest rate
and STGR is the (exogenous) expectation on sectoral growth.

Appendix A.5 Labour supply

The model does not assume full employment of labour. It incorporates the following
labour supply curve that inversely relates wages [w] with unemployment rate [unrt]:

h.
wj (unrt;y) = aj; + ;7rnﬂ (A12)

JJ',l.}
Unrtj-lr
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Appendix A.6 GHG emissions

Energy related CO, emissions are calculated by applying the appropriate emission
factors to fossil fuel burning.

EMCOQ}-LI' = E’fCOfo > AERfer X Efo}r (Al:‘})

Process related GHG emissions are linked with the volume of production.

EMGHG, = Efcolff x Q,‘ (A14)

The imposition of a GHG emission reduction target generates a dual value that
increases the user cost of the emitting activity.

GHGTARGET > EMCO; + EMGHG L CTAX (A15)
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Appendix B: Reference scenario

Table Al shows annual growth rates and Table A2 the labour market outcomes from
2015 to 2030 for the reference scenario.

Table A1 Macroeconomic annual growth rates of the reference scenario

EU-28 2015-2020 2020-2025 2025-2030
Gross Domestic Product 1.5% 1.6% 1.5%
Investment 1.4% 1.6% 1.5%
Public Consumption 1.6% 1.6% 1.5%
Private Consumption 1.6% 1.7% 1.6%
Exports 2.0% 2.0% 2.1%
Imports 2.3% 2.3% 2.3%
Labour productivity 1.2% 1.6% 1.7%

Table A2 Labour market outcomes of the reference scenario

EU-28 2015 2020 2025 2030

Employment (in m. persons) 224 227 227 225
Population (in m. persons) 434 436 432 425
Labour Force (in m. persons) 101 102 101 99
Unemployment rate 11% 10% 9% 9%
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Abstract

To achieve the goal of keeping global warming well below 2 °C, private investors
have to shift capital from brown to green infrastructures and technologies and provide
additional green investment. In this paper, we present a game-theoretic perspective on
the challenge of triggering such investments. The question of climate change
mitigation is often related to the prisoner’s dilemma, a game with one Nash
equilibrium. However, the authors perceive investment for mitigation and adaptation
as a coordination problem of selecting among multiple equilibria. To illustrate this,
we model a non-cooperative coordination game, related to the stag hunt, with a brown
equilibrium with lower payoffs that can be achieved single-handedly and a green
equilibrium with higher payoffs that requires coordination. As multiple experiments
show, in such games actors often fail to coordinate on a payoff dominant equilibrium
due to uncertainty. Thus, we discuss how uncertainty could be reduced along two
options: one that concerns a change in the payoff structure of the game and another
that concerns subjective probabilities.
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1. Introduction

The commitment to keep temperature rise well below 2°C, and desirably below 1.5°C,
creates major investment needs in the coming decades (OECD et al., 2015; Global
Commission on the Economy and Climate, 2014; World Economic Forum, 2013).
Climate change mitigation and adaptation thus require a shift of capital from brown
to green infrastructures and technologies (Qureshi, 2016). Currently, the investment
gap to adjust the European energy sector in line with the climate targets amounts to
€100bn annually until 2030 (Berndt et al., 2016). The question why there is
underinvestment in green infrastructure and technologies is often addressed by
bringing forward the argument of market failure. Zenghelis (2011) claims that, due to
ignorance towards positive externalities, the private sector tends to underinvest in
mitigation technologies, and hence needs to be incentivized. Mazzucato and Penna
unite the concepts of market and coordination failure by highlighting that in situations
“when agents are unable to coordinate their expectations and preferences throughout
the business cycle, due to information asymmetries and high screening costs”
(Mazzucato and Penna, 2015: 14), a Pareto-inferior equilibrium is obtained, leading
to a lack of investment.

This paper discusses the question of underinvestment in technologies and projects
for climate change mitigation with a game-theoretic approach. It builds on abundant
game-theoretic literature on climate diplomacy on the country level, starting with
games concerning international environmental agreements and environmental
problems (see e.g. Barrett, 1994; Méler, 1989). The problem of climate change is often
discussed in the context of the one-shot prisoner's dilemma?,dealing with free-riding
when agents make decisions on how to use common pool resources or (global) public
goods (see e.g. Diekert, 2012; Heugues, 2013; Ostrom, 1990). While this has been the
most prominent approach in the climate change debate, games that allow for
cooperation of actors have become increasingly important. Examples are dynamic,
repeated games?, dealing with self-enforcing strategies (Dutta and Radner, 2004;
Heitzig, Lessmann and Zou, 2011), inequality and communication (Tavoni et al.,
2011) or coalitions and clubs (Carraro and Siniscalco, 1993; Finus, 2008; Hannam et
al., 2017; Nordhaus, 2015; Wood, 2010), as well as one-shot coordination games such
as the stag hunt (DeCanio and Fremstad, 2013; Madani, 2013).

This paper enhances the above mentioned literature with a new perspective: In
contrast to climate negotiations where the important players are national governments,
we discuss capital allocation towards green and brown infrastructures and
technologies as a coordination problem among investors®. This leads to a substantially
different perspective due to time horizons: Since serious damages by cause of global
warming are expected to manifest in the long-term future (Pachauri et al., 2014),

L In variations, Hardin’s (1968) tragedy of the commons and Olson’s (1965) collective action
problem relate to the same conflict that underlies the prisoner's dilemma.

2 The repeated prisoner’s dilemma allows for cooperation. In this paper, we only analyze one-
shot games.

3 For a game-theoretic perspective on cooperation between shareholders and companies
concerning climate change risks, see Kruitwagen et al. (2016).
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climate negotiations among countries are often described with a prisoner’s dilemma.
In contrast, the time horizon of investors is usually shorter. Consequently, investments
in mitigation measures are reasonable only if players expect positive returns* in the
short to mid-term. The latter is more likely in maturing markets that display a larger
number of investors as well as more technological progress and hence a lower
investment risk. Thus, instead of using a prisoner’s dilemma, a game with only one
Nash equilibrium, we perceive investment for mitigation and adaptation as a
coordination problem of selecting among multiple equilibria. To illustrate this, we
propose a simple framework of a non-cooperative coordination game related to the

stag hunt with a “green” and a “brown” Nash equilibrium.

To explain coordination on certain equilibria, including coordination failure®, the
game-theoretic literature provides a broad variety of equilibrium selection principles
and coordination mechanisms. For static games, deductive equilibrium selection
principles, ¢ defined by Haruvy and Stahl as being “based on reasoning and
coordination on focal points”, can be applied. In this case, players are assumed to have
“beliefs consistent with some equilibrium” (Haruvy and Stahl, 2004: 320). By
drawing on experiments and by using a simple model of brown and green investment,
we show the limitations of two well-known examples, payoff dominance (Harsanyi
and Selten, 1988; Schelling, 1960) and risk dominance (Harsanyi and Selten, 1988;
Harsanyi, 1995), and discuss further mechanisms that could lead to coordination.

This paper is organized as follows: Section 2 explains the stag hunt as a basis for
discussing win-win-strategies, leading to the analysis of equilibrium selection
principles in coordination games in Section 3. Furthermore, experiments that have
dealt with risk dominance and payoff dominance are described briefly. Section 4
develops a coordination game of investors in an economy with green and brown
investment strategies. In this stag hunt, the risk dominant and the payoff dominant
equilibrium don't coincide. This allows one to discuss the effects of uncertainty on
agents’ equilibrium selection. In Section 5, we analyze coordination mechanisms that
can influence expectations, leading to an overview of possible signals signals (Storper
and Salais, 1997; Zenghelis, 2011; Skyrms, 2016) for coordination on green
investment. Section 6 concludes with macro-economic considerations.

4 This refers to the expected value of return, including the probability that an investment will
default.

5 Coordination failure is here defined as the selection of a Pareto-inferior equilibrium.

6 In this paper, we only analyze one-shot games. Thus, we focus on deductive selection
principles and cannot consider inductive selection principles. The latter e.g. emphasize learning
(see e.g. Van Huyck et al., 1997; Golman and Page, 2009; Kandori et al., 1993; Binmore and
Samuelson, 1999; Knez and Camerer, 2000; Fudenberg and Levine, 1998) and evolutionary
dynamics (see e.g. Pacheco et al., 2009; Young, 1993; Crawford, 1991) to predict an
equilibrium in iterated games.
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2. The stag hunt

When the French philosopher Jean-Jaques Rousseau laid the foun- dations for the two
player game called stag hunt, he illustrated a social dilemma that contrasts collective
and individual rationality (Rousseau, 1974: 175):

“That is how men may have gradually acquired a crude idea of mutual
commitments and the advantage of fulfilling them, but only insofar as their present
and obvious interest required it, because they knew nothing of foresight, and far
from concerning themselves with the distant future, they did not even think of the
next day. If a group of them set out to take a deer, they were fully aware that they
would all have to remain faithfully at their posts in order to succeed; but if a hare
happened to pass near one of them, there can be no doubt that he pursued it without
a qualm, and that once he had caught his prey, he cared little whether or not he
had made his companions miss theirs.”

Hence, in the game-theoretic derivation of this paragraph, two strict Nash
equilibria exist: Coordination on hunting the stag leads to the efficient equilibrium,
delivering higher payoffs for all players, whereas uncertainty about the other players’
actions leads to a Pareto-inferior outcome and, thus, an inefficient equilibrium where
both players hunt a hare. Fig. 1 illustrates a classical stag hunt game with a payoff of
3 for both players hunting the stag and a payoff of 2 each when both individually hunt
a hare.

Hunter #2
Hunt stag together Hunt hare alone
Hunt stag together 3 3 0 2
Hunter #1
Hunt hare alone 2 0 2 2

Figure 1 A 2x2 stag hunt game.

While in a prisoner's dilemma, the mutually beneficial solution does not emerge
because of an individual incentive not to cooperate, in a stag hunt, achieving the
mutually beneficial solution depends on trust, making it a conflict between mutual
benefit and personal risk (see Skyrms, 2004).

The stag hunt has been studied in different variations and forms. It is, for instance,
used to describe collective action problems (Medina, 2007; Pacheco et al., 2009;
Harrison and Hirshleifer, 1989) or social structures (Skyrms, 2004). Evolutionary
game theorists have extended it to n-players and iterated it (Skyrms, 2007; Binmore
and Samuelson, 1999; Moreira et al., 2012; Young, 1993). Others applied it to macro-
economic settings (Bryant, 1994; Cooper and John, 1988).

Concerning climate change, the stag hunt has been used to illustrate decisions in
climate negotiations among countries. DeCanio and Fremstad (2013) analyze the
whole spectrum of 2x2 order one-shot games in the light of climate negotiations,

" The question of the relationship of payoffs and utility and the derived implications for risk
needs further research that is beyond the scope of this paper.
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focusing on Nash equilibria and Maxi-min strategies as equilibrium concepts. They
come to the conclusion that whether such negotiations can be characterized as a
coordination game or a prisoner's dilemma (PD) depends on how strongly players take
into account the possible risks of climate change. If considered an existential threat,
countries are likely to coordinate on the payoff-dominant abate-abate equilibrium
which — if reached — is self-enforcing; whereas if their main goal is, e.g., to gain
geopolitical advantages, “the PD characterizes the situation and the outlook for
coordination is dim” (DeCanio and Fremstad, 2013: 182). Madani (2013) extends the
range of solution concepts used by these authors to show a broader range of equilibria,
especially including the possibility of a Pareto-optimal outcome in an interactive
prisoner’s dilemma.

While we relate to these important contributions, we take a different approach.
Instead of analyzing climate change on country level, our focus is on investors. As an
illustrative example for green investment decisions in the context of climate change,
we set up a coordination game resembling a stag hunt. Since the stag hunt exhibits
two pure-strategy Nash equilibria, game theorists seek the help of selection criteria in
order to obtain a stable solution.® Section 3 will provide a closer look at equilibrium
selection principles in coordination games as well as an overview of influential
experiments which tested these selection principles.

8 There is an established literature on deductive equilibrium selection principles, like payoff
dominance, as well as an emerging literature on inductive ones, such as social learning in
iterated games.
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3. Equilibrium selection in coordination games

Whenever more than one strict pure-strategy Nash equilibrium exists in a game,
refinements cannot predict a unique solution. Thus, the problem of equilibrium
selection arises (Harsanyi and Selten, 1988). Under such conditions, players face a
coordination problem, which can lead to coordination failure, i.e. “the failure to obtain
a Pareto-optimal equilibrium” (Straub, 1995: 340).° Two equilibrium selection
principles developed by Harsanyi and Selten (1988) — payoff dominance and risk
dominance, will be described in more detail here.

3.1 Payoff dominance and risk dominance

In their ‘General Theory of Equilibrium Selection’, Harsanyi and Selten (1988)
developed the criteria of payoff and risk dominance for non-cooperative 2x2 games
with two pure-strategy equilibria in order to find answers to the coordination problem
described above. Payoff dominance is there described as follows:

When there are two equilibria r and s of the game, r payoff dominates s if the
payoffs of all players at r are larger than the payoffs of all players at s.1° Thus, in the
example of Fig. 1, the stag equilibrium payoff dominates the hare equilibrium because
both players receive a higher payoff if they collectively hunt the stag instead of
individually pursuing the hare. If there is a Nash equilibrium that payoff dominates
all the other equilibria, this Nash equilibrium is considered the payoff dominant one.
Since there are only two Nash equilibria in the example of Fig. 1, the equilibrium
where both players choose to hunt the stag is payoff dominant.

The risk dominant equilibrium is based on pairwise comparison of equilibria and
can be determined via their Nash products. The Nash product reflects each player’s
opportunity cost of unilateral deviation from the equilibrium. For the example given
in Fig. 1, the Nash product of the stag equilibrium is 2, and the one of the hare
equilibrium 4. Since the latter is larger, the hare equilibrium is the risk dominant one,
while the stag equilibrium is payoff dominant. In their derivation of the Nash product,
Harsanyi and Selten (1988) consider the thresholds for the subjective probabilities a
player has to assign to the behaviour of the others in order to decide which strategy to
choose. In the example of Fig. 1 this means: If hunter 1 assumes hunter 2 to hunt the
stag with a probability of more than ps®=2/3, he will choose to hunt the stag as well,
while he has to assume the other to hunt the hare with a probability larger than
prM=1/3 in order to go hare hunting himself. Thus, in the example of Fig. 1, hunter 1
has to have strong reasons to assume player 2 will go stag hunting; in case he translates
his uncertainty to assuming player 2’s probabilities for stag or hare hunting to be

9 In the case of a stag hunt, this would correspond to both hunters choosing the Pareto-inferior
equilibrium in which they each individually chase a hare.

10 Mathematically formulated following Harsanyi and Selten that is: When r and s are
equilibrium points of the fixed standard form n-players game G = (®, H), with

the pure-strategy combination set ® =X;eg;, 5y ®; and a payoff function H: & — R", r payoff
dominates s if H;(r) > H; (s) forevery i € {1, ...,n}, i.e if the payoffs at r are larger than the
payoff at s for all players.
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fifty/fifty, he optimises his expected payoff by going hare hunting, because ppY< 0.5
(and thus psY> 0.5). In this sense, a smaller risk factor stands for a lower risk.

In the following, we will call these probabilities risk factors of the player for the
respective equilibrium. To determine risk dominance, it is equivalent to compare the
products of these probability thresholds (i.e. pa®pu® and ps®Pps@ in our case) or the
Nash products (see Harsanyi and Selten, 1988). The one with the larger Nash product
has the smaller risk factor and is risk dominant. For a symmetric game as in our
example, the risk factors are the same for both players, and thus it is sufficient to only
compare ps® and py@.

For a game like the stag hunt that allows to Pareto-rank equilibria, Harsanyi and
Selten claim that collective rationality makes “risk-dominance considerations
irrelevant” ! since “rational individuals will co-operate in pursuing their common
interests if the conditions permit them to do so” (Harsanyi and Selten, 1988: 356).
This implies that if there is a single Pareto-efficient equilibrium point, there is no
uncertainty about the outcome of the game and, hence, actors will co-ordinate on the
equilibrium with the highest payoff for all. Schelling (1960) also supports this
perception with his concept of tacit bargaining, which states that if there is a clearly
Pareto-superior solution for all, people will coordinate on this focal point even when
communication is impossible. A rational player would always want to maximize his
expected utility and, consequently, hunters would coordinate on hunting the stag
(payoff dominant equilibrium) instead of the hare.*?

Following this logic, risk dominance would only become relevant when the
beliefs, integrated via subjective probabilities®® over the other player’s strategies,
imply an uncertain outcome of the game. The view presented above has been
challenged in various experiments, which will be described in the next section.

3.2 Experiments

A broad variety of laboratory experiments with coordination games such as the stag
hunt test Harsanyi and Selten’s (1988) concepts of payoff dominance and risk
dominance. Most of them conclude that players often do not coordinate on the Pareto-
optimal equilibrium. Van Huyck, Battalio and Beil (1990) show that strategic
uncertainty leads to coordination failure because people choose security over
efficiency. 2 Also, their experiment suggests that the larger the group of players, the
stronger the tendency of coordination failure. In another experiment, an opinion game
with a payoff dominant equilibrium and a secure equilibrium, van Huyck, Battalio
and Beil observed that “repeated interaction produced simple dynamics that

11 Harsanyi (1995) later revised his assumption that players always choose the payoff dominant
equilibrium over the risk dominant equilibrium and proposed to only use multilateral risk
dominance as an equilibrium selection criterion for non-cooperative games.

12 Aumann (1990) rejects this self-enforcing logic by arguing that non-binding pre-play
communication (“cheap talk”) on choosing the payoff dominant equilibrium does not lead
players to actually pick this equilibrium in a stag hunt.

13 Sudgen (2000) goes a step further, trying to introduce normative expectations into
conventional games by including higher order strategies.

14 Risk dominance was not explicitly tested in Van Huyck et al. (1990).
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converged to the inefficient equilibrium” (Van Huyck, Battalio and Beil, 1991: 903).
Schmidt et al. (2003) found that a change in the payoff structure of the game exerts
less influence on equilibrium selection than a change in the risk structure. Battalio,
Samuelson and Van Huyck (2001: 758) altered optimization premiums in order to
investigate convergence towards the inefficient risk dominant equilibrium in a stag
hunt game. Cooper et al. (1990; 1992) reject the notion of Pareto-dominance and
showed that dominated strategies can have an influence on equilibrium selection.
Straub (1995), who performed repeated two-person coordination games, concludes
that “coordination failures are a replicable empirical regularity and that risk
dominance is crucial in explaining coordination failures” (Straub, 1995: 352). The
experiments mentioned above show that agents have difficulties coordinating on the
Pareto-optimal equilibrium. Thus, the experiments display the limitations of
deductive equilibrium selection principles.
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4. A stag hunt of brown and green investment

4.1. Game-theoretic descriptions for problems of climate change
mitigation

As outlined briefly in Section 1, the common approach when discussing climate
change in economics is to compare short-term mitigation costs (i.e. accepting a
welfare reduction) with the long-term benefits of avoiding damages due to climate
change (see e.g. Stern, 2007). Usually it is assumed that in a business as usual scenario
the important changes that are likely to cause relevant damages are expected for the
second half of the 21st century (Pachauri et al., 2014) while mitigation costs to avoid
these damages start accumulating today. This reasoning builds on well-established
concepts such as the tragedy of the commons (Hardin, 1968) or the logic of collective
action (Olson, 1965). In game theory, it is often formulated in a prisoner’s dilemma
(see e.g. Carraro, 2003; Nordhaus, 2015): In a world with limited capacity to absorb
additional CO; in the atmosphere that at the same time incentivizes actors to burn
fossil fuels, we are trapped in a situation with the only Nash equilibrium being that
everyone makes use of the resources in an unsustainable way and chooses not to
mitigate, i.e. defect. We do not believe this game theoretic representation to be
particularly useful in the context of green investment. Time horizons for investments
are usually much shorter than 50 years, leaving investors stuck in a mismatch
described as the tragedy of the horizons (Carney, 2015). Such investment decisions
are rarely motivated by physical climate damages in the future, but by achieving
returns in the present. While some green investments might only reap their benefits in
the next decades, e.g. due to a lack of regulatory instruments like a relevant carbon
price or carbon tax, others, such as wind and PV investment, can already be profitable
today (McCrone et al., 2017). Since we believe the underlying strategic decisions of
investors to be guided rather by considerations of risk and return (which might partly
depend on technological progress and partly be triggered by certain policies and
regulations) than by avoiding long-term damages due to global warming, players
could expect others to coordinate on green investment — and thus, believe in a stag
hunt. Also, adding to technical progress and spillover effects, the promise of global
benefits can influence investment decisions. While for a single person a transition is
costly, a tipping point from where it is beneficial to transit can be reached. This idea,
e.g. laid out by Barrett (2003) is represented in our model. Gerlagh and van der
Heijden (2015) describe a similar mechanism in a dynamic stag hunt where if the
majority of the group coordinates on the transition, it is beneficial for each player to
follow this strategy.

If, as outlined above, the picture of the prisoner's dilemma does not capture the
situation of investors well, other representations might be more suitable. In this paper,
we suggest using another game theoretic setting to discuss green investment. Our
basic model aims at illustrating how assumptions about payoffs in a game where
investors are faced with choosing between different technologies can take the form of
a stag hunt. The idea is not to provide quantitative evaluations for a specific economy,
but to identify a game structure that can later help to discuss the influence of
coordination mechanisms such as social norms, narratives and signals.
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4.2. An exemplary stag hunt

Let us assume that investors can choose to invest in one of two available technologies:
a new green and an established brown one. Both investments are connected with a
respective payoff P which depends on the player's own investment and on the
behaviour of the others. The more players invest in a technology, the higher their
payoffs become. In the model, this represents increased acceptance for and maturity
of a technology, making the investment more profitable as, e.g., unit costs decrease
(economies of scale).'> 16 There is a major difference between the two technologies:
Since the established technology is mature and widespread, ’ returns on investments
do not depend very strongly on what other investors do, whereas for the new
technology option, total investments are crucial for gaining acceptance and diffusion.

We define our investment game as follows: There are n equivalent players
(investors) with two possible strategies — Sg and Sg — to choose from. Sg means to
invest a certain amount | in the green technology, while Sg means investments of the
same amount | in the brown technology. This means the total investment of player i
is either (Gi = I, Bi = 0) if he chooses strategy Sg, or (Gi = 0, B = I) for strategy Ss.
The investor’s payoff has two components: One relates to the investor’s own
engagement and consists of a return on investment proportional to the invested
quantity (with factor r) as well as of investment costs (factor c). The other component
is the investor’s return, proportional to the total investments in the respective
technology (including the investor’s own engagement). The payoff P; of player i is
then given by

P; = (15-¢4)G;i + %Z?:l Gj = 9gG; + %Z?:l Gj @
if Sg is chosen, and

P = (ry-cp)Bi + 230, By =bB +L51 B, @)

15 With respect to investment, technical progress through learning by doing, i.e. increase by
overall investment, exhibits the game theoretic structure of a prisoner’s dilemma. This
discussion is beyond the scope of this paper and thus shall only be sketched briefly: In economic
growth models, technological progress is often assumed to be exogenous, and is e.g. modelled
to be exponentially increasing over time (Moore’s Law). However, there is empirical evidence
that one of the main drivers of productivity growth is “learning by doing”, i.e. productivity
increases faster the more output is produced, or proportionally to the capital stock. Usually, it
is assumed that this productivity growth is the same for all producers, i.e. if induced by the
expansion of the capital stock of one firm it benefits all the others as well. Barro and Sala-i-
Martin (2004) showed that if every firm (owning a small capital stock compared to the overall
capital stock) neglects the impact of its own investment on productivity growth, investment is
lower than in the optimal case. For this situation, Barro and Sala-i-Martin suggest internalizing
this external effect, e.g. through a subsidy for investments, financed by the revenues of a tax on
consumption.

16 An IPCC special report links the cost decrease, e.g. for wind energy, to learning and higher
production or capacity via experience curves (Edenhofer et al., 2012).

17 Binmore (1994) defines the less risky equilibrium in a stag hunt as the ,.state of nature* —
comparable to our brown strategy — while an agreement for a social contract is defined as riskier
but beneficial — relating to our green strategy.
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if player i chooses Sg, i.e. for example in case of 10 players with four of them investing
in green and the other six investing in brown, the payoff for a player i investing in

green is given by by P, = gI + % 4]

Here, 7, £, g, and b are the constant parameters that account for the respective
returns. Since we assume that for the established technology, returns on investments
do not depend very strongly on other investors, whereas for the new technology option
total investments are crucial, we consider the brown technology to be the established
one and the green one to be the new technology. Thus, we choose y > gand b > g.

To give an example of the resulting game structure, for n = 3 playersand I =1, y
=7,8=2,9=4,and b =8, the payoffs for player i playing Sg or Sg are given in Fig.
2. Here, the parameters shall only serve as examples for the case of a new and an
established technology, and thus do not have a concrete empirical foundation.

Other players
Sa, S Sc, Se/ SB, S Sg, S8
. Se | 11.0 8.7 6.3
Player i
Se |87 9.3 10.0

Figure 2 Payoffs of player i in the green and brown investment game.

