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Preface

The issue of the sustainability of the human activities is increasingly
growing in importance in the agendas of both governments and interna-
tional organisations. Today, the fight against climate change, the preserva-
tion of the environment and the ecosystems, the reduction of inequalities
are constantly at the heart of the political and societal debate. The Paris
Agreement and the Sustainable Development Goals (SDG) are in this
respect the cornerstones of the engagement of the international commu-
nity towards a climate-neutral economy and a fairer society. In such a
context, the role of finance has been consolidating as a key enabling
factors to reach the most ambitious policy objectives. Frameworks such
as sustainable finance, green finance, climate finance, among others, have
progressively emerged and are getting more and more support from
policymakers in the attempt to mainstream such new way of doing finance.

Nevertheless, it can be observed that the relationship between finance
and sustainability has been thus far analysed mainly in one direction, that
is focussing on the key qualifying role of finance in reaching climate, envi-
ronmental and social goals. On the contrary, little attention has been
given so far to the assessment of the possible impacts of sustainability-
related risks on financial actors and markets. That is, on how factors
such as climate change, environmental degradation or social inequality,
among others, may trigger new financial risks. This nexus is only recently
emerging as a potential source of concerns for both the financial industry
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viii PREFACE

and policymakers. However, its relevance is expected to grow signifi-
cantly in the near future along with the consolidation of some of the
sustainability-related risks (e.g. climate change).

Overlooking the importance of the impact of sustainability-related risks
on financial actors may have two main drawbacks. On the one side, it can
result in a poor assessment of the commitment of the financial industry
to support the different types of sustainable investments, in particular
in the geographical areas and in the economic sectors expected to be
more affected by sustainability-related risks. Situations in which banks
or insurance companies may refuse to take-in additional financial risk
when highly dependent of sustainable-related risks can indeed materialise.
This would be for example the case of insurance companies refusing to
insure households living in areas subject to increasing risk of floods, or of
banks limiting credit to farmers in regions hit by increasing desertification.
On the other side, the possible underestimation by banks and insurance
companies of the long-term impact of sustainability-related risks on their
businesses could eventually harm financial stability in the case this under-
estimation becomes systematic and widespread. As a matter of fact, very
little evidence is today available as concerns the financial actors’ assets
under the risk of climate change and other sustainability-related risks, as
well as on the possible strategies to integrated sustainability-related risks
in existing risk management frameworks and pricing schemes.

This edited book has the objective to deepen the existing scarce knowl-
edge on the relationship between sustainability-related risks and finan-
cial risks. To do that, it is structured in five chapters. In Chapter 1,
Marco Migliorelli presents an overview of the key characteristics of the
nexus between sustainability and financial risks. To this extent, the chapter
first describes the role of finance in reaching a more sustainable society,
in particular in the context of the Paris Agreement and the Sustainable
Development Goals (SDG). Then, it identifies the key areas of financial
risks stemming from sustainability-related risks, in particular as concerns
climate change, environmental degradation, social inequality, policy and
technology shifts. Finally, it explores the possible negative consequence of
the full consideration of sustainability-related risks as source of financial
risks, both in terms of pricing adjustments and, potentially, new market
failures. In Chapter 2, Giorgio Caselli and Catarina Figueira deepen the
analysis on the possible impacts of climate change on the banking and
insurance industries. To this purpose, the chapter presents the main chan-
nels through which the physical, transition and liability risks of climate

https://doi.org/10.1007/978-3-030-54530-7_1
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change might translate into financial risks for banks and insurance compa-
nies, along with the key data available to date. Chapter 3, written by
Olaf Weber, Truzaar Dordi and Adeboye Oyegunle, is specifically dedi-
cated to the issue of stranded assets in a society in transition towards
a low-carbon economy. To this extent, the chapter first gives a histor-
ical account of stranded assets and presents a systematic review of the
current state of the literature on the subject. Then, it proposes a compre-
hensive approach to understanding the multitude of factors resulting in
stranded asset risk, by also including case studies to show how responses
to stranded asset risks vary by region. Finally, it offers a research agenda
for future studies, addressing some of the limitations to current research.
In Chapter 4, Marco Migliorelli and Vladimiro Marini give an overview of
the main strategic and organisational implications for financial institutions
when fully considering the actual and potential impacts of sustainability-
related risks on their businesses. In this respect, the chapter first anal-
yses the main elements of the risk management framework that require
a specific development, in particular within the perimeter of competence
of the management board, the risk management function and the opera-
tional business units (these latter being the “first line of defence”). Then,
the chapter discusses the issue of disclosing sustainability-related infor-
mation, by illustrating existing standards and assessing the effectiveness
of market discipline in the actual policy context. Finally, in Chapter 5,
Marco Migliorelli, Nicola Ciampoli and Philippe Dessertine discuss the
possible impact of the sustainability-related risks on financial stability. To
this extent, they first identify the areas in which evolution in the practices
of financial intermediaries are due to better manage sustainability-related
risks. Hence, they discuss a set of policy actions necessary to both mitigate
and control for the potential impact of sustainability-related risk on finan-
cial risks, in this way safeguarding financial stability. In this respect, partic-
ular is given to the need of evolving the prudential supervisory approaches
and to the leading role of central banks.

Paris, France Marco Migliorelli
Philippe Dessertine
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CHAPTER 1

The Sustainability–Financial Risk Nexus

Marco Migliorelli

Abstract This chapter gives an overview of the relationship nowadays
linking sustainability-related risks (stemming from climate change, envi-
ronmental degradation, social inequality, policy and technology shifts)
and financial risks. Two main conclusions highlight the importance of
this nexus. First, the expected consolidation of sustainability-related risks
in the near future has the potential to produce a widespread impact on
the financial results of both banks and insurance companies. Second,
the full consideration by financial actors of sustainability-related risks
may lead in some geographical areas and for some economic sectors
to significant pricing adjustments and to new market failures (in terms
of credit cutbacks and non-insurability of risks). The chapter concludes
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2 M. MIGLIORELLI

by proposing a structured taxonomy systematically linking sustainability-
related risks and financial risks.

Keywords Sustainability-related risks · Climate change-related risks ·
Physical risk · Transition risk · Financial risks · Sustainable finance

1.1 Introduction

When it comes to the discussion on the relation between sustainability
and finance, the policy and academic debate has been focused thus far
on the possible role of the latter to support the transition towards a
climate-neutral economy and a fairer society. In this respect, concepts and
frameworks such as sustainable finance, green finance or climate finance
have progressively emerged.1 These concepts and frameworks have also
been consolidating within the financial industry in the form of new
financial instruments (e.g. green bonds and sustainable funds), listing
options (e.g. dedicated segments for sustainable securities in several stock
exchanges worldwide), certification possibilities (e.g. green and climate
labels for financial securities) or specific financing supporting initiatives
(e.g. the World Bank or the European Investment Bank sustainability
programmes). A new stream of literature is also progressively emerging
dealing with these matters (e.g. Lehner 2016; Ziolo and Sergi 2019;
Migliorelli and Dessertine 2019a).

Nevertheless, little attention has been given so far to the specific rela-
tionship linking sustainability and financial risks. That is, to the discussion
on how factors such as climate change, environment degradation or social
inequality, among others, can impact financial actors and markets. Indeed,
this relationship, which is referred here as the sustainability-financial risk
nexus , is of the utmost importance and may have systemic-wise conse-
quences. For some observers, the failure of the various components of
the financial industry to correctly integrate sustainability-related risks into
financial risks frameworks may represent in the longer term a threat to the
stability of the financial system as a whole (e.g. EC 2018a; BIS 2020).

1See for example UNEP (2016) or Berrou et al. (2019a).



1 THE SUSTAINABILITY–FINANCIAL RISK NEXUS 3

To deepen the analysis on this issue, this chapter is structured as
follows. First, Sect. 1.2 gives an overview of the role played nowadays
by finance in fostering sustainability. To do that, the political and societal
processes culminated with the adoption of the Sustainable Development
Goals (SDG) and the signature of the Paris Agreement in 2015 are
presented, as well as the expected contribution of finance in the resulting
agendas. Then, Sect. 1.3 introduces the role of the sustainability-financial
risk nexus within the general sustainable finance framework. In this
respect, a review of the (scarce) literature dealing with this issue is
also given. This dissertation is followed by Sect. 1.4, proposing a more
comprehensive approach to the understanding of the relation between
sustainability-related risks and financial risks. To this extent, a struc-
tured taxonomy linking the different types of risks is proposed. Finally,
Sect. 1.5 concludes with a scrutiny of the key element of pricing of finan-
cial services when fully considering sustainability-related risks. Such an
analysis includes the recognition of possible new market failures resulting
from the progressive consolidation of these risks.

1.2 The Role of Finance
in Fostering Sustainability

1.2.1 The Sustainable Development Goals (SDG) and the Paris
Agreement

The concern of the sustainability of human activities have been discussed
for decades (e.g. Renneboog et al. 2008; Berrou et al. 2019b). However,
a significant acceleration in the political and societal debate has been
observed only in the last few years. In this respect, the adoption of the
Sustainable Development Goals (SDG) in September 2015 and the Paris
Agreement2 reached in December of the same year landmarked a new

2The Paris Agreement resulted from the United Nations Framework Convention on
Climate Change (UNFCCC), an international environmental treaty that aims to limit
global greenhouse gas (GHG) emissions and that is still in force today. Starting from
1995, signatories of the UNFCCC met on a yearly basis, through the Conferences of the
Parties (COP). In 1997, as result of the conference held in Kyoto (COP 3), the Kyoto
Protocol extended on the UNFCCC and led to the establishment of the first global legally
binding obligation addressing climate change. The Paris Agreement was signed during the
COP 21.
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era for the fight against climate change and the transition towards a
sustainable economy.3

The SDG are part of the “2030 Agenda for Sustainable Development”
adopted by the United Nations (UN) General Assembly. The Agenda
is “a plan of action for people, planet and prosperity. It also seeks to
strengthen universal peace in larger freedom” (UN 2015). The SDG,
to be achieved by 2030, have the merit to clearly identify the priori-
ties of the international community in the attempt to reach a sustainable
society, highlighting the importance of protecting the environment, of
ensuring decent living conditions for all human beings and limiting the
negative impacts of economic development. Table 1.1 reports the 17
SDG. In addition, 169 targets and 242 global indicators were also set
to monitor the progress towards the realisation of the goals. In point of
fact, the SDG reflect all the three distinctive dimensions of sustainable
development: the economic, social and ecological dimensions. The wide
acceptance of the SDG at the highest political levels represented with no
doubt an important success and a significant step forward for the recog-
nition of sustainability as one of key issues to be solved in the interest of
humankind as whole.

Resulting from a parallel process, the Paris Agreement was conceived
within the United Nations Framework Convention on Climate Change
(UNFCCC), a global environmental treaty aiming at limiting global
greenhouse gas (GHG) emissions. Starting from 1995, signatories of
the UNFCCC have met on a yearly basis, through the Conferences of
the Parties (COP). The Paris Agreement was signed during the COP
21,4 when world leaders committed to strengthen the global response
to the threat of climate change by “holding the increase in the global
average temperature to well below 2°C above pre-industrial levels and
pursuing efforts to limit the temperature increase to 1.5°C”. To reach
these ambitious objectives, appropriate mobilisation and provision of
financial resources, a new technology framework and enhanced capacity-
building were given specific and unprecedented attention. The agreement

3Among the other noteworthy initiatives on the defence of the environment, in May
2015 the Pope Francis addressed the subject of environmental degradation and climate
change in a historical encyclical letter “Laudato sí” on “Care for Your Common Home”.

4The UNFCCC had some encouraging results already before COP 21. In 1997,
as result of the conference held in Kyoto (COP 3), the Kyoto Protocol led to the
establishment of the first global legally binding obligation addressing climate change.
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Table 1.1 Sustainable Development Goals (SDG)

# Sustainable Development Goal Short description

SDG 1 No poverty End poverty in all its forms
everywhere

SDG 2 Zero hunger End hunger, achieve food security
and improved nutrition and
promote sustainable agriculture

SDG 3 Good health and well-being Ensure healthy lives and promote
well-being for all at all ages

SDG 4 Quality education Ensure inclusive and equitable
quality education and promote
lifelong learning opportunities for
all

SDG 5 Gender equality Achieve gender equality and
empower all women and girls

SDG 6 Clean water and sanitation Ensure availability and sustainable
management of water and
sanitation for all

SDG 7 Affordable and clean energy Ensure access to affordable,
reliable, sustainable and modern
energy for all

SDG 8 Decent work and economic growth Promote sustained, inclusive and
sustainable economic growth, full
and productive employment and
decent work for all

SDG 9 Industry, innovation and
infrastructure

Build resilient infrastructure,
promote inclusive and sustainable
industrialisation, and foster
innovation

SDG 10 Reduced inequalities Reduce income inequality within
and among countries

SDG 11 Sustainable cities and communities Make cities and human
settlements inclusive, safe, resilient
and sustainable

SDG 12 Responsible consumption and
production

Ensure sustainable consumption
and production patterns

SDG 13 Climate action Take urgent action to combat
climate change and its impacts by
regulating emissions and
promoting developments in
renewable energy

(continued)
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Table 1.1 (continued)

# Sustainable Development Goal Short description

SDG 14 Life below water Conserve and sustainably use the
oceans, seas and marine resources
for sustainable development

SDG 15 Life on land Protect, restore and promote
sustainable use of terrestrial
ecosystem, sustainably manage
forests, combat desertification, and
halt and reverse land degradation
and halt biodiversity loss

SDG 16 Peace, justice and strong
institutions

Promote peaceful and inclusive
societies for sustainable
development, provide access to
justice for all and build effective,
accountable and inclusive
institutions at all levels

SDG 17 Partnerships for the goals Strengthen the means of
implementation and revitalise the
global partnership for sustainable
development

Source Author’s elaboration based on the SDG description as given in the 2030 Agenda for
Sustainable Development (UN 2015)

requires all Parties to put forward their efforts through Nationally Deter-
mined Contributions (NDC) and to report regularly on their emissions
and on their implementation efforts. The Parties also bore a responsibility
to meet every five years on the subject and set up a robust, transparent
and accountable reporting system to track their progresses.5 Although
the global reach of the Paris Agreement is undeniable, further work is
still needed to ensure its concrete impact on climate change (Berrou
et al. 2019b). In fact, the agreement is only partially legally binding and
there are no means of systematically verifying if the Parties are reaching
their objectives.6 Some important items were also discarded from the

5The objectives that were announced during the agreements will be revised in 2020,
and once every five years after that initial revision. An overall assessment will be performed
in 2023, and, once more, will occur every five years.

6 In addition, in June 2017, United States President Donald Trump announced his
intention to withdraw his country from the Paris Agreement. Under the agreement itself,
the earliest effective date of withdrawal for the United States is November 2020.
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debate, including carbon pricing and the possible discontinuation of fossil
fuel extractions. Furthermore, in 2018, the Intergovernmental Panel on
Climate Change (IPCC)—the United Nations body for assessing the
science related to climate change—launched the alarm stating that the
world needs to limit temperature increase to 1.5 °C with respect to
pre-industrial levels to reduce the likelihood of extreme weather events
and emphasised that GHG emissions need to be reduced with far more
urgency than previously assumed (IPCC 2018).7

The adoption of the SDG and the Paris Agreement and the growing
awareness of the civil society for sustainability issues are progressively
imposing a new agenda to both governments and international institu-
tions (e.g. EC 2019a). The changeover implies a deep reflection on the
economic and social structures today in place and needs strong polit-
ical commitment, ambitious technology investments, adapted regulations
and likely a change in the consumption and behavioural patterns of the
population (e.g. EC 2018b). In such a context, the availability of finan-
cial resources to support the transition has consolidated as an essential
enabling factor.8

1.2.2 The Rise of Sustainable Finance

Defining precisely what it is today called sustainable finance is not an
easy task. As a matter of fact, financial institutions, governments and
international organisations tend to create definitions according to their
underlying motivations (UNEP 2016; IFC 2017). In addition, trough
time a number of possibilities to account for the connection between
finance and sustainability have flourished. Among them, it should be high-
lighted the concern with environmental, social and corporate governance
(ESG) criteria (e.g. Friede et al. 2015), the impact investing and the
social responsible investing (SRI) approaches (e.g. Vandekerckhove et al.
2012; Hebb 2013), the analysis of the impact of financial development
on environment degradation (e.g. Tamazian et al. 2009), the concern
with climate change and human rights (e.g. Alm and Sievänen 2013), the

7In particular, net-zero carbon emissions at global level need to be achieved not beyond
the half of this century and neutrality for all other GHG not much later.

8As an example, investments of around EUR520–575 billion annually have been esti-
mated to be necessary in the EU only in order to achieve a net-zero GHG economy in
the 2050 horizon (Source EC 2018b).
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assessment of the effect of finance in terms of negative externalities (e.g.
Ziolo et al. 2019), the new role of sustainable finance for financial institu-
tions having a formal dual bottom-line approach and for which financial
performance need to coexist with social goals (e.g. Migliorelli 2018).

Nevertheless, the framework provided by the SDG can today be used
as a new reference in the attempt to better circumscribe the perimeter of
action of sustainable finance and its various components. In this respect,
sustainable finance may be considered to embrace all the financial stocks
and flows mobilised to achieve the SDG, irrespectively of their labelling
or the technical implementation of the underlying financial instruments.
Furthermore, what today is generally refereed to green finance and
climate finance can be considered to be specific parts of the wider sustain-
able finance landscape.9 To this extent, green finance can be referred
to the financial stocks and flows aiming at supporting the achievement
of the environment-related SDG,10 while climate finance can be associ-
ated to that component of green finance focussing on climate action (in
the form of climate change mitigation and climate change adaptation11).
These relations are graphically reported in Fig. 1.1.

The various components of sustainable finance have experienced a
remarkable growth in recent years, and in particular as it concerns green
finance. For example, from the first issuance by the European Invest-
ment Bank in 2007, the market of green bonds has registered average
annual two-digit growth, with new emissions being over USD160 billon
in 2018,12 while sustainable or green equivalents of traditional securities
are today getting available for the different types of investors. In point
of fact, a large part of the financial industry and several policymakers

9For a wider dissertation on green finance and the challenges it faces, see Migliorelli
and Dessertine (2019a).

10For a discussion on the definition of green finance, see Berrou et al. (2019a).
11Climate change mitigation usually refers to efforts to reduce or prevent emission of

GHG. Climate change adaptation normally concerns the adjustments in ecological, social
or economic systems in response to actual or expected climatic modifications and their
effects or impacts.

12See Berrou et al. (2019b).
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Sustainable Development Goals (SDG)

Environmental goals Economic goals Other SDG

Climate change 
mitigation

Climate change 
adaptation

Other environment-
related goals

Social goals

Climate finance

Green finance

Sustainable finance

Fig. 1.1 SDG, sustainable finance and its components (Source Adapted from
UNEP 2016)

have embraced the change and are putting in place a number of initia-
tives in the attempt to mainstream sustainable finance.13,14 The European
Commission’s “Action Plan for financing sustainable growth” issued
in 2018 and its follow-up initiatives is probably the most noteworthy
example of this commitment (EC 2018a).

13The growth of sustainable finance in the last decade should be also related to a
strong commitment of the major stock exchanges worldwide. Financial centres such as
London, Paris, Luxembourg, Copenhagen, Amsterdam in Europe, Shanghai and Beijing
in China, San Francisco and Los Angeles in the United States, Vancouver and Montreal
in Canada have taken the lead and are progressively improving the quality and depth of
their sustainable finance offer. To this extent, dedicated listings for sustainable finance and
green finance securities have emerged.

14Nevertheless, some challenges still exist and mainstreaming sustainable finance can
be considered a long-term objective. In particular, clearly identifying the sectors or
activities eligible for sustainable finance, better assessing the (still unclear) financial bene-
fits for issuers of sustainable securities, coping with the lack of incentives for market
actors of entirely factoring in the sustainability-related risks in their investment deci-
sions are some of these challenges. In addition, to effectively mainstream sustainable
finance, some conditions need to be fulfilled. Namely, environmental risks are prop-
erly included in the investors’ decision-making processes, market demand is effectively
channelled towards sustainable investments, additionality is adequately encouraged by poli-
cymakers, the banking sector is fully engaged in the transition. For a wider discussion on
these subjects, with a focus on green finance, see also Migliorelli and Dessertine (2019b).
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1.3 Sustainability and Finance:
A Two-Way Relationship

1.3.1 Positioning the Sustainability-Financial Risk Nexus

The policy and academic debate are consolidating around the analysis of
how finance can contribute to the transition towards a sustainable society
by ensuring that the necessary financial resources are available when and
where needed. In this respect, the role of banks and other financial actors
is a key one when simply considering their traditional function of funds
intermediaries. As a matter of fact, adequate financing to the sustainability
transition cannot be achieved without the full involvement of the finan-
cial industry. However, little attention has been given thus far to the
possible impact of sustainability-related risks on financial actors, that is
to the sustainability-financial risk nexus . Factors such as climate change,
environmental degradation or social inequality, and others, can indeed
result in direct or indirect financial risks for financial actors. An example
can help illustrating this issue. Considering climate change, abounded
evidence exists today demonstrating that the continuous increase in GHG
emissions in the atmosphere ultimately results in a substantial increase in
the frequency and magnitude of climate change-related extreme weather
events such as droughts, floods or storms (e.g. IPCC 2018). Beyond
the (regrettable) direct consequences on the populations and their social
implications, extreme weather events may also have relevant impacts on
insurance companies and banks, as unexpected and important reductions
in the productivity of the economic assets typically materialise in the areas
affected. For insurance companies, this can produce unexpected higher
levels of payments on the previously insured risks. For banks, higher levels
of impairments on outstanding credits due to higher rates of insolvency
of their clients.

Underestimating the impact of sustainability-related risks on financial
actors may have two main drawbacks. Firstly, it can result in a flowed
assessment of the commitment and the capacity of the financial industry
to support sustainable investments, in particular in the areas expected
to be more affected by sustainability-related risks. Situations in which
banks or insurance companies refuse to take-in additional financial risk
when highly dependent of sustainable-related risks can eventually mate-
rialise. This would be for example the case of banks limiting credit to
farmers in regions hit by increasing desertification, as considered to be less
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productive in the mid-term. Or of insurance companies refusing to insure
households living in areas subject to increasing risk of floods. On the
other side, a systematic underestimation by banks and insurance compa-
nies of the long-term impact of sustainability-related risks on their core
businesses could bring to a situation in which financial stability15 can be
undermined. As little historical data (and knowledge) is today available
for financial actors as concerns the possible incidence of sustainability-
related risks, and the occurrence of these risks is expected to grow in
future both in terms of frequency and magnitude (so that past experience
cannot be used to predict the future), eventually very little information
is today available as concerns the financial actors’ assets under the risk of
climate change or other sustainability-related risks (e.g. ECB 2019).16

Hence, the sustainability-financial risk nexus merits today a
throughout attention and it should be considered as a crucial element
of the sustainable finance framework.17 Clearly, solving the sustainability-
financial risk nexus implies two separate dimensions of analysis. On the
one hand, the assessment of the possibilities of reducing the magnitude of
sustainability-related risks. This can be done through policy and societal
actions aiming at fostering a climate-neutral economy and a fairer society.

15Financial stability can be defined as a condition in which the financial system—
which comprises financial intermediaries, markets and market infrastructures—is capable
of withstanding shocks and the unravelling of financial imbalances. This mitigates the
likelihood of disruptions in the financial intermediation process that are systemic, that is,
severe enough to trigger a material contraction of real economic activity (ECB website,
consultable here: https://www.ecb.europa.eu/pub/financial-stability/fsr/html/ecb.fsr201
911~facad0251f.en.html#toc1).

16Based on EC (2019b), weather-related disasters caused a record EUR 283 billion in
economic damages in 2017 and could affect up to two-thirds of the European population
by 2100 compared with 5% today.

