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ABSTRACT

The importance of energy finance in sustainable development and, in particular, within
the sustainable finance strand has visibly increased in recent years. In this review article, we
focus on the role of central banks in this area. We draw on official documents from regulatory
and supervisory institutions, central banks, think-tanks, non-governmental organisations and
academic publications. First, we discuss the definitions of energy finance, Environmental,
Social and Governance (ESG) risks and their transmission channels. Then we describe the
mandates of central banks to act in this field. Finally, we discuss key aspects of ESG monetary
and macroprudential policies as well as central banks' communication in this regard. We

conclude by proposing topics for further research in this area.
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1. Introduction

In 2015 the United Nations (UN) adopted the ‘2030 Agenda for Sustainable
Development’ to promote the transition of world economies towards more sustainable and
inclusive economic models.! It was signed by 193 countries and broadly covers 17
Sustainable Development Goals (SDGs) and 169 more specific targets. The SDGs constitute
a call for action by UN member states in a global partnership.

Simultaneously, sustainable finance emerged as a field, which provides mechanisms
and instruments that help in facilitating the achievement of the SDG goals. The United
Nations Environment Programme (UNEP) defines the concepts of sustainable finance,
climate finance and green finance.? Sustainable finance incorporates Environmental, Social
and Governance (ESG) factors, encompassing all financial activities that contribute to
sustainable development. Climate finance is a subset within the environmental finance realm
mainly concentrating on funds being allocated to address both the adaptation and mitigation
of climate change as a global phenomenon, whereas green finance encompasses a broader
spectrum including various environmental concerns such as biodiversity protection.

Sustainable finance is broadly considered to consist of a set of different financial
regulations, norms, rules and products designed to achieve specific environmental and social
objectives. The endorsement of the 2015 Paris Climate Agreement has further propelled the
concept of sustainable finance advocating for financial practices aligned with reducing
greenhouse gas emissions and the development of climate-resilient systems. Sustainable
finance is integral to initiatives like the European Green Deal and various other international
agreements. Notably, its importance has increased even more since the outbreak of the
COVID-19 pandemic.

Related to sustainable finance is the newly emerging field of energy finance, which is
focused on financial solutions for renewable energy, efficient energy projects and financing

investments in new technologies in the energy market.

1'We would like to thank the participants of the 2nd Conference on International Finance, Sustainable and Climate
Finance and Growth (CINSC) in Ljubljana, Slovenia, on 18-20 June 2023 for helpful comments on earlier version
of the manuscript. We are also grateful to the anonymous Reviewer for suggestions about improving this paper.
2 More information about the UNEP programme is available at: https://www.unep.org.

3


https://www.unep.org/

Growing pressure to achieve the SDGs, as well as rapidly rising energy prices (which
between 2022 and 2023 were largely driven by geopolitical risk), make energy
transformation an increasingly urgent goal (Szczygielski et al., 2024). As part of the
sustainable finance trend, new solutions are being discussed and implemented to motivate
private and public organisations to undertake activities designed to achieve these aims.
Among these solutions, the actions of central banks occupy an important place. Numerous
studies confirm the importance of energy prices and energy transformation not only in the
case of environmental and social factors (see, for example, Puttachai et al., 2022), but also
concerning various economic aspects - including those that are (depending on the legislation)
the domain of central banks, such as price stability (and, therefore, monetary policy) and
financial system stability (and, therefore, macroprudential policy) (see, for example,
Safarzynska and van der Bergh, 2017; Volz, 2017; Vermeulen et al., 2018; Vermeulen et al.,
2021; Schnabel, 2022). The significant increase in the importance of these issues recently,
along with the awareness of the need to take urgent action (and, hence, the desire to find
appropriate tools) to address these problems, are key motivators for this study.

The purpose of this study is to offer a comprehensive review of the mandates and roles
of central banks in the area of sustainable energy finance. The specific objectives are as
follows:

1. Discuss and clarify the links between the energy market and sustainable
development and thus describe energy finance in the context of ESG risks;

2. Present ESG risk drivers and explain the transmission channels of these risks to
the economy (including inflation) and to the financial system (including its
stability);

3. Identify arguments in the debate on central banks’ mandates for sustainable
development and present practices in selected jurisdictions;

4.  Highlight instruments that are used, or can be used, by central banks in their
monetary and macroprudential policies aimed at addressing ESG issues;

5. Demonstrate that central banks' communication concerning sustainable
development is an important tool for advocating for action on climate change; and

6. Identify research gaps regarding the role of central banks in energy finance and
sustainability.

We discuss existing literature on sustainable finance with a particular emphasis on
energy finance and examine the role of monetary policy, macroprudential policy and central

banks in promoting the achievement of sustainable finance and energy finance goals. We
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begin with a discussion of the energy market and energy finance in relation to ESG risks.
We focus on environmental (i.e., climate-related) risks linked to fossil fuels, but also
highlight environmental risks connected with non-fossil fuel energy sources. In addition, we
discuss a less frequently emphasised aspect, i.e., social risks stemming from both
conventional energy sources as well as the transition towards renewable energy sources
(including orderly transition and rapid changes induced by emergencies, such as wars). We
also describe interdependencies between different environmental and social risks, indicating
how they can escalate.