This game has two pure-strategy Nash equilibria, a “green” payoff-dominant
equilibrium (all players choose to play green) and a “brown” risk-dominant one (all
players choose to play brown). The green equilibrium is strictly Pareto-superior and
results in the highest possible payoff for all players. We assume that the players
maximise their expected utility, which is based on the payoffs of the game and on
beliefs, i.e. player i develops expectations about the behaviour of the other players by
assigning probabilities to their possible actions. In our simple model, he or she doesn’t
differentiate and expects both other players to behave similarly. Let pc be player i’s
subjective probability of the other players choosing green, and pg his or her probability
for the others choosing brown. Player i’s expected payoff for playing strategy Sj is
then given by

E[P(S))] = p? P(S}156S6) + ppe (P(515658) + P(S)155S6))
+ph P(5j|5353) 3)

with P(S;]5,.S;) being the payoff for player i playing S;, given that the other players
choose Sk and Sy, respectively.

Payoff dominance as a selection criterion in this case would mean that players
automatically select the Pareto-superior equilibrium (pc = 1, ps = 0). Instead, we
consider strategic uncertainty to influence equilibrium selection. To evaluate the risk
dominant equilibrium, we calculate risk factors for both Nash equilibria as described
in Section 3. We assume that players consider the other players as equal, i.e. they
assume equal probabilities pe, ps = 1-pc of playing green or brown for all the other
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players. For the payoff table given in Fig. 2, player i chooses to play green if he or she
assumes that the others play green with a probability pc > p; = 0.61, and consistently,
chooses to play brown if he or she expects the others to play brown with a probability
of ps > pp = 0.39. This means that in this example the Pareto-inferior Nash
equilibrium is risk dominant, and in case that a player considers the others to choose
brown with a probability of > 0.39, he or she chooses the strategy associated with the
Pareto-inferior equilibrium.

The structure of the game is unchanged if we increase the number of players to
101. Fig. 3 shows payoffs of a player investing in green (black line) or brown (grey
line) versus the number of others playing green. In this game, two Nash equilibria
exist: one if all players choose green and another if all players choose brown. The
green Nash equilibrium is Pareto-superior with a risk factor of p;; = 0.67. The brown
equilibrium results in a lower payoff for all players and has a risk factor of pj; = 0.33.

y and S determine the slopes of the curves, and g and b shift them vertically. Our
assumptions y > # and b > g result in a steeper curve and a lower minimum for the
case of the player playing green. To invest in brown can be considered less risky as
the associated risk factor is smaller than 50%.

payoff A

12

1

10

| -

0 10 20 30 40 50 60 70 80 90 100
number of other players
playing green

— player green player brown

Figure 3: Expected payoffs for one player in a 101-player investment game.

On the left side of the intersection of the two curves, the share of investment in
the green technology is too small to make it more profitable than brown investment;
while on the right side of the intersection, the total share of green investment is large
enough for it to become more profitable for the individual player.
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5. Discussion

Mathematical models can point out important underlying mechanisms to real world
problems and help to facilitate analogies to similar challenges for which solutions may
already exist. If a situation is described as a prisoner’s dilemma, free-riding is
identified as the main problem. While we do not claim that green investment always
needs to be a win-win situation, we emphasize critical-mass effects when it comes to
technological change. Under this assumption, a staghunt-like structure with a risk
dominant and a payoff dominant equilibrium can be obtained as, e.g., the externality
of technical progress. In our simple game-theoretic model of investment decisions
between two technologies, the problem of a green investment gap is understood as a
coordination problem rather than a problem of free-riding. Perceiving the situation as
a stag hunt allows to focus on different solution concepts than in a prisoner’s dilemma.
Thus, in Section 5.1, we will discuss coordination mechanisms for equilibrium
selection of a brown or a green equilibrium. Section 5.2 will relate these ideas to green
investment.

5.1 Coordination mechanisms

As discussed before, experiments with stag hunt-like games indicate that, although it
would be collectively rational, people are not likely to choose payoff dominance as
an equilibrium selection strategy due to a lack of trust in the behaviour of the others.
Van Huyck, Battalio and Beil believe that rational decision makers in economies with
multiple equilibria will be influenced by strategic uncertainty® “even in situations
where objectives, feasible strategies, and institutions are completely specified and are
common knowledge” (Van Huyck, Battalio and Beil, 1991: 885f). Schelling, even
though adhering to the concept of focal points, acknowledged that “the principles
relevant to successful play, the strategic principles, [and] the propositions of a
normative theory, cannot be derived by purely theoretical means from a priori
considerations” (Schelling, 1960: 162). If more than payoffs are considered to have
an influence on players’ choices, other coordination mechanisms,*® such as social
norms (Nyborg et al., 2016; Binmore and Samuelson, 1994; Skyrms, 2008; Burke and
Young, 2011; Gintis, 2010), signals or narratives (Jaeger et al., 2012; Wolf, Schitze
and Jaeger, 2016; Morgan, 2012) could influence players’ expectations.

In our simple model, we assume that players choose their strategies evaluating
expected payoffs. Expected payoffs are determined by payoffs and subjective
probabilities (see Eq. (3)). Thus there are two entry points for such mechanisms:

1. Achange in the game, i.e. the payoff function (Egs. (1) and (2)). This would,
e.g., correspond to subsidies for green investment as a coordination
mechanism, which in the model would be represented by a larger g.

18 Strategic uncertainty among rational actors has been described by many scholars, among
them Keynes (1936) with his concept of the beauty contest.

19 Cooper and John state that “if there was a mechanism for agents to coordinate their
activities, they could achieve a better (cooperative) equilibrium” (Cooper and John, 1988:
448).
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Increasing g shifts the blue curve upwards (Fig. 3) and, thus, reduces the risk
factor for the green equilibrium.

2. A change of players’ expectations. The subjective probabilities assigned to
the behaviour of the others are crucial for the investors’ choice of strategy.
There are many attempts to deduce these probabilities endogenously from
the structure of the game alone (Binmore, 1994; Harsanyi and Selten, 1988;
Sudgen, 2000). However, since our model is not a stand-alone tool to draw
lessons from, we consider it useful for discussing how to influence subjective
probabilities exogenously, because they are crucial for the question on which
side of the tipping point the players will find themselves.

Combinations of both options could be effective. For example, feed-in-tariffs for
renewables or similar measures that support green investment could reduce the risk
factor of the green equilibrium by altering the payoff table — and thus the structure of
the game. At the same time, they can influence players’ subjective probabilities on
the likelihood of other players to choose green, due to a stronger belief in the transition
and future profits from green investment (see e.g. Dufwenberg, Gachter and Hennig-
Schmidt (2011) and Tversky and Kahneman (1981) on the effects of framing in
decision making, and specifically concerning environmental contexts, Gerlagh and
van der Heijden (2015), Pevnitskaya and Ryvkin (2013) and Cason and Raymond
(2011)).

Beckert (2009: 247) supports this argumentation by saying that it is only possible
to resolve coordination problems, “if market actors are able to form stable
expectations with regard to the actions of other market actors and future events
relevant for their decisions, and if they consider the expected outcomes to be

sufficiently in their material interest and normatively acceptable”.

In the context of the choice of green investment in our simple model, the question
is how to make investors expect that the others will invest in green.?* There are several
approaches that consider influencing players’ expectations exogenously: Cachon and
Camarer (1996) conclude that framing payoffs as gains or losses could alleviate
coordination failure in repeated play. Corsetti, Guimaraes and Roubini (2006) discuss
that liquidity support by the International Monetary Fund (IMF) can foster
coordination in financial crises. Bryant (1994) emphasizes that out of a non-
equilibrium situation of an economy, institutions could help actors to coordinate more
efficiently than just prices. In Gerlagh and van der Heijden’s (2015) stag hunt, an
environmental framing of the game leads to twice as many green technologies.

Most examples of such mechanisms take effect in repeated games, where players
can learn to coordinate. In a one-shot prisoner’s dilemma, players always have an
incentive to free-ride. In an infinitely iterated game (see e.g. Blonski, Ockenfels and
Spagnolo, 2011; Sherstyuk et al., 2016), players might change their strategy according

20 This logic was tested and confirmed by Schmidt et al. (2003).
2 Such a mechanism of expectation dynamics has already been investigated in Jaeger et al.
(2011).
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to the behaviour of the others and cooperate. Our one-shot stag hunt-model without
repeated interactions cannot describe the transition period itself. Nevertheless, green
investment, as discussed above, can be beneficial already today, during the transition.

5.2 Coordination on the green investment strategy

Our paper relates to climate policy, considering how green investment as a
contribution to mitigation could be fostered. It is useful to discuss reasons why players
might assume that green investments of other players are unlikely. The metaphor of
the prisoner’s dilemma, as outlined in Section 4.1, can have a negative impact on the
expectation whether a transition towards a 2°C scenario is likely to be achieved or
not. If we assume that the players of our investment game live in an environment in
which the prisoner's dilemma narrative is prevalent in the public discourse, e.g.,
shaped by civil society, market actors and policy makers, their probabilities for
expecting the others to invest in green technologies might be low.

Let us assume that, on the contrary, the players of our investment game live in a
society in which the public discourse on climate mitigation is dominated by the idea
of a stag hunt, and presuming that there is another possible Nash equilibrium which
is characterized by the use of greener technologies that lead to less CO; at (at least)
the same level of growth. This Nash equilibrium, categorized as a “green growth”?2
trajectory, would be considered a stable state of the economy. In such an environment,
our players’ probabilities for expecting the others to invest in green technologies
would be higher than in the case where climate mitigation is associated with a

prisoner's dilemma.?

The organizational literature gives insight on coordination mechanisms for firms:
Lorenzen (2001) provides an example by distinguishing incentive coordination
mechanisms — such as monitoring — and cognitive coordination mechanisms — such
as reputational effects. Storper and Salais (1997) name growth opportunities and
technological opportunities as two important coordination signals that companies
receive.

Coming back to the two options for coordination mechanisms, a framework of
possible signals for green investment can be derived. The first option includes policy
and market signals that change the parameters of the payoff functions, such as feed-
in tariffs or a maturing market. The second option contains signals that relate to social
norms, such as civil society pressure, or to leadership, reputation (Ostrom, 2009) and
transparency by actors.

22 By green growth, we mean sustainable growth that combines ecological, economic and
social aspects. For an economic assessment of green growth, see Wolf (2016).

23 Ostrom, in an attempt to update the theory of collective action, supports this positive
perspective in saying that “while many instances of free riding are observed in the array of
empirical research, a surprisingly large number of individuals facing collective action
problems do cooperate” (Ostrom, 2009: 10). The chances of cooperation increase, e.g. if
actors have reliable information on costs and benefits of actions, operate within a long-term
time horizon, value a reputation for being a trustworthy reciprocator and experience
leadership for joint problem solving.
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6. Conclusions

Climate change mitigation and the necessary investments to decarbonize the economy
can be understood as a social dilemma. Inaction, often characterized as individually
reasonable behaviour, leads to a deficient equilibrium. Although the prisoner’s
dilemma is a more commonly used metaphor in the discourse on climate change, we
find that the stag hunt provides an interesting framework for discussing green
investment strategies due to its inherent aspects of coordination. If expectations of
actors can be reframed towards green growth, e.g. through credible climate policy,
narratives or investment incentives, coordination on a Pareto-superior equilibrium
could be reached. However, Straub, who described coordination failure as a “conflict
between individual rationality (risk dominance) and collective rationality and the
inability of agents to select actions as a group” (Straub, 1995: 353), argues that risk
dominance will always prevail in a single-shot game without communication. Thus,
the study of dynamic stag hunts (Skyrms, 2016), e.g. in the context of well-known
growth models (see Steudle et al., 2017 in preparation), as well as the study of
coordination mechanisms for investors, provide an interesting basis for further
research. Since green technologies are still associated with higher risks, there is an
incentive for institutional investors to choose brown technologies. However, our
model exhibits a tipping point, where players’ assumptions about the probability with
which the others invest in the green technology exceed the necessary threshold above
which a player considers his or her green expected payoff to be higher than the brown
one. Therefore, we conclude that trust and expectations are crucial in achieving the
green equilibrium.

While the brown and green investment game presented in Section 4 entails a
micro-economic perspective through the selection of Nash equilibria among
investors, stag-hunt structures can be also used to explain macro-economic states,
such as Keynesian coordination failures and equilibrium selection in economies
(Goeree and Holt, 2005; Bryant, 1994; Cooper and John, 1988). In Bryant’s (1983)
model economy, agents only reach an inferior equilibrium although they have rational
expectations®* while Cooper and John (1988: 448) describe coordination failure as the
situation where an economy gets “stuck at an inefficient equilibrium with a low level

of ‘economic activity’, even though a better equilibrium exists”.

If applied to climate change, the current state of the European economy could
accordingly be described as a brown equilibrium. Emissions are still too high, while
at the same time the EU is experiencing low growth rates and low investment levels,
making it difficult to mobilize capital for the desired decarbonization. The Pareto-
optimal green equilibrium could then be described by the concept of green growth
(see e.g. Jaeger et al., 2015). If we consider this option as a possible alternative, these
two macro states of the economy can also be perceived as a stag hunt: We are stuck
in the risk dominant brown equilibrium while there is another payoff dominant green
equilibrium out there. As large-scale green investments would be necessary for

24 In a later effort, Bryant (1994) developed a two-step production game that develops from a
prisoner’s dilemma into a stag hunt.
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achieving that green growth equilibrium, this ‘macro stag hunt’ is clearly related to
the considerations sketched in our investors’ model.

Acknowledgements

The authors are grateful to Carlo Jaeger for extensive and valuable discussions on
our work. They thank two anonymous reviewers for their helpful suggestions and
Andrea Wiesholzer for her editing support. This research was funded by the EU
Horizon 2020 programme, DOLFINS project (No. 640772).



94 Chapter 4 Green investment and coordination failure

References

Aumann, R. J. (1990) 'Nash Equilibria are not Self-Enforcing', in Gabszewicz, J.J.,
Richard, J.-F. and Wolsey, L.A. (eds.) Economic Decision Making: Games,
Econometrics and Optimisation. Amsterdam / New York: Elsevier, pp. 201-206.

Barrett, S. (1994) 'Self-enforcing international environmental agreements', Oxford
Economic Papers, pp. 878-894.

Barrett, S. (2003) Environment and statecraft: The strategy of environmental treaty-
making. New York: OUP.

Barro, R. and Sala-i-Martin, X. (2004) Economic Growth. 2nd edn. Cambridge Mass.:
MIT-Press.

Battalio, R., Samuelson, L. and Van Huyck, J. (2001) '‘Optimization Incentives and
Coordination Failure in Laboratory Stag Hunt Games', Econometrica, 69(3), pp. 749-
764.

Beckert, J. (2009) 'The Social Order of Markets', Theory and Society, 38(3), pp. 245—
269.

Berndt, M., Muent, G., Revoltella, D., Bending, T., Calthrop, E., Dunnett, G.,
Fitzpatrick, S., Lundqvist, M., Piovesan, L., Scatasta, M., Stélting, S. and Vlila, T.
(2016) Restoring EU Competitiveness. 2016 Updated Version: European Investment
Bank (EIB). Awvailable at: http://www.eib.org/attachments/efs/restoring_
eu_competitiveness_en.pdf (Accessed: 07.02.2017).

Binmore, K. (1994) Game Theory and the Social Contract. Playing Fair.
Massachusetts: Massachusetts Institute of Technology.

Binmore, K. and Samuelson, L. (1994) 'An Economist's Perspective on the Evolution
of Norms', Journal of Institutional and Theoretical Economics (JITE) / Zeitschrift fiir
die gesamte Staatswissenschaft, 150(1), pp. 45-63.

Binmore, K. and Samuelson, L. (1999) 'Evolutionary Drift and Equilibrium Selection’,
The Review of Economic Studies, 66(2), pp. 363-393.

Blonski, M., Ockenfels, P. and Spagnolo, G. (2011) 'Equilibrium selection in the
repeated prisoner's dilemma: Axiomatic approach and experimental evidence',
American Economic Journal: Microeconomics, 3(3), pp. 164-192.

Bryant, J. (1983) 'A Simple Rational Expectations Keynes-Type Model', The
Quarterly Journal of Economics, 98(3), pp. 525-528.

Bryant, J. (1994) 'Coordination Theory, the Stag Hunt and Macroeconomics', in
Friedman, J.W. (ed.) Problems of Coordination in Economic Activity. Boston:
Kluwer.

Burke, M. A. and Young, H. P. (2011) 'Social Norms', in Bisin, A., Benhabib, J. and
Jackson, M. (eds.) Handbook of Social Economics. Amsterdam: North-Holland, pp.
311 - 338.



4.7 References 95

Cachon, G. P. and Camarer, C. F. (1996) 'Loss-Avoidance and Forward Induction in
Experimental Coordination Games', The Quarterly Journal of Economics, 111(1), pp.
165-194.

Carney, M. (2015) Breaking the Tragedy of the Horizon. Climate Change and
Financial Stability, Bank of England. Auvailable at:
http://www.bankofengland.co.uk/publications/Pages/speeches/2015/844.aspx
(Accessed: 01.03.2017).

Carraro, C. (2003) Governing the Global Environment. The Globalization of the
World Economy. Cheltenham, UK / Northampton, USA: Edward Elgar.

Carraro, C. and Siniscalco, D. (1993) 'Strategies for the international protection of the
environment', Journal of public Economics, 52(3), pp. 309-328.

Cason, T. N. and Raymond, L. (2011) 'Framing effects in an emissions trading
experiment with voluntary compliance', Experiments on Energy, the Environment,
and Sustainability: Emerald Group Publishing Limited, pp. 77-114.

Cooper, R., Delong, D. V., Forsythe, R. and Ross, T. W. (1992) 'Communication in
Coordination Games', Quarterly Journal of Economics, 107(2), pp. 739-771.

Cooper, R. and John, A. (1988) 'Coordinating Coordination Failures in Keynesian
Models', Quarterly Journal of Economics, 103(3), pp. 441-463.

Cooper, R. W., DeJong, D. V., Forsythe, R. and Ross, T. W. (1990) 'Selection Criteria
in Coordination Games: Some Experimental Results’, American Economic Review,
80(1), pp. 218-233.

Corsetti, G., Guimaraes, B. and Roubini, N. (2006) 'International Lending of Last
Resort and Moral Hazard: A Model of IMF's Catalytic Finance', Journal of Monetary
Economics, 53(3), pp. 441-471.

Crawford, V. P. (1991) 'An 'Evolutionary' Interpretation of Van Huyck, Battalio, and
Beil's Experimental Results on Coordination’, Games and Economic Behavior, 3(1).

DeCanio, S. J. and Fremstad, A. (2013) 'Game theory and climate diplomacy’,
Ecological Economics, 85, pp. 177-187.

Diekert, F. K. (2012) 'The Tragedy of the Commons from a Game-Theoretic
Perspective', Sustainability, 4, pp. 1776-1786.

Dufwenberg, M., Géchter, S. and Hennig-Schmidt, H. (2011) 'The framing of games
and the psychology of play', Games and Economic Behavior, 73(2), pp. 459-478.

Dutta, P. K. and Radner, R. (2004) 'Self-enforcing climate-change treaties',
Proceedings of the National Academy of Sciences of the United States of America,
101(14), pp. 5174-5179.



96 Chapter 4 Green investment and coordination failure

Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Seyboth, K., Kadner, S., Zwickel, T.,
Eickemeier, P., Hansen, G., Schlémer, S., von Stechow, C. and Matschoss, P. (2012)
Renewable Energy Sources and Climate Change Mitigation. Special Report of the
Intergovernmental Panel on Climate Change: Intergovernmental Panel on Climate
Change (IPCC). Available at: http://www.cambridge.org/de/academic/subjects/earth-
and-environmental-science/climatology-and-climate-change/renewable-energy-
sources-and-climate-change-mitigation-special-report-intergovernmental-panel-
climate-change?format=HB&isbn=9781107023406#UmUJVIfpzs3BwpHf.97
(Accessed: 03.05.2017).

Finus, M. (2008) 'Game theoretic research on the design of international
environmental agreements: insights, critical remarks, and future challenges',
International Review of Environmental and Resource Economics, 2(1), pp. 29-67.

Fudenberg, D. and Levine, D. K. (1998) The Theory of Learning in Games.
Cambridge: MIT Press.

Gerlagh, R. and van der Heijden, E. (2015) 'Going green: Framing effects in a
dynamic coordination game', CentER Discussion Paper Series, 2015-054.

Gintis, H. (2010) 'Social Norms as Choreography', Politics,Philosophy & Economics
(ppe), 9(3), pp. 251-264.

Global Commission on the Economy and Climate (2014) Better Growth, Better
Climate. The New Climate Economy Report. The Global Report, Washington DC:
New Climate Economy / World Resources Institute (WRI). Available at:
http://newclimateeconomy.report/2014/wp-content/uploads/sites/2/2014/08/NCE-
Global-Report_web.pdf (Accessed: 07.02.2017).

Goeree, J. and Holt, C. (2005) 'An Experimental Study of Costly Coordination’,
Games and Economic Behavior, 51(2), pp. 349-364.

Golman, R. and Page, S. E. (2009) 'Individual and Cultural Learning in Stag Hunt
Games with Multiple Actions', Journal of Economic Behavior and Organization,
73(3), pp. 359-376.

Hannam, P. M., Vasconcelos, V. V., Levin, S. A. and Pacheco, J. M. (2017)
'Incomplete cooperation and co-benefits: Deepening climate cooperation with a
proliferation of small agreements’, Climatic Change, 144(1), pp. 65-79.

Hardin, G. (1968) 'The Tragedy of the Commons', Science, 162, pp. 1243-1248.

Harrison, G. W. and Hirshleifer, J. (1989) 'An Experimental Evaluation of Weakest
Link/Best Shot Models of Public Goods', Journal of Political Economy, 97(1), pp.
201-225.

Harsanyi, J. C. (1995) 'A New Theory of Equilibrium Selection for Games with
Complete Information’, Games and Economic Behavior, 8(1), pp. 91-122.

Harsanyi, J. C. and Selten, R. (1988) A General Theory of Equilibrium Selection in
Games. Cambridge, MA: MIT Press.



4.7 References 97

Haruvy, E. and Stahl, D. O. (2004) 'Deductive versus Inductive Equilibrium
Selection: Experimental Results', Journal of Economic Behavior and Organization,
53(3), pp. 319-331.

Heitzig, J., Lessmann, K. and Zou, Y. (2011) 'Self-enforcing strategies to deter free-
riding in the climate change mitigation game and other repeated public good games',
Proceedings of the National Academy of Sciences, 108(38), pp. 15739-15744.

Heugues, M. (2013) The Global Emission Game: On the Impact of Strategic
Interactions Between Countries on the Existence and the Properties of Nash
Equilibria, Milano: Fondazione Eni Enrico Mattei. Available at:
http://www.feem.it/userfiles/attach/2014181222104NDL2013-108.pdf  (Accessed:
03.05.2017).

Jaeger, C. C., Hasselmann, K., Leipold, G., Mangalagiu, D. and Tabara, J. D. (2012)
Reframing the Problem of Climate Change. From Zero Sum Game to Win-Win
Solutions. Abingdon, Oxon / New York: Earthscan.

Jaeger, C. C., Paroussos, L., Mangalagiu, D., Kupers, R., Mandel, A. and Tabara, J.
D. (2011) A New Growth Path for Europe: Generating Prosperity and Jobs in the
Low-Carbon Economy. Synthesis Report, Berlin (Accessed: 31.03.2017).

Jaeger, C. C., Schiitze, F., Mielke, J., Steudle, G., Wolf, S., First, S., Mangalagiu, D.,
Meilner, F. and Paroussos, L. (2015) Investment-Oriented Climate Policy: An
Opportunity for Europe. Analysis of Growth and Employment Effects of an EU
Climate Target of 50% in 2030, Berlin: Global Climate Forum (GCF). Available at:
http://www.globalclimateforum.org/fileadmin/ecf-documents/news-
events/2016_0217_Investment-oriented_climate_policy/Investment-
oriented_climate_policy-_An_opportunity for_Europe.pdf (Accessed: 07.02.2017).

Kandori, M., Mailath, G. J. and Rob, R. (1993) 'Learning, Mutation, and Long Run
Equilibria in Games', Econometrica, 61(1), pp. 29-56.

Keynes, J. M. (1936) The General Theory of Employment, Money and Interest.
London: Macmillan.

Knez, M. and Camerer, C. F. (2000) 'Increasing Cooperation in Prisoner's Dilemmas
by Establishing a Precedent of Efficiency in Coordination Games', Organizational
Behavior and Human Decision Processes, 82, pp. 194-216.

Kruitwagen, L., Madani, K., Caldecott, B. and Workman, M. H. W. (2016) '‘Game
Theory and Corporate Governance: Conditions for Effective Stewardship of
Companies Exposed to Climate Change Risks', Journal of Sustainable Finance and
Investment, 7(1), pp. 14-36.

Lorenzen, M. (2001) 'Ties, Trust, and Trade. Elements of a Theory of Coordination
in Industrial Clusters', International Studies of Management and Organization, 31(4),
pp. 14-34.

Madani, K. (2013) 'Modeling international climate change negotiations more
responsibly: Can highly simplified game theory models provide reliable policy
insights?', Ecological Economics, 90, pp. 68-76.



98 Chapter 4 Green investment and coordination failure

Mazzucato, M. and Penna, C. C. R. (2015) Beyond Market Failures: The Market
Creating and Shaping Roles of State Investment Banks, New York: Levy Economics
Institute. Available at: http://www.levyinstitute.org/pubs/wp_831.pdf (Accessed:
03.05.2017).