17In this respect, a noteworthy initiative is the establishment of the Network for
Greening the Financial System (NGFS), launched at the One Planet Summit in Paris in
December 2017 under the initiative of the Banque de France. Composed by more than 30
central banks and supervisory bodies (including Banco de España, Bank of England, Bank
of Finland, Banque Centrale du Luxembourg, Deutsche Bundesbank, European Banking
Authority, European Central Bank, Japan FSA, National Bank of Belgium, Oesterreichische
National Bank, the People’s Bank of China, the Reserve Bank of Australia, Reserve Bank
of New Zealand), it aims on a voluntary basis to exchange experiences and best practices,
to contribute to the development of environment and climate risk management in the
financial sector, and to mobilise mainstream finance to support the transition towards a
sustainable economy. In 2019, the NGFS issued the first comprehensive report on climate
change as source of financial risk (NGFS 2019).

https://www.ecb.europa.eu/pub/financial-stability/fsr/html/ecb.fsr201911%7efacad0251f.en.html#toc1
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As a matter of fact, the development of sustainable finance securities,
products and services can be embedded in this dimension. On the other
hand, the consideration of the sustainability-financial risks nexus triggers
the need of controlling for the impact of the key sustainability-related
risks on financial actors. In this respect, an assessment of the existing risk
management frameworks should be systematically carried out to test for
their capacity to take into account these new risks.

1.3.2 Sustainability-Related Risks and Observed Channels
of Transmission to the Financial Markets

Limited literature exists dealing with the sustainability-financial risk
nexus . In this section the main references to date are reported as concerns
the impact of climate change (in the form of physical risk, transition
risk and liability risk), distressed commodity markets, environmental
degradation and social inequality.18

1.3.2.1 Climate Change: Physical Risk, Transition Risk
and Liability Risk

Central banks have been among the first actors to recognise that even
though significant macroeconomic effects from climate change may occur
in a somehow distant future, some impacts are already beginning to be
felt (ECB 2019). As a consequence, in the last few years, and in line
with their activity of supervision and control of systemic risks, they have
started to identify some specific financial risks linked to climate change
(BoE 2015; TCFD 2017; ACPR 2019; ECB 2019). Namely:

• Physical risks, defined as the impacts today on insurance liabilities
and the value of financial assets that arise from climate and weather-
related events that may damage property or disrupt trade.19

18Even if not linked to financial risks, sustainability-related risks have nevertheless
recently started to be considered as crucial factors in the development of modern society.
Extreme weather events, failure of managing climate change mitigation and adaptation,
natural disasters, man-made environmental disasters, large-scale involuntary migration,
biodiversity loss and ecosystem collapse, water crises, occupy seven positions in a top
ten of risks by likelihood by the World Economic Forum (WEF 2019).

19The United Nations Environmental Programme Finance Initiative (UNEP FI)
provides a methodology for assessing physical risk (UNEP FI 2018). It recommends
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• Transition risks, that is the financial risks that could result from
the process of adjustment towards a low-carbon economy, such as
changes in policy, technology and physical risks that could prompt
a reassessment of the value of a large range of assets as costs and
opportunities become apparent (the case of stranded assets).

• Liability risks, that is the impacts that could arise tomorrow if parties
who have suffered losses or damages from the effects of climate
change seek compensation from those they hold responsible (such
claims could come decades in the future, but have the potential to
hit carbon extractors and emitters and, if they have liability cover,
their insurers).

Nevertheless, the limitation to climate change and a substantial lack of
data to properly assess the impact of these risks make this recognition still
a marginal improvement in the understanding the relationship between
sustainability-related risks and financial risks.20

considering both changes in average weather conditions and the more frequent occur-
rence of extreme events. To implement these exercises, it would be necessary to improve
the available data, in particular on the geographical location of borrowers, to improve
macroeconomic models that integrate the impact of climate change and to anticipate
difficulties that the insurance sector could experience.

20Some first structured attempts to specifically analyse the incidence of these risks has
been indeed made in Europe by the British Prudential Regulation Authority (PRA) in
2018 and by the French Autorité de contrôle prudentiel et de resolution (ACPR) in
2019. The PRA surveyed a number of UK banks on the possible incidence of climate
change-related risks (PRA 2018). Relevant conclusions included: (i) for banks, the financial
risks from climate change have tended to be beyond their planning horizons (for 90%
of the UK banking sector these horizons averaged four years—before risks would be
expected to be fully realised and prior to stringent climate policies taking effect); (ii)
the majority of banks are beginning to treat the risks from climate change like other
financial risks rather than viewing them simply as a corporate social responsibility issue;
such banks start to oversight the financial risks from climate change and assign the overall
responsibilities for setting the strategy, targets and risk appetite relating to these risks
(including at board level); (iii) banks have begun considering the most immediate physical
risks to their business models and have started to assess exposures to transition risks
where government policy is already pulling forward the adjustment (this latter includes
exposures to carbon-intensive sectors, consumer loans secured on diesel vehicles, and buy-
to-let lending given new energy efficiency requirements). Similarly, the ACPR surveyed
the main French banking groups (ACPR 2019). The main conclusions stemming from the
survey were: (i) banking groups appear to have relatively little exposure to physical risk
on the basis of currently available scenarios and expected impacts are mainly concentrated
in low-vulnerability geographical areas (nevertheless, the industry seems to be aware that
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1.3.2.2 Distressed Commodity Markets
Rising temperatures and changing patterns of precipitation can be
expected to have direct impacts in particular on agriculture and fish-
eries (e.g. ECB 2019), even though with uneven influence between the
different regions worldwide. In this respect, some regions are already
substantially affected by both global climate variations and commodity
price fluctuations.21 This is valid also when considering that the impact of
changing weather conditions on commodities’ production and yields are
strongly dependent of technology availability and sophistication (Brown
and Funk 2008).

Today, financialisation of commodity markets can be considered a
structural trend. In this respect, it can also be argued that commodities-
driven fund management have become a proper investment style for many
institutional investors (e.g. Adams and Glück 2015). This means that,
as those institutional investors continue to target their managed funds
into commodities, spillovers effects between commodities markets and
financial markets will probably increase. Hence, higher volatility in the
commodity markets can be considered today a specific source of concerns
for fund managers, including when triggered by climate change.

1.3.2.3 Environmental Degradation and Social Inequality
Abundant and substantially unanimous literature today exists demon-
strating the detrimental effect on the environment of the traditional
model of economic development, in particular due to resources deple-
tion and negative externalities (e.g. Tamazian et al. 2009; IPCC 2018).
Land degradation, land erosion, waters and air pollution, deforestation are
among the most visible signs of this pattern. In this vein, the behaviour
of companies in terms of environmental and social consideration has

the full risk is not necessarily and fully transferable to the insurance sector); (ii) achieved
progress in the area of transition risks was the most significant as banking institutions
consider themselves being more directly exposed to this risk (in the mid-term), even
though this trend is unevenly distributed across banking groups (institutions underlined
that the horizon for transition risk is much closer to the one underlying their strategic
thinking); (iii) most of respondents consider not to be exposed to liability risk in a material
manner, even though the number of litigations is increasing at the international level and
institutions are encouraged to seize this topic.

21For example, it has been observed that warming in the Indian Ocean and an increas-
ingly concentrate precipitations (as in the case of hurricanes) could reduce main-season
precipitation across vast parts of the Americas, Africa and Asia (Brown and Funk 2008).
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been mostly studied in the framework of the analysis of the relation-
ship between environmental, social and governance (ESG) performances
and economic and financial performances. The large majority of studies
show positive relationship of ESG performances on economic and finan-
cial performances, with the impact appearing to be stable over time
(e.g. Friede et al. 2015). Nevertheless, the aspect of how environmental
degradation or social inequality can negatively impact economic develop-
ment and eventually financial markets and actors have thus far not been
explored in depth.

1.4 A Wider Look
at the Sustainability-Financial Risk Nexus

A more comprehensive approach to the study of the sustainability-
financial risk nexus can be proposed. In this respect, Table 1.2 suggests
a taxonomy linking sustainability-related factors and risks to the corre-
sponding risks for business, banks and insurance companies.22 The
relationship portrayed are assumed and not backed by data. Nevertheless,
such taxonomy can help identifying potential indirect and direct financial
risks for banks and insurance companies stemming from sustainability-
related factors. In this respect, indirect risks for financial intermedi-
aries have to be considered the ones coming from the exposure to
sustainability-related factors by the clients (businesses) they serve.

Four main sustainability-related factors are considered: climate change,
environmental degradation, social inequality, policy and technology shifts.
To these main factors, specific sustainability-related risks potentially
affecting businesses and financial actors are linked. For example, to
climate change are associated risks of increase in the frequency and magni-
tude of floods, droughts and storms, of distressed commodity markets, of
permanent change in climate conditions, of increase in the level of seas
and of accusation from citizens to polluting businesses to cause climate
change. These sustainability-related risks can be associated to concrete
risks for businesses (hence also indirectly triggering risks for banks and
insurance companies). For instance, the increase in the frequency and
magnitude of floods, droughts and storms can result for businesses in
loss of production, in a reduction in assets’ value or in the disruption in

22For a similar exercise, limited to climate change, see TCFD (2017, pp. 10 and 11).
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the supply chain or in the operations. These risks for businesses can be
hence analysed with respect to corresponding risks for banks and insur-
ance companies. To this extent, the reduction in assets’ value of their
clients can cause, for banks, a reduction in the value of the real guaran-
tees (e.g. covering a loan) or an increase in clients’ insolvency risk. As
a matter of fact, both these risks are credit risk-related. For insurance
companies, this can translate in higher payments on insured risks. This
implies an exposure to liquidity risk and physical risk.

In addition to indirect risks, financial actors can also be impacted
directly by sustainability-related risks. As an example, distressed
commodity markets can result for both banks and insurance compa-
nies in a specific market risk due to the increase in the volatility of the
value of the investment portfolios (when they are invested, at least in
part, in commodities or in financial instruments having commodities as
underlying assets). Similarly, possible unfair treatment of workers, discrim-
inatory treatment of women or minorities (linked to social inequality as
main sustainability-related factor) can rise a reputational risk and possibly
the need of compensation due to proven responsibility (that is, in this
latter case, a liability risk).

As it is shown in the taxonomy, sustainability-related risks typically
result for banks and insurance companies in an increase in the risks already
under management, such as credit risk, market risk, liquidity risk, liability
risk, operational risk or reputational risk. This conclusion can have indeed
significant consequences in terms of risk management practices for finan-
cial intermediaries. In fact, a strong argument can be made according to
the idea that the correct management of the sustainability-related risks
in the financial industry has to derive from a proper refinement of the
existing frameworks, more than a complete change in paradigm.23 In
this respect, it seems nevertheless necessary to develop specific forward-
looking approaches and methodologies able to cope with the lack of data
and information on the specific relationship between sustainability-related
and financial risks.24

The structure offered by the taxonomy in categorising sustainability-
related risks and their impact on financial risks is likely a first-of-a-kind.

23Similar conclusions seem to emerge from the recent studies of the British Prudential
Regulation Authority, PRA, and by the French Autorité de contrôle prudentiel et de
resolution, ACPR (see PRA 2018 and ACPR 2019).

24For a wider discussion on this issue, see Chapter 4.
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It suffers some limitations due to the lack of data on the significance and
strength of the relations proposed and it is limited in scope, not including,
inter alia, the role of households and of financial actors other than banks
and insurance companies (e.g. investment funds). In this respect, we
should be conscious of the fact that for a framework to be useful, it
must have clear testable implications, so that the proposed patterns may
be supported or refuted by data. Further empirical research will hence
be needed to test the effectiveness on the ground. Nevertheless, the
taxonomy can be considered a limited but concrete first step in better
framing the sustainability-financial risk nexus .

1.5 Pricing the Sustainability-Related
Risks and New Market Failures

As mentioned, the need for financial actors to systematically take into
account sustainability-related risks in their core business is progressively
becoming material. Nevertheless, this desirable new attention could also
engender some negative side effects. When relevant, the full considera-
tion of the sustainability-related risks by financial intermediaries in their
risk management frameworks may have two possible outcomes: an adjust-
ment in the pricing components of financial services (in particular as
concerns credits and insurance services) and a reassessment of their risk-
taking strategies. The effects of these outcomes on the real economy will
probably be uneven between geographies or economic sectors and, also
depending on the progressive development and sophistication of the risk
management practices, may be concentrated in the areas more affected
(or expected to be more affected) by sustainability-related risks.

On the one hand, the pricing outcome may result in an increase in the
cost of accessing financial services for economic agents in (some) propor-
tion to their exposure to sustainability-related risks. This may be the case
for example of companies operating in regions under increasing risk of
hurricanes, which may need to face an escalation in the cost of insurance.
Or for oil companies that may experience a substantial increase in the cost
of accessing external financing due to limitations in availability of funds
following policy decisions to discourage the use of fossil fuels. However,
correctly pricing the incidence of sustainability-related risks on their finan-
cial risks is probably the most effective way for financial actors to be
shielded from unexpected financial and economic losses. In addition, such
a possible development would be in compliance with the principles and
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structures of existing prudential regulations and hence the one likely to
be encouraged by policymakers in the years to come.

On the other hand, pricing adjustment may not be effective in the
case of sustainability-related risks of significant magnitude. Following a
reassessment of their risk-taking strategies, financial actors could even-
tually refuse to keep providing credit or insurance services to some of
their existing and potential clients, in consideration of the high impact of
sustainability-related risks on the financial risks they would need to bear.
As a matter of fact, a number of sustainability-related risks may become
uninsurable and a number of banks’ clients may lose their creditwor-
thiness due to sustainability-related factors. This can be the example of
businesses located in areas increasingly hit by floods and hence subject to
substantial degradation of their economic potential or households living
in islands under the threat of the rise of sea level. New market failures can
hence materialise in future as following a deeper assessment of the impact
of sustainability-related risks on the different economic agents.

Even though it can be expected that pricing adjustments and market
failures will be in many cases relatively small or even absent, this will still
build a case for the need of periodically assessing the social impact of
the management of sustainability-related risks by financial actors. In this
respect, the problem could be exacerbated by the substantial lack of data
and reliable information on the specific relationship linking sustainability-
related and financial risks and the possible adoption, in particular in the
short-term, of excessively precautionary approaches. Eventually, a specific
policy intervention may also become necessary. This may be in the form
of price control or cost support for the access to key financial services,
promotion of ad hoc reinsurance schemes, more favourable fiscal treat-
ment for stranded assets. As a matter of fact, these measures, which
are limited to easing the possible impact of the side effects of the full
consideration of sustainability-related risks on financial risks, can only
supplement the wider policy strategies to foster a more sustainable society.
In this respect, they may be considered by policymakers within the broad
category of transition measures.
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CHAPTER 2

The Impact of Climate Risks on the Insurance
and Banking Industries

Giorgio Caselli and Catarina Figueira

Abstract It is now largely recognised that the global climate has changed
since the pre-industrial period. While the role of financial institutions in
the transition to a low-carbon economy has received increasing attention
over time, more limited has been the evidence on how climate change
might affect financial institutions’ balance sheets. This chapter aims to
redress this paucity of evidence by examining the impact of climate risks
on the banking and insurance industries. To this purpose, it presents the
main channels through which the physical, transition and liability risks
of climate change might translate into financial risks for banks and insur-
ance companies, along with the key data available to date. The extent
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to which climate risks might impair financial stability while causing new
market failures is also discussed.

Keywords Banking · Climate change · Financial risk · Financial
stability · Insurance · Market failure

2.1 Introduction

It is now largely acknowledged that the global climate has changed rela-
tive to the pre-industrial period. Nineteen of the twenty warmest years in
history have all occurred since 2001, with 2016 ranking as the warmest
year on record (NASA 2020). Although multiple lines of evidence exist
that these changes have been affecting organisms and ecosystems, as well
as human systems and well-being (IPCC 2018), more scarce has hith-
erto been the evidence on the impact that a changing climate might have
on the financial system and its players. Until recently—at least before the
Paris agreement was adopted in December 2015—the discussion around
the link between climate change and financial institutions has tended to
focus on the role they might play as catalysts for the transition to a low-
carbon economy. Particular attention has been devoted to understanding
how banks and other financial intermediaries might support a smooth
and effective transition to a greener world in their function as providers
of funds to the real economy. However, somewhat limited have been the
efforts to uncover the financial risks that climate change might pose to
financial institutions.

This dearth of evidence on the implications of climate risks for financial
institutions may be problematic, as the COVID-19 pandemic that broke
out at the beginning of 2020—as well as a number of other large-scale
events—has vividly highlighted the negative effects that shocks external
to the financial system might have for financial stability and the real
economy. There is increasing recognition that severe weather events such
as tornadoes, floods or droughts—whose frequency and magnitude have
increased over the past years as a consequence of climate change—have
the potential to translate into various financial risks for financial insti-
tutions, possibly undermining the overall stability and resilience of the
financial system (Carney 2015).
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Against this backdrop, this chapter aims to redress the paucity of
dialogue about the implications of climate change for the financial sector
by examining the effects of climate-related risks on insurance companies
and banks. The chapter is organised as follows. Section 2.2 assesses the
impact of climate risks on the insurance industry. It starts by providing
an overall discussion about the various effects of climate change in this
industry and then identifies the key risks and losses. It subsequently
examines the challenges associated with insurers’ business models and the
pricing of climate-related risks. This section also discusses the importance
of third-party liability risks and concludes with an overview of climate
risk reinsurance. Section 2.3 addresses the effects of climate risks on the
banking industry. The first part of the section presents the main data avail-
able to date on the financial risks that climate change is likely to create
for banks and other financial intermediaries. The second part reviews
the empirical literature on the pricing of climate risks by banks, while
the final part explains how these risks might affect financial stability and
contribute to new market failures. Section 2.4 discusses the problem of
measuring the exposure of insurance companies and banks to climate risks
and summarises the key data that are currently available. The last section
concludes with some recommendations.

2.2 Impacts on the Insurance Industry

Overwhelmingly, it is now acknowledged that climate change is a reality
that is having significant direct and indirect effects on society. It appears
that these may become even more prevalent in the future. With climate
change comes an increase in climate-related risks, mostly associated with
the uncertainty surrounding the full impact of climate change and the
difficulty in measuring such risks. This is indeed a very serious challenge
faced by the insurance industry. As argued by Hecht (2008), “if our
society is to survive climate change without significant human costs, we must
develop robust institutions and practices to manage these risks”.

The insurance industry provides a significant service to companies,
individuals, investors and other firms in the financial sector. By enabling
the pooling of risk and savings, insurers spread policyholder risks, some-
thing that, individually, individuals and businesses would not be able to
do. This is undoubtedly an important service which increases resilience
across the wider economy, as for a fixed premium, often linked to
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long-term contracts, insurers provide certainty with respect to different
financial outcomes, as noted by Swain and Swallow (2015).

One of the main purposes of the insurance industry is to match assets
with liabilities, contributing to the financing of assets for infrastruc-
ture development and supporting the diversification across the financial
system. It also provides income security to individuals through retirement
products, income protection in case of unemployment and health care
services. For instance, the industry paid over GBP5.7 billion in protection
claims as per the Association of British Insurers (ABI 2019).

The abovementioned highlights the importance of the services
provided by this industry across various sectors of the economy, providing
an important contribution to economic growth. The role of insurers in
supporting resilience across a range of economic activities is particularly
important at a time of significant economic change. But it also stresses the
impact that climate change can have on the efficiency of this industry and
underlines some of its potential vulnerabilities, which, if not addressed
properly, can impair the existence of this industry as we know it, with
significant spillover effects to the wider society. Hence, it is important that
an overview of the impact of climate change on the insurance industry
considers both the implications to the industry with respect to the under-
writing of climate change-related risks, investment activities, reporting
and disclosure (CRO Forum 2019), as well as the economic and social
role of the industry over the longer term (Bank of England 2015).

The above points also emphasise the significance of regulation in this
matter. For example, this is the case of Solvency II—the European legis-
lation Directive which came into force in January 2016. Summarily,
Solvency II is a set of rules which should be adhered to by insurance
companies and which focuses on how insurers should be funded and
governed. It is based on three pillars (RIMES 2014):

• Pillar I covers requirements associated with the amount of capital an
insurer should hold;

• Pillar II concentrates on governance, supervision and risk manage-
ment requirements to ensure insurance firms are managed to, at
least, a set standard;

• Pillar III addresses disclosure and transparency obligations, i.e. it sets
out the necessary information that insurance firms need to disclose
regarding their business.
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This European Directive is particularly important in the context of
ensuring the sustainability of financial institutions, namely insurers, and
the strategic and operational decisions they take, as they face increased
physical, transition and liability risks, as a result of the challenges climate
change presents.

2.2.1 Types of Risks

Starting from the premise that insurance is, in essence, a mechanism for
the transfer of risk in the context of the operation of markets, it is impor-
tant to set out the main areas of risk for the industry: physical, transition
and liability risks. In this subsection, we will focus on the first two areas
of risk; we will address liability risks later in this chapter.

Physical risks relate to an increase in losses from climate trends or
extreme weather events (Regelink et al. 2017). Climate trends include
rise in average temperature, sea levels and coastal erosion, while floods
and hurricanes are classified as extreme weather events, the accelerated
frequency of which contribute to new, emerging physical risk trends.
These risks are important, not only because they cause damage to prop-
erty and often loss of lives, but also because they have an impact, for
example, on the supply of resources, business operations and supply
chains.

Transition risks relate to those risks which result from an attempt to
reduce the transformational physical risks arising from climate change.
According to the Bank of England (2019a), this type of risk requires a
number of policy, market and technological changes to support possible
financial costs and economic dislocations which may result from the
process of reducing emissions and transitioning to a low-carbon economy.
Among the sectors that are most exposed to this type of risk are those
which relate to the extraction or production of fossil fuels and those that
tend to emit large amounts of Greenhouse Gases (GHGs).

In addition, transition risks, together with changes in social behaviour,
are expected to have a more general effect on many of the services and
products that use fossil fuels, such as the sale of non-electric cars, prop-
erties that require a lot of energy due to limited insulation or even
restaurants that do not offer vegan options. Infrastructure-related and
utility businesses that also rely heavily on fossil fuels will most definitely
be impacted by bans, carbon pricing and declining levels of demand in
the future.
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Importantly, there are positive implications to transition risks—as a
result of a shift towards the use of increased levels of renewable energy,
new opportunities for employment and growth in various sectors will
emerge, as well as health benefits for the population. But, as argued by the
European Academies’ Science Advisory Council (EASAC 2018), there is
“no silver bullet”—continuous research in new technologies requires large
capital investments, can involve, in some cases, high investment risks and
many of the new technologies also have significant limitations, such as
high running costs. Adding to the impact of physical and transition risks
are third-party liability risks . Their relevance for the insurance industry is
paramount, but we will talk further about this in a separate subsection.

2.2.2 Uninsurable Risks and Losses

If we now concentrate on the impact that physical and transition risks can
have on the insurance industry, we can clearly identify two areas that can
shape the scenarios for which insurers need to prepare: one relates to the
strength of response to the alleviation of climate change as per the Paris
Agreement and the second concerns the pathway through which transi-
tion risks are being absorbed, i.e. how disruptive or smooth the transition
to a low-carbon economy is established. The framework produced by the
Network for Greening the Financial System (NGFS) and published by
the UK Office for Budget Responsibility (2019) underscores the serious
impact that these two types of risk can have for businesses and society at
large, as can be seen in Fig. 2.1.

Specifically, the top right-hand corner box of this figure exacerbates the
possible difficulty for insurers to insure certain risks properly and avoid
significant losses. Indeed, it brings to the fore the potential for some risks
to be regarded by the industry as non-insurable, in order to avoid very
significant losses for the insurance business.

The latest developments regarding COVID-19 demonstrate how a
virus has not only affected the health of so many individuals but has,
in essence, shut down large parts of the world economy, with businesses
closed, supply chains disrupted and a huge loss for both individuals and
businesses. In such a case, the clauses associated with insurance contracts
play an ever important role—for example, to what extent can an indi-
vidual unemployment benefit insurance cover the damage caused by such
a global, widespread health event?
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Fig. 2.1 Illustration of the NGFS framework (Source Authors’ elaboration
based on the NGFS scenario analysis framework [Office for Budget Responsibility
2019])

The example of Flood Re, a publicly funded scheme in the UK, which
was created to enable access to affordable insurance in areas prone to
flooding also highlights the need for insurers to work closely with govern-
ments—it will continue to be the case (perhaps increasingly so) that some
risks will be so expensive to incorporate in premiums that, unless govern-
ments are willing to bear some of the cost, insurance will not be a viable
proposition in some areas and for some individuals and businesses.

More generally, physical and transition risks linked to climate change
pose a number of very significant challenges to the sector. The Finan-
cial Stability Institute (FSI) of the Bank for International Settlements
sets out a summary of these challenges (FSI 2019), which we present
succinctly in five columns in Table 2.1 (related to insurance risk, market
risk, credit risk, operational risk and liquidity risk) within the context of
two examples.