Moreover, we analyse ESG risk drivers as well as the channels through which these
risks are transmitted to financial institutions and markets (banks, insurance companies, firms
and asset markets) as well as macroeconomic and social factors, namely price stability,
economic growth, financial stability and social wellbeing (including full employment and
living conditions). Next, we link ESG to the mandates of central banks to show how
sustainability fits into the overarching objectives of these institutions and what their potential
or, in some cases, actual role is in this area.

We further explore in detail two key areas of central bank activity, i.e., monetary
policy and macroprudential policy, and present the instruments and tools (protective and
proactive measures) that these institutions can use to serve not only the conventional goals
of these policies but also the objectives of sustainable finance and energy finance. Within
these areas, we discuss intermediate targets and ultimate objectives. We focus especially on
monetary policy, as it is the most important area of activity for all central banks and, at the
same time, the integration of sustainability aspects into monetary policy is becoming
increasingly common worldwide. In particular, we explore various aspects of the debate on
integrating sustainability into central banks' monetary policy and analyse monetary policy
tools and operations focusing on interest rates, credit operations, collateral and asset
purchases to show how these instruments are adjusted to incorporate sustainability
objectives. In doing so, we illustrate how the inclusion of the SDGs impacts the effectiveness
of these actions in terms of the primary (economic) objectives of central banks. The
consideration of sustainability issues in macroprudential policy is much less advanced and
common (in addition, not every central bank has macroprudential policy issues in its
mandate). Regarding macroprudential policy, we focus on climate stress tests and capital
requirements (analysing all three Basel capital accord pillars) and other supervisory
requirements. We also point out the need to synchronise decisions in various areas of state

financial policy (including fiscal, monetary and micro- and macroprudential policies).
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Thereafter, we describe the issues related to central banks’ communication with the
market considering aspects of sustainable finance with a particular focus on energy finance.
We concentrate on central banks’ disclosures (on overall governance, strategy and risk
management) regarding sustainability and present other means of communication
(publications, speeches, education etc.).

We conclude by outlining the gaps in the existing literature and indicating directions
for future research.

The discussion presented is based on various sources, including policy documents and
speeches from officials at institutions such as central banks. These publications, and other
forms of communication, reflect the nature of the field under review. Notably, much of the
discussion about sustainable finance and energy finance, especially in the context of monetary
policy, macroprudential policy and the role of central banks, occurs outside of purely scientific
literature. We believe that integrating academic literature with practice-related sources, such
as policy documents from central banks, represents a novel and significant contribution of our
work.

This paper is a narrative review study and it can be classified, more specifically, within
the state-of-the-art review sub-category of narrative reviews.® Generally, narrative reviews
(also known as unsystematic narrative reviews) provide a narrative synthesis of evidence on
a particular topic, whereas the methods for selection of the reviewed articles and other cited
sources typically do not follow the rigorous protocols of systematic reviews. State-of-the-art
reviews, in turn, usually deal with more current matters (as opposed to other, more
retrospective, reviews) and discuss areas for further research or propose specific new research
directions. In other words, state-of-the-art reviews aim to offer a description of the
understanding of a particular field, highlight how it was developed and discuss where it should
(or could) evolve in the future (see Czarniawska, 2004; Sukhera, 2022).

The remainder of the paper is organised as follows. Section 2 describes energy finance
in the context of climate change and the transition to a low-carbon economy. Section 3 defines
ESG risks, discussing ESG risk drivers and their transmission channels to the financial system.
Section 4 describes sustainability in the mandates of central banks. Sections 5 and 6 discuss

ESG within monetary and macroprudential policies, respectively. Section 7 deals with central

3 Other popular types of review studies include systematic reviews, mapping reviews, scoping reviews, rapid
reviews, meta-analyses, umbrella reviews and integrative reviews. However, they tend to focus on particular
methods of selecting the analysed sources and more mechanical synthesis of the available evidence but less so on
the narrative aspect thereof. In our case, the review which we conducted is more narrative in nature and it provides
the state-of-the-art descriptions with indications of future research directions.
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banks’ communication regarding sustainability. Section 8 proposes directions for future

research and Section 9 concludes.