McCrone, A., Moslener, U., d’Estais, F. and Griining, C. (2017) Global Trends in
Renewable Energy Investment 2017, Frankfurt a. Main: FS-UNEP Collaborating
Centre / United Nations Environment Programme (UNEP) / Bloomberg New Energy
Finance (BNEF). Available at: http://fs-unep-centre.org/sites/default/
files/publications/globaltrendsinrenewableenergyinvestment2017.pdf (Accessed:
20.07.2017).

Medina, L. (2007) A Unified Theory of Collective Action and Social Change. Ann
Arbor: University of Michigan Press.

Moreira, J. A., Pinheiro, F. L., Nunes, A. and Pacheco, J. M. (2012) 'Evolutionary
Dynamics of Collective Action when Individual Fitness Derives from Group
Decisions Taken in the Past', Journal of Theoretical Biology, 298, pp. 8-15.

Morgan, M. S. (2012) The World in the Model. How Economists Work and Think.
Cambridge University Press.

Maler, K.-G. (1989) 'The acid rain game', Studies in Environmental Science, 36, pp.
231-252.

Nordhaus, W. (2015) 'Climate Clubs to Overcome Free-Riding', ISSUES in Science
and Technology, XXXI(4).

Nyborg, K., Anderies, J. M., Dannenberg, A., Lindahl, T., Schill, C., Schliter, M.,
Adger, W. N., Arrow, K. J., Barrett, S., Carpenter, S., Chapin Ill, F. S., Crépin, A.-S.,
Daily, G., Ehrlich, P., Folke, C., Jager, W., Kautsky, N., Levin, S. A., Madsen, O. J.,
Polasky, S., Scheffer, M., Walker, B., Weber, E. U., Wilen, J., Xepapadeas, A. and de
Zeeuw, A. (2016) 'Social Norms as Solutions. Policies May Influence Large-Scale
Behavioral Tipping', Science, 354(6308), pp. 42-43.

OECD, IEA, NEA and ITF (2015) Aligning Policies for a Low-Carbon Economy,
Paris: Organisation for Economic Co-operation and Development (OECD) /
International Energy Agency (IEA) / Nuclear Energy Agency (NEA) / International
Transport Forum (ITF). Available at: https://www.oecd.org/environment/Aligning-
Policies-for-a-Low-carbon-Economy.pdf (Accessed: 07.02.2017).

Olson, M. (1965) The Logic of Collective Action. Public Goods and the Theory of
Groups. Cambridge / London: Harvard University Press.

Ostrom, E. (1990) Governing the Commons: The Evolution of Institutions for
Collective Action. Cambridge University Press.

Ostrom, E. (2009) A Polycentric Approach for Coping with Climate Change: World
Bank. Available at: http://elibrary.worldbank.org/doi/pdf/10.1596/1813-9450-5095
(Accessed: 03.05.2017).



4.7 References 99

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R.,
Church, J. A., Clarke, L., Dahe, Q. and Dasgupta, P. (2014) Climate change 2014:
synthesis report. Contribution of Working Groups 1, 1l and 111 to the fifth assessment
report of the Intergovernmental Panel on Climate Change. IPCC.

Pacheco, J. M., Santos, F. C., Souza, M. O. and Skyrms, B. (2009) 'Evolutionary
Dynamics of Collective Action in N-Person Stag Hunt Dilemmas', Proceedings of
the Royal Society B. Biological Sciences, 276(1655).

Pevnitskaya, S. and Ryvkin, D. (2013) 'Environmental context and termination
uncertainty in games with a dynamic public bad', Environment and Development
Economics, 18(1), pp. 27-49.

Qureshi, Z. (2016) Meeting the Challenge of Sustainable Infrastructure: The Role of
Public Policy: The Brookings Institution. Available at:
https://www.brookings.edu/wp-content/uploads/2016/07/Sustainable-Infrastructure-

Policy-Paperwebfinal.pdf (Accessed: 07.02.2017).

Rousseau, J.-J. (1974) The Essential Rousseau: The Social Contract, Discourse on
the Origin of Inequality, Discourse on the Arts and Sciences, the Creed of Savoyard
Priest. New York: Mentor Book.

Schelling, T. C. (1960) The Strategy of Conflict. London: Oxford University Press.

Schmidt, D., Ostrom, E., Shupp, R. and Walker, J. (2003) 'Playing Safe in
Coordination Games: The Roles of Risk Dominance, Payoff Dominance, and History
of Play', Games and Economic Behavior, 42, pp. 281-299.

Sherstyuk, K., Tarui, N., Ravago, M.-L. V. and Saijo, T. (2016) 'Intergenerational
games with dynamic externalities and climate change experiments', Journal of the
Association of Environmental and Resource Economists, 3(2), pp. 247-281.

Skyrms, B. (2004) The Stag Hunt and the Evolution of Social Structure. Cambridge:
Cambridge University Press.

Skyrms, B. (2007) 'Dynamic Networks and the Stag Hunt: Some Robustness
Considerations', Biological Theory, 2(1), pp. 7-9.

Skyrms, B. (2008) 'Trust, Risk, and the Social Contract’, Synthese, 160, pp. 21-25.

Skyrms, B. (2016) 'Evolution, Norms, and the Social Contract', Arizona State Law
Journal, 48(4 (Winter)), pp. 1087-1099.

Stern, N. (2007) The Economics of Climate Change. The Stern Review. Cambridge,
UK: Cambridge University Press.

Steudle, G., Wolf, S., Mielke, J. and Jaeger, C. (2017 in preparation) Green Growth
Mechanics: The Building Blocks: Global Climate Forum (GCF).

Storper, M. and Salais, R. (1997) Worlds of Production. The Action Frameworks of
the Economy. Cambridge: Harvard University Press.



100 Chapter 4 Green investment and coordination failure

Straub, P. G. (1995) 'Risk Dominance and Coordination Failures in Static Games',
The Quarterly Review of Economics and Finance, 35(4), pp. 339-363.

Sudgen, R. (2000) 'The Motivating Power of Expectations', in Nida-Rimelin, J. and
Spohn, W. (eds.) Rationality Rules and Structure: Vol. 28, Theory and Decision
Library. Series A, Philosophy and Methodology of the Social Sciences. Dordrecht:
Springer-Science+Business Media, pp. 103-130.

Tavoni, A., Dannenberg, A., Kallis, G. and Léschel, A. (2011) ‘Inequality,
communication, and the avoidance of disastrous climate change in a public goods
game', Proceedings of the National Academy of Sciences, 108(29), pp. 11825-11829.

Tversky, A. and Kahneman, D. (1981) "The framing of decisions and the psychology
of choice', Science, 211(4481), pp. 453-458.

Van Huyck, J., Battalio, R. and Beil, R. (1991) 'Strategic Uncertainty, Equilibrium
Selection Principles, and Coordination Failures in Average Opinion Games'
Quarterly Journal of Economics, 106(3), pp. 885-911.

Van Huyck, J., Cook, J. and Battalio, R. (1997) 'Adaptive Behavior and Coordination
Failure', Journal of Economic Behavior and Organization, 32, pp. 483-503.

Van Huyck, J. B., Battalio, R. C. and Beil, R. O. (1990) 'Tacit Coordination Games,
Strategic Uncertainty, and Coordination Failure', American Economic Review, 80(1),
pp. 234-248.

Wolf, S., Schutze, F. and Jaeger, C. (2016) 'Balance or Synergies between
Environment and Economy. A Note on Model Structures', Sustainability, 8(8).

Wood, P. J. (2010) Climate Change and Game Theory: A Mathematical Survey,
Canberra: The Crawford School of Economics and Government. Available at:
http://ageconsearch.tind.io//bitstream/95061/2/Climate%20Change%20and%20Gam
€%20Theory.pdf (Accessed: 03.05.2017).

World Economic Forum (2013) The Green Investment Report. The Ways and Means
to Unlock Private Finance for Green Growth. A Report of the Green Growth Action
Alliance, Geneva: World Economic Forum. Available at:
http://www3.weforum.org/docs/WEF_Greenlnvestment_Report 2013.pdf
(Accessed: 07.02.2017).

Young, H. P. (1993) 'The Evolution of Conventions', Econometrica, 61(1), pp. 57-84.

Zenghelis, D. (2011) A Macroeconomic Plan for a Green Recovery: Centre for
Climate Change Economics and Policy / Grantham Research Institute on Climate
Change and the Environment. Available at: http://www.cccep.ac.uk/wp-
content/uploads/2015/10/PP_macroeconomic-green-recovery Janll.pdf (Accessed:
31.03.2017).



Chapter 5

Signals for 2°C: The influence of policies, market
factors and civil society actions on investment decisions
for green infrastructure!

Jahel Mielke

I'This chapter has been published as Mielke, J. (2018) ’Signals for 2°C: the influence of poli-
cies, market factors and civil society actions on investment decisions for green infrastructure’,
Journal of Sustainable Finance & Investment. DOI: 10.1080/20430795.2018.15288009.

101



102 Chapter 5 Signals for 2°C




103

Signals for 2°C: The influence of policies, market factors
and civil society actions on investment decisions for green
infrastructure

Jahel Mielke®b*

Abstract

The targets of the Paris Agreement make it necessary to redirect finance flows towards
sustainable, low-carbon infrastructures and technologies. Currently, the potential of
institutional investors to help finance this transition is widely discussed. Thus, this
paper takes a closer look at influence factors for green investment decisions of large
European insurance companies. With a mix of qualitative and quantitative methods,
the importance of policy, market and civil society signals is evaluated. In summary,
respondents favor measures that promote green investment, such as feed-in tariffs or
adjustments of capital charges for green assets, over ones that make carbon-intensive
investments less attractive, such as the phase-out of fossil fuel subsidies or a carbon
price. While investors currently see a low impact of the carbon price, they rank a
substantial reform as an important signal for the future. Respondents also emphasize
that policy signals have to be coherent and credible to coordinate expectations.
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finance, climate change, institutional investors
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1. Introduction

The agreement to keep global warming well below 2°C while “pursuing efforts to
limit the temperature increase to 1.5°C above pre-industrial levels” (UNFCCC, 2015:
3) made at the COP21 in Paris requires major changes in the global investment
landscape: Finance flows have to be redirected towards sustainable, low-carbon and
climate-resilient infrastructures as well as technologies! (World Economic Forum,
2013; Global Commission on the Economy and Climate, 2014; OECD et al., 2015).
The New Climate Economy Report estimates an annual investment need for a 2°C
compatible infrastructure of US$6.27 trillion until 2030. Calculating with the current
infrastructure spending of US$2.5 to US$3 trillion a year, this would leave a global
investment gap of at least US$3 trillion annually that needs to be met by private and
public actors (Bielenberg et al., 2016). To bring the EU energy infrastructure in line
with the 2030 Climate and Energy Framework and the Energy Union (European
Commission, 2011), the European Investment Bank estimates a gap of €100 billion
annually until 2030 (see Figure 1, Berndt et al., 2016).

(=3
o

Energy
Transport
Digitalization
Education
Total

Environm. Services

Figure 1 Annual infrastructure investment gap in the EU until 2030 in €bn; Source:
numbers assembled from Berndt et al. (2016).

In reaction to austerity measures and lower investment levels in many member
states (Della Croce, Stewart and Yermo, 2011; Inderst, Kaminker and Stewart, 2012)
2 after the financial and sovereign debt crisis, the European Commission set up a
variety of policy measures to stimulate private infrastructure investment?, for example
the European Fund for Strategic Investment* and the Capital Markets Union
(Revoltella et al., 2016). To ‘shift the trillions’ to green infrastructure® (Inderst,

1 The European Roadmap for a competitive, low-carbon economy in 2050 names “various
forms of low carbon energy sources, their supporting systems and infrastructure, including
smart grids, passive housing, carbon capture and storage, advanced industrial processes and
electrification of transport including energy storage technologies.” (European Commission,
2011: 5).

2 Governmental spending on infrastructure in the EU had decreased especially in the highly
indebted GIIPS countries Greece, Ireland Italy, Portugal and Spain as well as in the New
Member States of Eastern Europe (Revoltella et al,. 2016; Egler and Frazao, 2016).

3 Corsetti, Guimaraes, and Roubini (2006) emphasize that the success of such incentives
strongly depends on whether they can coordinate the expectations of investors.

4 40% of all supported European Fund for Strategic Investment (EFSI) projects have to be
climate-related (European Commission, 2016b).

5 Climate Action and Energy Commissioner Miguel Arias Cafiete emphasized the necessity to
“leverage private investments through public support, in particular when it comes to building
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Kaminker and Stewart, 2012; Kaminker et al., 2013), European policy makers
specifically address insurance companies and pension funds (European Commission,
2015b; European Commission, 2016¢). The author takes up this discussion and poses
the following research questions: Which signals from policy makers, market players
or civil society actors are considered important by insurance companies when they
make investment decisions for green infrastructure? And which signals could be
important drivers of green investment in the future?

While much of the literature around low-carbon investment deals with policies and
incentives that address possible market failures (Zenghelis, 2011), this paper uses a
different approach. It analyses green investment as a coordination problem among
investors, which, following Beckert (2009: 247), can only be resolved if market
actors are able to form stable expectations with regard to the actions of other market
actors and future events relevant for their decisions, and if they consider the expected
outcomes to be sufficiently in their material interest and normatively acceptable”.

To discuss such expectations, game theory, which analyses interactions of agents
and seeks for best responses to expected actions of others (von Neumann and
Morgenstern, 1947; Harsanyi and Selten, 1988), is a useful tool. The framework
developed in this paper to investigate policy, market and civil society signals that
influence investment decisions is thus based on game theoretic reasoning. It relates to
a model by Mielke and Steudle (2018) which describes investors’ decisions for a
brown vs. a green technology as a coordination game with two equilibria, where
agents have to choose under uncertainty. The model assumes that players choose their
equilibrium strategies by evaluating expected payoffs, which are determined by
payoffs and expectations concerning the behavior of the other players. Based on this
reasoning, policy, market and civil society signals as described in this paper could
serve as coordination mechanisms in investors’ decision making for green and brown
technologies, possibly leading to a tipping point for green investment (Mielke and
Steudle, 2018).

Hence, this paper goes beyond the academic literature that investigates the
influence of energy policies on investment decisions (Dinica, 2006; Gross, Blyth and
Heptonstall, 2010). By focusing on expectations and perceptions (Wistenhagen and
Menichetti, 2012; Chassot, Hampl and Wistenhagen, 2014) in connection with
policy, market and civil society signals, this research extends the model that green
investment decisions are primarily driven by energy policies which influence risk and
return (De Jager et al., 2008). Also, group dynamics (Shiller, 1995) and social or
ethical objectives (Renneboog, Ter Horst and Zhang, 2008) are included in this
framework. To answer the research questions above, the largest European insurance
companies based on their total assets (Statista, 2016) located in the UK, Germany, the
Netherlands and France as well as relevant insurance and investors’ associations were
asked to rank policy, market and civil society signals according to importance to their
investment strategies. The ranking was accompanied by qualitative interviews.

interconnections and infrastructure, energy efficiency and renewable energy” (European
Commission, 2016c).
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The paper is organized as follows: In section 2, the background is described.
Section 3 elaborates on the method and explains the framework of signals used in the
ranking and the interviews. Section 4 presents the results, organized by the respective
main topics in the fields of policy, market and civil society signals, followed by a
discussion in Section 5. Section 6 concludes.

2. Background

2.1 Green infrastructure and green investment

Infrastructure is a large contributor to global greenhouse gas (GHG) emissions
(Qureshi, 2016) and a major component of gross fixed capital formation. To reduce
the carbon footprint, carbon-intensive structures have to be modernized or replaced
with low-carbon ones such as renewable-energy power plants or smart grids (Boie et
al., 2014). Green or low-carbon, climate-resilient (LCCR) infrastructure projects can
be defined as ones that mitigate emissions and/or support adaptation to climate change
(Corfee-Morlot et al., 2012). This paper specifically considers three areas of green
infrastructure that the European Investment Bank has outlined as crucial for the
achievement of the 2030 climate targets in the energy sector: (renewable) energy
projects, power distribution and transmission projects and energy efficiency
improvements® (Berndt et al., 2016). To describe finance flows into sustainable
technologies or green infrastructures, this paper uses the term green investment
(Eyraud et al., 2011; Inderst, Kaminker and Stewart, 2012; World Economic Forum,
2013; OECD, 2013b).”

2.2 The role of institutional investors

Several studies discuss the potential of institutional investors® to finance green
infrastructure (Inderst, Kaminker and Stewart, 2012; Kaminker et al., 2013; Pierpont
and Nelson, 2013), for example due to their long-term focus (Della Croce, Stewart
and Yermo, 2011; Déau, 2011; Ottesen, 2011). On a global level, McKinsey estimates
that private institutional investors could close almost half of the annual infrastructure
investment gap of US$3 trillion (Dobbs et al., 2013; Bielenberg et al., 2016). For
Europe, the law firm Linklaters calculated the potential allocation of institutional
investors towards infrastructure projects at US$100 billion annually until 2023
(Linklaters, 2014). In the EU, the insurance sector is the largest institutional investor
with an investment portfolio of around €10 trillion in 2015, of which roughly one
percent were invested into infrastructure (Insurance Europe, 2016). Over recent years,
the European sector association Insurance Europe noted a “key shift” in asset

6 While renewables and transmission projects are often large scale and thus of interest to insur-
ance investors, energy efficiency projects are often considered too fragmented and small-scale.
7 Other terms used in the literature are climate finance (Clapp et al., 2012; UNEP FI, 2014;
UNFCCC SCF, 2014; Buchner et al., 2015; Hamilton and Zindler, 2016) or green finance (G20
Green Finance Study Group, 2016).

8 The definitions of institutional investors vary. Here, they are defined as pension funds, insur-
ance companies and investment companies such as sovereign wealth funds. For a broad dis-
cussion of the term, see Celik and Isaksson (2014).
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allocations towards infrastructure, offering several reasons: low interest rates, low
returns on traditional assets and “a strong political push in this area, focused on both
the creation of infrastructure pipelines throughout the EU and the review of excessive
prudential barriers” (Insurance Europe, 2016: 38). Other studies also describe a shift
towards so called Alternative Investments,® where insurers invest directly in
infrastructure projects in order to diversify and increase their returns (Della Croce and
Yermo, 2013; McCrone et al., 2016; Offner, 2016). Insurance Europe expects a
further increase of infrastructure investment to an average 5-10 percent in portfolios.
However, it is not specified whether these are green/low-carbon infrastructure
investments such as renewables'® or brown/high-carbon investments such as
highways and airports.

Green infrastructure projects are considered attractive for insurers if they provide
stable and predictable cash flows, for example wind and solar projects which have “an
estimated 25-years lifespan, with manufacturer warranties, long-term contracts with
power purchasers and government support” (Kaminker, Stewart and Upton, 2012: 2).
Thus, many large-scale European insurance companies have built up expertise to be
able to engage in project investment, focusing on renewables and other infrastructures
(Kaminker et al., 2013; Pierpont and Nelson, 2013). During the COP21 in Paris, major
insurance companies such as Allianz or Munich Re have announced their intention to
increase their sustainable infrastructure investments in various ways — through
renewables, green bonds or the integration of ESG (Environmental, Social and
Governance) criteria®® in their investment strategies. At the same time, they have
started to take into account possible risks of stranded assets? by divesting from coal .23
Overall, institutional investors with assets of US$24 trillion supported the Paris
Agreement in 2015 (Krosinsky and Purdom, 2017).

% In Solvency Il, Alternative Investments (Al) refer to an asset class of high risk investments,
such as hedge funds, infrastructure and private equity that are associated with high capital
charges. They have low correlation with standard asset classes such as bonds or stocks.

10 The OECD (2013h: 3) defines green infrastructure investment as financial flows into “low
carbon and climate-resilient infrastructure (LCCR)” which are “made in companies, projects
and financial instruments that operate primarily in the renewable energy, clean technology and
environmental technology markets, as well as those that are climate-change specific or ESG-
screened. These investments include energy-efficiency projects, many types of renewable
energy, carbon capture and storage, nuclear power, smart grids and electricity demand side-
management technology, and new transport technologies, for example electric vehicles.”

1 Urwin (2010: 3) distinguishes “integrated” ESG investing if companies generally adopt
those criteria for their investment strategies, and “targeted” ESG investing if investors choose
to concentrate on products or fields that meet ESG criteria such as renewables.

12 For an overview of the discussion on stranded assets, which describe fossil assets as being
likely to lose their value in the future, see Ayling and Gunningham (2015).

13 Allianz divests from companies that generate more than 30% of their revenues from coal
mining or produce more than 30% of their energy from coal (Tewes, 2015).
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3. Methodology

This paper analyses the influence of a range of signals on insurers’ green infrastructure
investment decisions with a mix of quantitative and qualitative methods, following
the explanatory sequential research design (Creswell and Clark, 2011).** A three-
phase approach was used: First, in a preparatory phase, the author reviewed literature
and conducted focus groups and follow-up interviews to derive the research questions,
support the development of the signal framework, and choose the sample. Secondly,
in the quantitative phase, a ranking was sent to the chosen stakeholders and evaluated.
Thirdly, in the qualitative phase, in depth interviews were conducted and evaluated to
substantiate the ranking results.

3.1 Preparatory phase

Three focus groups, each with 6-8 participants from industry (e.g. car and machine
manufacturers, utilities and transmission operators, ICT and infrastructure
companies), from the financial sector (e.g. commercial and development banks,
insurance companies) as well as civil society (e.g. unions, foundations and NGOs)
were conducted to discuss and weight challenges and opportunities of the energy
transition and a decarbonization in Germany and Europe. Stakeholders were in
leading positions in their companies or institutions. To discuss in more depth,
stakeholders from the insurance, the energy (production and transmission) and the
ICT sector were also interviewed individually. Based on these results and a literature
review, a framework of signals concerning investment decisions for green
infrastructure was designed and used to create a ranking survey with survey monkey.*
The ranking was chosen over a Likert scale for two reasons: first, it allowed
respondents to compare signals instead of judging each item seperately. Second, the
ranking procedure was considered to be a better fit in the business and corporate
environment of respondents. Thus, the author was hoping to achieve higher response
rates. Steinbacher (2015) used a ranking to assess the goals of the renewable energy
strategy in Morocco in a combination with semi-structured interviews. In a similar
approach, Joas, Pahle, and Flachsland (2014) asked stakeholders from policy,
administration, industry, civil society, science and the media to rank goals of the
German energy transition according to their importance.*® Birer and Wiistenhagen
(2009) used a similar approach, asking cleantech investors to rank push and pull
energy policies. Next, a sample was constructed that included the following: the
largest EU insurance companies, based on their total assets reflecting their investment
capacity, as well as five insurance and investors’ associations, one on EU level, two
on the largest markets (Germany, UK) and two associations with an explicit climate
and sustainability focus.

14 See Rolfe (2006) for a discussion of the distinctions of qualitative and quantitative research.
15 www.surveymonkey.com.

16 The ranking procedure can also be linked to the g sort technique used for example to
investigate opinions and values concerning politics, psychology, markets or media (Maller and
Kals, 2004).
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3.2 Quantitative analysis

In the quantitative phase, the author contacted 14 stakeholders — 9 leading employees
of investment/sustainable investment departments of insurance companies and 5
directors or leading employees of associations — and asked them to rank the signals in
the survey. Twelve stakeholders responded — eight from insurance companies, and
four from associations. Overall, the sample represents the largest insurance companies
in the EU: Three insurance companies based in the UK, with total assets between
US$540 and US$580 billion, two in Germany (US$935 and US$283 billion), two in
France that hold assets worth US$ 944 and US$ 433 billion and one in the Netherlands
(US$450 billion). All have low-carbon-infrastructure investments such as renewables
in their portfolios and are open to discussions on environmental, social and
governance (ESG) factors. While some have divisions, or even subsidiaries for
renewable investments, others integrate them in their global asset management or
work on applying ESG approaches to all investments undertaken in the company.t’
Moreover, four associations participated in the ranking: A German industry
association representing 450 insurance companies with total investment portfolios of
€1,5 trillion, an EU association that has 35 national associations as members,
representing investments of around €10 trillion as well as two climate and
sustainability investors’ associations, one based in the UK, with 150 members
representing assets worth €21 trillion, and one in Germany, representing 47 financial
companies.

The framework developed consists of market, policy and civil society signals and
thus addresses an institutional dimension, reflecting that investors take into account
norms and values or regulation and incentives at the level of their own company, their
sector or society (Bergek, Mignon and Sundberg, 2013). It also relates to the risk
framework of the Task Force on Climate-related Financial Disclosure (TCFD) that
defines climate ‘transition risks’ for companies as policy risks, legal risks, technology
risks, and market changes (TCFD, 2017).

Respondents were asked to rank the importance of the fields market environment,
policy environment and civil society from most important (1) to least important (3),
both today and in the future, to get an idea of the general importance of the spheres.
Subsequently, they received a more detailed list of current and future market, policy
and civil society signals to rank from most important to least important (see Table 1
for the signals, and Supplementary data for the questionnaire). Assigning ranks of
equal importance for signals was allowed. If a signal was considered irrelevant, a zero
could be attributed to it. Respondents could also add signals they thought to be missing
(open question) in each field, and suggest future civil society signals (open question).
The survey was designed in a target-group specific manner — for insurance companies
and with slight differences for associations representing institutional investors from
insurance companies, banks or pension funds.