2.2.3 Business Models and Pricing Adjustments

Given the fast developments that we are witnessing concerning the
changes with the climate change and the resulting increased risks we have
discussed earlier in this chapter, insurers and indeed the financial sector
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need to boost their climate readiness. This also means that their busi-
ness models require reconsideration so that pricing of the products and
services on offer can support insurers through the process of becoming
more resilient within the context of emerging climate-related risks.

To be successful at identifying the key risks and opportunities for the
sector and measure their effects appropriately, it is important that insurers
work closely with policymakers towards an alleviation of climate risk expo-
sure and collaborate with various other stakeholders to ensure that public
policies which foster climate risk resilience are developed. In addition,
insurers should also engage with rating agencies and experts in the field of
environmental risk management to improve the accuracy of their pricing.

Importantly, as detailed by Deloitte (2019), the following steps will
certainly prove useful in instilling climate risk readiness:

• Embedding the importance of climate risk within the business by,
for example, linking executive compensation to performance metrics
which should be closely linked to sustainability;

• Making use of advanced data analytics and engaging with the climate
and data science research communities to improve the assessment of
climate risk through developments in risk selection and pricing;

• Developing a holistic approach to climate risk exposure, by incorpo-
rating it in the insurers’ enterprise risk management (ERM) frame-
work. This will enable insurers to establish promptly correlations of
certain impacts across both liabilities and investments.

In order to improve pricing strategies, firms will also be required to adjust
their business models so that the input and output variables considered
(as well as the way they are measured) incorporate the various scenarios
as per the NGFS scenario analysis framework in Fig. 2.1. Specifically,
with respect to the input variables, these should most definitely include
macroeconomic variables, such as real GDP, inflation and unemployment
rate and also financial variables which provide data on government bond
yields, equity and commodity prices. However, central to the input vari-
ables is a set of climate variables that provides information on the expected
frequency and impact of weather events, details carbon prices and provides
a measure of emissions.

With respect to the output variables considered, firms need to work
hard at sizing their risks and this certainly involves the development of
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an improved method in valuing assets and liabilities as a result of climate
risks. With respect to general insurers’ underwriting strategy, in partic-
ular, there are certain elements that are of utmost importance, such as
knowledge about the location of the risk, the nature of the risk and the
potential interconnection between risks—these are clearly central to their
portfolio management.

Regarding life insurance, the specific combination of direct and indi-
rect physical impacts as well as societal impacts needs to be addressed
when dealing with these insurers’ level of business exposure. Heatwaves,
storms and floods are examples of direct physical impacts on life insurance
but so are air pollution, environmental degradation, diseases which may
have an indirect impact on the business. More widely, the state of public
health infrastructure and political (in)stability in a country or region of
the world represent societal impacts which are relevant to life insurance.
In fact, all these factors ultimately may impact levels of mortality and
morbidity and, hence, should be incorporated in the premium formula-
tion, claims expectations and in the analysis of insurability of various strata
across populations.

With respect to insurers’ investment portfolios, two organisations,
Investing Initiative (2II) and the ClimateWise Insurance Advisory
Council have developed tools that focus on climate risk metrics. The
latter, in particular, focuses on the quantification of transition risks for
infrastructure investments, adopting the following steps: portfolio risk and
opportunity exposure, asset impact identification and financial modelling
analysis, as detailed in CRO Forum (2019).

In the meantime, insurers (general and life insurers) need to improve
their modelling approach with respect to the assumptions used and
advance data collection to improve forecasting. As per the World Bank
(2016), climate change risks are often incorrectly priced due to mainly
four factors: short-term approach to modelling of risks, inconsistent
regulation across countries, asymmetric information, broad range of, for
example, carbon prices across the world and lack of accurate data, which
makes financial analysis very difficult and potentially less reliable.

Crucially, insurers need to recognise the challenges within their busi-
ness models and ensure that management decisions and business models
are aligned with the current expectations regarding the various climate
scenarios (Bank of England 2019b).
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Summarily, the insurance firms’ ability to adjust their pricing to
climate-related risks will certainly depend on a combination of opera-
tional, business and structural factors. Operational factors deal with what
is known as the catastrophe risk modelling—complex models normally
dealing with existing risks. Business model factors focus on the diversifica-
tion of a range of risks, the transferring of some of the risk to reinsurers for
risk mitigation purposes and the inverse production cycle. Finally, struc-
tural factors considered in the process of pricing should embed regulatory
capital requirements and accommodate details relating to the duration of
contracts.

2.2.4 Third-Party Liability Risks

It was mentioned earlier that third-party liability risks constitute another
type of risk which needs to be considered by insurers when addressing
the effects of climate change. These risks are central to the operation of
insurers because they can have long-lasting implications for their busi-
nesses. Liability risks relate to the effect that can emerge sometime in the
future if parties who have suffered loss seek compensation from those they
believe are responsible for the damage inflicted on them. These risks need
to be central to insurers’ considerations when policies are formulated and
sold because not only can they require a certain degree of speculation, but
they can most certainly add to some disruption of the insurance business
in the form of a potentially significant increase in claims over the longer
term. This can present a serious financial problem for insurers, particularly
if cover is proven for certain types of liability. For example, at the moment,
insurers are dealing with serious liability challenges relating to the poli-
cies they have sold to businesses and individuals, as a result of COVID-19.
Their response to events like these can lead to wider concerns for society
and, in some cases, intensify the potential need to nationalise, to a certain
extent, some physical and liability-related risks.

Third-party liability risks are often viewed as indirect risks as they relate
to the impact that, for example, a flood can cause on certain business lines
and the subsequent effect on third parties, who seek to recover losses from
those they believe are responsible for these losses. For example, not only
an extreme weather event may directly affect premises of a business and, if
relevant, any products stored on-site, but it will contribute to financial loss
and may have wider economic implications too—for example, it can affect
one (or more) supply chain(s) and even cause displacement. Some of the
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most common examples of contracts that address third-party liabilities are
professional indemnity or director’s insurance contracts.

Generally, claims relating to this kind of risk in the context of climate
change will focus on losses resulting from those who were insured and
who failed to account for damage that they may have caused to the envi-
ronment, known as “loss and damage” from climate change, where the
impact of climate change has not been mitigated by taking the necessary
steps to reduce, for instance, emissions, as per the United Nations Frame-
work Convention on Climate Change (UNFCCC) Warsaw Agreement
(UNFCCC 2014).

Third-party liability risks can also relate to a failure to comply with
regulations. Claims due to asbestos use is one such example that has cost
close to USD90 billion in claims in the United States alone. Another
example is the long-term impact that pollution can have on various
parties, such as individuals, past and current site owners of say potentially
polluting businesses, impact on employees’ health, etc.

With increased climate risks, it is expected that insurers will require to
allocate what is already a large proportion of their balance sheet provisions
to future and uncertain claims, on the basis of third-party liabilities. As
of 2014, approximately 39% of total provisions in the insurance industry
were related to addressing claims related to this type of risk—the largest
percentage of provisions, followed by motor claims. Moving forward,
insurers will be required to carefully consider all aspects of liability risks, in
order to mitigate the physical impact of climate change they are liable to
pay, including being able to address potential liabilities related to failure
of businesses to adapt, examples of which can include governance issues
or failure of clients to disclose or comply with the relevant legislation.

Finally, we will turn to another area of business in the insurance
industry—reinsurance.

2.2.5 Reinsurance of Climate Risks

When we consider climate risks, we most certainly have to bear in
mind the significant function played by reinsurance firms—their role in
providing underwriting, pricing, claim management and general consul-
tancy to primary insurance firms is of prime importance in absorbing
shocks impacting the insurance industry (Upreti and Adams 2015).
Among the concerns for reinsurers, climate risk has been recently ranked
third in the Insurance Banana Skins ranking, as detailed in the latest report



2 THE IMPACT OF CLIMATE RISKS ON THE INSURANCE … 43

by PwC (2019), which provides evidence of its utmost importance to this
area of business.

Climate change is indeed challenging the current reinsurance models
due to two main factors: on the one hand, the risk of increased natural
disasters will lead to significant claim charges and, on the other hand, it
can impact the industry’s reputational risk as they may, in fact, not be
able to cover against, at least, some of emerging climate risks and hence
reinsurers may no longer be in a position to offer certain solutions which
could be instrumental to businesses in certain circumstances.

In essence, the above presents critical challenges to both sides of rein-
surers’ balance sheets (Swiss Re 2020). On the asset side, if reinsurers are
to sustain their profitability, they need to carefully assess their investments
in infrastructure funds and corporate bond holdings, as they may poten-
tially become more exposed to certain physical and transition climate
risks and, on the liability side, if they rely on existing models which are
based on historical data, they may underestimate the premiums they have
charged.

Therefore, in order to remain a sustainable industry, reinsurance firms
need to invest in increasingly more sophisticated forward-looking business
models, which consider all the relevant aspects to the socio-economic,
technological, political and regulatory landscape and associated factors.
Such models should also dynamically track the impact of climate change
and, in particular, a warmer climate and, consequently, the derived
additional exposures and vulnerabilities that result for the reinsurance
industry.

2.3 Impacts on the Banking Industry

2.3.1 Lack of Data on the Impact of Climate Risks

The implications of climate risks for the banking industry have received
increasing attention over the last decade, particularly since the adoption of
the Paris Agreement in December 2015. Following the famous speech by
Mark Carney—Governor of the Bank of England and former Chairman of
the Financial Stability Board—on “Breaking the Tragedy of the Horizon”
in September 2015 (Carney 2015), it is now largely accepted that climate
change poses a number of financial risks for banks and other financial
intermediaries. Many of these risks exhibit new characteristics, including
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greater scale, likelihood and interconnectedness (CCSF 2016). Collec-
tively, these characteristics contribute to making climate risks more central
in the current risk management agenda of banks and other financial insti-
tutions, as will be discussed later in this section and elsewhere in this
book.

There tends to be agreement in the literature that risks associated
with climate change do not represent a new category of risk for banks
(Aubert et al. 2019). On the contrary, climate risks have the potential to
manifest as types of risk already faced by banks and other financial inter-
mediaries, namely credit, market and operational risks (Bank of England
2018). Table 2.2 provides an overview of the main ways in which climate
risks, defined according to the taxonomy originally proposed by Carney
(2015) and summarised in Sect. 2.2.1 above—i.e. physical, transition and
liability risks—might translate into different types of financial risks for the
banking industry.

Climate change might affect the quality of banks’ credit portfolios
through its effects on the ability of households and firms to repay their
debts or meet their obligations. For example, physical risk arising from
climate-related events such as droughts or long-term changes in precip-
itation could harm borrowers’ income through decreased production
capacity, translating into a higher probability of default and loss given
default on loan books (Bolton et al. 2020). Credit risk might also increase
as a result of the fall in collateral values and the write-off of assets located
in regions at high climate risk. In turn, the transition towards a low-
carbon economy could have a bearing on the riskiness of credit portfolios
via changes in property values, which might stem from tighter energy effi-
ciency standards or similar climate-related policy interventions (Monnin
2018). At the same time, the shift away from carbon-intensive sources of
energy might imply that some assets could become stranded, impairing
the value of banks’ loan portfolios. This might be the case for corporate
clients with business models that are not aligned with a 2 °C scenario
(e.g. carbon extractors and emitters), whose earnings and business oper-
ations are likely to be the most affected by the transition—in particular if
it happens lately and disorderly (Bank of England 2018). Although phys-
ical and transition risks can be regarded as the major sources of credit
risk for banks and other financial intermediaries in relation to climate
change, the quality of credit portfolios might also be weakened by greater
liability risk. Insofar as compensation costs for climate-related losses or
damages worsen borrowers’ financial situation, liability risk on the part
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Table 2.2 Main climate-related financial risks for the banking industry

Credit risk Market risk Operational risk

Physical risk
Direct losses caused
by climate-related
events
• Acute (e.g.

storms and
floods)

• Chronic (e.g.
higher average
temperatures and
rising sea levels)

• Increase in default
rates due to
borrowers’
declining revenue

• Reduction in
collateral values as
a result of
damages to
property

• Write-off of assets
situated in
high-risk areas

• Re-pricing of
sovereign debt as
a result of severe
weather events

• Impact on
business
continuity (e.g.
branches,
infrastructure
and staff) as a
consequence of
severe weather
events

Transition risk
Economic and
financial
consequences
associated with the
transition to a
low-carbon
economy

• Changes in
property
exposures as a
result of stricter
energy efficiency
standards

• Decline in value
of loan portfolios
due to stranded
assets

• Borrowers’ losses
arising from
disruptive
technology

• Re-pricing of
securities and
derivatives due to
tighter
climate-related
policy

• Reputational
risks associated
with changing
sentiment
towards climate
issues (e.g.
divestment from
fossil fuel
companies)

Liability risk
Liabilities arising
from claims on
climate-related
losses or damages

• Increase in default
rates due to
borrowers’ rising
costs for climate
change-related
compensation

• Fines or penalties
related to the
consequences of
climate change

• Reputational
risks stemming
from a perceived
inadequate
response to
climate change

Source Authors’ elaboration based on Aubert et al. (2019) and Bank of England (2018)

of borrowers might transmit to banks’ credit risk through an increase in
default rates.

Together with their impact on credit risk, physical and transition risks
have the potential to increase the market risk faced by banks and other
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financial intermediaries. Severe weather events such as hurricanes or floods
could slow economic growth, for instance through large and sustained
damage to national infrastructure. Greater levels of sovereign risk might
lead to a re-pricing of national or local government’s debt, possibly
lowering the value of securities held on banks’ balance sheets (Bank
of England 2018). Market risk might also materialise as a consequence
of stricter policies aimed at facilitating the transition to a low-carbon
economy, which could cause a re-pricing of equities, corporate bonds
and derivatives related to energy and commodities. Banks whose balance
sheets are hit the hardest by credit and market risks could find it difficult
to refinance themselves in the short-term, possibly facing liquidity risk and
generating tensions in the interbank lending market (Bolton et al. 2020).

A third major category of bank risk that might be impacted by climate
change is operational risk. Severe weather events such as storms or higher
average temperatures are likely to disrupt business by causing damages to
office premises and IT infrastructure or lowering staff’s productivity and
well-being. Additional impact on business continuity could be induced
by higher volatility in the prices of inputs, including energy, water and
insurance (Bank of England 2018). Another source of operational risk
for banks and other financial intermediaries is tied to changes in poli-
cies and technologies as part of the adjustment towards a low-carbon
economy. To the extent that this adjustment sparks a changing senti-
ment towards climate-related issues, such as increased pressure to divert
capital away from fossil fuel companies and greater demand for green
loans, climate change could represent a source of reputational risks for
banks (TCFD 2017). These risks might be material if banks are perceived
to be contributing to climate change or failing to manage climate-related
risks, prompting claims by those who have suffered the losses or damages.

Although there is currently a good understanding of the channels
whereby climate risks might affect banks and other financial intermedi-
aries, a quantification of the likely impact of the physical, transition and
liability risks of climate change on the banking industry is still under-
developed (Summerhayes 2019). For instance, limited empirical data is
available to date on the relationship between climate change and credit
risk. Advancements in this area are hampered by a lack of historical
data that banks can employ to evaluate the impact of climate risks on
credit losses. For this reason, the quantification of physical, transition and
liability risks tend to rely primarily on insights from climate scenarios and
make the best use of expert judgements (Colas et al. 2018).
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Theoretical support for the physical effects of climate change on the
banking industry is provided by Dafermos et al. (2018), who establish
that climate change is likely to increase the rate of default of corporate
loans and threaten the stability of the banking system by destroying the
capital of firms together with their profitability and liquidity. In addition,
some preliminary evidence exists for the physical costs associated with
climate-related events such as droughts and hurricanes having a negative
impact on both equity and debt instruments through lower payoffs and
higher non-performing loans (Campiglio et al. 2019).

In parallel to these studies, the last few years have witnessed a growing
strand of research on the economic and financial consequences that
the transition to a low-carbon economy might entail for the banking
industry. Although this research is confronted with important data gaps
and the need to rely on a number of assumptions, it offers some useful
insights into the impact of transition costs on banks and other financial
intermediaries.

One of the pioneering contributions is made by Battiston et al. (2017),
who illustrate how their methodology can be used to perform a climate
stress test of the banking system based on individual bank-level data.
Their major conclusion, drawn from data for the top 50 listed Euro-
pean banks by total assets, is that banks would not default solely as a
consequence of their loan exposures to firms in the fossil-fuel and utili-
ties sectors. However, climate policies might cause significant volatility of
large portions of banks’ assets relative to their capital. A similar approach
is taken by DNB (Vermeulen et al. 2018) for the Dutch banking sector,
with their stress tests revealing that banks’ losses are likely to reach 3%
of total stressed assets in a disorderly energy transition. A large part of
these losses is due to the interest rate effect associated with holdings of
government bonds carrying longer maturities. It is also found that the
regulatory capital (CET1) ratio of banks might fall by approximately 4%
in a combined policy and technology shock scenario. These results are
corroborated by a more recent study by Roncoroni et al. (2020), who
develop a climate stress test framework to quantify the direct and indi-
rect impact of a late and disorderly transition to a low-carbon economy.
Focusing on the Mexican financial system as a laboratory, they find that
an adverse scenario will generate systemic losses ranging between 2.5 and
4% of initial total assets—a sizeable amount.
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2.3.2 Possible Pricing Adjustment Strategies

Insofar as climate change causes financial risks of the sort described in the
previous subsection, it is important for banks and other financial interme-
diaries to account for these risks in their pricing strategies. As the Bank
of Canada points out (Bank of Canada 2019, p. 29), “[l]imited under-
standing and mispricing of climate-related risks could potentially increase
the costs of transitioning to a low-carbon economy”. According to Thomä
and Chenet (2017), the mispricing of climate risks has the potential to
create a “carbon bubble”—i.e. an overvaluation of fossil fuel reserves and
related assets that will materialise if the objective of containing climate
change to well below 2 °C above pre-industrial levels is to be achieved
(Schoenmaker and van Tilburg 2016). Moreover, if climate-related finan-
cial risks are being underestimated, capital is likely to be over-allocated
to activities with higher risk. Alongside exposing creditors to potentially
large losses, the underestimation of climate risks could result in central
banks accepting collateral of insufficient credit quality (Monnin 2018). It
follows that correctly pricing financial risks arising from climate change
might support a more efficient allocation of capital by banks and other
financial intermediaries, while ensuring they are not overexposed to risk
(Chenet 2019).

Mispricing can occur for a variety of reasons, including limited data
on carbon exposures, challenges of accounting for uncertain events in the
future and discrepancy in time horizons—which means that households
and firms that produce GHG emissions currently have no direct incen-
tive to shift towards a low-carbon technology as they do not bear the
damages or losses caused by their pollution (Thomä and Chenet 2017).
For example, the lack of detailed and accurate information on climate risk
at the level of individual assets and portfolios may hinder banks’ ability
to price risk and allocate capital properly (e.g. Monasterolo et al. 2017;
Summerhayes 2019), implying that the efficient market hypothesis might
not hold when it comes to climate change (Thomä and Chenet 2017).
The consequences of incomplete information and ensuing mispricing of
assets by banks and other market participants are summarised well by the
Task Force on Climate-related Financial Disclosures (TCFD 2017, p. 1):

[I]nadequate information about risks can lead to a mispricing of assets
and misallocation of capital and can potentially give rise to concerns about
financial stability since markets can be vulnerable to abrupt corrections.
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Campiglio et al. (2019) review the literature available to date and
conclude that the impact of climate change on future financial asset
performance will depend critically on the extent to which physical and
transition costs are reflected in current asset prices. As Litterman (2011,
p. 10) strongly emphasises in relation to pricing carbon emissions:

Climate risk is not being priced. It should be priced immediately at a level
that appropriately reflects fundamental uncertainty about catastrophic risks
and a high level of societal risk aversion.

There is initial evidence in the literature to suggest that banks and other
financial intermediaries have started to price in climate-related financial
risks, yet not fully. Drawing on US data over the period 2001–2010,
Cortés and Strahan (2017) show that small banks respond to local shocks
created by exposure to natural disasters by increasing credit in affected
areas and taking credit away from other areas. Small banks are found to
mitigate the effects of credit reduction in connected markets by raising
deposit rates in these markets to help finance additional lending. Further
evidence from the US is provided by Jiang et al. (2019), who examine
whether the risk associated with sea level rise has a bearing on the pricing
of bank loans. They establish that the spreads for long-term loans—that
is, loans with maturity longer than five years—go up with the sea level
rise risk of the county where the borrower is located. In turn, Ouazad
and Kahn (2019) identify a mispricing of assets vulnerable to natural
disaster risk, i.e. guarantee fees associated with mortgage securitisation.
They contend that the mispricing of mortgage risk carried in securitis-
ers’ balance sheets can represent a source of unhedged and unanticipated
systemic risk.

Support for mispricing of climate-related financial risks in the banking
industry also exists in relation to transition risk. Using the Clean Air
Action launched by the Chinese Government in 2013 as a quasi-
experiment, Huang et al. (2019) show that the loan spread charged to
high-polluting firms increased by 5.5% after the policy implementation—
compared with an increase of 50% in the default risk of these firms. This
evidence suggests that banks may be pricing in climate-related transition
risks, though not sufficiently. In a similar vein, Delis et al. (2019) focus
on the syndicated loan market to investigate whether banks price in firms’
polluting activities, i.e. stranded fossil fuel reserves. They find evidence
consistent with banks charging significantly higher loan spreads to fossil
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fuel firms with greater exposure to climate policy risk, but only in the
period after the Paris Agreement.

Further evidence that climate-related risks are not yet fully reflected
in banks’ prices is offered by a survey of 28 financial institutions in
the Netherlands conducted by DNB (Regelink et al. 2017). The survey
discovered that virtually none of these institutions were of the opinion
that transition risks are adequately priced, indicating the potential for a
sudden downwards shock in the banking industry arising from the intro-
duction of new, low-carbon measures and technological developments.

Overall, the empirical evidence available so far concurs with the
concern expressed by the NGFS that “there is a strong risk that climate-
related financial risks are not fully reflected in asset valuations” (NGFS
2019, p. 4). For this reason, TCFD-style disclosure should be promoted
further, as it is likely to help banks and other financial intermedi-
aries adjust their pricing strategies in order to correctly account for
climate-related risks.

2.3.3 Systemic Impact and Market Failures

The review of the literature presented in the previous subsection suggests
that banks who fail to account for climate risks in the construction of their
portfolios are pricing their holdings based on a misspecified model. To the
extent that such mispricing has a bearing on the assets held by systemically
important banks and other major financial intermediaries, there could
be consequences in terms of systemic risk (Alessi et al. 2019). The link
between mispricing of climate-related financial risks and the aggregate
level of risk in the economy is corroborated by a recent analysis by the
ECB (Giuzio et al. 2019). This analysis reveals that climate risks have the
potential to become systemic for the euro area, particularly if banks and
other financial institutions are not fully pricing in these risks.

According to a study by the ESRB (2016), an adverse scenario—
whereby the transition to a low-carbon economy occurs late and
abruptly—could have implications for systemic risk via three main chan-
nels: (i) lower energy supply and higher energy costs harm macroeco-
nomic activity; (ii) banks and other financial institutions are negatively
affected through their exposure to assets that are subject to a revaluation
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(e.g. carbon-intensive assets)1; (iii) the frequency and intensity of physical
shocks (e.g. natural catastrophes) associated with climate change increase.

Climate risks may be regarded as systemic by nature, as they tend to
impact the whole planet and are therefore non-diversifiable (Aglietta and
Espagne 2016; DNB 2018). The unprecedented scale of these risks is
such to have the potential to cause another major financial crisis (Saha
and Viney 2019). In fact, one could argue that climate catastrophes are
even more serious than most systemic financial crises, since they might
pose an existential threat to humanity (Bolton et al. 2020).

Financial risks related to climate change have a number of distinc-
tive elements, which are bound to give rise to considerable challenges
for the banking industry. Among these elements is that they are far-
reaching in breadth, that is, they will affect all economic agents (i.e.
households, firms and governments) across all sectors and geographies
(NGFS 2019). Therefore, their overall impact on the financial system
is likely to be greater than other types of risks, while being potentially
non-linear, correlated and irreversible (Bank of England 2018). Further-
more, despite uncertainty surrounding the precise outcome, there is a
high degree of certainty that financial risks from climate change will occur
sometime in the future (NGFS 2019). To use an expression introduced
recently by the BIS (Bolton et al. 2020, p. 6), climate change can be
viewed as “green swan” events:

[C]limate change represents a green swan: it is a new type of systemic risk
that involves interacting, nonlinear, fundamentally unpredictable, environ-
mental, social, economic and geopolitical dynamics, which are irreversibly
transformed by the growing concentration of greenhouse gases in the
atmosphere.