2. The energy market and energy finance

Energy finance is a field of research which focuses on studying relationships between
energy markets and financial markets. It deals with the management of financial resources,
investment decisions and risk analysis related to energy projects and companies. Zhang (2018)
emphasises the inherently interdisciplinary nature of energy finance and argues that it explores
the linkages between energy markets and financial markets, but also necessitates a perspective
that views energy products and markets through a financial lens.

Zhang (2018) identifies six key themes as the main research areas in energy finance: (i)
energy and financial markets; (ii) pricing mechanisms (e.g., how energy prices are formed);
(iii) energy corporate finance (e.g., understanding the financing and investment choices made
by energy companies); (iv) green finance and investment; (v) energy derivatives markets
(regarded as a primary factor contributing to the financialisation of the energy market); and
(vi) energy risk management (e.g., as energy commodities exhibit financial attributes, their
risks and the corresponding risk management strategies are crucial from economic as well as
policy-making perspectives). Existing literature dealing with energy markets and, in particular,
energy finance is to a large extent devoted to the energy transition to a low-carbon economy

(carbon neutrality) or the green transformation in general.*®

4 In related research, Dees et al. (2023) examines the impact of the green transition on consumer prices and energy
prices. They focused on four distinct scenarios, each representative of transition-related shocks. The initial set of
scenarios concentrates on supply condition deterioration, potentially resulting in stagflation. The subsequent
category centres on shocks with adverse effects on demand, leading to deflation. The third category conceptualises
the transition as a sequence of positive demand shocks, potentially induced by sustainable public investments
funded through a carbon tax, thereby fostering positive impacts on both growth and inflation. The final category
posits an improvement in supply, facilitated by increased private capital spending without displacing other
investments, leading to augmented output without causing inflationary effects. The findings of Dees et al. (2023)
demonstrate that a disorderly transition, precipitated by a sudden increase of carbon prices or an insufficient shift
toward green technologies, may have inflationary implications in the medium term. In contrast, a transition that
is implemented earlier and more gradually is associated with reduced risks to inflation. The analysed scenarios
illustrate the significance of private and public investment, as well as support for poorer households, in mitigating
the macroeconomic costs associated with the transition.

5 In the context of the low-carbon transition, Miller et al. (2023) also stresses the role of several ‘critical' raw
materials, such as rare earth elements or minerals. Through their empirical investigation, they quantitatively assess
the material demand requirements associated with ‘Transition-Critical Materials' within the framework of two
Central Bankers and Supervisors Network for Greening the Financial System (NGFS) Climate Scenarios: 'net
zero by 2050' and 'delayed transition'. The findings of Miller et al. (2023) reveal the potential presence of
significant discrepancies between supply (considering such factors as current reserves, technological utilisation
etc.) and demand. This disjunction would be further exacerbated in the event of a delayed transition as opposed
to immediate realisation. Miller et al. (2023) contextualise these outcomes within various conceivable
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Van Steenis (2019) presents a report on the future of finance and proposes a smooth
transition to a low-carbon economy. In light of the imperative to address climate change and
align with the Paris Agreement aims, a requisite reduction of 45% in carbon emissions by 2030,
coupled with a concomitant annual investment in infrastructure of $6.9 trillion until 2030, is
required, as indicated by the Organisation for Economic Co-Operation and Development
(OECD) (2017). The OECD (2017) highlights the necessity of enhanced disclosures of climate-
related risks to guide investments toward initiatives aimed at diminishing global reliance on
fossil fuels and promoting investments in energy efficiency.

Sgaravatti et al. (2023) propose an industrial strategy response for the European Union
(EU) to accelerate low-cost low-carbon electricity and reduce clean technology prices
worldwide. They suggest that the EU should deploy large-scale renewables and build the
electric grid interconnectedness and storage. Moreover, the EU could facilitate imports of
energy-intensive products.

In support of the transition towards a low-carbon economy, Monasterolo et al. (2022)
formulate a theory of change delineating the role of initiatives within the green financial sector
in climate mitigation and identify criteria for applicability and conditions conducive to
maximising impact. They emphasise the contributions of policymakers and financial
institutions in promoting green finance. Monasterolo et al. (2022) analyse the inherent
opportunities and challenges in carrying out initiatives within the green financial sector, with
specific attention to the nuances present in emerging and developing economies. The analysis
centres on three key issues: green monetary policies, green macroprudential policies and green
public co-funding. Every green financial sector initiative undergoes a thorough examination of
transmission channels to understand how it may affect the accessibility as well as the cost of
capital for both high- and low-carbon goods. Simultaneously, the effect on output, investments
and greenhouse gas emissions, considering the particular nature of the respective green
initiative, is examined. Monasterolo et al. (2022) recommend that emerging and developing
markets undertake initiatives to attract private capital to enable a transformation towards a low-
carbon economy. Nevertheless, prevailing policies and market practices often incentivise
emissions-intensive investments, production and consumption. Consequently, the study
supports the introduction of incentivised energy transition solutions and novel policies, such as

well-designed carbon pricing, emissions trading schemes and appropriate financial measures.

transmission channels, explaining how these material supply-demand mismatches could impact financial and price
stability.