17 Data and views by the respondents were expressed on condition of anonymity, and the author
adheres to this condition. Statements will not be attributed to single companies or entities.
Respondents’ replies will appear only related to the two distinctions of insurance companies
and associations.
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The market-based signals were intended to describe the current situation in the
Euro- zone, including for example low interest rates, which constitute a challenge for
insurance companies (International Monetary Fund, 2016). Storper and Salais (1997)
name growth opportunities and technological opportunities as two important signals
companies receive. Also, stakeholders mentioned uncertainties concerning the future
demand for green infrastructure and growth rates. Since investment in renewables*®
(McCrone et al., 2016) and demand for responsible investment products (KPMG and
Alfi, 2015) and green bonds®*® (Cochu et al., 2016; The Climate Bonds Initiative
Markets Team, 2017) are growing, respondents were asked about the importance of
these trends for their investment decisions. The future scenarios include specific
events such as divestments by major market players as has already started to happen
among institutional investors in the context of the Paris Agreement (Climate Nexus,
2015; El Alaoui, 2016; Krosinsky and Purdom, 2017). In the policy field, the author’s
aim was to specify the importance of current policies on the one hand, based on
representative support schemes for renewable energy such as feed in tariffs (Birer and
Wistenhagen, 2009; Groba, Indvik and Jenner, 2011), carbon pricing instruments
such as the EU ETS, policy frameworks such as the Energy Union or the EU 2030
Climate and Energy Framework, international climate agreements and financial
regulation (Liebreich and McCrone, 2013), for example Solvency Il (Corfee-Morlot
et al., 2012; Severinson and Yermo, 2012; Kidney, 2015; Cochu et al., 2016). On the
other hand, the author wanted to evaluate how specific policies and governance
proposals such as EU-wide tax incentives or enhancements for green bonds (Lake,
2015) or a reduction of fossil fuel subsidies (OECD, 2013a) could affect insurers’
green investment decisions. Current reform processes such as the Capital Markets
Union initiative, and the work on financial disclosure of climate-related risks through
the TCFD, were also included. 2

‘Coherent national infrastructure plans in line with climate targets in EU28’ were
chosen as a signal due to stakeholders complaining about a lack of coherence in EU
policies in the preparatory focus groups.? Civil society movements were addressed,
mainly broken down into engagement and divestment, including measures such as
green bond standards (for example the Climate Bond Initiative's Climate Bonds
Standards; Kidney, 2015) or ESG criteria for indices (2° Investing Initiative, 2013).

18 1n 2015, a record amount of US$285.9 billion was invested globally in renewable energy
(excluding large hydro-electric projects) — 5% more than the year before.

19 The green bond market has been steadily growing, with an issuance of US$41.8 billion in
2015 and US$81 billion in 2016.

20 The European Systemic Risk Board has analyzed the risks of a late and sudden low-carbon-
transition (ESRB Advisory Scientific Committee, 2016).

21 For an analysis of the effects of stringency and predictability of environmental policy on
investment and innovation, see Johnstone, Has¢i¢, and Kalamova (2010).
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The signals’ suitability to address climate change or their costs and benefits were
not assessed since this would have exceeded the scope of this paper. The ranking
results were analyzed with median values for all signals. The arithmetic mean, usually
not applied to ordinal data such as rankings, was calculated to allow an additional
assessment (see Steinbacher, 2015).

3.3 Qualitative phase

After the analysis of the ranking, semi-structured qualitative interviews with the
survey respondents (Gill et al., 2008; Niederberger and Wassermann, 2015) which
lasted between 30 and 90 min were carried out for an in-depth discussion of the data
obtained and to refine and explain the results (Ivankova, Creswell and Stick, 2006).
The interviews focused on topics derived from the individual survey responses,
especially when there were contradictory or dissenting answers, but allowed for
divergence towards other topics. All interviews were transcribed and coded around
the signals according to qualitative content analysis (Glaser and Laudel, 2010;
Kuckartz, 2014). Statements were attributed to the signal framework in a deductive
approach. This means the data was analyzed with a priori (deductive) codes
corresponding to the signals from the ranking. Statements that fit to neither of the
codes or that needed to be further qualified were coded inductively (emergent codes).

3.4 Critical reflection of the method

Even though the sample of 12 respondents is by no means representative, the
respondents work in leading positions for the largest European insurance companies
and insurance associations, making the results relevant in the context of the discussion
on green investment decisions in the European Union and the European Climate and
Energy Framework. Nevertheless, the responses reflect the opinion of the respondents
and not necessarily of the respective company. Moreover, interviewer bias as well as
selection bias in the coding procedure cannot be fully avoided. The researcher tried to
minimize interviewer bias by following a similar semi-structured procedure in all
interviews and by asking open questions. Selection bias was addressed by involving
two researchers in the transcription and two in the coding process. Since the data was
collected from industry-expert stkeholders, the author acknowledges the challenges
that go along with such an approach, ranging from the kind of knowledge produced
in such stakeholder interactions to the science-policy-interface that is perceived and
used differently by stakeholders and scientists. For a discussion of challenges of
stakeholder involvement in science, see Mielke et al. (2016; 2017) and for a specific
discussion on close dialogue with industry stakeholders, see Clark (1998).
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4. Results

After a brief summary of the preparatory focus groups and interviews (4.1), the results
of the ranking (quantitative analysis) and the follow-up interviews (qualitative
analysis) will be presented (4.2) along the signal categories policy (4.2.1), market
(4.2.2) and civil society (4.2.3). The section ends with a synthesis (4.3).

4.1 Barriers to green investment

In the preparatory phase, focus groups and interviews were conducted (see Section 3).
Participants from the insurance sector, from banks and from development finance
institutions (DFIs) named regulatory obstacles and a lack of bankable projects and
project pipelines as the main barriers to more green investment. More specifically,
regulatory uncertainty, defined by the TCFD as transition risk, in the fields of energy,
climate and financial markets and a lack of coherence and strategy concerning EU
policies and the German Energy Transition were discussed. Solutions were seen in
establishing credible and reliable policy incentives as well as financial instruments
tailored for green investment. Examples were standardization to simplify project
evaluation, aggregation to scale up projects and thus make them more attractive for
institutional investors, or risk alleviation measures to allow for long-term commitment
or establishment of project pipelines by government entities. These barriers and
solutions were taken into account in the creation of the ranking and the interview
guidelines.

4.2 Signals for a shift

In the survey, respondents? first ranked the strength of influence that the policy and
market environment or civil society generally have on their investment decisions
concerning green infrastructure. Overall, respondents showed a slight preference for
market over policy signals, now as well as in the future. Civil society actions ranked
last. Only one respondent ranked civil society signals as the top influence factor for
the future. Looking solely at the answers of insurers, market and policy signals were
currently equally important to them.

22 If not stated differently, the median of all answers was calculated to achieve a ranking of
fields or signals.
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4.2.1 Policy signals

Presently, policies regulating energy markets were seen as having the largest influence
on respondents’ green investment decisions, since support schemes such as feed-in
tariffs were ranked first. Financial market regulation such as Solvency Il and the
Capital Markets Union came in second and were followed by the Paris Agreement as
an international framework. The influence of a carbon price, determined by the EU
Emissions Trading System (EU ETS), was considered to be low (see Figure 2).

FEED-IN TARIFFS

SOLVENCY Il

CAPITAL MARKETS UMION

PARIS CLIMATE AGREEMENT

FIRST-LOSS GUARANTEES

UNBUNDLING

NECPS

EU ETS/CARBON PRICES

AGGREGATION PLATFORMS FOR ENERGY EFFICIENCY PROJECTS
ELTIF REGULATION

7 6 5 4 3 2 2 | (1}

® Median of all resporses Arithmetic mean of all responses

Figure 2 Importance of current policy signals as ranked by respondents, organized by
median (average given asa comparison). Respondents could rank from 1 (most
important) to10 (least important). NECPs: National Energy and Climate Plans; EU
ETS: European Union Emissions Trading System; ELTIFs: European Long-term
Investment Funds. Source: own illustration.

For the future, respondents thought that of the given options, a new asset class for
green infrastructure (within the Solvency Il framework) with adjusted capital
requirements would influence their decisions most (see Figure 3), 2 followed by feed-
in tariffs for renewables in all EU countries and public incentives for green bonds.
The signal mandatory climate-related financial disclosure, which was at the time of
the interviews discussed due to the work of the TCFD, ranked low in its expected
influence on green investment strategies. The TCFD provided recommendations for a
voluntary framework of climate-related financial disclosures which encourage
investors and companies to include information along the core elements of
governance, strategy, risk management as well as metrics and targets into their
financial reporting (TCFD, 2017).

23 The difference in average and median on the signal ‘new asset class for green infrastructure’
is due to most respondents ranking this highly, but two ranking it as having low importance
(ranks 8 and 10).
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NEW ASSET CLASS FOR GREEN INFRASTRUCTURE IN SOLVENCY Il
FEED-IN TARIFFS IN ALL EU2E COUNTRIES

PUBLIC INCENTIVES FOR GREEN BONDS

CARBON TRADE REFORM WITH SUBSTANTIAL RISE OF CARBON
PRICE

REDUCTION OF FOSSIL FUEL SUBSIDIES IN EUROPE
AGGREGATION PLATFORMS FOR ENERGY EFFICIENCY

COHERENT NATIONAL INFRASTRUCTURE PLANS

MANDATORY CLIMATE-RELATED FINANCIAL DISCLOSURE
GREEN SECURITISATION REGULATION

UNBUMNDLING LEGISLATION IS RELAXED

] 5 4 3 2 1 Li]

m Median of all resporses Arithmetic meanof al responses

Figure 3 Importance of future policy signals as ranked by respondents, organized by
median (average given as a comparison). Respondents could rank from 1 (most
important) to 10 (least important). Source: own illustration.

4.2.1.1 EU energy and climate regulation

Stakeholders considered market mechanisms such as feed-in tariffs for renewables?*
as the most important signal for their green infrastructure investment decisions. They
mentioned a variety of reasons, the most prominent being that feed-in tariffs have
direct impact on projects since they provide for stable cash flows. Regulated
infrastructure, due to its guaranteed prices per unit, was thus considered bearing lower
risk and hence leading respondents to consider it eligible for lower capital
requirements in Solvency Il (see Capital Markets Union). Nevertheless, investors
would still have to consider policy risks such as the government’s credibility, for
example “[H]ow likely is this [the feed-in tariff] to be sort of taken away?” % A future
solution might be an EU-wide system, which was ranked highly by respondents, even
though some saw challenges due to current differences in the energy mix or the market
structure. The influence of the phase-out of fossil fuel subsidies, which a variety of
experts from the energy sector saw as a top priority in a study by Sovacool (2009),
received a middle rank among respondents. Insurers ranked it lower than the
respective associations.

Even though there was consensus that a more “accurate” pricing of carbon would
be an important signal for green investment, its design was a contested issue among
respondents. Ideas spanned from a “system that sort of actually fairly values carbon”
to a “significant”* carbon price in the EU, including cross-border-tariffs that could
have an impact on the evaluation of companies and thus on the capital market.?

24 For a technological assessment of feed-in-tariffs and carbon prices, see Kalkuhl, Edenhofer,
and Lessmann (2012).

%5 Respondents frequently mentioned Spain, which radically reformed its feed-in tariff system,
as a worst-case scenario. For more detail on its impact on investment, see Ernst and Young
(2014).

2 The current price for certificates in the EU ETS is considered having a low impact (7th rank),
one respondent even said it has “zero”™* impact.
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Nevertheless, two stakeholders mentioned that a high carbon price might lead to
divestment, but not necessarily to green investment. Looking at the market signals,
the same picture could be found: The carbon price was considered to have only little
impact today (rank 6, see Figure 4), while a substantially higher price could matter in
the future (rank 3; see Figure 5).

RISK-RETURN PROFILE

PERFORMAMNCE OF OTHER ALTERNATIVE INVESTMENT OPTIONS
GOVERNMENT BOND RETURNS

GROWTH EXPECTATIONS (EU AND WORLD)

PERFORMANCE OF MAJOR GENERAL INDICES

CARBON PRICES

RENEWAEBLE ENERGY INVESTMENT TREND

COMPETITOR'S INVESTMENT IN GREEN INFRASTRUCTURE

PERFORMANCE OF SUSTAINABILITY INDICES

7 6 5 4 3 2 2 0

o

u Median of all resporses Arithmetic meanof al responses

Figure 4 Importance of current market signals as ranked by respondents, organized
by median (average given as a comparison). Respondents could rank from 1 (most
important) to 9 (least important). Source: own illustration.

GREEMN BONDS BRING HIGHER RETURNS
OTHER ALTERNATIVE INVESTMENT OPTIONS PERFORM POORLY
CARBON PRICE RISES SUBSTANTIALLY

GOVERNMENT BONDS KEEP FALLING
MAJDR MARKET PLAYERS DIVEST FROM FOSSIL FUELS
RENEWABLE ENERGY INVESTMENT INCREASES RAPIDLY

MARKET LEADER INCREASES GREEN INVESTMENT

5 4 3 2 1 a

&

m Median of all resporses Arithmetic mean of all responses

Figure 5 Importance of future market signals as ranked by respondents, organized by
median (average given as a comparison). Respondents could rank from 1 (most
important) to 7 (least important). Source: own illustration.
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4.2.1.2 EU financial market regulation

The European regulatory framework for insurance companies, Solvency Il, took an
important place in investment decisions (second rank). This is in line with calculations
by Braun, Schmeiser, and Schreiber (2017), who show that the capital requirements
of the Solvency II standard formula can have a negative impact on insurers’ portfolio
choices. Further work implies that well-diversified and balanced portfolios are
associated with higher capital charges, leading to underrepresentation of certain assets
in the portfolios of European insurers (Braun, Schmeiser and Schreiber, 2018).

Accordingly, respondents perceived the Capital Markets Union initiative, which
lowered the capital treatment for high quality infrastructure?” and European Long-
term Investment Funds (ELTIFs)?® under Solvency Il, as a “strong driver” for the
sector. Insurers brought forward several arguments: Infrastructure, often regulated and
providing stable cash flows (for example via feed-in tariffs), is considered to be
relatively independent from other asset classes. Also, renewable technologies have
matured and can now be “more accurately priced”, which should lower risk. One
respondent stated that the capital charge for high quality infrastructure could even be
lowered further from 30% to 25%.

However, respondents also pointed out a contradiction between policy makers’
intention to ensure financial stability with Solvency 1 by “penalizing” illiquidity with
higher capital charges and their simultaneous effort to incentivize long-term
investment. One respondent expressed the need to focus on the reflection of “real
risks” with Solvency I, instead of using it “for the sake of achieving more investment”
through lower capital charges. This relates to a current discussion by an expert group
of the European Commission within the Capital Markets Union Initiative?® on whether
low-carbon/green infrastructure investment should explicitly be incentivized by
measures in Solvency Il. One proposal, a green infrastructure asset class — bringing
about a tailored capital treatment for low-carbon investment — was ranked as the most
important future policy signal among the given options. Nevertheless, respondents
named several difficulties: (a) there is as yet no agreed definition of ‘green’ or
‘sustainable’ infrastructure. This makes it difficult to decide where the money should
flow. Some companies, especially in the field of infrastructure, provide high and low
carbon technologies at the same time; (b) While renewables have become more
mature, energy efficiency is stil heterogeneous and thus difficult to fit into classical
portfolio structures. This would limit the scope of an asset class for green
infrastructure; (c) it might be better to establish an infrastructure asset class first and
then, in a later step, assess the proposed investments in terms of green criteria; (d) “a
non-political argument” for green infrastructure incentives within prudential

27 Before the Capital Markets Union (CMU) lowered the charges to 30%, direct infrastructure
investments were treated with a capital charge of 49% under the asset class ‘Alternative
Investments’, that also includes private equity or hedge fund investment. For more detail, see
European Commission (2016a, or 2015a, 2015b). One stakeholder criticized the administrative
burden when trying to qualify for this kind of capital charge, for example due to stress- testing
and the possible lack of data.

28 ELTIFs were introduced to channel capital to energy, transport and housing projects
(European Commission, 2015b).

29 The CMU Action Plan names sustainable investment as an explicit goal, along with support
for green bonds and ESG investments (European Commission, 2015a, 2015b).
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regulation is necessary. This would be one referring, for example, to lowered risks in
renewables investment due to longer track records and technological progress. One
respondent objected that due to the short timeframe left to achieve the 2 or 1.5°C
scenarios, regulators should take a “brave” step in deciding what is considered “green
infrastructure”.%

Several stakeholders praised the French Energy Transition Law, 3 and one
respondent advocated a similar law at EU level and saw the revision of the Institutions
for Occupational Retirement Provision (IORP) Directive® as a first step in this
direction. However, stakeholders gave mandatory disclosure — meaning the required
integration of climate-related risks® into companies’ financial reporting — a low rank.
Climate-related financial disclosure has two implications: First, it should increase
awareness for climate change in the top management of companies. Secondly, it
should lead to a better pricing of financial impacts of climate change, thus allowing
for its consideration in business and investment decisions (TCFD, 2017). The
respondents ranked mandatory disclosure low (rank 8 of 10) in its possible importance
for their green investment decisions. To explain this assessment, stakeholders
mentioned concerns about (1) the standards used for disclosure, especially when
describing future strategies, (2) transparency, i.e. the willingness of companies to
disclose information, particularly on their future climate strategy and exposure, and
(3) the quality of the data used. Nevertheless, most respondents considered the work
of the TCFD on voluntary disclosure important, for example one said it could
“indirectly drive demand for asset managers (...) that are taking these issues into
account”, and thus foster the allocation of capital in a more “climate-risk-aware” way.

4.2.1.3 Financial support mechanisms/ financing instruments

Stakeholders frequently referred to the fact that general asset allocations could not be
changed easily. Since the fixed-income side is the largest in insurers’ portfolios, green
bonds were perceived as a viable option to scale-up green investment. Nevertheless,
stakeholders named three main obstacles to increasing their share®*: (a) the market is
still small, i.e. there is not enough supply, (b) returns are too low, (c) labeling is not
transparent or credible (“green washing”). Respondents stated that green bonds were
interesting only if they could compete with other bond options. Thus, public
incentives for green bonds (i.e. yield premiums or tax incentives) were considered as
an important signal to increase green investment (rank 3). In the evaluation of the
market signals, higher returns for green bonds were ranked 1st and thus were the most
important signal (see section 4.2.2). %

30 This relates to the criteria mentioned under c).

31 France has set mandatory disclosure requirements for listed companies as well as for
institutional investors with Article 173 of the French Energy Transition Law (see
https://www.legifrance.gouv.fr/eli/loi/2015/8/17/DEVX1413992L/jo#JORFARTI0000310455
47).

32 One of the goals of the revision is to “encourage occupational pension funds to invest long-
term in growth-, environment- and employment-enhancing economic activities.” (European
Commission, 2014).

33 The TCFD divides climate-related risks into two categories: transition risks and physical risks
(TCFD, 2017).

34 Green bonds can take many different forms, such as corporate bonds or project bonds.

35 Two respondents stated in the follow-up interview that they had misunderstood the question
on the current carbon price. They asked to lower their ranking for the carbon price.
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4.2.1.4 International climate agreements

Most survey respondents acknowledged the Paris Agreement to be an important signal
(rank 4). For one respondent, it created certainty that “governments are going to take
action”. Another saw it as an overarching global framework that could ease
uncertainty whether climate policy will be revoked and as a “gating item” when
making investment decisions. The inclusion of financial actors and corporations
through Article 2.1c% added momentum, as one respondent remarked: “The world has
understood: If we, the economy, shall be transformed, the crucial element is to redirect
financial flows”.*¥” Nevertheless, respondents were unsure about the agreement’s
direct effects on the economy and on capital markets: “[W]e need to see (...) the
Intended Nationally Determined Contributions (INDCs)® translating into specific
policy measures across the different sectors”, one stakeholder remarked, referring to
energy efficiency, the promotion of electric vehicles, the industrial strategies of
countries and the infrastructure that is being financed. Another respondent added that
it wasn’t enough to “make a few green investments”* or buy “some green bonds”*,
but that disruptive change in many parts of the economy and society was necessary to
achieve the climate targets from the production of goods and services to energy,
transport and consumption. Also, the upcoming elections in Europe and the US
brought about scepticism whether the created “global move” would prevail. Among
the respondents from insurance companies, the Paris Agreement was ranked higher
(rank 5) than among industry associations (rank 9 of 10). The following section will
give an overview of the most important market signals identified in the survey.

4.2.2 Market signals

As expected, the risk-return profile was the major determining factor for investment
decisions (see Figure 4), followed by the performance of other Alternative Investment
(Al) options that allow for project investment. The impact of sustainability indices,
even though considered important for passive investors, was considered minor. Low
importance was also attributed to competitor’s investment in green infrastructure. If
green bonds brought higher returns, they could be an important driver for green
infrastructure investment, as respondents ranked this future market signal first (see
Figure 5). Green bonds compete with other fixed-income instruments such as
government bonds (see signal ‘government bond returns keep falling into negative’)
that serve as a ‘benchmark’. Since investment in green infrastructure projects
competes with other options such as hedge funds in the alternative investments asset
class, the signal that other Alternative Investment options perform poorly was also
ranked highly. Respondents stated — as in the ranking of current market signals — that
they barely see an influence of other competitors on their investment decisions in the
future. The signal ‘market leader increases green investment’ ranked last, while
divestment by major market players ranked 5th of the seven choices.

36 Article 2.1c states “[m]aking finance flows consistent with a pathway towards low
greenhouse gas emissions and climate-resilient development” (UNFCCC 2015: 3) as one of
the main measures to tackle climate change.

37 This quote was translated from German by the author. In the following, all translated quotes
will be marked with an asterisk (*).

38 The INDCs were emission reductions proposed by countries in the preparation of the Paris
Agreement.
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4.2.2.1 Internal benchmarks

“We’ve lookedat a lot of renewable energy, becausewe think it makes financial
sense.(...) It’s not charity”, one respondent said. This statement sums up the numerous
remarks interviewees made regarding their risk-return®® focus concerning green
investment. Also, it relates to the second most important signal, other Alternative
Investment options. However, interviewees claimed there was a lack of green
“bankable” projects in Europe, naming several reasons: (a) projects are not well-
structured, for example due to a lack of capacity among developers, (b) projects are
too small for insurers who prefer larger deals (c) some green technologies are not
mature enough yet, (d) banks often stay in projects longer than necessary, thus,
decreasing the need for other investors to refinance and (e) proposals of institutional
investors are considered being too expensive by project companies.

4.2.2.2 External benchmarks

During COP21, several large insurance companies pledged to increase green
investment or to divest from certain brown assets, such as coal, acting as frontrunners.
However, the large market players that participated in the survey did not perceive their
competitors’ asset allocations as being very important for their own investment
decisions. The signals ‘competitor’s investment in green infrastructure’ or ‘other
major market players divesting or increasing green investment’ reached only a low
rank (see Figures 4 and 5). While insurers said they have an interest in the other market
players’ actions, some emphasized to be independent in their decisions (“[W]hat our
competitors do ... . It’s (...) interesting, but does it drive our behavior — no”.). Reasons
given were size (“[W]e are big enough to have our own policy™.) or other determining
factors, such as their know-how or wanting to keep a competitive advantage.
Nevertheless, one respondent remarked that the large corporations could create a
signal that smaller financial market actors could follow, while another mentioned that
collaborative engagement of investors was helpful. 4° The implications of these results
will be discussed in Section 5.

In terms of benchmarks used, sustainability indices have not yet become
mainstream indicators and were thus considered to be of low importance for green
investment decisions. “[F]or an individual investment we’re going to form our own
view (...) of that rather than particularly rely (...) on a sustainability index”, one
respondent explained. Only one interviewee referred to them as being important for
providing information to those who did not want to or could not allocate own
resources to the assessment of sustainability criteria.

3% One respondent named market volatility as another defining signal for his investment
decisions.

40 For example the Climate Bonds Inititative set up a platform to form a coalition for green
infrastructure investment across the investment chain (see http://www.giicoalition.org).
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4.2.3 Civil society signals

Even though civil society actions were considered least important in driving
investment decisions in general (one respondent even attributed no relevance to it at
all), some stakeholders acknowledged an increase in pressure from non-governmental
organizations that was relevant in terms of reputational risk. One respondent remarked
that the company started to look into climate-related risks, because they were “under
a lot of pressure” and getting “questions at shareholders meetings”. Another
interviewee thought that the public debate had changed due to “meaningful data
points” that were established on climate-related risks for financial market actors.
Nevertheless, customers would not be pressing companies to offer green insurance
products, one stakeholder remarked. Looking at the median results, the strongest
signal was the public debate, whereas the weakest signals were the divestment
movement and the anti-coal movement (see Figure 6).

CORPORATE RESPONSIBILITY

PUBLIC DEBATE ON CLIMATE CHANGE AND —
ESG-STANDARDS FOR INDICES 3]

GREEN BOND GUIDELINES

DIVESTMENT MOVEMENT

ANTHCOAL MOVEMENT F

35 3 25 2 1.5 1 05 0

i

= Median of all responses Arthmetic meanof all responses

Figure 6 Importance of civil society signals as ranked by respondents, organized by
median (average given as a comparison). Respondents could rank from 1 (most
important) to 5 (least important). Source: own illustration.