Empirical evidence on the implications of climate-related financial risks
for bank soundness and financial stability already exists in the literature.
Building on a sample covering 160 countries over the period 1997–2010,
Klomp (2014) uncovers a positive relationship between natural disas-
ters and the likelihood of a bank’s default. Their analysis indicates that
natural disasters may pose a substantial threat to the liquidity, yet not

1Although the carbon bubble alone is unlikely to be a source of systemic risk (Weyzig
et al. 2014), it could combine with other sources of financial instability and create
important destabilising effects for the financial system.
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directly to the solvency, of the commercial banking sector. Similar results
are obtained by Noth and Schüwer (2018), who investigate the effects
of weather-related disasters on bank stability in the US between 1994
and 2012. They provide evidence that weather-related disasters indeed
harm bank stability, as captured—among others—by significantly lower
Z-scores, larger probabilities of default and higher non-performing asset
ratios. The extent to which climate-related damages influence the stability
of the banking system is explored further by Lamperti et al. (2019) using
an agent-based climate-macroeconomic model. Their results show that
climate change will lead to an increase in the frequency of banking crises
(between 26 and 248%), with an additional fiscal burden of around 5–15%
of GDP per year. It is estimated that approximately 20% of such effects
will stem from the weakening of banks’ balance sheets caused by climate
change.

There is some preliminary evidence to suggest that bank stability might
also be impacted by transition risk. Safarzyńska and van den Bergh (2017)
establish that investments in renewable energy may lower interbank
connectivity and lead to higher probability of bank failures. According to
their analysis, financial stability may be hampered by a too quick transi-
tion to a low-carbon economy because the costs of financing investments
in expensive renewable power plants may offset the enhanced profitability
associated with existing gas power stations.

Besides its implications for bank soundness and financial stability, the
literature available to date indicates that climate change might spawn new
market failures. In fact, it could be maintained that climate change is itself
the result of a market failure to account for the cost of GHG emissions
to society (Fang 2018).

Drawing on US data during the 1990s, Garmaise and Moskowitz
(2009) find that properties with greater exposure to hurricane risk are
likely to receive less bank financing than other properties in the same zip
code. This outcome translates into reduced provision of credit, limited
participation of less wealthy investors and slower neighbourhood revi-
talisation in disadvantaged areas. Similar results for hurricane risk are
presented by Brei et al. (2019), who show that deposit withdrawals
together with a dry-up in non-deposit funding explain the contraction in
bank lending that occurred in the two quarters following a hurricane in
the Eastern Caribbean. At the same time, Duan and Li (2019) use mort-
gage origination as a laboratory to assess whether beliefs about climate
change have a bearing on the decision-making of agents, establishing that
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abnormally high local temperatures reduce mortgage approval rates and
loan amounts by 6.7%.

Additional evidence on the negative effects of weather-related disas-
ters on bank lending is available for flood risk. Collier et al. (2013)
collect data from a microfinance intermediary in Peru that is vulnerable
to El Niño-related flood risk and conclude that loan losses caused by a
natural disaster lead lenders to contract credit after the event—which in
turn slows economic recovery for the affected area. These conclusions are
confirmed by Choudhary and Anil (2017), who employ unprecedented
flooding in Pakistan during 2010 as a natural experiment and show that
banks disproportionately cut back on lending to new and less-educated
borrowers following an exogenous shock to bank funding. They provide
evidence consistent with this reduction in credit being driven by adverse
selection and not being compensated by more lending by less-affected
banks. Similarly, Faiella and Natoli (2019) investigate bank lending to
non-financial firms at risk of flooding in Italy and find that banks tend
to ration credit to firms with greater exposures to climate risk. Taken
together, these results suggest that a rise in intermediation costs due
to climate change-related events has the potential to create new market
failures (or at least to amplify pre-existing ones).

2.4 The Problem of Measuring
the Exposure to Climate-Related Risks

There tends to be agreement in the literature that well-designed and
effective climate-related disclosure is central to ensuring an orderly tran-
sition to a low-carbon economy (e.g. Batten et al. 2016). In June
2017, the TCFD published a set of recommendations concerning the
voluntary disclosure of climate-related risks and opportunities by firms
across all sectors, including insurance companies and banks. The rationale
behind TCFD-style disclosure is encapsulated in the following statement
accompanying the recommendations (TCFD 2017, p. ii):

One of the essential functions of financial markets is to price risk to support
informed, efficient capital-allocation decisions. Accurate and timely disclo-
sure of current and past operating and financial results is fundamental to
this function.
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Although a growing number of financial institutions have made efforts to
understand and implement the TCFD recommendations, a comprehen-
sive assessment of their exposures to climate risks represents one of the
most critical measurement gaps in relation to climate change (Giuzio et al.
2019). A survey by DNB (Regelink et al. 2017) revealed that transition
risks are not yet fully incorporated into financial institutions’ risk manage-
ment frameworks, primarily because of scarce and incomplete information
on their exposures to sectors with high levels of CO2 emissions as well as
on the energy labels of their real estate exposures. While sectoral anal-
ysis can offer a first approximation of financial institutions’ exposures
to climate risks, it abstracts from important differences in production
processes and technologies within sectors (Giuzio et al. 2019). These
problems might be compounded by the lack of granular data on the
geographical location of their exposures. In addition, even if spatial data
on their real estate exposures exists, it might not be systematically avail-
able in financial institutions’ information systems (Aubert et al. 2019).
All these factors contribute to making financial institutions’ exposures to
climate-related risks considerably hard to measure.

Nevertheless, the FSI has recently published a climate risk assessment
with respect to the insurance industry (FSI 2019), based on a survey
conducted by the Prudential Regulation Authority (PRA) to large insurers
(including both life and non-life insurers) to establish to what extent they
were exposed to two main risks: physical risks arising from climate change
and other risks resulting from the transition to a low-carbon economy.

According to the PRA, the selected insurers were asked to comment
on the impact of three scenarios on their models and also the effect of
these on their asset valuations. The three scenarios considered were: A—
a disorderly transition to a low-carbon economy as per the IPCC Fifth
Assessment Report published in 2014; B—a long-term transition, with a
maximum increase in temperature below 2 °C as set in the Paris Agree-
ment and C—no transition, with a rise in temperature of approximately
4 °C above pre-industrial temperature levels by the year 2100. The results
are presented in Tables 2.3 and 2.4.

Tables 2.3 and 2.4 provide some striking figures, particular with
respect to Scenario C, where the impact on both insurers’ liabilities and
investments increases exponentially.

The even more limited evidence on climate risks available for the
banking industry is somewhat concerning, given the significant size of
financial institutions’ exposures to these risks. Weyzig et al. (2014) find
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Table 2.3 Impacts of physical risks on general insurers’ liabilities

Sector Assumptions Physical risks scenario

A B C

US hurricane exposed lines of
business

Percentage increase in
frequency of major
hurricanes

5% 20% 60%

Uniform increase in wind
speed of major hurricanes

3% 7% 15%

Percentage increase in
surface run-off resulting
from increased tropical
cyclone-induced precipitation

5% 10% 40%

Increase in cm in average
storm tide sea levels for US
mainland coastline between
Texas and North Carolina

10 cm 40 cm 80 cm

UK weather-exposed lines of
business—flood, freeze and
subsidence

Percentage increase in
surface run-off resulting
from increased precipitation

5% 10% 40%

Uniform increase in cm in
average storm tide sea levels
for UK mainland coastline

2 cm 10 cm 50 cm

Increase in frequency of
subsidence-related property
claims using as benchmark
the worst year on record

3% 7% 15%

Increase in frequency of
freeze-related property
claims using as benchmark
the worst year on record

5% 20% 40%

Source Authors’ elaboration based on FSI (2019)

that total equity, bond and credit exposures of EU banks to high-
carbon assets corresponded to EUR460–480 billion (1.4% of their total
assets) at the end of 2012, with corporate loans to fossil fuel companies
contributing to almost two-thirds of this value. In a similar vein, DNB
(Regelink et al. 2017) assesses Dutch financial institutions’ exposures to
transition-sensitive sectors (i.e. those that are responsible for the bulk of
CO2 emissions) and shows that 11% of their balance sheet was tied to
carbon-intensive sectors in early 2017. This evidence is corroborated by
the results of another study by DNB (Vermeulen et al. 2018), which
conducts a climate stress test on over EUR2200 billion of assets held
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Table 2.4 Impacts of risks on insurers’ selected investments

Impacted
sector

Investment
portfolio in
following
sectors

Assumptions—change
in equity value for
sections of investment
portfolio comprising
material exposure to
the energy sector as
per below

Transition risks
scenario

Physical risks
scenario

A B C A B C

Fuel
extraction

Gas/coal/oil
(including
crude)

Coal −45% −40%
Oil −42% −38%
Gas −25% −15%

−5% −20%
Power
generation

Power
transmission
and delivery
of natural
gas and
renewables
(production
and
transmission)

Coal −65% −55%
Oil −35% −30%
Gas −20% −15%
Renewables
(including nuclear)

+10% +20%

−5% −20%

Source Authors’ elaboration based on FSI (2019)

by Dutch banks, insurers and pension funds and concludes that banks
are the most exposed to carbon-intensive industries—with a total expo-
sure of 13% against a figure of 5% for insurers and 8% for pension funds.
Moreover, the ECB (Giuzio et al. 2019) establishes that Euro area banks’
exposures to firms contributing to carbon emissions are sizeable, with the
20 largest emitters accounting for approximately 20% of total large expo-
sures (1.8% of total assets of the sample banks). Data from the Banque
de France (Aubert et al. 2019) also indicate that total exposure of the
largest banking institutions in France to sectors that are most impor-
tant GHG emitters reached 12.2% of total credit risk exposures at the
end of December 2017, while banks’ exposures to climate policy-relevant
sectors represent a portion of loan portfolios comparable to their capital
(Battiston et al. 2017)—raising serious concerns if a substantial part of
these portfolios ends up as stranded assets.
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2.5 Conclusions

The evidence reviewed in this chapter suggests that climate change might
represent a source of significant financial risks for insurance companies and
banks and that these risks are likely to increase in the years ahead. Since
the literature indicates that risks associated with climate change have the
potential to become systemic, it is critical for insurance companies and
banks to identify, price and manage these risks appropriately.

There is now growing awareness on the part of financial institutions
about the importance of correctly quantifying climate-related risks. It is
encouraging to see the results of surveys by central banks and other finan-
cial authorities showing that an increasing number of insurance companies
and banks are addressing climate risks at the group strategy level, rather
than simply as a concern of their CSR function (e.g. Aubert et al. 2019;
Bank of England 2018). Survey results also reveal that insurance compa-
nies and banks have started to assess the opportunities that might be
brought about by the transition to a low-carbon economy, including the
development of new products and the support to customers throughout
the transition period (APRA 2019).

However, the long-term horizon that distinguishes climate-related
risks makes it extremely challenging for insurance companies and banks
to identify, measure and monitor these risks. These challenges are
compounded by considerable data gaps, particularly in relation to financial
institutions’ exposures to the physical, transition and liability risks created
by climate change. For example, there is evidence that transition risks
are not yet fully incorporated into financial institutions’ risk management
frameworks, largely because of limited information on key aspects of their
portfolio exposures such as the levels of CO2 emissions and the energy
labels of real estate properties (Regelink et al. 2017).

It follows that more efforts need to be made to mitigate the potential
impact of climate risks on financial stability, while ensuring that finan-
cial institutions’ practices are aligned with the target of limiting global
temperature rises to well below 2 °C. The complex nature of climate
change requires coordinated actions by a multitude of players, including
financial institutions, the private sector and financial authorities. It is
recommended that insurance companies and banks integrate financial risks
from climate change into their risk management frameworks and discuss
them at the board level. Climate-related financial risks should be iden-
tified and addressed at the earliest possible stages in order to reduce
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their effects on financial institutions’ balance sheets. Insurance compa-
nies and banks should be supported in this endeavour through better
availability and comparability of data on their exposure to climate-related
risks. To this end, disclosure in line with the TCFD recommendations
should be encouraged further. In turn, financial authorities such as central
banks and other supervisors have a major role to play in ensuring that
climate risks are effectively taken into account by insurance companies
and banks. Since climate change presents a number of financial risks that
are relevant to supervisory authorities, greater emphasis might be placed
on strengthening current approaches to supervision through the integra-
tion of climate risks into prudential regulation requirements. The debate
on whether financial institutions should be required to hold additional
capital in view of their climate risks is one that is likely to attract continued
interest in the time to come.
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CHAPTER 3

Stranded Assets and the Transition
to Low-Carbon Economy

Olaf Weber, Truzaar Dordi, and Adeboye Oyegunle

Abstract In the context of the low-carbon transition, stranded assets can
be defined as assets that have suffered unanticipated or premature write-
downs, devaluations or conversions to liabilities. These assets may refer
to resource reserves, infrastructure or industries that may be affected by
economic, physical or political changes along a pathway of decarbonisa-
tion. This chapter first gives a historical account of stranded assets in a
low-carbon transition and presents a systematic review of the literature.
Then, it proposes a comprehensive approach to understanding the multi-
tude of factors resulting in stranded asset risk, by including case studies to
show how responses to stranded asset risks vary by region. Finally, it offers
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a research agenda for future studies, addressing some of the limitations to
current research.

Keywords Stranded assets · Low-carbon transition · Climate change ·
Transition risk · Sustainability-elated risks · Climate-related risks

3.1 Introduction

In the context of the low-carbon transition, stranded assets are defined as
assets that have suffered unanticipated or premature write-downs, deval-
uations or conversions to liabilities (Ansar et al. 2013). These assets
may refer to resource reserves, infrastructure or industries that may be
affected by economic, physical or political changes along a pathway of
decarbonisation.

The conditions that result in asset stranding have affected incumbent
industries for centuries, from the early industrial revolution to advance-
ments in computing. Large disruptive innovations such as the advent of
rail, mainstreaming of telecommunications and personal computing have
brought economic development and value creation but also the obsoles-
cence of incumbent players. Modern examples from the digitisation of
photography to video streaming have left monolithic corporations like
Kodak and Blockbuster behind. The Schumpeterian notion of creative
destruction is rich with such examples. However, stranded assets associ-
ated with the low-carbon transition are also driven by a social and political
urgency to transition to a low-carbon economy.

However, “Stranded assets” is a relatively nascent term in the energy
sector. The majority of publications on the topic are from after 2015.
Notably, the financial risk is still under-represented in the literature. The
financial risk associated with stranded assets is difficult to identify and
measure because numerous conditions affect the outcome, and equally,
multiple asset types can be affected. Stranded assets may arise from
physical or transitional factors, ranging from extreme weather events,
climate-related government policy and greater social awareness. Respec-
tively, the financial risk varies by asset types at a regional and industry
level. Responses to stranded assets may differ in developing and devel-
oped countries, and between oil-rich nations and island states. Beyond
fossil fuel production, industries like agriculture and real estate may also
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be affected by extreme weather events like droughts or floods. Due to
the numerous scenarios by which stranded assets may manifest in the
economy, stranded asset research may benefit from a clear typology on
how to identify and measure stranded asset risk.

This chapter is structured as follows. First, Sect. 3.2 gives a histor-
ical account of stranded assets in a low-carbon transition. We examine the
early pressures that led to a discourse on stranded asset risk and the role of
“unburnable carbon” as a catalyst for the institutionalisation of the topic.
Section 3.3 then presents a systematic review of the current state of the
literature on stranded assets. This is followed by Sect. 3.4, proposing a
more comprehensive approach to understanding the multitude of factors
resulting in stranded asset risk. Section 3.5 presents some case studies
on how responses to stranded asset risks vary by region, comparing
them to the proposed typology to identify limits to each model. Finally,
Sect. 3.6 offers a research agenda for future study, addressing some of the
limitations to current research.

3.2 The History of Stranded Assets

Early reference of stranded assets in academic literature dates back to the
1990s in the context of the devaluation of productive assets through the
restructuring of electric utilities in the United States and Europe (Meyer
1997; Rothkopf 1997; Woychik 1995). The deregulation of electric util-
ities would allow for greater competition, which has the potential to cut
prices for consumers; however, the value of incumbent utilities may also
decline as contracts that were once economically viable are undercut by
private electricity providers. Electric utilities thus refer to the difference
in the value of contracts following restructuring as ‘stranded costs’ and
literature on the topic asks whether utilities should be compensated for
stranded costs and at what valuation.

The origins of stranded assets are rooted in the Schumpeterian (1942)
notion of creative destruction, driven by a socio-technical energy transi-
tion away from fossil fuel production (Knuth 2017). There are examples
of this phenomenon, as advancements in personal computing and digi-
tisation revolutionised industries in recent decades (Green and Newman
2017). Much like the industrial revolutions of the past and advent of
rail, electricity, oil and telecommunications brought the obsolescence of
certain companies, infrastructure and capital. It also brought innovation,



66 O. WEBER ET AL.

economic growth and value creation (Perez 1985, 2009). These inno-
vations began as a niche but superior offerings to incumbent services,
grow exponentially in their uptake and consequently create stranded assets
(Green and Newman 2017).

Carbon-intensive fossil fuel production is now at risk of the same
stranded assets that have reshaped industries before. As increasingly acces-
sible low-carbon technologies such as solar and battery storage prove to
be both superior in performance, and at a lower price point, incumbent
producers are at risk of becoming obsolete. The advent of stranded assets
through a low-carbon transition, however, differs from other examples—
as the low-carbon paradigm is also driven by an environmental crisis.
Thus, a myriad of factors, including technological change, government
policy, greater social awareness and increasing climate-related extreme
weather events, collectively influence the demand of fossil fuels (Green
and Newman 2017). Under the trope of “leaving fossil fuels in the
ground”, these factors represent an interrelated devaluation effort against
fossil fuels (Knuth 2017).

3.2.1 The Low-Carbon Transition and “Unburnable” Carbon

Stranded assets associated with a low-carbon transition are unique in that
they are not strictly driven by technological innovation, but rather a need
to limit carbon emissions to mitigate the worst effects of climate change.
While the discourse around emissions reductions spans decades (Randalls
2010), the discourse involving the “low-carbon transition” and “stranded
assets” can be directly traced to relatively recent work by Meinshausen
et al. (2009) and Allen et al. (2009), on global carbon budgets. These
works changed the narrative on emissions from that of incremental reduc-
tion to a ceiling limit on emissions; and in turn, laid the foundation
for a “carbon constrained” future driven by a socially imposed limit to
carbon production (Jaccard et al. 2018). This may be framed as a zero-
sum choice, to either decarbonise by keeping fossil fuel resources in the
ground and risking trillions in stranded assets, or to face a climate catas-
trophe. The emphasis on limits has significant implications—emissions
must be eliminated within decades (Rogelj et al. 2018), and as such, the
majority of economically proven fossil fuel reserves cannot be developed
(Meinshausen et al. 2009). These unusable reserves could in-turn, be
“stranded”, losing value due to unanticipated or premature write-downs,
devaluations or conversions to liabilities (Ansar et al. 2013).
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The two-degree target that was adopted at the Copenhagen COP
Summit in 2009 further cemented the urgency of a low-carbon transition.
The target shifted the narrative from incremental emission reductions to
a global limit on cumulative emissions, which, if surpassed, would likely
exceed the globally accepted two-degree target. The target also shifted
attention away from demand-side efficiencies (i.e. more fuel-efficient
combustion vehicles) to supply-side constraints targeted squarely at the
fossil fuel industry. Given that emissions from fossil fuel combustion are
the dominant source of anthropogenic emissions (Quéré et al. 2013) and
that these emissions are highly concentrated among some of the largest
fossil fuel companies (Heede 2014), the low-carbon paradigm asserts that
to limit carbon emissions, fossil fuel companies must reduce and eventu-
ally cease all production of their carbon reserves (Arbuthnott and Dolter
2013). This puts the brunt of stranded asset risk on carbon-intensive fossil
fuel production.

The stranded assets discourse was institutionalised by the Paris Agree-
ment. Around this time, investment banks issued warnings to investors
on stranded carbon assets and (to a lesser degree) the carbon bubble, as
did the world’s largest hedge fund, Blackrock. It was at this time that
the Bank of England’s Governor Mark Carney warned that the carbon
bubble would pose a systemic risk to the financial system, justifying regu-
lation under the Bank of England’s mandate (Carney 2015). This not
only aligns with the rapid uptake of academic publications on the topic of
stranded assets post-2015, but also with notable shifts in capital markets,
as once ambivalent financiers have begun distancing themselves from
financing, investing in and underwriting the fossil fuel industry (Strauch
et al. 2020).

3.3 The State of Literature on Stranded Assets

A systematic review of the literature indicates how the study has involved,
latent topics of interest, and current limits to under understanding of
stranded asset risk. We conduct our search of relevant literature on the
Web of Science and Scopus database, using queries related to “stranded
asset*”, “asset strand*” and “stranded fossil fuel asset*” to identify perti-
nent publications. Our initial query indexed 102 publications on Web of
Science, and 161 publications on Scopus.

The study of stranded assets in relation to the low-carbon transition
is nascent. 90% of the publications in our sample were published after
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2015. There has, however, been a notable evolution in the literature
over time. Publications before 2009 referred almost exclusively to the
restructuring of electric utilities. Only early work by Odenberger and
Johnsson (2007) had begun examining stranded assets in the context of
emissions reduction. In particular, they examined how low-carbon invest-
ment in UK electric generation could contribute to emission reduction
targets and how continued investments in carbon-based long-term capital
stock could result in costly early retirement of power plants to comply
with (Kyoto’s) emission goals. The discourse around carbon capture and
sequestration and gained prominence in 2009, as a potential solution to
the risk of stranded assets (Odenberger et al. 2009; Pearson et al. 2009).
The disparity in emissions reduction between developed and developing
countries also grew apparent at this time. A scenario analysis by Richels
et al. (2009) considered how future emission reductions targets affected
technological investment decisions in developed and developing coun-
tries, as a means to mitigate stranded assets. Stern (2012) considered
stranded assets in the context of water, whereby high-cost reservoirs
and desalination facilities could face asset stranding if competition from
imported water is introduced.

Since 2015 we see the most recent evolution in stranded asset discourse
(Fig. 3.1)—one that revolves primarily around global climate change and
specifically, carbon-intensive fossil fuel production. An inductive analysis
of prominent keywords alludes to some relevant topics. Out of the articles
in the sample that were published after 2015, “climate change” and “fossil
fuels” are referred to in 39 publications each. The discourse around risk
and policy is also prevalent in the sample, with 43 publications referring
to risk and 64 publications referring to policy. Finally, 20 publications
refer to scenarios, and nine publications refer to divestment.

3.3.1 Factors of Stranded Assets Risk

In line with the purpose of this book, we delve deeper into how stranded
asset “risk” is developed in the literature. Risk of stranded assets is applied
in the context of carbon risk, financial risk, political risk and systematic
risk. We examine select publications for illustrative purposes.

The most common application of stranded asset risk in the literature
is in the context of risk associated with carbon and climate change. The
global carbon budget is the driving factor of stranded asset risk and is thus
extensively analysed across numerous contexts. Bang and Lahn (2019),
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Fig. 3.1 Recent literature on stranded assets: keyword analysis (Source Authors’
elaboration)

for example, examine how the global carbon budget has raised disagree-
ments between opposing advocacy coalitions challenging the status quo
around Norwegian petroleum resource governance, posing a risk of
stranding to proven carbon reserves. Carbon risk also refers to the finan-
cial risk associated with holding carbon assets in investment portfolios.
Fang et al. (2019) propose a scenario-based framework that internalises
carbon risk in portfolios as a means to quantify stranded asset risk for
investors. They find that markets are gradually pricing climate change risk,
as attested by an inferior risk-adjusted performance of carbon-intensive
industries.

Conversely, Byrd and Cooperman (2018) assert investor valuations
depending on future prospects, and thus technological advancements may
prove to reduce stranded asset risk. Advancements in carbon capture and
sequestration development and deployment, for example, may improve
the economic viability of continued coal-based energy production and
thus mitigate the costs associated with stranded assets. We find that
researchers are actively examining how limits to carbon emissions not
only affect the direct assets that are stranded but how the associated
assets may affect other stakeholders, like governments and investors. We
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also find that multiple drivers, like advocacy groups and technological
advancements, influence the pace of which assets may be stranded.

The literature on financial risk, though limited, incorporates another
essential stakeholder, long-term investors. The discourse around maligned
incentives, short-termism and fiduciary duty seem to be particularly
prominent in the context of stranded assets, given the time horizon
over which the risks will be realised. Long-term holdings like bonds or
pension funds have significant sway in how much carbon is locked-in and
is also particularly sensitive to future risks of stranded assets. Buhr (2017)
examines how stranded asset risk may be better managed for long-term
investors. She poses that traditional environmental, social, and governance
indicators fall short when assessing stranded asset risk and alternatively
propose a framework that incorporates operational risk, risks related to
climate mitigation and adaptation, and natural capital risks—the latter two
of which are likely to be significant and irreversible. Barker et al. (2016)
look to the fiduciary obligations of pension funds. They argue that passive
or inactive governance of climate change risk is unlikely to satisfy the
funds’ fiduciary duty to their constituents. However, outdated method-
ologies and assumptions continue to prefer investment as usual. Thomä
and Chenet (2017) consider the theoretical lens to determine the extent
to which market failures result in potential mispricing of stranded asset
risks. They conclude that these market failures will require policy inter-
vention that addresses the design of financial risk models, the transparency
around their results and the institutions governing risk management.
Finally, Silver (2017) considers why investors remain blind to the stranded
asset risk, arguing that risk is a function of divergence from peers. Thus,
changes in regulation and theory will be foundational to overhaul the
cultural constraints and maligned incentives that restrict incorporating
stranded asset risk into the decision-making chain. Again this literature
on the financial risk associated with stranded assets reinforces the multi-
tude of confounding drivers and actors affected by and affecting stranded
asset risk. The appropriate policy remains fundamental to addressing the
shortcomings of conventional theories, methods and assumptions.

Several notable recent publications delve deeper into the efficacy of
policy in mitigating stranded asset risk. Van der Ploeg and Rezai (2020)
examine the effects of market uncertainty and how changes of climate
policies affect the valuation of physical and natural capital assets. Their
analytical model suggests that when effective climate policy is imple-
mented, exploration capital and fossil fuel reserves suffer a sudden loss
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in value; however, a botched climate policy immediately leads to an
investment boom in exploration and a surge in discoveries. Conversely,
Shimbar and Ebrahimi (2020) pose that by incorporating political risk
into the valuation of renewable energy investments, once non-viable
projects can demonstrate attractive returns on investment. They examine
this specifically in the case of political risk in developing countries and
its potential for foreign direct investment. Thus, the political climate and
the implementation of the low-carbon policy is essential stranded asset
risk assessment.

To conclude, it is evident that there is a multitude of factors that
exhibit complex interdependencies between the drivers of stranded asset
risk and affected parties. We thus close with the literature on systematic
risk. Keys et al. (2019) propose that stranded asset risk is an “Anthro-
pocene risk”, that emerges from human-driven processes, interacts with
global social-ecological connectivity and exhibits complex cross-scale rela-
tionships. Their example on stranded assets in aquaculture demonstrates
not only the range of industries exposed to stranding but the human and
environmental factors driving it. They conclude that the confluence of
global demand for aquaculture, along with site-specificity and weak envi-
ronmental regulations, place developing regions at more risk of stranded
assets.

3.4 A Typology for Identifying
and Measuring Stranded Assets Risk

Our systematic review attests to the complexities involved in identi-
fying and measuring stranded asset risk. There are multiple confounding
factors, from the drivers of stranded asset risk to the actors affected
by and affecting the drivers. We also find that stranded assets are not
unique to carbon, especially given some economies’ ubiquitous depen-
dence on carbon-intensive production. Consequently, it is difficult for
stranded asset researchers to account for all factors. Thus, in developing a
robust method of measuring stranded asset risk, we identify a multitude
of conditions that result in asset stranding. Based on the literature review,
we propose a typology (Fig. 3.2) for identifying and managing stranded
asset risk for consideration in future research agendas. Researchers may
use this typology to manage stranded asset risks more comprehensively.
We propose three attributes or classifiers that all forms of stranded assets
entail. First, stranded assets may arise from several drivers, which include
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Fig. 3.2 A typology to identify and manage stranded assets risk (Source
Authors’ elaboration)

physical, transitional and regulatory factors. Second, stranded assets may
differ between and across regions and industries, depending on factors
like dependence on fossil fuels or sensitivity to climate change. Finally,
stranded assets affect more than the devalued reserves but have systematic
effects on financiers, governments and civil society.

We argue that it is important for researchers to identify how each driver
might affect selected industries. This is represented by a single square
in the diagram. For greater efficacy, researchers should incorporate all
drivers of stranded asset risk across a region or industry. However, the
most comprehensive measurement of stranded asset risk is one that incor-
porates costs associated not only to business operations, but financiers,
politics and civil society as well. We expand on each of these attributes in
more detail below.

3.4.1 Types of Stranded Assets

The cumulative limit of unburnable carbon is not the only driver of asset
stranding in the low-carbon transition. Caldecott et al. (2013) present a
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more expansive interpretation through a typology of six environment-
related risks that could cause stranded assets. Namely, assets may face
physical risks associated with extreme weather events or resource degra-
dation, as well as risks related to changing resource landscapes through
the pricing and availability of substitutes. Assets may also face social risks,
through government regulations, technological advancements, evolving
social norms and litigation.

3.4.2 Regions and Industries

The risk of assets becoming stranded due to decarbonisation constitutes
a considerable risk not only to the fossil fuel industry and other indus-
tries along its production chain but also to nations whose economies are
connected to the carbon industry (Campiglio et al. 2017). For example,
stranded assets can arise due to different reasons such as the development
and implementation of environmental policies (Vogt-Schilb and Halle-
gatte 2017), especially those geared towards climate mitigation, as well
as from disruptive innovation from other industries (Green and Newman
2017). Also, other unintended consequences of fossil fuel stranding may
negatively impact other sectors along the supply chain that are connected
to the industry, leading to the demise or loss of assets across those sectors
and other parts of the economy (Bos and Gupta 2019). Cascading effects
of stranded asset risks could affect transport (Traut et al. 2018), agricul-
ture (Marsden et al. 2019; Morel et al. 2016; Rautner et al. 2016), real
estate (Muldoon-Smith and Greenhalgh 2019) and water assets (Lamb
2015). The interdependent nature of industries suggests that stranded
asset risk may have systemic effects across the economy.

More, as countries intensify efforts towards economic-wide emission
reduction and climate mitigation, the resultant transition to a low-carbon
economy will directly impact socio-economic activities. This impact may
significantly increase the risk of assets becoming stranded due to regu-
latory, economic or market connection to carbon-intensive industries
(Bos and Gupta 2018). This will affect the productivity of carbon
investment into the future, with telling effects on policies and market
conditions. However, the degree of risk that individual developing and
developed countries are exposed differ significantly because of diverse
issues like economic situation, geographical location, environment and
socio-economic capacity for mitigation and adaptation (Caldecott et al.
2016).
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The determining factor into how this plays out is based on the expo-
sure of respective countries to fossil fuel assets and resources and the
concentration of the economies in specific industries. For example, coun-
tries with fossil fuel assets and resources will be at more risk of having
their assets becoming stranded, and economies affected (Mercure et al.
2018). However, this may be relatively different from one country to
another since the level of economic integration across regions, countries
and industries differs. Likewise, coastal nations with substantial invest-
ment in tourism and investment in assets on the coastline, stand the risk
of facing the effects of sea level rise and flooding that may lead to loss of
those assets value or complete destruction of their economic activities. It
is therefore not unusual that in the face of rising climate impact and global
emission target reduction, there is the concern that any change in regu-
lation with significant mitigating efforts will exposure the economy and
assets. The exposure might be detrimental to carbon assets and resources,
especially for developing and economically exposed countries (Bos and
Gupta 2018; McGlade and Ekins 2015).

3.4.3 Stakeholders

Failure to deal with stranded assets will eventually damage shareholders,
consumers, and overall welfare. We have seen notable action taken by
many actors, towards mitigating stranded asset risk and advancing the
low-carbon transition. However, some aspects remain underrepresented
in research. Specifically, we look at the role of civil society, the role of
industry and finally, the role of financiers and regulators.

By 2012, the 2 °C low-carbon transition and stranded assets drove
climate activists to shape their strategy of targeting fossil fuel–supply
financing (via divestment) and infrastructure (via protests), by casting
the fossil fuel industry as “enemies”. We have seen in recent years, a
sense of increasing descent against carbon producers. What started from
fringe movements of divestment and ‘keep it in the ground’ protests
have now gained legitimacy among once ambivalent financiers. Today,
the fossil fuel industry is perceived similarly to the tobacco industry, and
industries supporting the South Africa Apartheid (Hunt et al. 2017).
Divestment campaigns have directly damaged fossil fuel interests, through
delaying them, cutting access to financing as they are seen as increas-
ingly uneconomical and potentially cancelling them entirely (Carter et al.
2019).
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Around the same time, the fossil fuel divestment movement urged
investors to withdraw their money from the fossil fuel industry in response
to the financial risks of stranded assets brought about by the carbon
budget. While divestment did start with an ethical case if it is wrong
to wreck the planet, then it is wrong to profit from that wreckage,
there is now a clear financial case for divestment (Dordi and Weber
2019; Hunt and Weber 2018; Trinks et al. 2018). Stranded assets
have underpinned arguments by civil society campaigns attempting to
secure rapid economy-wide decarbonisation to reduce the scale of anthro-
pogenic climate change. However, the costs to civil society remain
under-represented in stranded asset literature (Bang and Lahn 2019;
Caldecott and Dericks 2018).

Industries must also internalise stranded asset risk in corporate
decision-making. They must not only act in accordance to minimise their
risk, but face physical and liability risks if they fail to adequately assess the
impacts of climate-related issues on corporate risk and strategy (Barker
2018). However, risks remain mispriced or left ignored because of biases,
misaligned incentives and endemic short-termism (Caldecott and Dane
2015; Carney 2015; Kay 2012). These risks are exacerbated because the
risks are novel, data, analytical tools and methods are missing, and there
is a lack of viable options to hedge risk.

Financiers are likely to bear the risks of stranded assets, through the
rapid devaluation of holdings. However, the financial sector also has
the means to incentivise mitigation through lower interest rates and
lower cost refinancing of green developments. The means to measure
and manage the exposure of investments is still lacking. Financiers may
face stranded investments through a decline in equity value and through
loan defaults if they do not manage environmental risks associated with
their current investments. However, financiers may also be a catalyst for
new investments that incentive mitigation—through lower interest rates,
loan guarantees, first loss insurance, credit risk insurance and lower cost
refinancing through bonds.

Governments must adopt active regulations that encourage invest-
ments towards a low-carbon transition. Regulatory measures must
increase pressure on companies, investors and civil society, but also
becoming more consistent and predictable. Examples could include tax
incentives, carbon markets, energy performance regulations, building
standards, retrofits and concessional finance for zero-carbon technolo-
gies. Central banks and financial regulators also have an important role
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in maintaining financial stability (Batten et al. 2017). Clarifying fiduciary
duty and addressing some of the perverse incentives of liquidity require-
ments would encourage long-termism. Asset owners also need to have to
conviction to create long-term mandates. Stranded assets can only achieve
so much if they operate in an institutional environment that is endemically
short-term.

3.5 Case Study: Stranded Assets by Region

We first apply a geographical lens to regulation. Globally, countries have
committed to independent nationally determined contributions (INDC)
towards emission reduction targets. Thus, regions should consider how
“committed emissions” should influence decarbonisation plans developed
by governments (Davis et al. 2010; Davis and Socolow 2014; Pfeiffer
et al. 2016). There is also a recognition that stranded asset risks span
beyond the energy industry—through, for example, the physical risk of
coastal properties that may be affected by extreme weather events. Thus,
geographical relevance can influence optimal policy decisions.

It has been estimated that implementing the Paris Agreement will
directly require that most of the known global fossil fuel reserves remain
untapped. Understanding the implication of this is important since any
shift towards decarbonisation globally will have a direct impact on finan-
cial markets, assets and governance (Ashford and Renda 2016). There
is also an indirect impact on other investments around the fossil fuel
industry, which will become high risk with grave implications for several
countries and parts of the world where the economies are mainly depen-
dent on oil output (Bos and Gupta 2019). The result of this is an
unforeseen market condition or regulatory change that may lead to
massive regulatory intervention while putting markets and investments
at risk (Caldecott et al. 2016).

These risks cut across respective economies and industries in diverse
ways, with industries such as agriculture being highly exposed due to its
high dependence on fossil fuel and high emission rate across its value
chain (Caldecott et al. 2013). Also, countries’ interests and priorities
are not the same, which makes understanding how different factors like
regulation, countries’ economic interests and priorities, and stakeholders
pressure and inputs increase the risk of investments and assets in a specific
economic sector becoming stranded.
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3.5.1 Approach to Stranded Assets by Different Economies

The commitment to decarbonisation and development of Intended
Nationally Determined Contributions (INDCs) for respective countries’
implementation of the Paris Agreement has placed the issue of decarbon-
isation at the forefront of global political landscape. It has also pitted the
interest of developed and often less resource-dependent economies with
the developing and resource-based economies on the argument of right
to development and climate justice. Developing and resource-dependent
countries claim the right to develop their resources as key to national
survival (Swilling and Annecke 2012).

It is important to note that while there is a lot of literature on the
impact of stranded assets on the economy, little has been done with
reference to its connection to developmental issues and other drivers
of stranded assets. This sentiment is echoed in the level of disparity
and differences between the rich developed countries when compared to
resource-based and developing economies in the content and focus of
their individual INDCs. This is also evident in the approach that different
economies took to achieve their INDC, which is discussed in more detail
below.

It should be noted that this contribution is not focused on the right to
develop resources versus sustainable development impact (Bos and Gupta
2019), though both have an implication on decarbonisation. Rather, it
is focused on the effect of the decisions that emanate from that right
and how it may lead to exposure to climate-induced results like stranded
assets. Understanding this is important as it played a role in coun-
tries’ approach to the Paris Agreement and was a constant sentiment
in the conditionalities for the achievement of the targets across diverse
developing and resource-rich nations.

Countries’ efforts to balance the need for decarbonisation and the
right to develop their carbon resources constitutes a challenge for the
achievement of their target climate objectives. Unfortunately, this is not
a highly researched areas since most studies have been focused on devel-
oped economies and its markets, with less focus on developing economies
(Caldecott et al. 2013), even though stranded assets have the potential
of impacting developing economies more (Bos and Gupta 2018). This
is why taking a holistic approach into countries intended resolution and
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path to decarbonisation through the Paris Agreement of individual coun-
tries is important to look into as it gives an idea of how countries intend
to approach their decarbonisation process.

This process involves the development of policies that may lead to
more assets becoming stranded, especially in carbon-intensive indus-
tries with spillover effects on industries that are environmentally linked
to the sector. The risk cuts across industries with increased physical and
transition risks that may lead to unintended consequences and stranding
of assets due to the development of new approaches, products, markets
and regulations. This will also have direct consequences on other indus-
tries that are prone to environmental impact, which may lead to asset
stranding in those sectors beyond the carbon industry (Rautner et al.
2016). The effect may lead to dire financial instability (Mercure et al.
2018) and political challenges if not well managed (Vogt-Schilb and
Hallegatte 2017). As these challenges are dissimilar, it is imperative
to fully understand the regional, country and economic implication of
stranded asset. Knowing this will allow us to navigate the challenge of
stranded assets into the future and also provide a basis for assessment of
regional risk, country sector priorities.

3.5.2 Case Study Review and Assessment

To understand regional and countries’ exposure to environmental risk
that may lead to stranded assets and resources, we will be reviewing the
submitted INDC to UNFCCC by respective countries as part of their
contribution to the global goal of achieving the 1.5 degrees set in the
Paris Agreement. This process will also provide us with insight into the
exposure of respective nations and the identified sectors at risk based on
particular countries’ summation and the sector at risk of direct climate
impact.

By identifying this, we will have the opportunity to highlight sectors
that are key areas where resources should be allocated as decarbonisa-
tion takes a foothold (Bos and Gupta 2019). This will enable us to assess
countries’ exposures and areas that can be affected by climate policy or
commitment, such as the ones contained in the INDC. It will also provide
an insight into other industries that may be affected by the reduction of
carbon through mitigation efforts or have assets at risk due to climate
impact that requires mitigation despite their importance to the economy.
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This paper reviewed the INDC of countries that made up the G20
to understand the possible sectors of interest for climate mitigation as
well as the at-risk sectors for impact based on individual countries’ prior-
ities. In addition to the G20, we reviewed developing countries across all
continents and economic blocs. In all, we picked between three and five
respective economies in each continent to review their respective INDCs
and lastly to ensure balance we reviewed the INDCs of Small Island
Developing States (SIDS) from the Pacific and the Caribbean due to their
unique geographical location, low-carbon emission but high potential
climate impact.

To ensure consistency, aside from the G20 other countries were
picked based on their economic strength, resource base, population, or
geographical spread. For example, in Africa, Nigeria and South Africa
were selected based on being the two most important economies on
the continent and their geographical local on the continent, with the
former representing West Africa and the latter being from Southern
Africa. Egypt, as the third-biggest economy, was chosen from Northern
Africa, while Kenya as the biggest economy from central and east
Africa, completes the list. Thus, representing all economic blocs and
the geographical spread of the continent. The idea is to create both
geographical, climatic and economic balance in a highly diverse continent.

Since the INDCs did not follow any pattern or expectations, the
respective countries adopted different approaches to drafting their
commitments. To mitigate this, we assessed individual contribution docu-
ments.

3.5.3 INCDs and Sector Breakdown

As mentioned earlier, there is no uniform approach to respective countries
commitment. Hence, we had to determine countries’ priorities through
the relevance of key sectors and climate event as noted in the INDCs.

3.5.3.1 Global Outlook for Assets at Risk
The distinction in priorities and at-risk areas are clearly shown in the
classification of risks between developing and developed countries. While
developing countries are mainly sector focused in their approach and
target, especially considering how climate-induced impacts may affect
assets and other issues in specific sectors, the developed and fast devel-
oping countries in Asia, Europe and America tend to focus on an
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Fig. 3.3 Global assets at risk by sector (Source Authors’ elaboration)

economy-wide approach. This may be a result of the level of development
of various sectors in the economies of developed countries compared to
the often resource-based economies in the less developed nations. One
similarity here is that all countries perceive energy to be a major sector at
risk (Fig. 3.3)

Ironically, despite concerns with energy and energy sources (including
fossil fuel) and commitments made in line with this in every single
INDC reviewed, the continued investment in fossil fuel industry remains
unabated. The industry received over $700 billion financing for the
expansion of new projects since the 2015 Paris agreement was signed. The
inaction and possible financial instability challenges bear the risk ahead
considering the likely impact of a transition to a low-carbon economy and
how it may be fatal for carbon assets. Unfortunately, this also places assets
on the oil value chain and other connected industries in the energy sector,
such as power, at risk of becoming stranded (Campiglio et al. 2017).

3.5.3.2 Africa
Despite being primarily made up of developing and less economically
buoyant countries, Africa has the most diverse background of all the
continents reviewed with the focus mainly based on the economic real-
ities of the nations and their geographical context (a good example is
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agriculture). But when compared to issues such as water, only Egypt and
South Africa felt to be water-stressed and find assets and investments in
the sector to be at risk due to their geographical locations and the heavy
impact of climate change on rain in South Africa and water access in the
arid regions of Egypt. There is also a low focus on industrial processes,
with only Nigeria highlighting industry and production as a priority and
no country seeing issues with waste and assets around it as a priority.
This is not surprising considering the low level of development across the
continent and since most African countries rely heavily on imports from
other parts of the world. Figure 3.4 depicts assets at risk by sector in the
continent.

3.5.3.3 EU, Asia and North America
Europe and North America have economic plans to tackle the greenhouse
gas (GHG) emissions which includes carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocar-
bons (HFCs), sulfur hexafluoride (SF6) and nitrogen trifluoride (NF3)
across all economic sectors. Hence it is not surprising that while sectors
like waste, which had little or no mention in African countries’ plans,
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were given a prominent role in the EU, at the same extent as energy,
agriculture, industry, forest and land use (Fig. 3.5).

The interesting observation in North America is the position of Mexico
which towed the pattern of other developing economies by highlighting
concerns with coastal areas and tourism and other at-risk sectors, while
placing less importance on issues of waste and industry (both being
of great concern developed nations hence bringing the diversity to the
perception of sectors that are prone to the impact of transition risk of
climate change.

The North American reality (see Fig. 3.6) is very similar to that of
Asia where the more advanced economies like China, South Korea and
Japan had exactly same realities and plan towards an economic-wide
effort based on identified GHG emission with major impacts expected
across waste, industry/production processes, transportation and energy.
However, there are differences to countries like India placing a premium
on issues such as water, which is mainly due to the water stress of its
northern region and places like Indonesia that has a substantial length of
its coastal area assets at risk of flooding and investments being submerged
by rising sea levels (see also Fig. 3.7).
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Fig. 3.5 Assets at risk by sector: Africa vs cluster EU, Russia and Turkey (Source
Authors’ elaboration)



3 STRANDED ASSETS AND THE TRANSITION TO LOW-CARBON … 83

0% 20% 40% 60% 80% 100% 120%

Energy

Coastal Assets/ Flood

Agriculture

Tourism

Forestry & Land use

Transporta on

Industry/
Processes

Water

Waste

Fig. 3.6 Assets at risk by sector: North America (Source Authors’ elaboration)

0% 20% 40% 60% 80% 100% 120%

Energy

Coastal Assets/ Flood

Agriculture

Tourism

Forestry & Land use

Transporta on

Industry/
Processes

Water

Waste

Fig. 3.7 Assets at risk by sector: Asia (Source Authors’ elaboration)



84 O. WEBER ET AL.

0% 20% 40% 60% 80% 100% 120%

Energy

Coastal Assets/ Flood

Agriculture

Tourism

Forestry & Land use

Transporta on

Industry/
Processes

Water

Waste

Caribbean Pacific

Fig. 3.8 Assets at risk by sector: Pacific and Caribbean countries (Source
Authors’ elaboration)

3.5.3.4 SIDS—Caribbean and Pacific
The SIDS countries’ approach in the INDC and their classification of
sectors are similar. This could be a result of their geographical location
and their vulnerability as small countries with little or almost inconsequen-
tial contribution to climate impact but being more vulnerable to its impact
with a high possibility of leaving several assets in the countries stranded
and economies negatively impacted. It should be noted that there are
major similarities between Caribbean nations and Pacific countries on
exposures in several areas, especially on issues like the priority of coastal
assets and investment. Unfortunately, these risks are linked to the tourism
industry in most countries especially in the Caribbean, where all the
countries depend primarily on tourism for economic growth (Fig. 3.8).
Because of the difference in geographical and economic arrangements the
Caribbean countries seem to have a different level of risk.

3.5.3.5 Middle East
The Middle East (Fig. 3.9) gives an interesting angle of observation for
stranded assets. The region is rich in fossil fuel, and the economies of the
countries rely on the industry. In fact, in most cases, it is the principal
source of government income. In addition, the arid-climate conditions of
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the region imply that vast parts of land are water-stressed, and new tech-
nology needs to be developed for industrial and domestic water needs.
This has led most countries to invest in the desalination of seawater due
to a shortage of groundwater and other freshwater sources. It is not
surprising that these two issues constitute the most critical issues among
the countries reviewed in the region. So, while there are conflicting
approaches to other essential areas in terms of priorities and economic
arrangement, the three countries assessed together, Saudi Arabia, Kuwait
and United Arab Emirate (UAE), seem to be focused on mitigating
climate impacts, but without any concrete commitment to reducing their
oil production output. Rather, there are references to increasing tech-
nology to create “cleaner crude”, but with no direct obligation to reduce
or stop fossil fuel exploration, which in most cases is perceived as key to
the region’s economic prosperity.