4.2.3.1 Engagement

ESG criteria were identified as important according to most insurers. They referred to
a variety of ways to integrate them in their investment decisions, for example through
scorecards, heat maps or guidelines that apply to different parts of the portfolio (for
example general account assets, specific asset classes) or to different steps in the
investment process (due diligence, selection). Some respondents confirmed they
actively engaged on ESG matters with analysts and (equity or bond) fund managers.
Thus, ESG criteria are meant to address the “tragedy of the horizon” (Carney, 2015),
describing the observation that the short-term focus of financial market analysis does
not address long-term risks such as climate change. One stakeholder described the
establishment of a harmonized ESG framework for the whole company as “very
difficult”, as client mandates and specifics of investments differed strongly. Thus,
instead of “imposing ESG criteria”, his company favored industry, sector or thematic
ESG guidelines. In the future, another respondent stated, “the mindset of civil society
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shifting broadly to low-carbon” and major NGOs continuously asking “the right
questions” could be important signals for insurance companies.

4.3 Synthesis

As a synthesis, some policy and market signals were perceived as having high
relevance today as well as in the future (see Figure 7). Feed-in tariffs and Solvency Il
regulation stood out on the policy side, as well as the performance of other Alternative
Investment options on the market side. Carbon prices, both at market and policy level,
were expected to become more important in the future. For Unbundling, the opposite
was the case. Competitor’s green investment was considered to be of low importance,
both today and in the future.

® Polioy Signals Market Signals
1
Solvency 11
£2 |
2
@
£ Carbon price Carbon policy Other Al options Feed-in tariffs
£ 3 L L ]
g En Eff. - Gov't bonds
‘é aggregation i, eciment NECPs
Ea . +
Competitors’
green investment Unbundling
5 L ]

o 2 b . |

Importance today

Figure 7 Impact of market and policy signals on insurer’s investment decisions,
organized by median; Source: own illustration. The signals ‘today’ and ‘in the future’
have the same topic, but differ in detail. For example, the policy signal Unbundling
means ‘Unbundling in Energy Markets’ (today); and ‘Unbundling regulation is
relaxed to allow investment in transmission and production’ (future). For a detailed
signal description, see Table 1.
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5. Discussion

The signals considered important by respondents mainly address the risk-return
structure, for example by creating higher revenues or lowering risk for green assets.
This is in line with standard literature on investment behavior, following for example
Dinica (2006) and De Jager et al. (2008). Adding to this, the interviews also showed
the importance of expectations, concerning for example reputation and credibility of
policies. This corresponds to the game theoretic reasoning described in Mielke and
Steudle (2018) and to the extended model of Wistenhagen and Menichetti (2012)
which includes expectations, bounded rationality and path dependencies.

5.1 Risk-return structures

The most important policy signals and market signals in this ranking relate to the
discussion on how to make green or low-carbon investment more attractive.
Respondents considered feed-in tariffs (today) and lower capital charges in a separate
asset class for green infrastructure (in the future) as most important. This corresponds
well to the most important market signals ‘risk-return profiles’ (today) and ‘green
bonds bringing higher returns’ (in the future) and is in line with research on the effects
of energy policy on investment levels. Birer and Wustenhagen (2009) who let
cleantech investors rank energy policies, identify feed-in tariffs as the ones
respondents perceived most effective. Wiistenhagen and Menichetti emphasize that
lower financing costs for renewables are important levers to increase investment, and
thus reason that “policies that effectively reduce (perceived) risk for investors are
therefore more likely to result in large-scale deployment of renewable energy”
(Wustenhagen and Menichetti, 2012: 3). However, they add an additional factor —
diversifying portfolios — that also explains why insurance companies are interested in
renewables (see Section 2.2). This is linked to the idea of a green infrastructure asset
class that could provide adjusted capital requirements for low-carbon investment.
Currently, a green supporting factor is discussed in the EU that would favor low-
carbon investments in prudential regulation. The EU High-Level Expert Group on
Sustainable Finance (HLEG) did not recommend such a factor, but stated in its final
report that it would require a clear definition of green and brown asset classes with a
taxonomy, as well as a quantitative grounding in a risk assessment (EU High-Level
Expert Group on Sustainable Finance, 2017: 68). Some interviewees voiced concerns
over mixing prudential regulation which has the goal to improve financial stability
with political goals such as climate mitigation.*

Non-profit organizations and think tanks such as Finance Watch have tried to
address this concern by arguing for a brown penalizing factor instead that would make
high-carbon investment more risky. Such a brown penalizing factor relates to the idea
of a mispricing of climate risks in financial markets (see e.g. Mercer, 2015; Battiston
et al., 2017; Thoma and Chenet, 2017). Thom& and Chenet who discuss policy
interventions to address this potential mispricing, suggest two entry points: “the
design of financial risk models and associated transparency around their results, and

41 Other actors in the banking sector, such as the Bank of England, stress the importance of
integrating climate risks for financial stability reasons (Carney, 2015).
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the actual institutions governing risk management” (Thoma and Chenet, 2017: 82).
The policy signals ‘Capital Markets Union’, and ‘Solvency II’ which ranked second
and third, address precisely the question of how to change risk models. In terms of an
increase in transparency, the international efforts on disclosure of climate-related risks
in order to integrate them more strongly into investment decisions were considered as
a sensible step by respondents. Nevertheless, the policy signal ‘mandatory disclosure’
was ranked low. Here, interviewees voiced concerns over how to achieve high-quality
disclosure, for example due to a lack of data or difficulties in standardizing replies of
companies and investors as well as a missing willingness to be transparent about
future business strategies. However, Article 173 of the French Energy Transition Law
that requires institutional investors to disclose their efforts on ESG criteria as well as
their alignment with the French energy and ecological regulation and strategy in their
annual report (Mason et al., 2016), was named as an important step by a third of
respondents.

Also, the results show that carbon prices were considered of lower relevance today
due to their low impact and credibility, but they could become increasingly important
in the future, meaning that investors expect stronger carbon policies. Thus, a reform
of carbon pricing (or taxes) and a reduction of fossil fuel subsidies, two future signals
that fit this logic, received higher ranks in terms of importance. However, several
respondents see the carbon price as only one of many factors that influence green
investment decisions.

Overall, the roles of governments in incentivizing green investment to provide
risk- adjusted returns that attract institutional investors, as well as the role of the
development banks in alleviating a variety of risks and in aggregating smaller projects,
were strongly emphasized. Some stakeholders proposed more public investment, for
example to address technology risks or achieve public goals (“... sort of like, (...)
putting the man on the moon or, (...) a big government project around cancer”). Others
pointed out the need for government support in establishing a pipeline of green
infrastructure projects, specified as containing long-term-orientated projects that offer
predefined cash flows as well as a “number of security terms” relating to Solvency I,
as well as help in mitigating risks for projects that are politically desired. The
development banks such as the European Investment Bank (EIB) were criticized by
some respondents for crowding-out or competing with institutional investors by
financing investment that could be “perfectly financed...by the private market”.
Accordingly, the DFIs should primarily get involved in early project stages instead,
such as construction, or with instruments such as first-loss guarantees (ranked 5™ in
current policy signals) — especially in projects considered “not bankable” for
institutional investors. The British Green Investment Bank was brought up as a
positive example, being “very sensitive” regarding the additionality of investments.
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5.2 Expectations

Another interesting result was that respondents from large comapanies didn’t consider
competitor’s investment as very important for their decisions. Nevertheless, it was
mentioned that smaller companies could follow their example. This leads to two
conclusions that also relate to the model by Mielke and Steudle (2018) described in
the Introduction. First, the investors’ company size is an important factor when
discussing tipping points and expectations for green investment. Secondly, this result
emphasizes the importance of leadership in combination with credible policy signals.
Both were mentioned by respondents.

While almost all respondents saw the Paris Agreement as an important policy
signal, they were concerned that the countries, especially the US, would lack
leadership in its implementation or even take back their commitment. “[L]eadership
on climate is very important. And then (...) that provides a very strong signal to (...)
India, to other major economies that also need to decarbonize and can see (...) one,
that that’s a path that US and China are (..) committed to ...”

Also, one stakeholder perceived the actions of the governor of the Bank of
England, Mark Carney, who has become a leading figure in the debate on the
integration of climate risk in financial markets, as a “strong signal”.#? In terms of
credibility, some respondents criticized the unpredictability of political support for
investment, due to for example “false priorities” such as building a highway to win
elections, or the mismatch of the government/electoral cycle and the project cycle. As
a consequence, a majority of respondents emphasized the need for stable and reliable
regulation to allow them to proceed with long-term investment, some also wished for
a stronger coherence in EU investment, energy, climate and financial market policy
or a more sustainable economic policy. The expert group on sustainability within the
Capital Markets Union initiative is perceived as a step in this direction, as well as the
National Energy and Climate Plans (NECPs)* introduced by the Energy Union,
which one respondent described as a precondition to establish confidence in policies
and provide a “framework in which to take an investment decision”.

42 Some respondents mentioned the Brexit as a factor of uncertainty, i.e. not knowing what the
impact on polices would be (Solvency Il or access to the European single market). Because
insurers are global companies with operations in different markets, several of them stated that
the EU will stay highly relevant for them, and they will keep looking into infrastructure projects
in all countries.

43 With the NECPs, member states have to outline how they plan to achieve their climate targets
within the Energy Union framework.
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6. Conclusions

This paper analyzes the influence of policy, market and civil society signals on green
infrastructure investment decisions of large European insurance companies. It
purposely goes beyond the assessment of policies and regulation on investment
behavior and hence includes a broader spectrum of signals that also consider
behavioral aspects such as group dynamics or leadership as well as pressure from the
public discourse and civil society movements. Even though the results presented in
this paper are a preliminary analysis, since they rely on qualitative methods and a
small sample size, they can be a useful basis for larger-scale empirical studies, for
example for the formulation of hypotheses and the design of questionnaires. Also, the
concerns and expectations voiced by companies and associations can be of valuable
interest for current policy discussions within civil society and among policy makers
who wish to incentivize investors to green their portfolios and support a
decarbonization in Europe.

In their desire for stable returns, respondents from the insurance industry in the
European Union ranked support schemes for renewables such as feed-in tariffs as well
as the financial market regulation Solvency Il as the most important current influence
factors for their investment decisions. Feed-in tariffs in all EU countries, a new asset
class for green infrastructure in the Solvency Il framework and incentives for green
bonds received the highest ranks for future policy signals. Thus, respondents favor
measures which have a direct influence, for example on cash flows or yields of green
investment, over ones that make brown investment more risky such as a fossil fuel
subsidy phase out. As future possible market signals, higher-return green bonds and a
substantial carbon price were considered important. The public debate on climate
change was the most important signal in terms of civil society actions.

The results presented here can thus can give valuable insight concerning climate
risk disclosure, carbon price reform and green bond design: A substantial carbon price
and the disclosure of climate risks can help to make carbon intensive investments less
attractive. To incentivize a shift in investments towards green infrastructure, green
bonds can be an important instrument if designed in a competitive, transparent and
standardized way. Most importantly, policy signals have to be coherent and credible
to coordinate expectations and shift investment strategies. Civil society actors play a
vital role in this coordination through their influence on the public debate on climate
change as well as their engagement and divestment efforts with insurance companies.

The work presented here clearly invites further research on the role of insurers,
but also other institutional investors in financing the low-carbon transition to give
more insight on which actors are best suited for this challenge. Also, the discussion
on the necessary regulatory steps as well as on the standardization of green investment
products that have been led by the European Commission and the TCFC need further
grounding in academic research.
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Abstract

Discussions about the opening of science to society have led to the emergence of new
fields such as sustainability science and transformative science. At the same time, the
megatrend of stakeholder participation reached the academic world and, thus,
scientific research processes. This challenges the way science is conducted and the
tools, methods and theories perceived appropriate. Although researchers involve
stakeholders, the scientific community still lacks comprehensive theoretical analysis
of the practical processes behind their integration — for example what kind of
perceptions scientists have about their roles, their objectives, the knowledge to gather,
their understanding of science or the science-policy interface. Our paper addresses
this research gap by developing four ideal types of stakeholder involvement in science
— the technocratic, the functionalist, the neoliberal-rational and the democratic type.
In applying the typology, which is based on literature review, interviews and practical
experiences, we identify and discuss three major criticisms raised towards stakeholder
involvement in science: the legitimacy of stakeholder claims, the question whether
bargaining or deliberation are part of the stakeholder involvement process and the
question of the autonomy of science. Thus, the typology helps scientists to better
understand the major critical questions that stakeholder involvement raises and
enables them to position themselves when conducting their research.

Keywords: sustainability science, stakeholder involvement typology, energy transition,
transformative research

2 Global Climate Forum (GCF)

b University of Potsdam

¢ University of Erfurt, Center for Political Practices and Orders

d potsdam Institute for Climate Impact Research (PIK)

¢ Mercator Research Institute on Global Commons and Climate Change (MCC)
f Technical University Berlin

9 Beijing Normal University



142 Chapter 6 Stakeholder involvement in sustainability science

1. Introduction

The involvement of stakeholders into science is an expanding trend in an increasing
number of research areas, especially in those that besides their technological
dimension touch societal, economic and political interests.! Due to the complexity of
such fields like i.e. the energy transition,? the scientific community felt the need to go
beyond conventional scientific methods by incorporating non-academic actors’ views
and knowledge in their research through stakeholder involvement.® The concept that
is common in the economic realm (mainly to deal with Corporate Social
Responsibility strategies) or the political realm (i.e. in decision-making processes)
has, thus, been integrated into the broader science environment and especially into
new scientific fields such as sustainability science (Kates et al., 2001; Clark and
Dickson, 2003; Komiyama and Takeuchi, 2006; J&ger, 2009; Ostrom, 2009; Jerneck
et al., 2011; Wiek, Withycombe and Redman, 2011), transformative research *
(Schneidewind and Singer-Brodowski, 2013; WBGU, 2011; Dietz and Rogers, 2012;
Crocket et al., 2013) and transition research (e.g. Kemp and Rotmans, 2009; Geels,
2002; Geels, 2011; Loorbach, 2007; Markard, Raven and Truffer, 2012). These new
fields incorporate a broad array of concepts like post-normal science (Funtowicz and
Ravetz, 1993), mode-2 science (Gibbons et al., 1994), mode-3 science (Schneidewind
and Singer-Brodowski, 2013) or citizen science (Irwin, 1995; Fischer, 1996), as well
as transdisciplinary (Hirsch Hadorn et al., 2006; Berger, 2010; Daschkeit, 1996;
Scholz, 2000; Bergmann and Schramm, 2008; Jahn, 2008; Nowotny, 1997) and
participatory research strategies (Kasemir et al., 2003; Kasemir, Jaeger and Jéger,
2003; Becker, 2006; Robinson and Tansey, 2006; Scholz et al., 2006; Glicken, 2000;
Renn, Webler and Johnson, 1991).5 In this context, the main objective of stakeholder
involvement is to tackle the “complexity, uncertainty, and multiplicity of values” and
perceptions on controversial issues such as the energy transition, or mitigation of and
adaptation to climate change by combining” expert assessments with problem
framings of the lay public” (Kasemir et al., 2000).

Lang et al. (2012) refer to objectives of stakeholder involvement by saying that
sustainability issues need “the constructive input from various communities of
knowledge” — here described as scientists from different disciplines and non-
academic actors — to include “essential knowledge from all relevant disciplines and
actor groups related to the problem”, as well as allowing for the incorporation of

! Schneidewind (2013: 83) defines the integration of the technological, cultural, economic and
institutional dimension in transformative research as “transformative literacy”.

2 We define the energy transition as the process of decarbonizing the energy system through a
shift from fossil to renewable energy sources.

3 There is a variety of terms used, ranging from stakeholder dialogues over stakeholder
participation and stakeholder engagement to stakeholder involvement; depending on the
scientific field and the research context.

4 The German Advisory Council on Global Change (WBGU) defines transformation research
as the analysis of the transformation process. In contrast, transformative research supports the
transformation process (Weingart, 2003: 23).

5 The movement of action research also belongs to these new research strategies (Action
Research Manifesto, 2011).
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“goals, norms, and visions”. Particularly the involvement of citizens is linked to
discussions on challenging existing epistemologies of science and the assessment of
knowledge production and knowledge validity (Tabara, 2013: 116). Welp et al. (2006:
170) describe stakeholder involvement in science as the “structured communication
processes linking scientists with societal actors such as representatives of companies,
NGOs, governments and the wider public”, called “science-based stakeholder
dialogues”.® A more pragmatic branch of stakeholder participation engages with the
development and implementation of methods and participatory tools, intended to
support sustainability learning and the transformation of agents through “effective
interfaces between knowledge and action” (Heras and Tabara, 2014: 379; Cornell et
al., 2013: 64). This implies that transformative research does not focus on “intrinsic”
scientific discussions, but on solving “extrinsic” societal problems (Strohschneider,
2014: 180). Maasen and Weingart (2005: 2) speak of a “democratisation of expertise”,
whereas Gibbons (2000: 161), Nowotny (2003) and Nowotny et al. (2001) call for the
creation of “socially robust knowledge” through combining research capabilities with
other institutions, actors and practices which are relevant for the transition to take
place. Schneidewind et al. (2011: 134) add that to generate system, target and
transformation knowledge in transformative science, the latter has to integrate
“context- and experience knowledge of relevant actors”.

Hayn et al. (2003) organize stakeholder input on three different levels: on the
analytical level, stakeholders bring in system knowledge through their practical
experience; on a normative level they add orientation knowledge through their
opinions; and on the operative level they incorporate target knowledge and
transformation knowledge by working on solutions with their own set of resources
and motivations. Glicken (1999) divides knowledge into three types: “cognitive,
experiential, and value-based” where cognitive knowledge stems from technical
experts, experiential knowledge comes from people sharing their personal experience
and value-based knowledge is related to social interests and social values.

Academic literature describes a wide array of opportunities associated with
stakeholder involvement — although mostly related to participatory and decision-
making processes that concern for example the implementation of GHG mitigation
measures (Kempton, 1991; Lofstedt, 1992), global processes of change (Shackley and
Skodvin, 1995) or environmental governance (Renn, Webler and Johnson, 1991;
Renn and Schweizer, 2009; Béackstrand, 2006). Stakeholder involvement is said to
increase relevance (Spangenberg, 2011: 283; Hirsch Hadorn et al., 2006: 125;
Baumgartner et al., 2008: 387), legitimacy and credibility (Fiorino, 1990: 228; Cash
et al., 2003: 8087; Spangenberg, 2011: 283), ownership (Lang et al., 2012;
Spangenberg, 2011: 283; Backstrand, 2006: 472), effectiveness (Funtowicz and
Ravetz, 1993: 755) as well as the (social) accountability of research (Welp et al., 2006;

6 A science-based stakeholder dialogue needs to be designed in an open manner such that
stakeholders are able to communicate their beliefs as well as constraints or boundary conditions
that they feel limit their freedom to act (Kasemir et al., 2000: 181).
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Gibbons et al., 1994: 3; Béckstrand, 2006: 484ff; Lang et al., 2012; Kasemir et al.,
2000: 182).

However, criticism can also be found in the literature, mostly concerning the
validity and credibility of scientific results, established through stakeholder
involvement (Yosie and Herbst, 1998: 4). Concerns relate to co-design — the
involvement of stakeholders in the definition of research questions and designs
(Schneidewind and Singer-Brodowski, 2013: 121ff) — and the co-generation or co-
production of knowledge — i.e. the integration of societal actors’ bodies of knowledge
into the actual research process and related scientific findings (Schneidewind and
Singer-Brodowski, 2013: 316; Pohl et al., 2010: 269). Pohl et al. (2010: 271f) identify
three major challenges of this co-production of knowledge: the challenge of power,
the challenge of integration and the challenge of sustainability. Related to this, some
fear that certain kinds of stakeholder involvement might as well threaten the autonomy
of science (Strohschneider, 2014; Bosch, Kraetsch and Renn, 2001: 201; Enserink,
Koppenjan and Mayer, 2013: 14). Brandt et al. (2013: 7), who define five challenges’
of transdisciplinary research projects, criticize that currently there is “no clear set of
tools required for different process phases or integration of different types of

knowledge” as well as little “practitioner empowerment”.

Since participatory or decision-making processes — i.e. labelled as “policy
dialogues” by Welp et al. (2006: 172f) — typically do not concentrate on the generation
of knowledge, we explicitly do not follow these concepts in this article.? We instead
follow the distinction between research processes that aim at improving knowledge
and evidence and decision-making or management processes as proposed by
Mackinson et al. (2011: 19). While we relate to the approach of Renn and Schweizer
(2009: 176ff), who developed six concepts of stakeholder and public involvement in
risk governance based on “philosophies of participation and collective decision
making”, we in contrast look at the way stakeholder dialogues between science and
society are understood by scientists. This perspective, that we find important for
carrying out scientific work with stakeholders, is so far underrepresented in the peer-
reviewed literature. In this paper, we establish a typology of scientific perspectives on
stakeholder involvement. Section 2 will briefly outline the methodology behind the
typology, whereas Section 3 will describe the different ideal types we derive. Section
4 shows an example by applying the typology to the field of energy transition research.
In Section 5, we use our typology to analyse and systematize the critique with regard
to stakeholder involvement by deriving three continua that enable scientists to
position themselves. We conclude by pointing out the critical choices for scientists
that arise from this analysis in Section 6.

" Three of the challenges that were evaluated via an analysis of case studies relate to the
discussion in this paper: “research process and knowledge production; practitioner
involvement; generating impact” (Brandt et al., 2013: 2ff).

8 Welp et al. (2006: 172) differentiate policy dialogues, multi-stakeholder dialogues for
governance, science-based stakeholder dialogues and corporate dialogues, based on their
objectives.
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2. Methodology

Depending on the perspective one takes, stakeholder involvement practices and the
difficulties and critical choices they entail, differ substantially. In order to show this,
we establish a typology of ideal types of scientific perspectives on stakeholder
involvement. Though in practice there might only be hybrid forms, the development
of ideal types has a long tradition in sociological studies. They serve as a research
heuristic that stresses and exaggerates distinctive characteristics of a group of cases
to disentangle different categories (Kelle and Kluge, 2010: 83). In order to develop
our types of stakeholder involvement in science, we apply five criteria of
differentiation:

1. Role of the scientist: The perceptions on which role the scientist should take
—and in relation to that also the stakeholder — differ widely. This also relates
to the question of the autonomy of science (see for example Welp et al.,
2006: 180).°

2. Objectives: The reasons why a scientist would want to work with
stakeholders are diverse — ranging from increasing impact on real world
issues to getting insider information or increasing legitimacy (see for
example Renn and Schweizer, 2009: 176).1°

3. Kind of knowledge: Scientists seek to gather different kinds of knowledge
when involving stakeholders. Based on other differentiations such as
cognitive, experiential’* and political knowledge (Glicken, 1999: 301f) or
system, orientation, as well as target and transformation knowledge
(Schneidewind and Singer-Brodowski, 2013: 42ff, 69ff), we structure the
kinds of knowledge that scientists can integrate into their research along the
range of pure data, information, assessments and normative values.?

4. Understanding of science: Scientists have different understandings of good
or appropriate science, including not only tools and methods, but also
epistemic and philosophical questions (Weingart, 2003: 53ff). Is science a
detached system dealing with self-referential questions or does science serve
societal needs? Can science be neutral and objective or does it mirror societal
developments and conflicts?

9 Welp et al. (2006: 174f) distinguish the different types of stakeholder participation in science
via their roles in the research process.

10 Renn and Schweizer (2009) have developed a typology, based on the different views and
their objectives concerning stakeholder involvement in decision-making processes.

11 This term was corrected in this version of the paper.

12 See also the discussion in Foucault’s ‘Two Lectures on Power/Knowledge’ (1980: 81) where
he differentiates erudite and subjugated knowledges, the latter described as “naive knowledges;
located down on the hierarchy, beneath the required level of cognition or scientificity”.
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5. Science-policy interface: The role and impact scientists have — or expect to
have — on political decision-making, and, hence, their perceptions of the
societal responsibility of science, strongly imply how stakeholders are
involved in the research process.

We use the above-mentioned criteria to derive a typology based on literature and
practical experiences with stakeholder dialogues in climate change and energy
transition research.*® The latter stem from our own work4, and from interviews with
practitioners that involve stakeholders in their research projects.’®

3. A stakeholder involvement typology for scientists

Sections 3.1-3.4 describe four ideal types of stakeholder involvement in science: the
technocratic, the functionalist, the neoliberal-rational and the democratic type. Section
4 applies the typology to the field of energy transition research in order to illustrate
the different types with specific examples.

3.1 Technocratic type

The technocratic type’s main objective, when involving “expert stakeholders” (Gupta
et al., 2012; Whitmarsh, Haxeltine and Wietschel, 2007: 5), is to improve the
scientific research process by broadening the extent of available information. The role
of the stakeholder is to provide issue-specific, objective and falsifiable information
that fits into the classical way science is conducted according to philosophers of
science, such as Popper (1957). Thus, the technocratic view shares certain important
characteristics with the literature on expert interviews (Przyborski and Wohlrab-Sahr,
2014: 118ff).16 If lay people are involved in research processes, it is only indirectly as
a source of data (Fiorino, 1989: 293f). They do not provide information themselves —

13 There is a wide array of literature describing projects and practical experiences with
stakeholder involvement (Wiek et al., 2012, Gooch and Stalnacke, 2010, Bisaro, 2015, Hare
and Pahl-Wostl, 2002, Chikozho, 2008, Beierle, 2000), mostly in the context of participatory
and decision-making processes.

14 All authors are active or have recently been active in projects involving stakeholders. The
typology is based on experiences from the following projects:

“Investment Impulse for the German Energy Transition in Times of Economic and Financial
Crises”, funded by the Federal Ministry of Education and Research (BMBF); “Impulse for
Europe — Green Growth and Sustainability Skills”, funded by the Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety (BMUB); “Bringing Europe
and Third Countries closer together through Renewable Energies (BETTER)”, funded by the
Intelligent Energy Europe Program of the European Union; and the Dahrendorf Symposium
2013 “Changing the European debate: Focus on Climate Change” (joint initiative by the Hertie
School of Governance, the London School of Economics and Political Science and Stiftung
Mercator).

15 To add knowledge of other practitioners, we conducted three interviews and two focus groups
between April and October 2015 in Germany with participants from Germanwatch, the
Renewables Grid Initiative and the Global Climate Forum.

16 In this context, it is important to note that stakeholders are not themselves the object of study.
Instead, a stakeholder accompanies the research process in some way or other (for a similar
understanding, see Niederberger and Wassermann, 2015: 12f).
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e.g. the interpretation of this data — but lend it to scientists who then use it to extract
what they consider relevant for their research (Fiorino, 1989: 298f; Fiorino, 1990:
227). The impact of stakeholders on science is, thus, relatively limited in the sense
that stakeholder involvement is expected to feed in additional data and information,
but not to define or transform the research question or process.

The ontological difference between scientists, that play an active part in research, and
relatively passive stakeholders, involved directly (if experts) or indirectly (if
laypeople), is greatest in this view. Scientists determine all the elements of the
research process autonomously, including the ways in which stakeholders are
involved. Consequently, the scientific sovereignty of interpretation or the primacy of
science is kept throughout the research process.

The kind of knowledge that is to be generated by stakeholder involvement is
defined from a purely scientific angle. Thus, research questions are derived from intra-
scientific debates and controversies rather than societal needs. Consequently, research
questions typically focus on the technological dimension of transformation processes
rather than on cultural or institutional problems, which are more closely linked to
research on implementation (Schneidewind, 2013: 83ff). Stakeholders are involved
only on an analytical level, providing data and information rather than assessments
and normative evaluations. Moreover, since technocratic research is often based on a
linear concept of knowledge transfer (Bergmann, 2014), it tends to neglect questions
of implementation and societal impact, like the social robustness of the knowledge it
generates. Such a relatively narrow concept of scientifically relevant knowledge is in
part due to the understanding of the science—policy interface put forward by the
technocratic type. In discussions on scientific consultation in policy or decision-
making processes, it is often circumscribed by the idea of “speaking truth to power”
(Pohl and Stoll-Kleemann, 2007: 10f) and emphasizes ethical neutrality and technical
advice. Science and policy-making are conceived of as separate fields that are not
intertwined. Rather, scientific findings are expected to inform policy processes and
provide the foundation for policy measures. How these findings can become relevant
in the sphere of politics is, however, not discussed in this context. From a technocratic
perspective, this is a question that is to be addressed by politicians or activists, but of
no immediate interest to science.

3.2 Neoliberal-rational type

The neoliberal-rational type understands knowledge as “merely a ‘hook” on which
interests hang their case” (Radaelli, 1995: 173). He thus acknowledges the existence
of interest and power in science-society interfaces and understands stakeholder
participation as a tool for both groups to impose their perceptions and interests on
each other. Stakeholders — such as lobby groups or individuals advocating for their
specific organizational, individual or political interests — try to channel their views
directly into the research process and indirectly into a public discourse or the political
arena. Furthermore, stakeholders are interested in getting legitimacy for certain
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positions through the “objectivity”!’ often claimed by or attached to science (van den
Daele, 1996: 297ff). Scientists, on the other hand, are understood as conscious about
the differing interests and, thus, are able to use only the knowledge or information
they find valid or interesting (Hoppe, 2005: 210).

Following this understanding, the neoliberal-rational type’s objective to involve
stakeholders is to efficiently obtain data or knowledge he needs for further research.
Both, stakeholder and scientist, are aware of the mentioned mechanisms and try to use
them for their own purposes. Scientists might also want to channel their results into
projects and decision-making processes to ensure impact or application of their
research. Another motivation for the neoliberal-rational type of scientist to involve
stakeholders, is the perception of an increased chance of being funded by public
authorities that support stakeholder involvement (Schneidewind, 2013: 178). The kind
of knowledge scientists try to derive from stakeholder involvement depends on the
specific discipline, task and methods applied. Knowledge is not bound to pure data or
information, but can also include system, normative and creation knowledge.

The phase where stakeholders are involved is not restricted. They might already
be part of the negotiating phase between funding partners and scientists. The science-
policy interface is, thus, seen as a “battlefield” where both groups follow their specific
interests and bargain about all possible aspects, i.e. defining the research question,
methods, wording, boundary conditions for modelling exercises, scenarios, possible
take-outs, messages and interpretation of results and communication. The roles of
scientists and stakeholders and their respective influence on the research process are
not pre-defined in the neoliberal “bargaining” concept of stakeholder involvement.
Although scientists are expected to have a slightly greater impact on the research
process, no ontological difference between the two groups of actors is detected (each
has their own interest and wants to succeed). In a sense, scientists are themselves
stakeholders who have personal agendas (Brinkmann et al., 2015: 10). These
ontological foundations relate to basic assumptions of game theory (Nash, 1950: 155),
where rational individuals seek to maximize their utility, defined by individual
preferences.

The understanding of science in the neoliberal sense relates to more relativistic
concepts of science, such as e.g. Feyerabend (1986). As there are no general rules
which scientific reasoning and methods are appropriate, there is no single “right” way
to do science. It depends on the actors’ perceptions and constellations. A characteristic
framing of this neoliberal-rational perspective is the notion of “win-win situations”,
which explicitly acknowledges the win-lose taxonomy in a positive way. In the
neoliberal-rational view, this behaviour is not perceived normatively (good or bad)
but as “natural” or “rational”. This relates to the rational choice paradigm, (Esser,
1993; Coleman, 1990) after which individuals as well as organizations are perceived

17 See also the argument of the “scientific seal of approval” used by policymakers; as put
forward by Yosie and Herbst (1998: 40).
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as rational actors that have fixed preferences and strive for optimal choices — with
regard to these preferences (Geels, 2010: 496; Braun, 2013). The group-politics
approach sees scientific controversies as the result of the pluralist bargaining on the
political marketplace by different kinds of actors (Martin and Richards, 1995).
Following that perspective, stakeholder involvement is just another arena for actors,
such as governmental bodies, individual citizens, economic, social and environmental
interest groups and different kinds of scientists, to carry out the battle of power and
authority.

3.3 Functionalist type

The functionalist type is based on an understanding of society as consisting of
autonomous social spheres, or systems as introduced by Niklas Luhmann (Luhmann,
1984; Kneer and Nassehi, 2000)*® and further developed by a number of scholars with
regards to social coordination processes (Teubner and Willke, 1984; Bora, 2001;
Fuchs, 2013; Mdlders, 2013; Molders, 2014). It takes a social-constructivist
perspective and presumes that modern society is predominantly differentiated into
functional subsystems — such as the economic, the political, the legal or the science
system — that are defined by the kind of relevance criteria or codes, along which the
world is observed.

From a functionalist perspective, stakeholder involvement has the objective to
irritate the science system with other social perspectives and relevance criteria in order
to trigger learning processes that can make science more sensitive for societal
problems (Willke, 1983: 25; Willke, 1987: 333). However, these self-reflective
processes can only be induced, but never enforced. Hence, stakeholder involvement
is perceived as an opportunity or random generator that may, by chance, change the
research process.'® In order to generate occasions of irritation, functionalist scientists
attempt to integrate ‘representative stakeholders” of different societal logics, e.g. from
the economic or political systems or civil society organizations. Stakeholders are
typically involved in all stages of the research process in order to increase the
probability that change takes place. However, this never guarantees that stakeholders’
perspectives are well-reflected and adequately incorporated into the research process.

With regard to the understanding of science, this type suggests that the science
system consists of all communication that observes the world through the lens of truth
—i.e. if an observation can be regarded as true or false, according to certain theories
or methods, which in Luhmann’s terms would form the contingent ‘programme” of

18 We base our discussions on the systems theory as proposed by Niklas Luhmann, because his
scepticism of social steering provides an interesting starting point for thinking about
stakeholder involvement. We, thus, do not include other prominent systems theoretical
approaches in this paper (see e.g. Radcliffe-Brown, 1935, Parsons, 1991).

19 Molders (year not specified: 3) describes this probabilistic perception of coordination, which
is characteristic for the functionalist view as a “causality of triggering”. It is differentiated from
a “causality of penetration” that informs most perspectives on governance.
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the science system.?® Compared to the other types, the functionalist has a completely
different view on the pre-described roles of scientist and stakeholder since he
emphasizes communication over actors. He does not care who observes the world, but
only looks at how it is observed (whether communication is considered scientific or
not). The kind of knowledge that stakeholders provide always relates to their
respective mode of observation, i.e. depending on the systemic relevance criteria the
stakeholders use. However, as stakeholders, such as politicians, businessmen or civil
society activists, typically act as ‘representatives’ of certain social systems, they tend
to observe events from a political (power/no power), economic (payments/no
payments) or moral (just/unjust), rather than a scientific perspective (true/false). As
such, these observations are merely ‘noise’ to science — unspecified communication
that does not (yet) make sense in scientific terms. As science generates ‘order’ from
stakeholders’ ‘noise’ by transforming stakeholders’ statements into a scientific kind
of information, substantial characteristics of their original meaning might get lost.
Consequently, a functionalist attaches relatively low legitimacy to the original
stakeholder input. It is this tension between irritation potential and scientific re-
interpretation that describes the opportunities and limitations that stakeholder
involvement generates from a functionalist perspective.

In the strict sense, the science—policy interface does not exist from this
perspective, since science and politics generate meaning in very different and
incommensurable ways. There can be no easy, immediate and substantial exchange
or coordination across these different systems, but coordination can be achieved
indirectly and probabilistically. Stakeholder involvement is a tool to enhance the
probability that self-reflective processes are triggered, especially if they follow a so-
called “irritation design” (M®0lders, 2013: 15f; Mdlders, 2014: 24) that takes into
account the social, temporal and factual dimensions of system-specific meaning
(Luhmann, 2012; Mélders, year not specified: 3f). For stakeholder involvement, this
means that scientists should first consider which kind of actors have the greatest
impact on the focal system — be it the science or the political system (social dimension)
—, for example because they provide relevant insider information or are especially
affected by the research questions. Second, scientists should think about the way
statements need to be framed in order to become relevant or “readable” (Fuchs, 2013;
Molders, year not specified: 4) in the focal system, for example by explicitly linking
opinions to ethical debates that are well-anchored in scientific or political debates
(factual dimension). Third, good timing is essential and needs to take into account the
temporal structures of different systems, e.g. the length of review processes in science,
election periods in politics, quarterly statements in the economy or rapid changes in
societies due to salient events.

20 Accordingly, the economic system is defined by all communications that deal with the
question of whether payments can be generated or not. The political system observes the world
from the criterion of whether a certain event is relevant for power (gain or loss), which in
democratic societies is qualified by the binary distinction of government/opposition.
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3.4. Democratic type

For the democratic type, stakeholder dialogues have the objective to integrate actors
in society that are touched by a (complex) transformation or sustainability matters
(Ward and Dubos, 1972: 232ff; Schneidewind and Singer-Brodowski, 2013: 314ff)
into the research process. Especially through the participation of lay people, science
can create legitimacy for itself, thus, allowing “for the development of a genuine and
effective democratic element in the life of science” (Funtowicz and Ravetz, 1993:
740f). From a democratic viewpoint, extending stakeholder dialogues from experts
and scientists to civil society can enhance the quality of the research results
(Spangenberg, 2011: 283).

Concerning the kind of knowledge, instead of only taking data and scientific
observations into account, subjective probabilities, science- and knowledge-based
opinions and ideas are integrated into the research process. Also, networks and
relationships are of great importance. Wiek (2007: 55) defines this process as
collaborative research, where “scientists and local experts not only exchange relevant
information but jointly generate (new) knowledge on the basis of their scientific as
well as local expertise (joint research).” By opening all levels of the process to
stakeholders, e.g. from the definition of the research questions (“Co-Design”)?%
(Schneidewind and Singer-Brodowski, 2013: 121ff, 182, 211, 314ff)) to answering
them (“Co-Production”), socially robust knowledge is created (Nowotny, Scott and
Gibbons, 2001: 166) to achieve a “democratization of expertise” (Maasen and
Weingart, 2005: 53). Tabara (2013: 114) describes a process of knowledge-building
that is “co-decided, co-produced and co-validated in partnership, by knowledge
holders in different social-ecological contexts” to allow for social learning that can
“meet the pressing challenge of sustainability” (Cornell et al., 2013: 62).

Besides the impact on the way science as such is conducted, the democratic type
also looks at the political implications of stakeholder involvement in science. He
argues that stakeholder dialogues are used to improve scientists’ policy
recommendations and make them more relevant since they reflect a broader range of
interests from different stakeholder groups in society. 22 Hence, stakeholder
involvement is seen as a means to improve the interconnection and exchange
processes between science and politics, alias the science-policy interface. Through
this transdisciplinary approach (Wiek, 2007; Dressel et al., 2014; Lang et al., 2012),
stakeholder dialogues can help bridge the gap between science and society and allow
science to adapt to modern complexity (Bergmann, 2014). To be able to fully make
use of this instrument, scientists have to approach stakeholders at eye level
(Spangenberg, 2011: 283), fostering a dialogue that reflects on their own and on

stakeholder’s roles. Relating to Habermas’ discourse ethics, the democratic type

2L Nuclear research serves as a good example. In this field, research questions that would have
lain in the interest of civil society were not funded in the beginning.

22 Stakeholder dialogues, thus, also integrate interests that are not represented through powerful
lobby groups.
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believes that true and valid communication can be achieved if certain rules are adhered
to in a dialogue: actors should, for example, have free access and participate with
equal rights, implying a power neutrality through the “absence of coercion”
(Habermas, 1993: 31) and avoid strategic communication by disclosing their
intentions (Kettner, 1993: 169). If this is practiced, the “force of the better argument”
can be dominant (Habermas, 1990: 198).

The role of the scientist is to facilitate and moderate the dialogue, bringing
together different stakeholders from politics, business, research and civil society in an
open arena (relating to the concept of the transition arena of Rotmans, 2003; and
Loorbach, 2002). Scientists have to translate the beliefs and languages of the different
‘systems” while at the same time creating trust and ownership for the research
process.?® The sense of ownership can foster stakeholders’ engagement in the process
and increase the chance that research results are taken into account by policymakers.
The established cooperation of stakeholders and scientists enables the researcher to
follow the implementation of the scientific results and at the same time strengthens
the acceptance of political measures in society (Spangenberg, 2011). Through their
active involvement, stakeholders are not merely seen as an object of science.
Stakeholders can rather influence and shape the research process through their
engagement or through other forms of (non)-participation: manipulation, therapy,
informing, consultation, placation, partnership, delegation and citizen control (see
Arnstein’s Ladder (1969)). Consequently, they play an active role and are typically
involved in all stages of the research process — from the definition of the research
question to the actual implementation of the scientific findings and the derived policy
recommendations. This underlines the idea that the democratic type understands
science as a tool to support transformation in society and to ensure representation of
all people touched by it.?*

4. Energy transition research through the lens of the
typology

The European Union’s research funding programme Horizon2020% provides a useful
framework to explore the different types we discuss here, to understand their
implications and to illustrate the main controversies arising from each of them, when
dealing with complex transformations such as the energy transition in Europe. The
implementation of the societal or political goals to reduce GHG emissions and to
increase the share of renewables in energy production in the near future demands
scientific research on a large number of technological issues (e.g. smart grids, energy

2 Tabara (2013: 115) argues that the integration of other kinds of knowledge production, e.g.
arts, can enhance ownership.

2 In this paper, we explicitly deal with the involvement of stakeholders in science and not in
participatory or decision-making processes.

25 The term “stakeholder participation” was found 25 times in all projects listed in the European
Commission’s portal of EU-funded research projects (CORDIS), “stakeholder engagement”
appeared 35 times, “stakeholder dialogues” 5 times (checked on June 3rd, 2015).
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storage or energy efficiency in buildings) as well as ‘sociological’ issues such as
behavioural changes in consumption or mobility that require social acceptance for
their success. We briefly describe stakeholder involvement strategies in research
processes that deal with the transition towards a low-carbon society in Table 1. The
next section presents an outline of the major critical arguments concerning
stakeholder involvement in scientific processes and applies the typology to these
arguments.

Table 1
Stakeholder imeolvement in energy transition researche
Research questions Stakeholders Research process Kind of resalts Kind of projects
Technocratic Generation: Technical experts Generation: scientists Generation: no support Pathways, case studies,
typ= soentifically identifisd ({planners, engineers, collsct and evalnats af implementation, srenarios, techmical
gaps in ressarch other scientists) information without solely scientific projections
direct infla=nce of communication af
stakeholders results
Content: technical Content: empirical Content: market
guestions of the ensrgy data and information assessments, technical
transition {wind amd feasibility studies
solar power,
transmmission, fnancial
products)
Nealiberal- Generation: result of All stakeholders with Generation: scientists Generation: support af Scenarios (decentral-
raticnal bargaining process of imterest in the energy interpretjevaluate implementation to zedicentraled, rols of
typ= interest groups transition stakeholders’ positions bring results into the efficiency, technology
[including scientisis) of {Corporations during all steps of the political or societal development, role of
the energy transition negativelyf positively research process arena (incl. media) nuclear energy )
affected, citizen opinion palls, events,
initiatives, policy studies
makers, NGOs, lobby
organizations)
Content: questions Content: apinians, Content: palicy
concerning societal imformation, valoess, recommendations,
needs and particular interests studies
interests, policy
demands,
opinions/values
Functionalist G=neration: Poreverful [and thus Generation: scientisis Gems=ration: enhance Studies, events,
typ= scientifically identified wocal) stakeholders mvolve ‘representative’ probability of warkshops {Bayesian
problems fram all affected social stakeholders in all self-reflective Rizk assezsments far
sub-systems: palitics, stages of research processes in the investments in
economy, science, dvil process to irmitate soience and different forms af
society science system with implementing systems energy praduction;
other social through “readable” sacial acceptance af
perspectives {random framing and good new technologies
generator) timing [demand -side
management, electric
cars)
Conteni: questions Content: Content: translated
integrating social system-specific knowledge such as
dimension of the knowledge science-based policy
ENErRY transition into recommendations
sOence system
Democratic Generation: socially All stakeholders Generation: scientists Generation: support af Scenarios (decentral-
typ= relevant problems affected by the energy take into account implementation ized/centralized, role of
arising from dialogue transition stakeholders’ positions through dizlogue with efficiency, technology
process (Corporatians, citizen during all steps of the stakehalders development, role af
imitiatives, Palicy research process nuclear energy}
makers, NGOs, lobby opinion palls, svents,
organizations, studiss
scientists)
Content: problems that Content: apinians, Content: palicy
hinder the =nergy imformation, valoess, recommendations,
transition|guestions interests studies, opinion palls,
that integrate needs of ISSESEMENS
all stakeholders
supporting the energy

transition
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5. Discussion

This paper aims at a better understanding of the critique raised against stakeholder
involvement in science. Following debates in science and society, we identify three
major critical topics: first, the question of the legitimacy of stakeholders’ claims as
input for scientific purposes. Second, there is the issue of communication processes
that can be perceived as ranging from pure bargaining to deliberation, addressing the
science-policy interface. Related to this is the more encompassing question of the
challenges stakeholder involvement might pose for the autonomy of science.

Low (-) Legitimacy of claims  (+) High

Neoliberal-
rational

Bargaining A deliberation

S.
Neoliberal- , .
. Technocratic Democratic
rational

Fig. 1. Critical continua of stakeholder involvement in science.

Using our typology as a heuristic tool, we systematize the critical arguments on
three respective continua (Fig. 1), showing the implications the different types have
for stakeholder involvement in science. The critique is most strongly directed against
the types that are located at one of the ends of the respective continua and,
accordingly, it is often issued from a perspective located at the opposite end of that
continuum. The legitimacy of claims differs most strongly from the perspectives of
the technocratic and the democratic type. When it comes to the question of bargaining
vs. deliberation, the neoliberal-rational and the democratic type represent the most
divergent perspectives. Concerning the autonomy of science, the critique stems from
a rather technocratic or functionalist understanding of science and it is especially
directed against the democratic and neoliberal-rational type.

5.1 Legitimacy of claims

When analysing scientific literature and our interviews, we found that one of the most
contested problems is the scientific legitimacy of stakeholder input in the research
process. The perception of the knowledge that is created through stakeholder
involvement in scientific research processes is broadly discussed. How much of the
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knowledge offered by the stakeholder is relevant and, thus, can be used by the scientist
(to answer the research questions) — as data, as opinions, as information? How strong
does the scientist distance himself or herself from the claims, ranging from
acknowledging all input as honest, to looking through the “objective” lens of science?
On a practical level, the difficulty to differentiate between strategic communication
and biased information by stakeholders is a major challenge for scientists.

But not only stakeholders might use strategic communication. Funding
organizations or researchers may also emphasize “win-win” situations when they
want to persuade stakeholders to participate, even if their main motivation is the
democratization of scientific processes. Another critical point discussed in the
literature is, whether the opening of scientific processes to non-academic actors might
threaten scientific sovereignty of interpretation by challenging intra-disciplinary
criteria of knowledge production (Weingart, 2011: 135).

On a theoretical level, criticism of the position that scientific knowledge can be
described as ‘pure’ or objectively true has been formulated from different angles in
the social sciences for a long time. To mention just a few examples, Foucault retraces
the co-constitutive relation between knowledge and power (Foucault, 1995: 27).
Feyerabend argues that there can be no universal or definitive criteria for scientific
methods or theories and that scientific claims are just as valid or invalid as claims
from other spheres, such as antique mythology (Feyerabend, 1986: 21, 55ff, 249ff).
Constructivist scholars highlight the social embeddedness and observer-dependency
of all knowledge (Berger and Luckmann, 1966; von Glaserfeld, 1995). Consequently,
the criteria, theories or methodologies which define “valid scientific knowledge” are
dependent on the scientific sub-discipline (Strohschneider, 2014: 184).

Relating this to stakeholder involvement, the way claims are treated is dependent
on the researcher’s understanding of science. We refer to the critical trade-offs that
arise in such situations as ‘legitimacy’ of stakeholder claims, describing the kind of
stakeholder knowledge that the scientist uses during the research process and how it
is used. The continuum reaches from low legitimacy, seeing stakeholder claims as
mere ‘noise’ in the Luhmannian sense, to considering all claims to be honest and true
(high legitimacy). Adding to the kind of knowledge, the continuum, thus, also
describes how strongly scientists distance themselves from stakeholder input.
Applying the four different ideal types to this continuum can help to better understand
the critique. The functionalist type stands at the far low end, seeing all claims as
unspecified ‘noise’ that is “senseless” unless transformed to the code of the science
system. The technocratic scientist believes in the objectivity of science and, thus,
expects stakeholders to provide only data (via laypeople) and technical information
(via experts). The neoliberal-rational type is characterized by a high legitimacy of
claims, since, following the logic of mathematicians like Nash, all players know the
rules and act in their best interest. All statements are interest-driven and equally valid
(or invalid) and, thus, interests are brought into the research process via inclusion of
stakeholder knowledge. The democratic type sees all stakeholder claims or input as
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honest communication and takes them seriously in the research process. He, thus,
takes into account data, information, science- and knowledge-based opinions, ideas,
subjective probabilities, networks and values. Following Habermas’ theory of
discourse ethics, in a perfect speaking situation, there is no strategic communication
(Habermas, 1990; Kettner, 1993: 169).

Considering the critique that stakeholder involvement (or the opening of scientific
processes to non-academic actors) might pose a threat to scientific sovereignty of
interpretation by integrating “‘un-scientific’ kinds of knowledge and challenging intra-
disciplinary criteria of knowledge production, the technocrat and the functionalist
would agree, whereas the democratic and the neoliberal-rational type believe that
stakeholder involvement enhances scientific results. According to the democratic
view, involving stakeholders into the research processes can help to expand the
perspective of ‘mainstream science’ by incorporating the context-specific knowledge
and value judgements of those affected by the research. Also, creating solution-
oriented knowledge is considered a goal (Lang et al., 2012: 29f). In the case of the
neoliberal-rational type, equally legitimate interests would positively contribute to the
research process.