3.6 A Research Agenda for Stranded Assets Risk

One of the key observations of this study is how the approach to stranded
asset has overtly focused on carbon assets over the years while negating
the roles played by other factors that increase stranded asset risks. Key
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among this are the different drivers stemming from stakeholder inter-
ests and priorities. A cursory look into the INDCs shows a consistent
approach in the documents wherein most were carefully crafted, often
not necessarily to protect physical existing assets, but interests. A lot of
the commitments stems from attempts by policymakers to try to amelio-
rate challenges being faced in specific sectors that are prone to risks, while
seeking alternatives in investment in technologies and other areas that may
enable a smooth transition despite obvious high-risk levels for the sectors
that are prioritised.

This observation in the reviewed INDCs directly aligns with the earlier
discussed typology for this study as there is evidence of diverse drivers
of stranded asset risks that most literature is not taking into full consid-
eration. Starting with regulatory drivers, one outstanding and recurring
factor sits with existing climate action and policies in individual coun-
tries upon which a couple of the INDCs commitments were based. Over
75% of the INDCs reviewed referred to a form of the existing regulatory
framework, climate plan or environmental policy and drivers that provides
a basis for national guidance on industries and other areas of national
interests. These highlighted areas, some of which are based on national
or regional interests, often set goals and climate targets for specific areas
of interventions and where to prioritise climate mitigation and adaptation.

It was further observed that these prioritised areas are based on issues
of interest and regional economic dependencies. For example, none of
the Middle East oil-producing countries developed their INDCs without
a provision for fossil fuel in their future, which are often the lifeline of
their economies, in their future. Though countries in these regions noted
the need for economic diversification and GHG emission reduction, there
were no firm commitments to achieve this through a reduction in fossil
fuel exploration. Still, they generally proposed a more adaptive approach
using technology such as carbon capture (Saudi Arabia), production of
clean fuel (Kuwait) and utilisation of technologies to improve efficiency
and reduce emissions (UAE). This seems to assert that factors such as
economic survival, regional or national interest, and other perceived prior-
ities play more prominent roles in decision-making and dwarfs the risk of
stranded assets in a high-risk industry, especially at the local and national
levels.

The approach of individual national and regional interests is in line with
the fact that stakeholders and industries are often buoyed by regulators
and political class concerns about the systematic effects of decisions on key



3 STRANDED ASSETS AND THE TRANSITION TO LOW-CARBON … 87

interest areas. Hence, stakeholders and other interest groups consistently
play important roles in the implementation of key policies that eventually
help in the formulation of regulations and processes. A good example
here is the issue of job provision, which is constantly referred to in the
INDCs, especially of most developing economies. To protect jobs, the
political class will often promote or protect interests in industries that
will enhance issues of economic well-being even if such have a lasting
effect and environmental impact on the long run. This position can be
exacerbated by interest and pressure groups that may slow the transition
or protect their respective interests either for or against specific sectors
regardless of how that industry is being perceived.

Research is nascent, with a focus on identifying how selected aspects
of stranded assets may play out. However, to better manage the finan-
cial risk, a broader perspective that incorporates the different types of
stranded asset risk is necessary. Our typology proposes a means by which
future researchers can systematically examine how to evaluate the risk
of stranded assets. Our case study of INDC reports attests that regions
around the world face various and unique risks of stranded assets based on
their materiality. However, the risks remain within the realm of stranded
investments for the region or industry and consequently fail to consider
the effects of stranded assets on investors, governments and civil society.
Thus, future research on stranded assets would benefit from encom-
passing the proposed typology, to gain a comprehensive understanding
of stranded asset risk.

Our case studies indicate that research into the risk of stranded assets
needs to be expanded beyond assets and machinery. There is a need
to investigate what other drivers may contribute to the risk of stranded
assets, particularly in specific sectors and regions, and how related indus-
tries maybe be able to mitigate the risks. Issues such as political interests
that relates to impacts on the economy and jobs have also been found to
fuel the political will to act in specific areas. There is, therefore a need to
understand and study, for example, what still drives the continued reliance
and investment in fossil fuel and carbon industries beyond the environ-
mental argument. Part of this may involve recognising and addressing
stakeholders’ concerns on livelihood and economic impact, which will
help drive economic and political cooperation.
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CHAPTER 4

Sustainability-Related Risks, Risk
Management Frameworks andNon-financial

Disclosure

Marco Migliorelli and Vladimiro Marini

Abstract This chapter gives an overview of the main strategic and organ-
isational implications for financial institutions when fully considering
the actual and potential impacts of sustainability-related risks on their
businesses. In this respect, the chapter first argues that, to ensure the
effectiveness of the general risk management framework, developments
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are necessary at several levels of the organisation, in particular within the
perimeter of competence of the management board, the risk management
function and the operational business units. Then, the chapter discusses
the issue of disclosing sustainability-related information by illustrating
existing industry and policy standards. It concludes that more work is still
needed in terms of quality and comparability of the information to foster
market discipline via the disclosure of sustainability-related information.

Keywords Sustainability-related risks · Climate change-related risks ·
Risk management frameworks · Non-financial disclosure · Sustainability
disclosure · Sustainable finance

4.1 Introduction

The growing awareness of the materiality of sustainability-related risks1

for the financial industry will likely produce in the next a few years a signif-
icant change in the way financial institutions deal with this issue. In the
(rare) cases in which structured approaches have been already adopted,
banks and other financial actors have started with considering in partic-
ular climate-related risks, by treating them as a new and relevant source of
financial risk. In this respect, these organisations have put in place actions
at the level of both overall strategy and risk analysis. Climate-related risks
are systematically monitored and reviews of sectoral portfolios performed
to quantify the level of exposure, with specific risk committees holding
regular meetings dedicated to this new source of risks (ACPR 2019). In
parallel, some institutions are also taking into consideration the objective
of reducing the carbon footprint of their credit portfolios when designing
strategic orientations, trying to aligning their funding to the 2 °C scenario

1Examples of sustainability-related risks linked to climate changes are: increase in the
frequency and magnitude of floods, droughts and storms; permanent change in climate
conditions; increase in the level of seas; distress and high volatility in commodity markets.
Sustainability-related risks linked to environmental degradation include, but are not limited
to: air or waters pollution; deforestation; loss of biodiversity. Types of sustainability-related
risks linked to social inequality are: unfair treatment of workers; discriminatory treatment
of women; discriminatory treatment of minorities; social dumping. From these risks direct
and indirect financial risks can emerge for financial institutions. See Chapter 1 for a
structured analysis.
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as resulted from the Paris Agreement (e.g. ACPR 2019). Nevertheless,
awareness and practices remain highly heterogeneous across the finan-
cial sector, with significant differences in the maturity and the depth of
the needed organisational shift. As a matter of fact, to ensure adequate
preparedness, an increasing involvement of governance bodies at the
highest level of decision, the acquisition of development of internal exper-
tise, a progressive integration of sustainability-related risks into existing
risk management practices and the consequent advances in dedicated tools
are all nested elements that will require increasingly attention.

Against this background, this chapter aims at giving an overview of
the main strategic and organisational implications for financial institutions
when fully considering the actual and potential impacts of sustainability-
related risks on their businesses. In this respect, the chapter analyses, in
Sect. 4.2, the main elements of the risk management framework that
require a specific development, in particular within the perimeter of
competence of the management board, the risk management function and
the operational business units. Hence, in Sect. 4.3, the chapter discusses
the issue of disclosing sustainability-related information, by illustrating
existing standards and assessing the effectiveness of market discipline in
the actual policy context.

4.2 Risk Management
and Sustainability-Related Risks

4.2.1 Including Sustainability-Related Risks in the Risk
Management Framework

Risk management is a core activity for any financial institution. Its
main purpose is to ensure that all the organisation’s significant risks are
detected, measured, managed and reported correctly. For this reason, the
risk management function is involved in the definition of the financial
intermediary’s risk strategy as well as in all the other decisions that have a
significant influence on the level of risk the institution is ready or able to
accept, in particular by providing the full picture at any point in time of
the whole range of the actual and potential risks that feature the business.2

2Under the point of view of the wider internal control system, risk management is one
of the functions that form the “three lines of defence” model adopted in the financial
sector and endorsed by relevant regulation. In this respect, the company’s first line of
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When it comes to the assessment of the possible impacts of
sustainability-related risks on financial institutions, the risk management
function represents the core of the organisation’s capacity to appraise the
magnitude of the changes needed to the established processes and prac-
tices. Nevertheless, the role of the management board and of the business
units (front office, branches and other risk-taking entities) is also relevant,
as these actors are responsible for respectively deciding and implementing
the risk-taking strategy of the organisation. To start portraying the
possible strategic and organisational impacts of sustainability-related risks
on financial institutions, Fig. 4.1 outlines a general risk management
framework as typically in place in the financial industry. It is composed
by the four macro phases of identification of the risk context, assess-
ment of the risks, set-up of the risk-taking strategy and implementation
of the risk-taking strategy. Within the framework, the activities that are
expected to need some form of adjustment when taking into account
sustainability-related risks are also highlighted (in italic).

4.2.2 Identifying the Risk Context

The risk context (often also referred as to risk inventory) should be
considered the general infrastructure on which the governance of the risks
is built. For this reason, its identification lays within the core responsibil-
ities of the risk management function. The definition of the risk context
includes the throughout analysis of the relevant categories of risks poten-
tially having economic or financial impact on the financial institution, as
stemming from the specific characteristics featuring the business and the
risk-taking strategy adopted by the organisation. Categories of risks are
mainly classified business-wise (e.g. credit risk, market risk, liquidity risk,
operational risk) and are associated to specific risk events (e.g. for credit
risk, the default of a client or the reduction in the value of the collaterals
covering a loan). Ad hoc risk taxonomies and risk registers are widely used

defence is typically formed by the business units responsible for identifying the risks asso-
ciated with each transaction and ensuring compliance with the established procedures and
limits when dealing with these risks. The second line of defence includes risk management,
compliance and (for insurance companies) the actuarial function, which collectively have
to guarantee that the risks are identified and treated in accordance with the established
rules. Finally, the third line of defence is formed by the internal audit, which in turn
assesses alignment with rules and procedures by all actors within the company and verify
the effectiveness of the internal control system.
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Iden fying the risk 
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Fig. 4.1 Risk management framework and impact of sustainability-related
risks (Notes In italics the activities that are impacted by the consideration of
sustainability-related risks. Source Authors’ elaboration)

by risk managers to systematically characterise the relationship between
categories of risks and risk events. In identifying categories of risk and
related risk events, particular attention is given to the analysis of the key
areas of operations of the organisation, which are usually represented by
specific economic sectors, geographies, segment of clientele, go-to-market
channels, and also include an internal dimension to account for the risks
linked to the functioning of the operational processes.

The integration of sustainability-related risks in the risk context is a
key task for risk managers assessing the impact of sustainability on finan-
cial institutions. In this respect, it may be argued that, under a risk
management perspective, sustainability-related risks do not represent a
self-standing category of risks. More coherently, they represent emerging



98 M. MIGLIORELLI AND V. MARINI

primary factors potentially able to trigger (or increase the potential nega-
tive impacts of) already considered risk events.3 As an example, the
occurrence of extreme weather events due to climate change, such as
floods or hurricanes, may cause for banks’ clients the disruption of the
production processes or unexpected losses of assets. This may harm their
solvency, and such a possible outcome should be treated by banks as an
increase in the exposure to credit risk. Similarly, the same extreme weather
events may produce for insurance companies unexpected higher payments
on previously insured risks. This implies the need to properly manage
liquidity risk and physical risks.4

However, even though sustainability-related risks are not expected
to represent a self-standing risk category, financial institutions should
systematically analyse the impacts on their business stemming from
climate change, environmental degradation, social inequality and other
sustainability-related factors. In particular, the possible transmission chan-
nels of sustainability-related risks on financial risks should be detected at
single organisation level and integrated in the organisation’s risk context.
In doing that, an addition to the existing risk taxonomies and risk registers
may be also foreseen.5

4.2.3 Assessing the Risks (Definition of Risk Scenarios)

A second macro phase featuring the risk management framework of finan-
cial institutions is the assessment of the materiality of the risks. To this
extent, risk assessment is backed by the establishment and periodic update
of specific methodologies, typically set at level of category of risk (in
order to take into consideration the inherent features of the underlying
risk events).6 A high degree of innovation is today required as concerns

3See for example PRA (2018) or ACPR (2019).
4See Chapter 1 for a wider discussion on why sustainability-related risks should not be

considered a new self-standing risk category.
5See Chapter 1 for a wider discussion and for a structured attempt to systematically

link sustainability-related risks and financial risks.
6 In this respect, abundant evidence exists dealing with the risk management method-

ologies to deal with the traditional categories of risks (such as market risk, credit risk or
operational risk). See for example Bessis (2011), Jorion (2007), De Servigny and Renault
(2004) or Christoffersen (2003).
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the methodologies for the analysis of the materiality of sustainability-
related risks. To this end, scenario analyses represent a central family
of suitable instruments, thus far primarily developed for the assessment
of the impact of climate change and the gone-with physical and tran-
sition risks7 (e.g. Oliver Wyman 2019; PIK 2014). In general terms,
scenario analyses are run to examine the financial institution’s response to
events or groups of events and, from there, to create information on its
capacity to withstand possible shocks. Given the inherent characteristics
of sustainability-related risks, which are expected to spread increasingly
their effects in the long-term, scenarios should mirror plausible future
climate, environmental, societal or policy developments and make use of
projections factoring in the most accurate data possible at the time of the
analysis. These projections should in particular be consistent with existing
international agreements and initiatives, notably the Paris Agreement and
the Sustainable Development Goals.8

In practice, building sustainability scenario analyses for financial risks
assessment consists of four steps. First, the identification of a long-term
status or objectives (e.g. in the case of climate change, an increase in
the global average temperature of 2 °C above pre-industrial levels—in
line with the upper limit of the Paris Agreement—or carbon neutrality by
2050). Second, the definition of the possible patterns to reach the identi-
fied status or objectives (e.g. to attain carbon neutrality, full electrification
of the economic system or high levels of deployment of low-carbon ener-
gies). Third, the identification of the sustainability-related risks in each
pattern (e.g. in case of carbon neutrality reached through high levels of
deployment of low-carbon energies, the loss in the assets value of oil
industries and related transition risk or—still—the occurrence of extreme

7Physical risk can be defined as the impacts today on insurance liabilities and the value
of financial assets that arise from climate and weather-related events that may damage
property or disrupt trade. Transition risk can be defined as the financial risk that could
result from the process of adjustment towards a low-carbon economy, such as changes in
policy, technology and physical risks that could prompt a reassessment of the value of a
large range of assets as costs and opportunities become apparent (e.g. BoE 2015).

8For example, with the Paris Agreement the international community pledged for
“holding the increase in the global average temperature to well below 2°C above pre-
industrial levels and pursuing efforts to limit the temperature increase to 1.5°C”. Under
a risk management perspective, scenarios with 2 °C and 1.5 °C temperature increase can
be built to assess the impact on the different economic sectors in terms of transition risk
and physical risk. See, for some reference scenarios, EC (2018).
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Fig. 4.2 Building-up scenario analyses for sustainability-related risks (Notes The
list of elements for each step is illustrative and not meant to be exhaustive. Source
Authors’ elaboration)

weather events and related physical risk). Fourth, the assessment of the
materiality of the identified risks for the specific financial institution (e.g.
the amount of the reduction in the value of the shares of oil companies
in the trading portfolios or the reduction of creditworthiness of existing
and prospective clients hit by extreme weather events). Statistical models,
featured by different levels of sophistication, are typically employed to
support the construction of the scenarios. Figure 4.2 summarises the main
steps for the construction of scenario analyses and lists a number of key
parameters when specifically considering climate change, environmental
degradation and social inequality9 as sustainability-related factors.

Clearly, scenario analyses should be built on the specific characteris-
tics of each financial institution, in particular as concerns the exposure

9For some additional reference on the parameters used to build climate change
scenarios, see TCFD (2019, pp. 69–71).
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to specific sectors, geographies and policy contexts. Each organisation
should hence define the specific assumptions for the analysis based on its
own (risk) profile and individual specifications, and consider several alter-
native possible scenarios. The outcomes of the scenario analysis may be
interpreted under a quantitative or qualitative point of view, also consid-
ering the robustness of the statistical modelling supporting the analysis.
Nevertheless, it is important that the outcomes consider possible short,
medium and long-term impacts to feed efficiently strategic decision-
making. The scenarios built can also be used to run sensitivity analyses (by
foreseeing variances in critical variables) and stress testing (by factoring in
the long-term capital and liquidity positions of the financial institution),10

in this way producing information on the resilience of the organisation to
sustainability-related risks.

In recent years, some concrete advances have been made in partic-
ular as concerns the construction of scenarios able to tackle the risks
coming from climate change. In this respect, examples of impact scenarios
and transition scenarios are progressively getting available.11,12 These

10In this respect, it is important to underline that a number of national and interna-
tional organisations, including the Network for Greening the Financial System (NGFS),
the European Systemic Risk Board (ESRB) and the European Central Bank (ECB) are
currently working on scenarios for climate-related stress tests.

11In April 2020, the Banque de France published a paper providing a tool to build
climate change scenarios to forecast Gross Domestic Product (GDP), modelling both
GDP damage due to climate change and the GDP impact of mitigating measures. It
adopts a supply-side, long-term view, with 2060 and 2100 horizons. It is a global projec-
tion tool (30 countries/regions), with assumptions and results both at the world and
the country/regional level. Five different types of energy inputs are taken into account
according to their CO2 emission factors. Full calibration is possible at each stage, with
estimated or literature-based default parameters. In particular, Total Factor Productivity
(TFP), which is a major source of uncertainty on future growth and hence on CO2 emis-
sions, is endogenously determined, with a model encompassing energy prices, investment
prices, education, structural reforms and decreasing return to the employment rate. Four
scenarios are also presented: Business As Usual (BAU), with stable energy prices relative
to GDP price; Decrease of Renewable Energy relative Price (DREP), with the relative
price of non-CO2 emitting electricity decreasing by 2% a year; Low-Carbon Tax (LCT)
scenario with CO2 emitting energy relative prices increasing by 1% per year; High-Carbon
Tax (HCT) scenario with CO2 emitting energy relative prices increasing by 3% per year.
For full information, see Banque de France (2020).

12In a survey delivered by the Task Force on Climate-related Financial Disclo-
sures (TCFD) to 198 financial institutions and other organisations, 43% of respondents
confirmed the use of scenario for transition risk, 33% for physical risk, 15% for other
risks, 19% were developing their first scenarios and 22% did not used any scenario (due
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scenarios are usually supported by complex models and have been
pioneered by international organisations (e.g. IEA 2019; IPCC 2018).
The specific aim of impact scenarios is to improve the risk management
comprehension of the direct consequences of climate change on people
and the environment, and from there on the financial institutions. To do
that, this type of scenarios typically identify projections for economic areas
and ranges of magnitude for the impact of events linked to climate change
in the long-term (through 2050 or beyond), covering in particular key
sectors such as agriculture, public infrastructures, manufacturing industry
and energy production. World temperature increases (and related scien-
tific literature) can also be used as key orientation, featuring the so-called
temperature scenarios . The focus of these scenarios remains the assess-
ment of the impacts of physical risks and, to this extent, they may employ
forecasts based on statistical probabilities.13 On the other hand, transi-
tion scenarios aim at increasing the understanding of the risks linked to
sectors that may come under pressure as a result of policy shift and tech-
nology advances needed to reach a low-carbon economy. For this reason,
these scenarios mainly model the future development of fossil fuels indus-
tries (and their relations with the rest of the market), while trying to
describe coherent trajectories for the achievement of specific climate goals.
To do that, relevant costs and expenditures profiles are typically first iden-
tified at a company level, by considering parameters such as the costs for
carbon-emission rights or the variance in the cost of debt. In this way,

to the lack of the availability of standard scenarios and assumptions, high complexity and
costs, the consideration of climate-related risks as being non-material, the focus on other
priorities, the use of other methods). The respondents also highlighted the main issues
encountered in developing scenarios, namely: lack of appropriately granular, business-
relevant data and tools supporting scenario analysis; difficulty in determining scenarios,
particularly business-oriented scenarios, and connecting climate-related scenarios to busi-
ness requirements; difficulties in quantifying climate-related risks and opportunities on
business operations and finances; challenges around how to characterise resiliency. See
TCFD (2019).

13Impact scenarios can also leverage existing catastrophe models. These models, devel-
oped in the last decades for insured losses, aim at identifying, assess and manage natural
catastrophe risks linked in particular to seismic and climate hazards. Advanced models exist
for tropical storms, floods, tornados or bushfires, mainly parametrised with historical data
for specific countries or areas. These models can hence play a role in analysing physical
risk for financial institutions, even though limitations remain. These latter are in particular
due to the restrict number of countries and areas covered by existing models and the
absence of structured relation between physical risk and financial risks.



4 SUSTAINABILITY-RELATED RISKS, RISK MANAGEMENT FRAMEWORKS … 103

it becomes possible to draw general estimates on the long-term value of
the company, and the analysis based on these values can be expanded to
create an aggregated assessment.

4.2.4 Setting the Risk-Taking Strategy

The management board is responsible for deciding the risk-taking strategy
of the organisation (in line with the mandate given by the shareholders)
and for allocating responsibility for its execution. To this extent, sustain-
ability has to be considered as an emerging area of responsibility, for
which the management board is today accountable vis-à-vis both share-
holders and other stakeholders. Existing literature has already highlighted
how, in dealing with sustainability issues, sustainability risk management is
progressively emerging as a concrete business strategy option for organisa-
tions, which tries to align profit goals with internal climate, environmental
and social policies (e.g. Anderson and Anderson 2009). Such policies seek
to decrease the negative impact of the company by inter alia reducing the
use of natural resources and decreasing carbon emissions, toxic substances
(and by-products), and make this alignment efficient enough to sustain
and grow the business while still preserving the environment and having
a positive impact on the society (e.g. Anderson and Anderson 2009). In
this respect, evidence also exists today proving that companies may derive
tangible benefits (such as better client loyalty or the possibility to enforce
a market premium for their products or services) from being perceived as
engaged in sustainable activities (e.g. Anselmsson et al. 2014; Migliorelli
and Dessertine 2019a), and that a generally positive relationship has
existed at least in the last twenty years between corporate finance perfor-
mances and environmental, social and governance (ESG) performances
(e.g. Friede et al. 2015).14

However, new emerging elements, that literature has started exploring
only recently, should be today considered by management boards when
it comes to the impact of sustainability-related risks on financial risks.
The first is the mismatch typically existing between the time horizon
of the financial institution’s risk-taking strategy and the time horizon
of the sustainability-related risks (e.g. BoE 2015; BIS 2020). On the

14In many studies, this relationship has been proven even after taking into account the
typical endogeneity problem (that is, the fact that the most financially successful companies
may be the ones that decide to be involved in sustainable initiatives).
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one hand, pressure from stakeholders on management boards for short-
term profitability is often significative, consequently affecting strategic
plans normally extending from three to five years only. On the other
hand, sustainability-related risks are expected to progressively deploy their
effects in the long-term (e.g. IPCC 2018) with, likely, a still relatively
limited impact in terms of materiality in the short-term. As a result,
management boards could tend to underestimate or have little interest
in the potential long-term consequences of the sustainability-related risks
implicitly accepted while adopting a specific risk-taking strategy.15 Yet,
some risk decisions typically result in a significative long-term engage-
ment (e.g. in the case of the origination of a portfolio of 30 years
mortgages or of a large investment launched to reach a new segment
of clientele), and may reduce the flexibility of the organisation to react to
changing market conditions. In such cases, locked-in effects may materi-
alise when sustainability-related risks eventually start becoming material,
with short-term payback possibly switching to long-term losses (see also
Fig. 4.3).

A second element of attention for management boards when consid-
ering the impact of sustainability-related risks on financial risks is the fair
reassessment of the financial institution’s risk appetite. In point of fact,
the voluntary exposure to a certain level of sustainability-related risks is
in the strategic options available for the management board. In financial
terms, this may mean for instance to accept higher credit risk via the expo-
sure to transition risk (e.g. the case of banks deciding to keep providing
lending to polluting sectors) or to accept higher market risk via the expo-
sure to the reputational risk of major clients (e.g. the case of insurance
companies having in their investment portfolios shares of companies not
guaranteeing the fair treatment of workers). In this respect, it seems clear
that the possible impacts of sustainability-related risks should become
a structural part of the strategic reflection at the basis of the defini-
tion of the financial institution’s risk appetite. To this extent, it can be
argued that the organisation’s capacity to systematically and accurately

15In a survey deliverd by Task Force on Climate-related Financial Disclosures (TCFD)
to 198 financial institutions and other organisations, 60% of respondents said that their
organisations consider climate-related issues to be a material risk today or in the next
one–two years, while 28% consider climate-related issues to be a material risk only in six
years or more, or were not sure about it. See TCFD (2019).
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Fig. 4.3 Long-term impact of sustainability-related risks on short-seeing risk-
taking strategy (Notes The figure shows a situation in which sustainability-
related risks are not taken into account when deciding a short-seeing strategy.
The cost of risk is not systematically adjusted for the long-term impact of
sustainability-related risks. In such a situation, the increase in the materiality of
the sustainability-related risks in the long-term [as part of the cost of risk], can
result in short-term payback and long-term losses. Source Authors’ elaboration)

price the sustainability-related risks will progressively increase in impor-
tance. In fact, the failure to correctly defining a pricing for these risks
may result either in a non-remunerated risk-taking or in a missed oppor-
tunity following the choice of not accepting risks which cannot be duly
measured and hence managed.

4.2.5 Implementing the Risk-Taking Strategy

Deal-level analysis is another key area of attention in the management of
sustainability-related risks. In principle, when emerging risks are identi-
fied, they need to be reflected in the risk ratings of actual and potential
clients. Nevertheless, little advances in this direction can be observed thus
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far in the financial industry as concerns sustainability-related risks (e.g.
ACPR 2019; Oliver Wyman 2019). Several banks and other financial insti-
tutions have adopted specific policies for each of their sectors of activity
in order to limit operations implying the financing of projects or busi-
nesses with negative climate, environmental or social impact (e.g. HSBC
2020).16 As a matter of fact, this approach has been driven more by
the financial institutions’ new awareness of their critical role in fostering
sustainability than by a concrete attention towards the management of the
impact of sustainability-related risks on their financial risks (e.g. Migliorelli
and Dessertine 2019b). In addition, such an approach does not properly
shield financial institutions from the impacts of sustainability-related risks,
as actual and potential clients may remain exposed to at least some of
the sustainability-related factors (such as climate change or environmental
degradation) largely independently from their sustainability performances.

Likely, a push towards the adjustment of the existing rating processes
will come along with the consolidation of the materiality of sustainability-
related risks. Most probably, this process will be first undertaken by
established rating agencies and gradually embraced by financial institu-
tions in their internal risk assessment activity (in particular by banks
using internal rating systems). In the euro area, the European Securi-
ties and Markets Authority (ESMA) recently provided technical advice
for the integration of sustainability into credit ratings (ESMA 2019a, b).
In this respect, it can be noted that, in the matter of the integration of
sustainability aspects in credit ratings, rating agencies are already used
to consider governance-related aspects,17 as they more directly influence
strategic decisions, labour force policies and how business expansion is
conceived (including in terms of polluting emission, conflicts of interests
management, compliance, accounting and reporting practices, execu-
tives’ compensation). Moreover, governance risks belong to every entity,
whereas climate or environmental factors vary depending on the issuer’s

16See here https://www.hsbc.com/our-approach/risk-and-responsibility/sustainability-
risk the full set of sustainability risk policies adopted by HSBC, as a concrete example of
exclusion criteria for non-sustainable projects or initiatives.

17At the same time, some credit rating agencies also include the regulatory environ-
ment, the legal and financial infrastructure, and the institutional environment in which
governance takes decisions (ESMA 2019b).

https://www.hsbc.com/our-approach/risk-and-responsibility/sustainability-risk
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industry sector and its location.18 Concretely, approaches that can be
adopted for assessing probability of default or expected losses refer to
how sustainability-related factors affect the ability of the analysed entity
to convert assets into cash, the impact of sustainability-related events on
the entity’s cost of capital, the impact of sustainability-management costs
to the entity’s profit generation (scenario analysis can again be used to this
end). In proceeding in this direction of development, the main enablers,
to be also pushed at policy level, are data availability and the consistency
of both measurement and disclosure systems (ESMA 2019b).

4.3 Disclosure of Sustainable
Activities and Related Risks

4.3.1 Materiality of Sustainability-Related Risks and Disclosure

Financial disclosure aims at providing sufficient, reliable and comparable
information on the company’s performances to investors, and more in
general to all types of stakeholders (including public administrations, citi-
zens and non-profit organisations). In this way, an external unbiased
assessment of the company becomes possible and investment decisions
can be driven efficiently. In recent years, the disclosure of sustainability-
related information (as part of non-financial disclosure) has started to be
considered with growing interest by policymakers as an instrument poten-
tially able to endogenously push private businesses to promote sustainable
activities and policies.19 Beyond its implicit cost, disclosing sustainability-
related information can bring concrete benefits for companies. Among
these benefits, it can be listed an improved corporate social responsi-
bility awareness in the reference markets, an impulsion towards a better
understanding of sustainability-related risks (including the aspect of risk
management), and likely a more diverse investor base with a lower cost
of capital.20

18When considered, environmental risks are sometimes proxied by renewable resources’
usage and waste management, social risks are sometimes proxied by GDP per capita,
income inequality, political risk, institutional strength and other indexes provided by
accountable institutions such as the World Bank (ESMA 2019b).

19For an overview of the sustainability and environmental reporting evolution over
time, see for example Weber and ElAlfy (2019).

20This can be a long-term result, for example linked to improved credit ratings for debt
issuance and better credit worthiness assessments for bank loans, or to a better placement
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When it comes to the identification of the sustainability-related infor-
mation to disclose, even in a context featured by a high level of hetero-
geneity between jurisdictions and practices, some principles have progres-
sively emerged. In this respect, disclosed information should be: material;
fair, balanced and understandable; comprehensive but concise; strategic
and forward-looking; stakeholder-oriented; consistent and coherent (e.g.
EC 2019). As concerns the central aspect materiality, it can be easily
argued that its assessment represents already a cornerstone in financial
accounting and reporting, so that any item having financial impact must
be measured and properly accounted for. Nevertheless, materiality disclo-
sure related to sustainability factors should be considered today as having
a (very) large scope, including not only information having direct and
measurable impacts in financial terms, but also any element potentially
influencing the value of the company in a broad perspective. By adopting
this view, two major categories of information object of disclosure can
be identified. The first refers to the activities carried out by the company
and having either a positive or a negative sustainability impact. Examples
are the disclosure of the level of greenhouse gas (GHG) emissions of the
company or of the policies adopted on matters such as the fair treatment
of employees, the respect of human rights, the anti-corruption and anti-
bribery internal rules. The second category of information concerns the
sustainability-related factors and risks that have, or are likely to have, a
direct and measurable financial impact on the company.21 Examples of
this information are the quantification of the actual and potential losses
due to the negative effects of climate change (e.g. in the form of high
incidence of draughts, floods and storms) and the related list of locations
or business lines that are subject to such risks.

The disclosure of sustainability-related information should hence allow
a throughout understanding of the overall sustainability performances
of the company and of the specific impacts of the sustainability-related
risks. Such broad perspective is today relevant in particular for market
investors, which indeed need to know about the sustainability charac-
teristics of the companies for both portfolio selection needs (e.g. in the

of company securities in the portfolios of actively managed investment funds. However,
such a possible outcome can count thus far on little evidence in scientific literature.

21The large part of the considerations included in this book refers to this second
category.
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case of sustainable funds picking shares of environmentally friendly busi-
nesses) and for financial risk assessments (e.g. in case of banks analysing
the creditworthiness of clients under the threat of climate change).

4.3.2 Main Existing Standards and Frameworks

As of today, the approaches towards the disclosure of sustainability-related
information remain widely heterogeneous, also as a consequence of the
relative novelty of the matter. However, in the last years a number of juris-
dictions and organisations have started to develop and promote standards
or frameworks, focusing in particular on the impact of climate change,
the preservation of the environment, the social and governance issues.
While in same cases the disclosure of (certain types of) sustainability-
related information has become mandatory (e.g. in the case of the EU
Non-Financial Reporting Directive, NFRD), several initiatives have seen
the light headed by international organisations and resulting in guidelines
to steer voluntary disclosure. Noteworthy examples of the latter are the
ones developed by the Climate Disclosure Project (CDP), the Climate
Disclosure Standards Board (CDSB), the Global Reporting Initiative
(GRI), the Principles for Responsible Investment (PRI), the Sustainability
Accounting Standards Board (SASB) the Task Force on Climate-related
Financial Disclosures (TCFD). These initiatives have had indeed the merit
to contribute to foster best practices and promote the discussion on appli-
cable standards both at policy and industry levels. Table 4.1 summarises
the main disclosure standards and framework currently in place.

Among the mentioned standards and frameworks, the recommen-
dations and the recommended disclosure of the TCFD have recently
emerged as a particularly important reference as concerns climate change.
The recommendations apply specifically to organisations in the financial
sector, including banks, insurance companies, asset managers and asset
owners, and are expected to be used in compliancy with existing manda-
tory disclosure obligations (in the jurisdictions in which such obligations
are in place).22 The TCFD has a strict financial materiality perspective and

22If certain elements of the recommendations are incompatible with national disclo-
sure requirements for financial filings, the TCFD encourages organisations to disclose
those elements in other official company reports that are issued at least annually, widely
distributed and available to investors and others, and subject to internal governance
processes that are the same or substantially similar to those used for financial reporting
(TCFD 2017).
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divides climate-related risks into two major types: risks related to the tran-
sition to a low-carbon economy and risks related to the physical impacts
of climate change (TCFD 2017). In this respect, recommendations and
recommended disclosure are referred to the four key areas of governance,
strategy, risk management, metrics and targets. One of the TCFD’s key
recommended disclosures refers to the resilience of an organisation when
taking into consideration different climate-related scenarios, in particular
a 2 °C (or lower) scenario. In this respect, the TCFD recognises the rele-
vance of the use of scenarios in assessing climate-related issues and their
potential financial implications, while also acknowledging that these prac-
tices are relatively recent and will progressively evolve over time (TCFD
2017). Table 4.2 details the TCFD recommendations and recommended
disclosure.

4.3.3 Market Discipline and Sustainability-Related Risks:
A Meaningful Relationship?

The question of whether sustainability-related disclosure is today an
instrument able to effectively foster market discipline and efficiently
drive investors decision is of the utmost importance. In this respect,
even though corporate disclosure of sustainability-related information (for
both financial and non-financial companies) has improved in recent years,
it can be argued that significant gaps are still evident, and further improve-
ments in the quantity, quality and comparability of disclosures is required
to meet the needs of investors and other stakeholders. In particular, it
can be observed that, even when mandatory disclosure requirements are
foreseen, a high level of flexibility is usually granted to companies as
concerns the type of information to disclose and how to disclose them.
Such an approach, if on the one hand reduces the burden for compa-
nies in a necessarily introductory phase, on the other hand makes the
comparison between companies often particularly difficult or even impos-
sible. In point of fact, the high level of heterogeneity that can be today
observed may dilute the effects of market discipline and hamper the
widespread adoption of virtuous sustainability-oriented behaviours. In
such a context, the location of the disclosure may also play a significative
role. At best, the default location for the non-financial disclosure should
be the company’s management report or eventually the notes to financial
statements. Nevertheless, many examples exist of companies taking the
option (allowed by regulators) to publish their non-financial statement
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Table 4.2 TCFD’s recommendations and supporting recommended disclosures

Governance Strategy Risk management Metrics and targets

Recommendations
Disclose the
organisation’s
governance around
climate-related risks
and opportunities

Disclose the actual
and potential
impacts of
climate-related risks
and opportunities
on the
organisation’s
businesses, strategy
and financial
planning where such
information is
material

Disclose how the
organisation
identifies, assesses
and manages
climate-related risks

Disclose the metrics
and targets used to
assess and manage
relevant
climate-related risks
and opportunities
where such
information is
material

Recommended disclosure
• Describe the

board’s oversight
of climate-related
risks and
opportunities

• Describe
management’s
role in assessing
and managing
climate-related
risks and
opportunities

• Describe the
climate-related
risks and
opportunities the
organisation has
identified over
the short,
medium, and
long-term

• Describe the
impact of
climate-related
risks and
opportunities on
the organisation’s
businesses,
strategy, and
financial planning

• Describe the
resilience of the
organisation’s
strategy, taking
into consideration
different
climate-related
scenarios,
including a 2 °C
or lower scenario

• Describe the
organisation’s
processes for
identifying and
assessing
climate-related
risks

• Describe the
organisation’s
processes for
managing
climate-related
risks

• Describe how
processes for
identifying,
assessing, and
managing
climate-related
risks are
integrated into
the organisation’s
overall risk
management

• Disclose the
metrics used by
the organisation
to assess
climate-related
risks and
opportunities in
line with its
strategy and risk
management
process

• Disclose on
greenhouse gas
(GHG)
emissions, and
the related risks

• Describe the
targets used by
the organisation
to manage
climate-related
risks and
opportunities and
performance
against targets

Source Authors’ elaboration on TCFD (2017)
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in separate reports, also in the case of sustainability-related disclosure.
Again, this approach can disperse the effectiveness of the disclosure. In
this respect, it should be argued that when companies make use of sepa-
rate reports they should at least ensure that the information is easily
accessible for intended end-users, with the burden for the research and
the usability of the information to be reduced at a minimum.23
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Abstract This chapter discusses the possible impact of sustainability-
related factors (such as climate change, environmental degradation, social
inequality, policy and technology shifts) on financial stability. To this
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of financial intermediaries are necessary to better manage sustainability-
related risks. This refers in particular to the existing risk-management
frameworks (which may not consider sustainability-related risks) and
to the timespan of the risk-taking strategies (which typically underes-
timate the long-term nature of sustainability-related risks). Hence, the
chapter discusses a set of policy actions to both mitigate and control
for sustainability-related risks. In this respect, it focuses on the need of
evolving the prudential supervisory approaches and on the possibility to
assign a more active role to central banks.

Keywords Sustainability-related risks · Climate change-related risks ·
Financial stability · Risk management frameworks · Macroprudential
supervision · Central banks

5.1 Introduction

Financial stability can be defined as the condition in which the finan-
cial system, comprising financial intermediaries, markets and market
infrastructures, is capable of withstanding shocks and the unravelling of
financial imbalances (ECB 2019). In such a condition, the likelihood of
disruptions in the financial intermediation process that are systemic and
severe enough to trigger a material contraction of real economic activity
can be considered to be mitigated. Already before the 2007–2009 Great
Crisis, literature had highlighted three key characteristics that a financial
system needs to have in order to maintain financial stability (e.g. Fell
and Schinasi 2005). First, it has the capacity to efficiently and smoothly
facilitate the intertemporal allocation of financial resources from savers
to investors. Second, it can comfortably absorb both financial and real
economic shocks. Third, it foresees mechanisms and practices to ensure
that financial risks are assessed, priced and managed accurately by finan-
cial intermediaries. If one or more of these characteristics is not present,
then it is likely that the financial system is moving in the direction of
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becoming less stable, and at some point in time it might exhibit insta-
bility. Monitoring and ensuring financial stability implies the throughout
considerations of a full range of potentially harming factors, both external
and internal to the financial intermediaries, including an assessment of the
systemic relevance of the potential fragilities coming from each financial
actor (this latter in particular to avoid contagion effects1).

When it comes to the possible impact of sustainability-related risks on
financial stability, it is relevant to analyse the matter under the light of
the possible emergence over time of new (and underestimated) finan-
cial risks. This chapter mainly focuses on this issue. To do that, it is
structured as follows. First, it introduces the key features of the policy
frameworks typically in place to ensure financial stability, as well the
possible role of sustainability-related risks in these frameworks. This is
done in Sects. 5.2 and 5.3. Second, it proposes a number of actions
to be undertaken by policymakers to effectively shield financial stability
from sustainability-related risks, with particular emphasis on the role of
prudential supervisory authorities. This analysis is carried out in Sects. 5.4,
5.5 and 5.6. Finally, some preliminary conclusions on the relationship
between sustainability-related risks and financial stability are presented in
Sect. 5.7.

5.2 Brief Outline of the Policy
Approach to Financial Stability

Given its broad scope, financial stability has been traditionally pursued
by policymakers worldwide through a structured mix of regulation and
organisational structures. To this extent, a preventive arm of policy action
aiming at limiting situation of crisis is normally accompanied by a remedial
harm dealing with specific cases of financial distress. The preventive arm
typically includes the definition of prudential legislation, the empower-
ment of authorities and agencies with specific supervisory and regulatory

1In this respect, the Basel Committee on Banking Supervision (BCBS) published in
October 2012 a principles-based framework for dealing with domestic systemically impor-
tant banks (BCBS 2012). The European Union implemented this framework in the Capital
Requirements Directive (CRD IV) and the European Banking Authority adopted guide-
lines that recommend to the national macroprudential authorities the approach to follow
for the identification of systemically important banks at the domestic level. Hence, national
authorities designate systemically important banks and set capital buffers for them.
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competences, the public support to the establishment of a sound phys-
ical market infrastructure (and related market conventions), as well as the
periodical provision of information by public authorities to the market
on the most relevant economic and financial risks. On the other hand,
the remedial arm usually foresees different forms of liquidity and solvency
support for distressed financial entities as well as mechanisms to orderly
managing deeper crises, including in case of entities’ resolution.2,3

Prudential supervision represents in such a context a central pillar for
the safeguard of financial stability, and it is particularly relevant when
it comes to the analysis of the systemic impacts of sustainability-related
risks on financial risks. In broad terms, prudential supervision refers to
the oversight of financial institutions to ensure that they are complying
with relevant regulation and, more generally, are operating soundly and
prudently in line with the principles laid down by the financial stability
framework.

In the last two decades, it has been observed a tendency to assign
prudential supervision of credit and insurance institutions to central

2See for example Allen and Wood (2006).
3An example of the structured mix of the regulation and organisational structure in

place to ensure financial stability is the one adopted in the European Union (EU). In the
EU, financial stability is first nested in the framework defined by the combination of the
so-called Banking Union and Capital Markets Union. The Banking Union is mainly built
around the Capital Requirements Directive and Capital Requirements Regulation (CRD
IV-CRR package, derived by the Basel Accords), the Bank Recovery and Resolution
Directive (BRRD) and the Deposit Guarantee Schemes Directive (DGSD). The overall
aim of these pieces of legislation is to enforce financial stability through a mix of measures
designed to both reduce and share banking sector risks. In this respect, the Banking Union
eventually results to be based on three pillars: a single supervisory mechanism (SSM), a
single resolution mechanism (SRM) with a related single resolution fund, and a Euro-
pean deposit insurance scheme (EDIS). However, the EU macro-prudential framework
is to a significant extent implemented in a decentralised way. Authorities in the Member
States identify risks and may implement macro-prudential measures within the remit of
their jurisdiction. Such a decentralised set-up is mainly due to the fact that systemic risks
are often local or national in scope and interrelate with specific national situations (see
for example EC 2019a). To balance this decentralised implementation, the EU macro-
prudential framework also comprises mechanisms to avoid excessive heterogeneity. To this
extent, the European system of financial supervision (ESFS) was introduced in 2010. It
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banks, as a supplementary activity to the one of definition and imple-
mentation of the monetary policy.4 A set of instruments is usually in
the toolkit of prudential supervisory bodies to perform their tasks, with
different instruments used for different purposes. As concerns the super-
vision of credit institutions, specific instruments are aimed at facing the
cyclical systemic risks which may arise from the self-perpetuating interac-
tions between lending, on the one hand, and the valuation of the real
and financial assets used as collateral, on the other hand (the relation-
ship between mortgages lending practices and the price of real estate is
a typical example). Scenario analyses and stress testing are widely used
techniques to monitor the potential magnitude of these types of risks.
Other instruments look at the broad structure of the financial markets
and are intended to attenuate the risks arising from the dominant posi-
tions that some institutions may acquire or can result from a high level
of interdependence between financial institutions. The request of supple-
mentary capital buffers for systemic relevant banks is a case of possible
risk mitigating action in such cases (e.g. NBB 2018). Finally, other instru-
ments exist dealing with specific risks. These are used in particular in the
management of liquidity and capital positions in banking groups, or in the
adjustment of the capital requirements in line with specific developments
in the financial or property markets (e.g. NBB 2018).

comprises the European Systemic Risk Board (ESRB), which ensures that the objectives
of financial integration at EU level and financial stability at the Member State level can be
jointly pursued, and the three European supervisory authorities (ESAs), namely: the Euro-
pean Banking Authority (EBA), the European Securities and Markets Authority (ESMA)
and the European Insurance and Occupational Pensions Authority (EIOPA). On the other
hand, financial stability is also fostered through the implementation of the Capital Markets
Union, the blueprint headed by the European Commission to channel financial resources
to all types of companies and infrastructure projects that need it to expand and create
jobs. A first specific action plan to build the Capital Market Union has been published in
2015 (see EC 2015).

4Central banks act to pursue specific objectives as defined by their statutory documents.
For example, the main objective of the European Central Banks (ECB) is to maintain price
stability, defined as a year-on-year increase in the Harmonized Index of Consumer Prices
(HICP) for the euro area close but below 2%. In addition, without prejudice to the
objective of price stability, the ECB may support the general economic policies in the
Union. These may include, inter alia, full employment and balanced economic growth.
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5.3 Financial Intermediaries and Key
Areas of Attention in the Management

of Sustainability-Related Risks

In point of fact, an argument can be made according to the idea that the
threat to financial stability coming directly from sustainability-related risks
is somewhat limited in the short-term. The likelihood of the appearance
of a systemic crisis in the financial sector in the next few years stemming
from factors such as climate change, environmental degradation, social
inequality or policy and technology shifts is reasonably low.5 However,
such a threat is expected to considerably increase in the future with
the foreseen consolidation of sustainability-related risks, both in terms
of frequency and magnitude (the severe consequences of the expected
increase in temperature worldwide in the next decades are an example of
this dynamic6). For this reason, the implementation of forward-looking
mitigation actions by both supervisory entities and financial institutions in
order to preserve financial stability from sustainability-related risks should
not be postponed too late in the future.

In this respect, at least two (interrelated) elements featuring the
approach to risk-management and risk-taking of financial intermediaries
should be carefully considered in the assessment of the possible impact
of sustainability-related risks on financial stability. On the one side,
the reliability of the existing risk-management frameworks, which may
not systematically and coherently take into account the occurrence of
sustainability-related risks and their link to financial risks. On the other
side, the possible timing mismatch between the risk-taking strategies of
financial intermediaries, often shaped to produce results in the short or
medium term, and the profile over time of the sustainability-related risks,
these latter expected to have increasingly disruptive effects in the longer
term (e.g. BoE 2015; ACPR 2019; BIS 2020).

The need for financial intermediaries to adjust their risk management
frameworks in order to consider the possible impact of sustainability-
related risks on their financial risks may progressively become material.
This implies the incremental development of specific risk management

5For a wider analysis of the relation between sustainability-related risks and financial
risks, see Chapter 1.

6See IPCC (2018) or BIS (2020).
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methodologies7 and, more in general, an enrichment of the risk culture.
In particular, models able to predict the development of climate and envi-
ronmental variables and simulate economic impact scenarios tailored on
the business of each intermediary (specifically in terms of geographic areas
and economic sectors served) would need to be progressively developed.
In addition, as risk-taking activities are typically decentralised at opera-
tional units, the familiarity of all the relevant levels of the organisation
with the possible consequences for the business of sustainability-related
factors is also expected to play an increasingly important role.

On the other hand, it would be necessary for financial actors to criti-
cally reassess the reference horizon of their risk-taking strategies, in a way
to be able to fully factoring in sustainability-related risks (e.g. BoE 2015).
As a matter of fact, the tendency of part of the financial industry to priv-
ilege short-termism and strategies set to produce positive returns in the
space of a few years clearly goes in the opposite direction of a throughout
understanding of sustainability-related risks, which in many cases spread
their effects in the long-term.8 In this respect, it is important to under-
line that threats to financial stability may also arise from the possibility
of disorderly adjustments of imbalances that have built up endogenously
over a period of time because, for example, expectations of future returns
were misperceived and therefore mispriced. This latter can be in particular
the case for stranded assets and as a consequence of policy and technology
changes.

5.4 The Wider Policy Approach

In general terms, two major areas of action can indeed be highlighted
for policymakers in order to shield financial stability from the expected
impact of sustainability-related risks. The first concerns the set of actions
to put in place with the aim of limiting the foreseen incidence of these
risks. The second refers to the most effective ways to effectively dealing
with the effects of the risks.