5.2 Bargaining vs. deliberation

Another major criticism of stakeholder involvement in science relates to the question
of interest-driven vs. deliberative stakeholder communication. How much
convergence or divergence exits with regard to “operational codes of science and
politics” (Hoppe, 2005: 207)? There is a mismatch between the positive notion of
including the affected and concerned into the former ‘isolated’ scientific research
process and the perception of stakeholder involvement as another means to channel
specific economic or political interests into research results. The latter is discussed as
hampering the ‘neutrality’ of research. Framed differently, this critique addresses the
science-policy interface and, thus, the question whether stakeholder involvement
supports a democratization process in science or allows for implicit or explicit
lobbying of powerful actors in another societal area. Even if scientists are perceived
as conscious, concerning the material interest stakeholders have, they have to rely on
their input in the research process (knowledge mismatch). Stakeholder dialogues
mostly involve different kinds of actors — ranging from affected citizens to politicians,
administrations, NGOs, companies, consultancies and lobby organizations. Actors
need time and resources to participate, as well as a strong motivation/interest. As
Olson (1965) has shown, interest groups in democratic societies have very asymmetric
chances of organizing themselves and voicing their values, interests and concerns.
Especially large and dispersed groups, such as citizens, tax payers or consumers, are
often unable to form interest groups that match the well-organized interests in society
of e.g. economic branches (van de Kerkhof and Wieczorek, 2005: 737ff).

Generally, stakeholder dialogues in science do not involve political decision-
making, thus, we do not further elaborate on possible motives in that field, but make
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one point: Influencing the public discourse by labelling and enriching and, thus,
legitimizing specific interest-related positions with the ‘neutrality’ and ‘objectivity’
attributed to science could be a motivation for stakeholders to participate. All this
said, the selection bias — concerning who is able and who is willing to take part in a
stakeholder dialogue and how scientists choose stakeholders — is a main criticism
towards stakeholder involvement in science.

On a more general level, this leads to the question whether stakeholder input is
understood as part of a deliberative democracy or as part of the bargaining power play
of politics. Depending on the type of stakeholder involvement in science, the views
on this critique differ strongly. On the bargaining side, the neoliberal-rational type
sees the science-policy interface as a “battlefield” where all actors bargain for their
interests (Nash, 1950). Stakeholders can be lobby groups or individuals who try to
channel their interests into the research process and indirectly into the political arena.
On the other hand, the scientist tries to influence political decisions. Thus, although
the neoliberal-rational type understands the process as determined by interest and
power, he does not perceive it as a threat or danger to science. The functionalist type,
though, is indifferent to both bargaining and deliberation, since he sees no overlap of
the political and the science system. Scientific findings might become relevant for
politicians if they trigger reflection in the political system through irritation, but that
happens only by chance. The technocratic type is slightly closer to deliberation than
the functionalist, believing that ‘explaining’ the world instead of convincing political
actors is the right way. This bears the underlying idea that science is objective and
scientists “speak truth to power” (Pohl and Stoll-Kleemann, 2007: 10f). The
democratic type, following Meadowcroft’s (2004) idea of group-based deliberation,
lies at the deliberative side of the continuum. Here, the scientist aims at the
“democratization of expertise” (Mackinson et al., 2011: 53) and wants people/groups
touched by a transition (or the energy transition) to be represented in the research
process as well as science to support the (energy) transition. The involvement of
citizen-stakeholders might remedy the influence on scientific results by powerful and
well-organized interest groups in society. Another aim is to improve interconnection
and exchange processes between science and politics. The democratic type
understands stakeholder involvement as a way to increase relevance, legitimacy and
fairness when certain standards are met. From a more pragmatic view, the so-called
democratization of science may decrease the quality of research results. Following
our typology, the technocratic and the functionalist type would argue that political
goals (e.g. taking binding decisions according to opinions, preferences or value
judgements based on voting) cannot be transferred into the scientific realm without
fundamentally changing the nature of science. The technocratic type would fear that
scientific standards are softened; the functionalist would regard such a tendency as a
creeping process of de-differentiation or re-programming by which non-scientific
criteria, such as social relevance, substitute or modify the originally scientific criteria
of ‘true’ and “false’.
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5.3 Autonomy of science

When designing stakeholder involvement, the question of the integration of
stakeholders in the research process arises. On a meta-level, this can be summarized
as a question of the autonomy or primacy of science.® Should stakeholders already
be included in the definition of the research questions and design process or is it
enough to integrate their knowledge later? Literature on stakeholder involvement in
science shows that important questions regarding this issue are still far from being
answered (Niederberger and Wassermann, 2015: 12; Hanson et al., 2006: 132; Lang
et al., 2012: 35ff). How can the relation of scientific and non- scientific knowledge
be described (Habermas, 1990)? By which scientific or democratic criteria can
different kinds of stakeholder input in the research process be evaluated? Is the
evaluation carried out by scientists alone or jointly with the stakeholders? What is the
role of the stakeholders: Are they supposed to provide insights and perspectives that
can lighten up the blind spots of science, or are they actually doing science
themselves? In this context, stakeholder involvement concepts are criticized for their
understanding of science and the science-society relationship they entail
(Strohschneider, 2014: 180; Weingart, 2003: 99).

With regard to “transformative science” (Schneidewind and Singer-Brodowski,
2013), Strohschneider (2014: 184) identifies four central motives that might lead to
the decline of scientific autonomy and pluralism. The most challenging ones are
“solutionism” and “de-differentiation”. The term “solutionism” describes the framing
of research topics as practical problems that scientists try to solve. Strohschneider
argues that a solutionist concept of science, which privileges relevant findings over
more indirect effects of science (such as basic/foundational research) and questions
on design and societal impact over understanding, is reductionist. “De-differentiation”
means that the sphere of science is no longer regarded as an autonomous societal arena
that defines its own standards and categories, such as the constitution of scientific
knowledge or the choice of research topics. Rather, there is a tendency to equate
scientific problems with problems of immediate social relevance. According to
Strohschneider (Strohschneider, 2014: 183), this solutionist understanding of science,
in which epistemic problems are only considered scientifically legitimate if they can
be labelled as societal problems, poses a threat to the autonomy of science.

The typology shows that this critique applies most strongly to the neoliberal-
rational and democratic type that show a low differentiation of scientists and
stakeholders (left end of the continuum) and, thus, low autonomy of science. In the
tradition of Feyerabend (1986), the understanding of science as a separate arena of
society with distinct and clear criteria of valid knowledge production, as defended by
Strohschneider (2014), is no longer taken for granted.

33 Similar to Hoppe’s (2005: 207) first axis “primacy of science” regarding the science-policy
nexus.
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Consequently, the roles of scientists and stakeholders barely differ, and
stakeholders have a much higher impact on research. The neoliberal-rational type,
which relates to the ontological foundation of game theory (Nash, 1950), sees no
divergence between stakeholder and scientist, since they both act as rational utility-
maximizers. The posed research questions, thus, do not only depend on epistemic
interest, but also on the possibility to get research funding or to further one‘s material
interests through research. Though on different, more morally oriented grounds, the
democratic type rejects a differentiation between stakeholders and scientists and opts
for integrating everyone affected as extensively as possible — from the definition of
the research question to the structuring of the research (Hirsch Hadorn et al., 2006:
125; Spangenberg, 2011: 283). The research questions are not limited to epistemic
interest, but aim at offering solutions for socially relevant problems.

In contrast, both in terms of the involvement of stakeholders in the research
process and the underlying understanding of science, the technocratic type seems to
be closest to a classic understanding of science in the tradition of Popper (1957), who
sees a strong qualitative difference between trained scholars and lay stakeholders. The
scientist is in charge of the research design and merely consults stakeholders, if he or
she feels they can provide useful data or information. The research questions typically
deal with intra-scientific debates rather than societal needs. The functionalist type also
perceives science as an autonomous arena with distinct relevance criteria that differ
substantially from those of the economic or the political system. As in these more
classic perspectives on the science-society relationship the motives of “solutionism”
and “de-differentiation” are rejected, Strohschneider’s critique does not apply to them.
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6. Conclusions

There is an increasing trend of including stakeholders in research on sustainability or
transformations like the energy transition. Though frequently used, little theoretical
reflection on the underlying concepts of stakeholder involvement in science by the
practitioners themselves exists so far. With the typology described here, this paper
tries to fill this research gap by offering a heuristic, self-positioning and decision-
making tool for stakeholder involvement in scientific research processes. The
differentiation of four different ideal types, linked to the critique that has been voiced
among practitioners and in the academic literature, can help scientists to better
understand the different concepts of stakeholder involvement and potential pitfalls in
designing it. By identifying and analysing three major critical topics with our typology
— the legitimacy of claims, the idea of bargaining versus deliberation, and the
autonomy of science — we reveal critical choices that every scientist involving
stakeholders should be aware of, thus, giving an impulse for further discussion in this
field. Our analysis also shows that — even though in literature it is often framed in the
notion of the “democratic type” — there is no singular concept of stakeholder
involvement. With the application of our typology to the energy transition, we
emphasize one of the major fields where stakeholder involvement is strongly used and
at the same time link the practical and the theoretical level in the discussion. The tool
presented here can only be an aid of orientation, concerning the major critical points
of stakeholder involvement addressed in this paper. The complexity of societal
transitions will keep challenging science — especially the question of its autonomy
among claims of democratization and vested interests and its input between scientific
and non-scientific knowledge.
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1. Understanding ideals and practices of stakeholder
involvement in science

The global threats of climate change, rising inequalities, and unsustainable
development pose major challenges for science. Emerging scientific fields, such as
sustainability science (Kates et al., 2001; Clark and Dickson, 2003; Komiyama and
Takeuchi, 2006; Wiek, Withycombe and Redman, 2011) and transformative research
(Schneidewind and Singer-Brodowski, 2013; Dietz and Rogers, 2012; Crocket et al.,
2013), try to find innovative ways to cope with the “social embeddedness”
(Granovetter, 1985: 487), uncertainty (Spangenberg, 2011), and complexity (Klein et
al., 2012; Hirsch Hadorn et al., 2006) of these issues that affect the whole of society
and thus touch upon a multitude of different interests (Jerneck et al., 2011; Jéger,
2009; Ostrom, 2009; WBGU, 2011; Scholz, 2011). Especially in inter- and
transdisciplinary (Hirsch Hadorn et al., 2006; Lang et al., 2012; Bergmann and
Schramm, 2008; Jahn, 2008; Scholz et al., 2006; Jahn, Bergmann and Keil, 2012;
Mauser et al., 2013) as well as participatory research (Becker, 2006; Glicken, 1999;
Renn, Webler and Johnson, 1991), scientists involve stakeholders to incorporate
nonacademic actors’ views and knowledge (Scholz et al., 2006; Kasemir et al., 2003;
Robinson and Tansey, 2006; Glicken, 2000; Scholz, 2000).*

While stakeholder involvement (SI) is well reflected in the context of governance
and public participation (Renn and Schweizer, 2009; Renn, 2008; Webler, Tuler and
Krueger, 2001), its practices (Ison, 2008; Scholz and Steiner, 2015b) and underlying
ideals (Scholz and Steiner, 2015a) in scientific research processes that aim at
improving knowledge and evidence (Mackinson et al., 2011) — rather than at
collective decision- or policy-making — are being critically discussed and are yet to be
stabilized. In this context, Brandt et al. (2013) see a “lack of coherent framing” and
“no clear set of tools required for different process phases or integration of different
types of knowledge” when working with transdisciplinary approaches in
sustainability science.

In this paper, we want to address this research gap by substantiating existing
analyses of conceptual foundations of Sl in sustainability science (Mielke et al.,
2016), ranging from the codesign of research processes over the coproduction of
knowledge, as well as questions on the science—policy interface, to evidence from
current stakeholder practices 2

1 Stakeholders are here defined as “persons that, besides their expertise, also have an interest in
shaping some aspect of reality because they (...) are a part of it. Stakeholders are e.g.
representatives of associations, companies or non-governmental organizations” (Niederberger
and Wassermann, 2015).

2 Definitions of codesign differ. We follow that of Moser (2016), referring to stakeholders and
researchers designing the research process together.
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A web-based survey among scholars and researchers engaged with sustainability
or transition research was conducted internationally to shed light on the following
research questions:

(i) What kinds of scientists involve stakeholders and how?

(i) What kinds of ideals underlie scientists’ SI practice?

(iii) Do those ideals match the practice?

(iv) How do researchers’ ideals concerning SI relate to the types of SI identified
in Mielke et al. (2016)?

We collected data on scientific fields and researcher profiles as well as on ideals
and practices of scientists concerning their understanding of science, the role they
assign to stakeholders, their objectives when involving stakeholders, the kind of
knowledge they want to gather, and how this knowledge is relevant in the political
realm. By using ideal-typical® answer choices based on the technocratic, the
functionalist, the neoliberal-rational, and the democratic type from Mielke et al.
(2016), we gathered information on how the typology reflects the ideals of practicing
scholars. Moreover, we asked whether scientists see trade-offs between their scientific
goals and SI. Finally, the survey addressed the question of necessary improvements
that could allow scientists to integrate stakeholders better in the future.

This paper proceeds as follows: the second section describes the theoretical
framework the survey is based on and how it is made operational; in the third section,
we present and analyze the responses to answer our four research questions; in the
fourth section, we discuss results; the fifth section is dedicated to the methods for data
collection and analysis and the sixth section concludes with a short summary and
recommendations for practice.

8 We refer to Max Weber’s (1968) definition of ideal types.
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2. A framework for Sl in science

To systematize the various approaches of scientists regarding SI, Mielke et al. (2016)
developed a theoretical framework based on five criteria of differentiation:

(i) the role of the scientist, including the stages of the research process
where he or she involves stakeholders;
(i) the objectives of S, including the main reason for involving

stakeholders in different stages of the research process;

(iii) the kind of knowledge obtained by SI, ranging from data over
information and opinions to normative values;

(iv) the understanding of science, referring to tools and methods perceived
as appropriate by scientists, as well as to epistemic and ontological
questions; and

(V) the science—policy interface.

According to different positions that scientists can take on these five criteria,
Mielke et al. (2016) derived four ideal types of SlI: the technocratic, the neoliberal-
rational, the functionalist, and the democratic type. These types will be elaborated in
the next section.

2.1 Sl typology

The technocratic type involves expert-stakeholders to receive a broader set of issue-
specific, objective, and falsifiable information. The scientist solely defines the
research process; its results are expected to inform policy makers, but are not actively
promoted. In contrast, the neoliberal-rational type wants to actively promote his
research by channeling his results into politics by means of Sl. Stakeholders cooperate
to influence the public or political arena with a “scientific seal of approval” (Yosie
and Herbst, 1998: 40). In this bargaining situation (Nash, 1950), experiential and
value-based knowledge (Glicken, 1999) can be obtained. The functionalist type
perceives himself as a distant observer of “representative stakeholders” of different
societal systems—as introduced by Luhmann (Luhmann, 1984; Kneer and Nassehi,
2000) and others (Teubner and Willke, 1984; Fuchs, 2013; Mdlders, 2014) — aiming
at triggering learning processes through irritation (Willke, 1987). For the democratic
type, Sl has the objective to integrate actors that are part of a societal transformation
into research via dialogue processes that are moderated by the scientist, creating
“socially robust knowledge” (Nowotny, Scott and Gibbons, 2001: 166; Nowotny,
2003) through codesign (Wulser and Pohl, 2016; Page et al., 2016) and the
coproduction of knowledge (Polk, 2015; Wiek, 2007; Cornell et al., 2013). Thus, a
“democratic element in the life of science” (Funtowicz and Ravetz, 1993: 740f) is
introduced.
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These ideal types described above partly draw on more prominent classifications,
such as those created by Renn (2008), Renn and Schweitzer (2009) and Habermas
(1968). Renn and Schweitzer (2009) classify “structuring processes that channel
public input into public policy making” into six prototypes. In contrast, Mielke et al.
(2016) classify scientist—stakeholder relationships solely in scientific research
processes aimed at generating knowledge. Habermas (1968) describes the interactions
between the subsystems of politics and science with three models—a technocratic, a
decisionistic, and a pragmatistic model — thus, defining the relationship of the
subsystems in policy-making processes. While the typology used here by Mielke et
al. (2016) takes this relationship into account with its criterion of the science—policy
interface, referring to the influence of science on political decision-making and vice-
versa, it specifically concentrates on the sphere of science.*

2.2 Making the typology operational

To answer our research questions, we developed a web-based survey with the tool
Survey Monkey (https://www.surveymonkey.com), posing 30 questions of varying
types.5 The scale of measurement ranged from nominal (open and closed questions)
to ordinal. To give our respondents the opportunity to bring in their own ideas, we
also employed an open “other” category for most closed questions. The survey was
comprised of five sets of questions. Table 1 summarizes these questions and relates
them to our research questions.

Table 1. Sets of questions in the survey

Topics Characteristics queried Research question

Demographics Gender (Q1) 1
Nationality (Q2)
Level (Q4), type (Q5) and field of education (Q6)
Place of work (Q7)

SI projects How often are stakeholders (SH) involved (Q8) 1
Nature (Q9), topics (Q11), and level (Q14) of projects
Kind of SH involved (Q10)
Kinds of funding (Q12)
Methods (Q13)

Sl ideals Stages of research process in which SH should be involved (Q15) 2
Role that scientist (S) and SH should play in SI projects (Q17)
Kind of knowledge that should be produced (Q18)
Reason for stage of involvement (Q16)
Main goal of SI (Q19)
Science—policy interface (Q20)
Understanding of science (Q21)

SI practices Role of S and SH (Q17) 3
Kind of knowledge produced (Q18)
Science—policy interface (Q20)

Looking ahead on Sl What is needed to improve Sl in the future (Q22) 2
Possible trade-offs between scientific goals and SI (Q24)
Future involvement of SH (Q23)

4 For example, the technocratic type in Mielke et al. (2016) is close to the decisionistic model,
since he conceives himself as producing knowledge that is relevant for policy makers, but
would not — as in Habermas’ (1968) technocratic model —take a prescriptive position in political
decision-making.

5 For the advantages of online surveys, see Diekmann (2007).
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The first set of questions covered demographics: for example, nationality and field
of education. The second dealt with information on stakeholder projects that
respondents carry out, addressing, for instance, topics, funding, and methods used.
The third set of questions asked for ideals that scientists have in mind when involving
stakeholders in their scientific projects. Here, the questions relate to the five criteria
for SI described in this section, whereas the four possible answer items per question
reflect the ideal types of SI described above (Table 2). In questions (Q) 16, 19, 20,
and 21, respondents could judge the given answer items according to a five-item
Likert-scale (Diekmann, 2007; Blasius, 2014; Schnell, Hill and Esser, 2005), ranging
from “strongly agree” (5 on the scale) to “strongly disagree” (1 on the scale). The two
remaining questions (Q17 and Q18) only allowed selecting one of the four statements
without grading it. Questions 17, 18, and 20 were then each accompanied by an open
question concerning the respondents’ actual practice in their projects, comprising the
fourth set of questions of the survey. In the fifth part of the survey, we wanted to look
ahead on Sl in science, asking for improvements of Sl, for the future inclusion of
stakeholders in projects and possible trade-offs between scientific goals and SI. With
questions 26-30, we collected feedback on the questionnaire as well as contact
information of participants. In the next section, we will present and analyze our
results.
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3. Results: Ideals, practices and future prospects of Sl
In science

First, we give an overview of the current landscape in Sl as presented in our sample,
through, for example, information on scientific fields, scholars, and institutions which
carry out or finance research as well as on methods and tools applied. We thereby
address the first research question. Second, we describe how respondents positioned
themselves concerning ideals of Sl in science, addressing the second research
question. Third, we summarize the answers on scientists’ practice in their research
projects, investigating whether they are in line with their ideals of SI and describing
what they perceive necessary to improve Sl. This refers to the third research question.
Finally, we relate the respondents’ opinions to the typology of SI in science by Mielke
et al. (2016) to answer the fourth research question.

3.1 Current landscape

Our sample, which is methodically described in more detail in Materials and Methods,
consists of German and international sustainability scientists working mostly at
universities (39%) (all percentages are rounded), as well as in leading research
institutions (31%). The survey was conducted in English. While 64% of respondents
were German, we overall reached scholars from 18 different countries (for example,
Spain, France, China, Ghana, Iran, and Poland). The majority of respondents are
researchers at the early stages of their career: almost 80% are 40 y or younger; 40%
hold a Master’s degree, 35% hold a doctorate. The most common field of education
is social sciences (57%). While only 37% of the respondents stated to have studied an
explicitly interdisciplinary field, such as sustainability science, 64% described their
education as “interdisciplinary.” Overall, 73% of the respondents involve
stakeholders regularly, for the majority in a transdisciplinary (54%) or
interdisciplinary (43%) manner. The stakeholders involved come from a broad
spectrum (Fig. 1), with politics at the forefront (84%), followed by civil society (77%)
as well as companies (73%). Citizens rank last with 57%. Some respondents specified
the types of stakeholders they work with, such as artists, consultants, advocacy
groups, faith groups, business associations, and international organizations.

Science 70%
Politics
Companies 3%
Civil society
Citizens

Other (please specify) 10%

00% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Fig. 1 Frequencies on Q10: “I work with stakeholders from: science, politics, companies, civil
society, citizens, other.” Multiple answers allowed; total respondents: 82. Source: Survey
Monkey.
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The main research topics that our respondents deal with are energy (52%) and
climate policy (42%). This was expected, since our sample contains mostly responses
from sustainability researchers. Almost 50% named other topics: for example, coastal
protection, agriculture, digitalization, finance and green business, urban development,
or corporate sustainability. Respondents mostly receive funding from public
institutions: 56% said their research was inter alia funded by national governments,
44% named European institutions, while 26% have foundations as one of their
funding sources. Only 16% are financed by companies. Some named other (mainly
public) funders, like universities, municipalities, or international entities like the
United Nations. Respondents that said they receive funding from companies did not
work on climate policy issues. The latter is, however, prominent among public
funders: 41-47% of those respondents that receive some funding from public
institutions also work on climate policy issues.

With regard to methodology, workshops (78%) and interviews (72%) are used most
frequently (Fig. 2). Cooperation, in the sense of actively collaborating with
stakeholders in projects, ranges third, with 61%, followed by surveys and focus
groups. Other methods named were, for example, participatory theater, informal
personal exchange, and advisory/consultancy. Especially in research institutes,
workshops are highly common (89%). Cooperation with stakeholders is most
widespread in consultancies (73%) and in universities (69%). The level at which Sl is
used is primarily national or local (62% each), while the regional level ranks third
with 46%. Supranational and international levels are less common (37% and 23%,
respectively).

Interviews 2%

Focus groups 43%

Surveys

Experiments 7%

Other (please specify)

00% 10% 20% 30% 40% 50% 60% 70% B0% 0%

Fig. 2 Frequencies on Q13: “I involve stakeholder mostly through...” Multiple answers allowed;
total respondents: 81. Source: Survey Monkey.
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3.2 Ideals

To investigate the ideals that guide scientists when involving stakeholders, we asked
respondents to pick or grade answer options for questions 15-21. In a first step, we
looked at the mode and the median of all answers to identify a trend. In a second step,
we analyzed “strong agreement” (grade 5) and “strong disagreement” (grade 1) to
describe the respondents’ positions in detail (we assembled grades of 1 and 2 as
“disagreement” and grades of 4 and 5 as “agreement”).

Stages of the research process

When asked in which stages of the research process stakeholders should be involved
(Q15; multiple answers were allowed for this question), data collection (90%) was the
option most respondents chose, followed by the planning phase (87%) and
dissemination (81%). Still, around 66% said they would also involve stakeholders in
data analysis, which is the furthest-reaching option of involving stakeholders in the
research process. Of all respondents, 44% aim to involve stakeholders in all stages of
the research process. When asked why they want to involve stakeholders at a certain
stage (Q16), the strongest motivation was “to find out about stakeholders’ interests
and feed them into the research process,” to which 58% strongly agreed and no one
strongly disagreed. The strongest disagreement could be found for the statement: “To
allow stakeholders affected by the research to give feed-back and join deliberative
processes” (4%).

Role of scientist and stakeholder

Regarding the scientist’s main role (Q17), respondents had to select one of the
four choices. The role of the scientist as a facilitator of dialogues (35%) was the
answer chosen most often, followed by the idea of the scientist being a stakeholder
himself, bargaining for his interest (27%). Of the respondents, 23% consider the
scientist as the leader of the research process, while only 15% think the scientist
should be an external observer. This shows a wide divergence of specific roles in Sl
practices. The different roles are illustrated in Fig. 3.

@ @ (3) ()

Fig. 3 Role of scientist (S) and stakeholder (SH) in the research process. (1) S leads the research
process, SH are considered issue-specific experts; (2) S is a SH himself and bargains for his or
her (scientific) interests in the research process; (3) S observes only from an external position
to analyze the perspectives of SH; (4) S facilitates and moderates a cooperative dialogue with
affected SH, trying to create trust. Source: authors’ own illustration.
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Kind of knowledge

The kind of knowledge that is produced in SI processes is a highly contested issue.
Nevertheless, the responses to Q18 (“According to your understanding of stakeholder
involvement in your scientific field: What kind of knowledge should be mainly
produced in stakeholder projects?”’; total respondents: 70) were clearly leaning toward
finding out about needs and values of stakeholders (43%), followed by system-
specific perspectives and languages (30%). When looking at the respondents’
educational background, finding out about needs and values got the highest agreement
among natural scientists, of which 60% chose this option. Only 7% of natural
scientists seek “objective data and information” from stakeholders. Social scientists
are just as interested in needs and values (38%), as in system-specific perspectives
and languages, which 36% of them chose as their favorite option. Engineers favor
needs and values (48%) and are the only ones who show strong interest in networks
(27%). Scholars with an interdisciplinary background, like sustainability science,
think that mainly knowledge on needs and values should be produced when working
with stakeholders (46%).