The possibility of limiting the expected incidence of sustainability-
related risks on financial risks does not lay only in the field of finance. On
the contrary, it implies the prior assessment of the different facets of the
sustainability of human activities on the planet as well as the conception

7For further details, see Chapter 4.
8See, as concerns global warming and climate change, IPCC (2018).
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and evaluation of the possible corrective measures. As a matter of fact, the
possibility to trigger a trend reversal in matters such as climate change or
environmental degradation depends on a multitude of factors. It can be
expected that aspects regarding political engagement, effective regulation,
technological improvements, scientific research and investment flows will
jointly determine the feasibility and speed of the changeover (e.g. EC
2019b; Migliorelli and Dessertine 2019). For this reason, actions aiming
at reducing the sustainability-related risks should indeed be nested in
the wider policy initiatives having as objective the fight against climate
change, the restoration and preservation of the environment, the reduc-
tion of the inequalities. On the other hand, it can be argued that policy
actions aimed at specifically dealing with the financial risks stemming
from sustainability-related risks (that is understanding, measuring and
managing the relationship between the different types of sustainability-
related risks and financial risks) can be more easily narrowed in scope,
and specifically assessed in the traditional perimeter of action of prudential
supervision authorities.

In such a context, Table 5.1 reports six key policy actions that jointly
would likely allow to effectively limit and deal with the sustainability-
related risks and, in turn, would also safeguard financial stability. In point

Table 5.1 Key policy actions to safeguard financial stability from sustainability-
related risks

# Action Objective

1 Implementing the Paris Agreement and
reaching the Sustainable Development
Goals

Reducing the risk

2 Mainstreaming sustainable and green
finance

Reducing the risk/dealing with the risk

3 Assessing the impact of climate policies
in order to limit sideeffects

Reducing the risk

4 Fostering economic resilience to
sustainability-related risks

Reducing the risk

5 Ensuring prudential supervision of the
impact of all sustainability-related risks on
financial markets

Dealing with the risk

6 Establishing global governance structures
for the analysis of the impact of
sustainability-related risks on financial
markets

Dealing with the risk

Source Authors’ elaboration
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of fact, adopting such a set of actions would results first and foremost in
the definition of a comprehensive policy programme backed by a strong
commitment towards the achievement of a sustainable society.

5.4.1 Implementing the Paris Agreement and reaching
the Sustainable Development Goals9

The Paris Agreement and the Sustainable Development Goals, both
dated 2015, are today the cornerstones of the international communi-
ty’s engagement towards the fight against the climate change and the
construction of a more sustainable and fair society. However, it is increas-
ingly evident that the fortune of these deals will decisively depend on
the level of political commitment during the (necessary long) imple-
mentation phase.10 Some jurisdictions, such as the European Union,
have already made some concrete steps to drive the change,11 while
in other cases, as for the United States, a certain level of disengage-
ment has been observed.12 Intermittent political commitment can risk
to dilute the efforts and the results reached thus far. On the contrary, a
full implementation of the Paris Agreement and the achievement of the
Sustainable Development Goals will allow a sensitive reduction of all the
sustainability-related risks, in this way also reducing their potential impact
on financial stability.

9For a wider dissertation on the Paris Agreement and the Sustainable Development
Goals, see Chapter 1 or Berrou et al. (2019b).

10In particular for the Paris Agreement, the political commitment of the countries
responsible for the largest part of the greenhouse gas emission is essential. In this respect,
China counts for about 26% of the GHG emissions, the U.S. for 15%, the EU for 10%,
India for 6%, Russia for 5%, Japan for 3%, Brazil for 2%. Source: World Research Institute.
Data referred to 2014.

11At European Union’s level, it should at least be listed the issuance of the Euro-
pean strategic long-term vision for a prosperous, modern, competitive and climate-neutral
economy (EC 2018a) and the European Green Deal (EC 2019b).

12In June 2017, United States President Donald Trump announced his intention to
withdraw his country from the Paris Agreement. Under the agreement itself, the earliest
effective date of withdrawal for the United States is November 2020.



128 M. MIGLIORELLI ET AL.

5.4.2 Mainstreaming Sustainable and Green Finance

Sustainable finance may be referred to the process of taking due account
of environmental and social considerations in investment decision-
making, leading to increased investments in longer term and sustainable
activities (EC 2018b).13 In this respect, green finance can be consid-
ered to be part of the wider sustainable finance landscape.14 The growth
of sustainable finance market, and in particular of green finance, can
be considered today robust, as increasing volumes are accompanied by
sectorial diversification and a continuously widening range of products.
Nevertheless, it can be argued that the actual levels of issuance of sustain-
able securities is still nothing more than “a drop in the ocean” when
it is compared to estimated needs for an effective financing of the
sustainability objectives.15 As a matter of fact, for sustainable finance to
effectively contribute to mitigate the sustainability-related risks, from a
promising niche it has to evolve in a mainstream way of financing. To do
that, the full involvement of key policymakers is fundamental as market
forces alone will most probably be ineffective to produce the necessary
transition.16

5.4.3 Assessing the Impact of Climate Policies in Order to Limit
Side Effects

Climate policies in particular are expected to trigger an unprecedented
shift in the structure of the economies that will embrace the change.
If effective, these policies will be also accompanied by a new stream of

13For more details on possible definitions of sustainable finance and green finance, see
UNEP (2016) or Berrou et al. (2019a).

14See also Chapter 1.
15As an example, investments of around EUR520–575 billion annually have been esti-

mated to be necessary in the EU in order to achieve a net-zero greenhouse gas economy
in the 2050 horizon (EC 2018a). In 2018, annual emissions of labelled green bonds (the
major security in the green finance market segment) in the EU can be estimated in less
than EUR50 billion (authors’ elaboration on data CBI).

16Namely, to mainstream sustainable finance it would be needed that environmental and
other sustainability-related risks are properly included in the investors’ decision-making
processes, market demand is effectively channelled towards sustainable investments, addi-
tionality is adequately encouraged by policymakers when needed and the banking sector
is fully engaged in the transition. For a more detail dissertation, see also Migliorelli and
Dessertine (2019).
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technology advances that will help reducing greenhouse gas emission and
eventually minimise the dependency from fossil fuels. Policy and tech-
nology shifts may however produce considerable side effects as they can
result in a rapid and unaffordable obsolescence of a large amount of
economic assets.17 A typical case could be represented by the loss of value
of oil companies in a society with 100% of electric cars and green build-
ings. As a matter of fact, financial stability could also be threatened by
policies aiming at fostering sustainability without considering the conse-
quent impact on traditional sectors and disrupted incumbent industries.
Hence, it is necessary for climate policies to be backed by an assessment
of potentially negative impacts on specific economic actors, and foresee
when necessary adapted mitigating and transition measures (e.g. in the
form of “transition funds”).

5.4.4 Fostering Economic Resilience to Sustainability-Related Risks

Financial stability may increasingly depend on the economic resilience to
sustainability-related risks of the different economic actors. In this respect,
the strengthening of the response capabilities to climate and environ-
mental risks in particular (which can eventually translate into physical risks
and other risks arising from natural catastrophes) should be considered a
key policy objective in the years to come. In principle, such resilience
should be endogenously built over time by economic actors, in particular
by continuing assessing the potential impacts of sustainability-related risks
on their businesses, and planning investments consequently. Nonetheless,
the role of public actors in this area is still of the utmost relevance and
should consist in at least three concrete actions. First, to raise aware-
ness towards relevant stakeholders on the expected increasing incidence
of sustainability-related risks on their business, that can be underesti-
mated due to short-seeing approaches to risk-taking and focus on the
specific phase of the business cycle. Second, to ensure that key national
and international infrastructures are resilient to sustainability-related risks
(and in particular to the ones linked to climate change), in order to avoid
major disruptions in trade and business operations. Third, to foster market

17Estimates of losses are large and range from USD1 trillion to USD4 trillion when
considering the energy sector alone (IAE and IRENA 2017).
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discipline and allow better pricing and monitoring of the exposure of busi-
nesses to sustainability-related risks, in particular by identifying and set
specific disclosure requirements for these risks.18

5.4.5 Ensuring Prudential Supervision of the Impact of All
Sustainability-Related Risks on Financial Markets

As of today, only a few authorities in charge of financial stability have
started to study the possible incidence of sustainability-related risks on
financial risks, by focusing on climate change-relate risks and, at a lesser
extent, to environmental-related risks (e.g. PRA 2018; ACPR 2019). As
the potential impact of sustainability-related risks become more accepted
and material, the need for a more structured approach under a pruden-
tial supervision perspective also materialises. Among the suitable actions,
systematically monitoring the overall exposure and resilience of the
financial system to sustainability-related risks and encouraging financial
intermediaries to develop specific methodologies for handling such risks
conveys particular importance. In addition, an assessment of the existing
prudential requirements can also be needed. In fact, it can be argued
that existing capital requirements may largely play against the full inclu-
sion of sustainability-related risks in risk management frameworks and
increase the possibility of market failures. As the Basel framework adopt
a risk-weighted approach to capital consistencies, banks may need to bear
increasing capital costs when fully considering sustainability-related risks.
Hence, an effort to better integrate such risks into prudential supervision
frameworks by verifying the suitability of the existing capital requirements
may be also necessary in the mid-term.19

18See also Chapter 4.
19The capital requirements set out in the Pillar 1 of the Basel III framework do not

consider sustainability-related risks directly (capital is explicitly required only for credit and
operational risk s related to borrowers that violate environmental regulations), so it can
be argued that the Basel III framework is not adapted as such to promote a progressive
integration of sustainability-related risks (Cambridge and UNEPFI 2014). Despite the fact
it seems attractive to foster green lending by regulatory-based incentives linked to Pillar
1 (e.g. by lowering risk weights or by using other types of “green supporting factors”),
the prudential regime should remain fully focused on risk management and any inno-
vation carefully assessed. Weak material incentives (e.g. slightly lowered risk weights for
sustainable assets) would probably not change the banks’ investment behaviour, whereas
greater incentives may have the undesired effect to incentivise regulatory arbitrage towards
exposures that absorb less regulatory capital while still bearing financial risk and existing
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5.4.6 Establishing Global Governance Structures for the Analysis
of the Impact of Sustainability-Related Risks on Financial

Markets

The establishment of global structures for the fair assessment of the
possible impacts of sustainability-related risks on financial markets can
produce considerable benefits when it comes to the need to identify
the most effective ways forward to deal with these risks. In point of
fact, sustainability-related risks are often originated from the cumulative
behavior of actors located in several different countries or even continents.
In addition, the response to the threats coming from sustainability-related
factors may not be effective if not implemented globally (the fight against
the increase of temperatures due to global greenhouse gas emissions
is a typical example). A global governance for the sustainability-related
risks implies the creation of specific bodies or agencies empowered to
discuss relevant items (such as regulation effectiveness, data gathering
and sharing, methodological approaches, standards for disclosure) and
formulate policy recommendations. The Network for Greening the Finan-
cial System (NGFS),20 the Sustainability Accounting Standard Board
(SASB)21 and the Task Force on Climate-related Financial Disclosures
(TCFD)22 represent noteworthy initiatives in this direction, even if
limited in scope.

regulatory uncertainties (e.g. related to the definition of sustainable, green or brown
assets).

20Launched at the One Planet Summit in Paris in December 2017 under the initiative
of the Banque de France, the NGFS is composed by more than 30 central banks, supervi-
sory bodies and international organisations (including Banco de España, Bank of England,
Bank of Finland, Banque Centrale du Luxembourg, Deutsche Bundesbank, European
Banking Authority, European Central Bank, Japan FSA, National Bank of Belgium, Oester-
reichische National Bank, the People’s Bank of China, the Reserve Bank of Australia,
Reserve Bank of New Zealand). It aims on a voluntary basis to exchange experiences and
best practices, to contribute to the development of environment and climate risk manage-
ment in the financial sector, and to mobilise mainstream finance to support the transition
towards a sustainable economy. In 2019, the NGFS issued the first comprehensive report
on climate change as source of financial risk (NGFS 2019).

21The SASB (https://www.sasb.org/) is a non-profit organisation that sets financial
reporting standards on the issue of sustainability. In this respect SASB standards have as
objective to enable businesses to identify, manage and communicate financially material
sustainability information to their investors.

22The TCFD (https://www.fsb-tcfd.org/) aims at developing voluntary, consistent
climate-related financial risk disclosures for use by companies in providing information to

https://www.sasb.org/
https://www.fsb-tcfd.org/
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5.5 Sustainability-Related Risks
and Prudential Supervision

In the last a few years only, first progress has been made by financial
stability authorities in understanding how the financial system may be
vulnerable to the physical risk of climate change and to risks from a
slow response to the need for a transition to an economy with lower
carbon emissions (ECB 2019). However, these authorities, which include
in particular central banks, still face significant gaps in the availability of
assessments of risk management and stress testing frameworks, as well
as in the availability of comprehensive and reliable disclosures and the
reporting of relevant data, such as carbon emission-related data (ECB
2019; BIS 2020).

As mentioned above, prudential supervision practices should evolve
in order to take into account the novelties introduced by sustainability-
related risks.23 In this respect, the NGFS provided in 2019 a high-level
roadmap for the integration of climate-related factors into pruden-
tial supervision, highlighting a possible course of action. The actions
suggested refer to raising awareness and building capacity among firms,
assessing climate-related risks, setting supervisory expectations, requiring

investors, lenders, insurers and other stakeholders. The TCFD in particular considers the
physical, liability and transition risks associated with climate change and what constitutes
effective financial disclosures across industries.

23In April 2020 Basel Committee published the main results of a survey (BCBS
2020) on the initiatives on climate-related financial risks conduct on 27 Basel Committee
members, including the European Central Bank (ECB) and the European Banking
Authority (EBA). A large majority of these supervisors detected that they do not have
an explicit mandate with regards to climate-related financial risks, but indicated that such
risks could potentially impact the safety and soundness of individual financial institutions
and could pose potential financial stability concerns for the financial system. Then, these
institutions believe they can act within their existing mandate to mitigate climate-related
financial risks. Even if the climate-related financial risks are not specifically designated in
their regulatory and supervisory framework, most of these supervisory authorities consider
these risks to fall implicitly within their existing framework, since the existing prudential
framework requests banks to manage all risks of relevance, including climate-related finan-
cial risks. However, a few authorities are of the view that climate-related financial risks
should be manifested or embedded into the existing risk categories (e.g. credit risk, oper-
ation risk, etc.), rather than be considered a new and standalone category of risk. Less
than half of the Basel Committee members have issued dedicated supervisory guidance
related to the governance, strategy and/or risk management of climate-related financial
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transparency to promote market discipline, mitigating risk through finan-
cial resources. The full roadmap and related measures is reported in
Table 5.2.24

Such a comprehensive approach has indeed the merit to fully consider
climate-related risks as elements having an impact on financial risks, and
to propose a way forward to gradually put in place a structured pruden-
tial supervisory framework to the management of these risks. However,
the NGFS’s recommendations are not compulsory and the reach of this
body is indeed not global (in particular, the United States have not
taken part to this initiative). Hence, a certain level of heterogeneity in
the responses to this call for action should be expected. In addition, the
limitation to climate-related factors (that is, not including among others
environmental, social, policy and technology factors) still makes the full
management of the impact of sustainability-related risks on financial risks
an objective far to be reached. In this respect, the gradual extension of
prudential supervisory action to other sustainability-related risks should
be encouraged.

risks by banks. The form chosen to this supervisory guidance is guidelines, action plans
or supervisory statements, and they are not always legally binding rules. Rather, it is
principle-based or interpretations of existing rules. In addition to supervisory guidance,
some institutions are working on identifying ‘best practices’ to mitigate climate-related
financial risks and some of these initiatives are being conducted together with private-
sector participants. Most supervisors have not yet included some form of the mitigation
of climate-related financial risks into the prudential capital framework. However, some
institutions are still quite far from being able to quantitatively assess the climate-related
financial risks in the context of capital. As such, they have no short-term plans to consider
applying Pillar 1 or Pillar 2 requirements for climate-related financial risks. Regarding
the potential application of Pillar 2 capital add-ons, several institutions believe that the
current Pillar 2 framework offers flexibility to address climate-related financial risks. Under
Pillar 2, banks are required to develop the internal capital adequacy assessment process
to capture all material risks that are not sufficiently covered under Pillar 1. Such risks
would also include climate-related financial risks if they are estimated to be material to
the specific financial institution.

24The NGFS also provided a set of six recommendations to enhance the role of central
banks, supervisors, policymakers and financial institutions in the greening of the financial
system and the managing of and climate change and environment-related risks (NGFS
2019). Namely: (i) integrating climate-related risks into financial stability monitoring and
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Table 5.2 High-level roadmap for the integration of climate-related factors into
prudential supervision

Course of action Possible measures by supervisors

Raising awareness and building capacity
among firms

• Raise awareness of the relevance of
climate-related risks publicly and
during bilateral meetings; survey firms
on the impact of these risks; lay out a
strategic roadmap for the handling of
climate-related risks

• Build capacity by convening events to
progress the translation of scientific
findings to financial analysis; set up
working groups with firms, for
example, on incorporating climate
issues into risk management or
scenario analysis

Assessing climate-related risks • Develop analytical tools and methods
for assessing physical and transition
risks related to climate change both at
a micro- (financial institutions) and
macro-level (e.g. the financial system)

• Conduct and publish an assessment of
these risks at a macro- and micro-level

• Analyse potential underlying risk
differentials of “green” and “brown”
assets. This pre-supposes that the
supervisor and/or jurisdiction have
agreed on definitions and classifications
for “green” and “brown” activities

Setting supervisory expectations • Issue guidance on the appropriate
governance, strategy and risk
management of climate-related risks by
regulated firms

• Train supervisors to assess firms’
management of these risks

Requiring transparency to promote market
discipline

• Set out expectations for firms’
climate-related disclosures in line with
the Task Force on Climate-related
Financial Disclosure (TCFD)
recommendationsa

• Consider integrating climate-related
disclosure into Pillar 3 [of the Basel
framework]

(continued)
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Table 5.2 (continued)

Course of action Possible measures by supervisors

Mitigating risk through financial resources • Consider applying capital measures in
Pillar 2 [of the Basel framework] for
firms that do not meet supervisory
expectations or with concentrated
exposures

• Based on the risk assessment outlined
above, possibly consider integrating it
into capital requirements of Pillar 1 [of
the Basel framework]

aSee TCFD (2017)
Source Authors’ elaboration on NGFS (2019)

5.6 A New Role for Central Banks?

Central banks, in particular in Europe, are gradually emerging as critical
actors in the policy action aiming at dealing with the potential financial
risks coming from climate change (e.g. BoE 2015; PRA 2018; ACPR
2019), in this way paving the way for a better comprehension of the
sustainability-financial risk nexus. Such dynamism has been linked to their
prudential supervision mandate and it mainly results in assessing climate
risks as a new source of financial risk potentially able to harm financial
stability. In this vein, in the most ambitious approaches, the possibility to
run “climate change stress tests” is under discussion in order to measure
the resilience of financial intermediaries to different climate scenarios.

Nevertheless, when considering the possible role of central banks in
ensuring that financial stability is not affected by sustainability-related
risks, an additional dimension of action might be discussed. This refers to
the possible extension of the central bank’s mandate to formally include
the support to the attainment of the sustainability objectives. Such an
option presents considerable potential benefits, but also engenders some

micro-supervision; (ii) integrating sustainability factors into own-portfolio management;
(iii) bridging the data gap; (iv) building awareness and intellectual capacity and encour-
aging technical assistance and knowledge sharing; (v) achieving robust and internationally
consistent climate and environment-related disclosure; (vi) supporting the development of
a taxonomy of (environmentally sustainable) economic activities. These recommendations
are not binding and reflect the best practices identified by NGFS members.
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concrete risks. In practice, this would probably mean to integrate sustain-
ability considerations in the implementation of the monetary policy, by
setting specific eligibility criteria for the securities object of the central
bank’s open market operations of assets purchase or for the banks’
marginal deposit operations towards the central bank. Part of the central
banks’ operations (in terms of a fixed portion, a ceiling or a floor)
might hence be reserved to sustainable securities. In this respect, the
eligibility criteria to be fixed would eventually need to mirror industry
standards as concerns the labelling of sustainable or green securities and
consider, when present, existing policy actions aiming at strengthening
sustainable finance.25 The main benefit of such an approach would be
a strong contribution to mainstreaming sustainable finance, by directing
an unprecedented amount of financial resources towards specific sectors
or activities (the ones considered to foster a more sustainable economy).
Eventually, this will also reduce the incidence of sustainability-related risks
and in turn would also shield financial sustainability. Nevertheless, some
concrete risks can arise from such an approach. On the one side, under-
funding dynamics and higher costs of financing could hit sectors not
considered as being sustainable, again potentially triggering wide reduc-
tions in related assets values. On the other side, and maybe even more
importantly, a further widening of the mandate of central banks beyond
the traditional primary objective of maintaining price stability might result
in a situation in which the effectiveness of the monetary policy could be

25The labelling of sustainable securities, in particular if needed to drive policy making,
is not a straightforward exercise and requires the implementation of a considerable
preliminary infrastructure. In this respect, at least two main aspects need throughout
consideration. The first concerns the analysis of sectors or activities that can be financed
with “sustainable” or “green” funds. The second regards the operational standards (e.g.
use of proceeds, management of proceeds, reporting requirements) that need to be
followed for labelling a specific security as “sustainable” or “green”. For a further disser-
tation, see Berrou et al. (2019a) and, for the policy activities carried over at the European
level in the attempt to mainstream sustainable finance by defining, inter alia, a taxonomy
of sustainable activities and correlated labelling standards, https://ec.europa.eu/info/bus
iness-economy-euro/banking-and-finance/green-finance_en.

https://ec.europa.eu/info/business-economy-euro/banking-and-finance/green-finance_en
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diluted or even endangered.26 For this reason, a throughout prior assess-
ment of the policy and governance implications of such an extension of
scope would be necessary.

5.7 Sustainability-Related Risks and Financial
Stability: Summary and Preliminary Conclusions

As of today, existing evidence is not sufficient to state strong conclusions
on the specific impact of sustainability-related risks on financial stability.
Nevertheless, first warnings from international and national institutions
have already been launched (e.g. BoE 2015; BIS 2020). Realistically,
little probability exists that factors such as climate change, environmental
degradation, social inequality, policy and technology shifts will cause in
the near term a systemic-wise crisis in the financial system. This notwith-
standing, such a possibility is expected to become more concrete in
the longer term, in particular if the observed trends linked to climate
change and environmental degradation will keep consolidating. In this
respect, the harm for financial stability can principally derive from a gener-
alised misinterpretation by financial intermediaries of the magnitude of
the challenge ahead. For this reason, understanding the direct and indi-
rect consequences of these new sources of risk on their businesses is an
essential preliminary condition to safeguard financial stability. Such an
awareness would need to be reflected in the evolution of existing risk-
management frameworks and in a recalibration of risk-taking strategies
in order to consider the profile over time of sustainability-related risks.
On the other side, policymakers are also expected (and in some case
have started) to act. In particular, a refinement of the prudential supervi-
sory approaches, by also including instruments able to take into account
the features of the different types of sustainability-related risks, is today
necessary. Such intervention would be more effective if complementary
to wider policy actions to be carried over out in the frameworks given by

26One can say that in some jurisdictions fostering sustainability should be already
considered as a secondary objective of central banks and, as such, can be treated within
the existing statutory functions. For example, the main objective of the European Central
Banks (ECB) is to “maintain price stability”. Nevertheless, “without prejudice to the
objective of price stability, the ECB may support the general economic policies in the
Union. These may include, inter alia, full employment and balanced economic growth”.
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the Paris Agreement and the implementation of the Sustainable Devel-
opment Goals (which, as a by-product, would also allow to reduce the
incidence of the sustainability-related risks on the financial risks). In such
a context, central banks could assume an unprecedented leading role,
as major actors in the supervision of the financial system and poten-
tially able to help mainstreaming sustainable finance. In particular, the
integration of sustainability considerations in the execution of the mone-
tary policy would drastically increase the flow of resources directed to
finance sustainable activities. However, such possible a new role could
carry some relevant drawbacks. This would be principally linked to the
need for central banks to consider and integrate a wider policy context
and to the possibility to dilute the effectiveness of the monetary policy
action in pursuing the primary objective of preserving price stability.
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