Main goal of Sl

The highest agreement could be found for the position that a scientist mainly involves
stakeholders to “integrate the perspectives of all actors touched by societal
transformations” (55% strongly agreed). Of the respondents, 50% agreed that wanting
to get “better data by involving issue-specific experts” is a main goal, while 44%
strive to “understand learning processes in science and society.” Interestingly, there
was barely strong disagreement with any of the statements, which is also reflected in
the mode and median values.

Science—policy interface

The perception that “through the integration of different interests, science can sketch
out different paths or courses of action for policy makers” was the most agreed to
answer concerning the science—policy interface. Of the respondents, 43% strongly
agreed to this view, and none strongly disagreed; 42% also strongly agreed that
science should “address the gap between science and society, thus, contributing to
well-informed, democratically justifiable decisions.” The statement that science and
policy-making should be two separate fields was the least popular position, with only
9% “strong agreement” and almost 50% “disagreement.” This answer also had low
values for mode and median.

Understanding of science

Of the respondents, 39% strongly agreed to the understanding that science “should
address societal needs and thus support societal transformations.” None strongly
disagreed with this position; 36% strongly agreed to the view that “science should be
autonomous, ethically neutral, and objective.” Since we perceived these two positions
to be mutually exclusive, we took a closer look at the individual responses. More than
one-third of the respondents agreed to both of these positions (values for mode and
median also reflected agreement for these positions). This inconsistency will be
analyzed in Discussion, below. At the same time, one-fifth of the respondents



184 Chapter 7 Concepts of stakeholder involvement in science

answered as expected: agreeing to the two statements that lay close together—that
science “should address societal needs and thus support societal transformations” and
that science “always depends on perceptions and constellations of the actors that carry
it out”—and rejecting or being neutral toward the positions that “science is the societal
sphere in which true statements are differentiated from false statements” and that
“science should be autonomous, ethically neutral, and objective.” The most contested
statement was the one that “science is the societal sphere in which true statements are
differentiated from false statements”: 34% of the respondents disagreed or strongly
disagreed, while only 8% strongly agreed. This statement also had respective mode
and median values.

3.3 Contrasting ideals and practices

The following section compares scientists’ ideals with their practice. Additionally, we
describe the trade-offs researchers see between scientific goals and SI.

Role of scientist and stakeholder

Most scientists did not see a mismatch between their ideals concerning the
relationship between scientists and stakeholders and their practice in past projects.
However, some respondents pointed out that, depending on the project, the stages
(“different phases need different relations”), intensities, formats, and research
questions, the roles vary and, thus, the practice of Sl is nothing static. One respondent
perceived the roles “as a continuum.” Another scientist, who considered himself a
stakeholder as well and agreed to be bargaining for his/her scientific interest
(neoliberal-rational type answer item for Q17 on the roles), reported on the difficulties
to accept these new roles for scientists: “The challenge for scientists is to accept the

idea that they are not superior to the stakeholders.”

Kind of knowledge

Twenty-one respondents stated that they gained other kinds of knowledge than
expected. However, that was not always perceived negatively since some unexpected
results were reported to be valuable input. One respondent commented: “System-
specific perspectives and languages as well as needs and values were actually
produce[d]—but it was important data, too.” The mismatch of expected and
experienced kind of knowledge came in various combinations, so that some were
hoping to get objective data but instead obtained needs and values, whereas others
were looking for needs and values and got knowledge about networks and interests
instead. Several respondents hinted at the fact that the kind of knowledge gathered
depended on the specificities of the project concerned. Two respondents rejected the
idea that knowledge can be obtained at all through SI, stating that “the best that can
be achieved is mutual understanding” and that stakeholders provide “confusing
perspectives.” However, the majority of respondents did not see a difference in the
expected and the actually obtained kind of knowledge in their projects.
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Science—policy interface

When asked about the gap between expectations and experiences in the science—
policy interface, several respondents reported a mismatch. One scientist pointed to the
learning process that researchers have to go through when using knowledge obtained
by SI to consult policy: “It was a joint learning process. The idea that science can
educate others unidirectionally is misleading.” In several statements, frustration about
too little impact on political decision-making was expressed, as one respondent
exemplified: “Though, in general I see other professions much more successful in
policy-making than science is, thus, being more successful with b[e]ing heard.”
Another saw “no measurable political impact at all,” while a third respondent
criticized that “political will is averse to real data when this collides with votes gained
or lost.” Several respondents mentioned the need for better communication between
the two fields: “Scientific results need to be translated into useful information—also
consultants, think tanks, NGO [nongovernmental organizations], journalists can have
arole in this translation work.” This was sometimes also related to a lack of resources
for better translation and dissemination activities. One respondent emphasized the
need for “social scientists in order to carry out the essential qualitative research
necessary to bridge science and policy-making.”

Trade-offs between scientific goals and Sl

Forty-three respondents acknowledged trade-offs between scientific goals and Sl,
while 29 explicitly stated they did not experience any trade-offs. Often (n = 9),
scientists pointed to problems of timing that led to “less time for peer-reviewed
publications,” saying that SI “reduces written academic output.” This was sometimes
weighed against the increase of relevance that might come with successful stakeholder
engagement: “[SI] increases—hopefully—the relevance and usefulness of that which
is written (and thus also its academic quality).” Besides the time factor, several
respondents (n = 11) saw trade-offs between scientific goals and the interests of
stakeholders as “the questions relevant to stakeholders do not always match the
questions and/or methods that are interesting from a purely academic position.” One
respondent stated that when working with stakeholders, “objectivity might be more
difficult,” while another pointed out that stakeholders try “to get the results they need
instead of results that make sense.” Thus, these respondents think that the autonomy
of science is in question when involving stakeholders. Finding the “right”
stakeholders was mentioned as being difficult: “Not always desired stakeholders are
available and eager to cooperate.” This was problematized especially with regards to
hidden motives of stakeholders: “Stakeholder involvement relies on the commitment
of stakeholders. Ifthey are not reliable or doing it only for fame, money or other crazy
motives, then participatory research is doomed to fail.”

Furthermore, the disciplinary perspective in the “traditional system/alignment of
science in universities” was seen as a trade-off that could produce conflicts, which
“emerge between different academic disciplines over the quality of data coming out
of stakeholder involvement activities (qualitative vs. quantitative).” One respondent
recommended making the trade-offs explicit by dealing with them “in a mixed co-
operation between scientists and the stakeholders.” Another commented on the quality
of Sl that is decisive for the existence or absence of trade-offs by stating: “[Wlhen it
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is done well, you can ask scientifically interesting questions that are also interesting
and relevant to stakeholders, however, | think there is often a tendency to move
towards being service providers to a certain extent and that type of research wi[t]h
stakeholders needs to be avoided.” Some hints on how to avoid trade-offs were
mentioned, such as reflection about the role of stakeholders (e.g., scientists as “experts
for methods in need to collaborate with stakeholders as experts for relevance”),
conflict resolution methods, and gender issues.

Whether a scholar sees trade-offs between scientific goals and Sl also seems to
depend on the kind of knowledge that he or she wants to gather: 73% of those
respondents that see trade-offs were either looking for stakeholders’ “needs and
values,” the democratic kind of knowledge (42%), or the functionalist kind of
knowledge, namely “system specific perspectives and languages” (31%). Scholars
looking for “objective data and information” (technocratic kind of knowledge) or
“networks and interests” (neoliberal-rational kind of knowledge) were less worried;
they only made up 27% of those concerned about trade-offs (15% technocratic and
12% neoliberal-rational). When looking at contingency tables, we found that more
respondents from research institutes (61%) recognize trade-offs between their
scientific goals and Sl than respondents working for universities (57%). Furthermore,
of those respondents who work in transdisciplinary projects (52%), the majority
(60%) perceives such trade-offs.

3.4 Looking ahead

To find out what scientists consider helpful to improve their work with stakeholders
(Q22), we offered six perspectives: more funding, more academic literature on SlI,
longer projects, a larger pool of stakeholders, fitting tools and methods for Sl, and a
network of practitioners. Fig. 4 gives an overview on the respondents’ assessment.

more academic literature on SI 14%
==
larger pool of stakeholders 25%
fitting tools and methods for SI 55%

network of practitioners

Other (please specify)

00% 10% 20% 30% 40% 50% 60% T0% 80%

Fig. 4 Frequencies on Q22: “What would you need to improve your work with stakeholders?”
Multiple answers allowed; total respondents: 73. Source: Survey Monkey.

In general, one-third of all respondents want to work more frequently with
stakeholders in the future, the majority wants to keep the level of involvement the
same, and only one respondent would like to integrate stakeholders less frequently.
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Not surprisingly, most of the respondents (67%) think that more funding would
improve the work with stakeholders, for example, through “funding schemes that
support co-design, co-production and implementation of results additional[l]y to the
research phase.” Some respondents think that funding for travel costs and other
expenditures could increase the motivation of stakeholders to participate; 62%
consider longer projects as an essential improvement, adding the importance to follow
up on project work by “monitoring societal and sustainable effects after project
ended” and getting feedback from stakeholders on research results. Some mentioned
the role of time to establish trust and foster commitment on both sides as being crucial
for good relationships. Furthermore, “the recognition that many time stakeholders
might be interested but have other constraints that do not allow them to participate”
was mentioned. This lack of understanding can also be located on the scientific side:
“A better understand[ing] of the reasons why we do it—science on its own can’t

12

change society!” As a solution, several respondents point to the development of
methods, such as “toolboxes,” for SI that could be integrated into “curricula” or
projects. Overall, 55% of respondents perceive the fitting of tools and methods as an
important improvement, while only 14% of all respondents were seeking more

academic literature on Sl.
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3.5 Conceptualization of practices

In our questionnaire, we asked researchers to position themselves regarding the five
defining criteria in questions 16-21. For every question, we offered four answer items
that each represent a view associated with one of our ideal types: item A for the
technocratic, B for the neoliberal-rational, C for the functionalist, and D for the
democratic type (Table 2). However, since these types were designed as a heuristic
tool to conceptualize debates on Sl rather than offering an empirical description of
practices, we did not expect respondents to behave in an ideal-typical way. Rather,
we wanted to derive common ground and critical points regarding the ideals that guide
scientists to answer our fourth research question.

We took three steps to analyze the relationship of the typology with the scientists’
answers [for this analysis, we only used complete datasets (n = 59)]. First, we looked
at the level of agreement within a type. To do so, we calculated the relative frequency
of grades given in all respondents’ type-related answers in questions 16, 19, 20, and
21, which provides the type score. For the technocratic type score, we counted the
amount of grades that respondents gave for the technocratic items (grade 1 was chosen
16 times, grade 2 was chosen 29 times, grade 3 was chosen 53 times, grade 4 was
chosen 57 times, and grade 5 was chosen 81 times) and divided these absolute
frequencies by the amount of all grades given for the technocratic type (n = 59 and
four items per type lead to 236). Fig. 5 shows that agreement within the democratic
type (81%) was highest, followed by the neoliberal-rational type (76%). Expressed
disagreement was highest within the technocratic type (19%).

Type scores

™
12%

23%

. 16%

Share of respondents' level of agreement within a type

Technocratic Neolib.-rational Functionalist ’ Democratic

type type type type

Fig. 5: Type scores show the level of agreement within a type across all respondents; agreement
in green (grades 4 and 5), neutrality in yellow (grade 3), and disagreement in red (grades 1 and
2). Absolute frequencies (counting the amount of grades 5, 4, 3, 2, and 1 that respondents gave
for each type’s items) were divided by the amount of all grades given per type (59 respondents
graded 4 items per type, amounting to 236 grades). Source: authors’ own illustration.
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Second, we examined the level of respondents’ agreement over all types. It was
measured by the absolute frequency of a certain grade per type, divided by the amount
of that grade over all types. For example, the distribution score for strong agreement
was calculated as follows: over all types and questions, respondents chose grade 5
(strongly agree) 362 times. Of this total, 31% (112) were attributed to some
democratic position, while 27% of strong agreement was expressed with regard to the
neoliberal-rational (97), 22% (81) to the technocratic, and 20% (72) to the
functionalist type. As Fig. 6 shows, overall disagreement was highest for the
technocratic type, while agreement was highest for the democratic type.

Distribution Scores
blue: Technocratic type  orange: Neoliberal-rational type
grey: Functionalist type ~ yellow: Democratic type
0
100% | 10% 15% 16% _
27% 31%._
319
1% 33% 39% —
% 24% 20%
2 -
a,
L
=
7]
0% strongly * disagree ' neutral ' agrec ' strongly
disagree agree
Overall level of respondents' agreement

Fig. 6: Distribution scores show the overall level of agreement across all types. Agreement or
disagreement was measured by the absolute frequency of a certain grade per type, divided by
the amount of that grade over all types. Source: authors’ own illustration.

Due to the strong disagreement to the technocratic type, we took a closer look at
the technocratic responses. The main reason for the strong disagreement with this type
is the statement concerning the science—policy interface (75% of strong disagreement
in the technocratic answers) that “science and policy-making should be two separate
fields” (Fig. 7). This also holds true for the functionalist, where the strong
disagreement within the type mainly stems from the rejection of the answer
concerning the understanding of science, being the “societal sphere in which true
statements are differentiated from false statements” (67% of strong disagreement
within functionalist answers).
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Distribution of strong disagreement with technocratic type

e “Stage (Q16)
19%
“Main goal (Q19)

Science-policy
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75% “Understanding of
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Fig. 7: Distribution of strong disagreement with technocratic type. The technocratic main
goal had 0% strong disagreement. Source: authors’ own illustration.

In a third step, we took a closer look at correlations among the sum scores related
to the four ideal types of SI in science to see whether and how strongly researchers’
positions were connected and to evaluate the discriminatory power of the types.
Drawing from our typology, we assumed the types to represent certain, internally
coherent positions on Sl in science. Expressed in terms of the sum scores, by which
we measured the overall agreement for a certain type, we would have expected the
respondents to have a high sum score for one of the four types and lower sum scores
for the others, thus implying negative correlations. This hypothesis was only partly
supported by the data depicted in Table 3: while we found a significantly negative
correlation between the technocratic and the democratic positions (—0.29), we found
positive correlations between the technocratic and functionalist positions (0.28) as
well as between the functionalist and the neoliberal-rational positions (0.24). The
negative correlation between the democratic and technocratic sum scores shows that
a person who takes a democratic position on Sl in science tends to reject the
technocratic view on Sl and vice-versa. We discuss this observation in the following
section.

Table 3. Correlations among the respondents’ sum-scores across all types

Technocrat Neoliberal-rational Functionalist Democrat
Technocrat 1 0.06 0.28* -0.29*
Neoliberal-rational 0.06 1 0.24" 0.15
Functionalist 0.28* 0.24" 1 0.2
Democrat —0.29* 0.15 0.2 1

*Significant at the 5% level.
*Significant at the 10% level (P value of 0.080).



7.4 Discussion 191

4. Discussion

The data collected in our survey give an overview of current practices and ideals in
Sl and show important trade-offs when involving stakeholders, ranging from time
conflicts over the possible loss of the autonomy of science to quality conflicts
concerning the research results. However, the picture of current practices of Sl in
sustainability science drawn from our data might be biased due to the socio-
demographic structure of our sample: most of the 89 scientists are in earlier career
stages (age between 20 and 40 y), and work with stakeholders in inter- or
transdisciplinary projects (this might be due to our snowball sampling procedure).
Even though the majority of respondents were of German nationality (64%), our
results are transferable to and relevant for a broad international scientific audience.
Roughly half of the respondents work on projects that are carried out at the supra- or
international level, while about the same number receives funding from European
Union institutions. Furthermore, the scientific standards discussed herein are shared
by the global sustainability science community.

Concerning the links between researchers’ ideals of SI and our typology, a
discussion of results is necessary. While we found the democratic and the neoliberal-
rational perspectives to be most prominent among our respondents, the level of
agreement was quite high across all types. This hints at scientists using hybrid forms
of SI, which also becomes apparent in the fact that many respondents agreed to three
or more of the four options offered in our typology questions, and thus to three or
more types. Especially concerning the reason for the stages at which stakeholders are
involved and the scientist’s main objective, the majority of scientists showed mixed
conceptions. Table 4 summarizes this pattern.

Table 4. Percentage of respondents who agreed to three or more options of questions 16, 19, 20, and 21 (of n = 59)

Question Topic Percent of respondents, %
16 Motivation to involve stakeholders at a 85
certain stage of the research process
19 Main objective 71
20 Science—policy interface 51
21 Understanding of science 27

This result could be due to several reasons. The positions offered might have been
perceived as being unclear. This became especially apparent in the question on the
understanding of science (Q21), where more than one-third of the respondents agreed
to both the democratic position that science “should address societal needs and thus
support societal transformations” and the technocratic view that “science should be
autonomous, ethically neutral, and objective” at the same time. Three respondents
specifically referred to the answer choices in Q21 as being not mutually exclusive,
ambiguous, and too similar.

The results also hint at a lack of conceptual clarity among practitioners, especially
on the question concerning the understanding of science. Another reason for the high
agreement to seemingly mutually exclusive positions might be that scientists work
with stakeholders in different, sometimes even contradicting ways at the same time,
taking diverse roles within different stages of the research process (addressed in Q15
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and Q16; here divided into planning phase, data collection, analysis of results, and
dissemination), or having varying understandings of science (Q21) in different
projects. Both topics relate to discussions on codesign and coproduction in
transdisciplinary research processes and are highly disputed in the literature (see e.g.
Hirsch Hadorn et al., 2006; Polk, 2015; Wiek, 2007 for a discussion of challenges).
While authors like Cornell et al. (2013: 60) opt for a highly integrative stakeholder
approach that includes “collective problem framing” and “societal agenda setting,”
others like Lang et al. (2012: 28) take a more moderate position, by emphasizing
“collaborative problem-framing” as well as “co-creation of solution oriented and
transferable knowledge.” The difficulty of aligning these goals, roles, and
understandings is reflected in the trade-offs presented the Looking Ahead section,
above.

Nevertheless, we were able to find interesting correlations. First, there was a
significantly negative correlation between the technocratic and the democratic
position (-0.29). Since the data showed a strong negative tendency for the
technocratic answer to the science—policy interface question, we tested this item’s
correlation with the democratic sum score and found an even stronger negative
correlation of —0.39. This only partly corresponds to the typology used. Mielke et al.
(2016) acknowledge a distance between democrat and technocrat concerning the
science—policy interface, but the neoliberal-rational type is designed to be furthest
away from the democrat on this matter (see “bargaining vs. deliberation” in Mielke et
al., 2016). Second, we found a positive correlation between the technocratic and
functionalist position (0.28). This is reflected in the typology, as these positions were
designed to be closest to each other concerning the science—policy interface (see
“bargaining vs. deliberation” in Mielke et al., 2016) and regarding the understanding
of science science (see “autonomy of science” in Mielke et al., 2016).
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5. Materials and methods

To reach our respondents, we used a snowball sampling technique (Goodman, 1961;
Przyborski and Wohlrab-Sahr, 2014; Ritchie, Lewis and Elam, 2003) as a first step.
We accessed scientists that were already in contact with us, and then asked these
scientists to pass on our survey within their networks. Additionally, we approached
networks of sustainability scientists ourselves. The contacts included sustainability
scientists working in leading research institutes for climate, environment, and
economics (e.g., Potsdam Institute for Climate Impact Research, Helmholtz-Centre
for Environmental Research, German Institute for Economic Research, Fraunhofer
ISI, National Aeronautics and Space Research Centre of the Federal Republic of
Germany), as well as in respective departments in universities (e.g., University of
Bielefeld, Eberswalde University for Sustainable Development, Freie Universitat
Berlin, Technical University Berlin, Leuphana University). We also addressed
different networks in which these scientists are associated’, as well as relevant
foundations (e.g., Mercator and Boll-Foundation) and nongovernmental organizations
(e.g., Germanwatch), which deal with sustainability transitions. The survey was
online from July 7 to November 15, 2016 and was closed after 89 responses. Since
the data were anonymized, informed consent procedures and approval by an ethics
committee were not needed.

To make sure our items were constructed consistently within the types, we
calculated item-total correlations (Everitt, 2002) for each type.? The range for the
technocratic type’s items was between 0.51 and 0.83, for the neoliberal-rational from
0.42 to 0.55, for the functionalist from 0.38 to 0.56, and for the democratic type from
0.61 to 0.75, showing internal coherence of the types constructed. To test reliability,
we used a split-half reliability test (Diekmann, 2007), showing values between 0.61
and 0.72 for the technocratic, functionalist and democratic items, respectively. Only
the scale for the neoliberal-rational type had a negative reliability measure (-0.08).
Following Kim and Stoel (2004), we consider measures above 0.5 as being reliable.
The low value for the neoliberal-rational type is assumed to be due to the item
“understanding of science.” To ensure content validity (Diekmann, 2007), we
reviewed literature on sustainability science, interviewed experts in the field, and
performed a pretest with practitioners. The survey and the full data sheet that the
analysis is based on as well the tests developed are provided in Sl
Appendix and Dataset S1.

In our analysis of the current landscape and practices, we mostly used relative
frequencies and qualitative interpretation for open questions. The percentages relate
to the number of responses within each question (e.g., Q1 had 88 responses, Q3 had
87). For the Likert-scale questions, only respondents that replied to all four items of a

! E.g., Forderschwerpunkt Sozialokologische Forschung (a group of scientists that is funded by
the socio-ecologic program of the German Ministry of Education and Research;
https://www.fona.de/en/society-social-ecological-research-soef-19711.html), Strommarkt-
Verteiler (a German network of energy professionals in academia, policy-making, industry, and
nonprofit organizations; www.strommarkttreffen.org/english)

2 Diekmann (2007) uses the item-total correlation test to find out whether items show another
dimension that leads away from the intended one, attributed to all items (“Fremddimension™).]
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question were counted to ensure comparability. Furthermore, we employed
contingency analysis (Backhaus et al., 2016) as a multivariate statistical method to
investigate interconnections among the scientists’ positions on different criteria and
concepts of SI. For a deeper analysis of our ordinal data in the Likert-scale questions,?
we calculated:

() type scores for the technocratic, neoliberal-rational, functionalist, and
democratic items to check the agreement within a type;
(i) distribution scores to see how agreement and disagreement were

distributed across the types; and

(iii) correlation coefficients (correlations used were significant at the 1% or
5% level) (Diekmann, 2007) among the sum scores to investigate how
the types were related. We calculated the sum scores for the each type
by summing up a respondent’s answers for the respective type’s items
in questions 16, 19, 20, and 21. Thus, they reflect the level of agreement
to the respective type.

3 There is an ongoing scientific debate whether Likert-scales can be interpreted as interval
data; we have followed the interpretation of Diekmann (2007).
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6. Conclusions

The findings presented in this paper offer an overview of current practices and ideals
of scientists working with stakeholders. The survey shows that SI has become a
common practice in inter- and transdisciplinary research projects and that there is
common ground on how it should be carried out. While a broad array of nonacademic
actors is involved, stakeholders from politics and civil society are at the forefront.
Mostly, stakeholders are involved through workshops and interviews or in
cooperative processes. Although energy is the most frequent thematic issue, the topics
are broad, ranging from agriculture over resource efficiency to climate policy and
mobility. Our respondents involve stakeholders at all stages of the research process,
but find data collection and planning the most prominent points for involvement.

When looking at ideals, the main role of the scientist is seen as being a facilitator
of dialogue. The kind of knowledge that is supposed to be obtained consists of needs
and values of the stakeholders involved, which corresponds with the most agreed-on
main goal of integrating the perspectives of those actors that are affected by
transformations. In relation to the policy world, scientists want to use Sl to better
sketch out paths for policymakers. The respondents most strongly agreed that science
should address societal needs and support transformations. Nevertheless, divergences
between scientists’ ideals and their practices concerning SI became apparent.
Respondents wish for political impact, but many consider it being limited when
looking back on their projects, partly due to different expectations of stakeholders and
scientists, a lack of motivation on the stakeholder’s side, a lack of funding, or follow-
up on results. Many also see a trade-off between their scientific goals and SI, saying
that SI gives them less time to concentrate on their academic publications, admitting
to not always be sure how the knowledge obtained through Sl can be scientifically
used, and fearing to be influenced by stakeholders to a point that threatens scientific
autonomy.

Respondents also indicated a need for improvement, mainly hoping for increased
funding, more time, and better-fit methods. These trade-offs and improvement needs
hint toward a lack of conceptualization in SI. The latter also became apparent when
we related the survey results to the typology established in Mielke et al. (2016).
Although we found a preference toward the democratic and the neoliberal-rational
type, there was high consent with all types, even among those that were designed to
be mutually exclusive. This underlines the need for further qualitative research on Sl
as well as for conceptual tools for scientists that involve stakeholders. Heuristic
conceptualizations like the typology can help to reflect on trade-offs before
conducting research and, thus, may help to resolve some of the conflicts scientists
named in our survey.

Since respondents called for better-fit methods, there should be more training
(Wiek, Withycombe and Redman, 2011; Clark et al., 2016) on how to perform Sl in
scientific research at universities and within projects. Moreover, the repercussions that
SI might have on research questions, codes, language, tools, and methods should be
better reflected, as scientific practices and concepts change over time.
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