The maintenance of low financing costs is identified as critical to the expeditious and cost-
effective realisation of this transition, as underscored by the OECD (2021a). These
recommended policies have the potential to enhance the competitiveness of renewable-based
solutions vis-a-vis fossil fuels, thereby stimulating investments in low-carbon activities, as
suggested by the International Energy Agency (2021).

As Monasterolo et al. (2022) also state, the transition to low-carbon energy requires
recommendations to policymakers, including the need to create a favourable regulatory and
policy environment. Common definitions and standards should be established to promote
transparency and disclosure of environmental risks and provide financial incentives to
encourage green investment and innovation in the energy sector.

The pioneer Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG) is
the first set of German laws created to encourage the generation of renewable electricity (EEG,
2016). The EEG established a feed-in tariff system, which is set at rates higher than the market
price for electricity, providing an incentive for investments in renewable energy projects. It
helps to ensure a stable revenue stream for renewable energy producers and encourages the
development of renewable energy infrastructure. The EEG includes regulations for grid
expansion, stability and the integration of renewable energy sources into the existing energy
infrastructure.

Mazzucato and Semieniuk (2017) demonstrate how successful innovation policies,
citing the information technology and pharmaceutical sectors in the United States (U.S.) as
examples, support the energy transition. Their investigation analyses the strategic implications
associated with the public financing of innovation within the context of renewable energy. The
study examines the potential of public funding to influence and cultivate markets, examining
this phenomenon through three distinct dimensions: (i) within the context of financial support
from public sources spanning the entirety of the innovation chain; (ii) when policies guided by
a 'mission-oriented' approach give rise to novel technological and industrial landscapes; and
(iii) in situations where a public actor assumes the role of an entrepreneurial and lead investor,
demonstrating a willingness and capacity to undertake significant risks irrespective of the
prevailing business cycle.

Jargalsaikhan et al. (2022) present a report on the responses of U.S. firms to the energy
transition. Many firms adopted renewable energy sources to achieve carbon neutrality. Certain
enterprises augmented their reliance on renewable energy sources by incorporating renewable
natural gas in transportation and making investments in fuel cell and biomass technologies for

energy generation. Emphasis is placed on improving greenhouse gas emissions, with specific

9



attention directed towards the energy efficiency of various aspects such as equipment, supply
chains, transportation and overall business operations. Companies also highlight persistent
apprehension about the scarcity of reliable ESG measurement data, which impedes informed
decision-making within the real estate and finance sectors.

Energy finance is a field that faces many challenges which arise from climate change
and related ESG risks. However, it also actively responds to these through different
innovations, such as launching new financial instruments (e.g., green bonds). In particular,
ESG-related derivatives constitute increasingly important financial tools that, by supporting
the ecosystem of various market institutions, are used to advance the accomplishment of ESG
goals and are poised to become pivotal instruments in global sustainability and various ESG-
related initiatives. They also enable access to substantial amounts of capital necessary for the
shift to cleaner energy technologies and the attainment of the net-zero emission objectives
(Baker, 2022).

In summary, energy finance is a critical component of ESG. In the following section,
we discuss ESG risks and evaluate their impact on the financial system, including the effects

of the energy transition.

3. Sustainability, ESG risks and their transmission channels to the financial

system

ESG risks refer to environmental, social and governance issues that may impact the
reputation, financial performance or even solvency of a firm or financial institution (European
Banking Authority (EBA), 2021). EU (2022) regulations provide a narrow definition of the
ESG risk of a financial institution, defining it as “the risk of losses arising from any negative
financial impact on the institution stemming from the current or prospective impacts of
environmental, social or governance (ESG) factors on the institution’s counterparties or
invested assets.”® These risks are distinct from traditional financial risks facing financial
institutions as they have a negative focus. Coleton et al. (2020) highlight that although ESG
risks constitute a new source of risk, they feed into traditional financial risks. Environmental
and social risks rank among the top ten risks over the short (defined as two years) and long

term (ten years) for governments and businesses (World Economic Forum (WEF), 2023).

6 Thus, only the risk connected with the indirect impact of a financial firm is included (and not the direct one).
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Understanding and addressing these risks is crucial for financial institutions to develop
effective mitigation strategies.

Environmental risks can be categorised into two types’: physical risks and transition
risks.® Physical risks arise from the physical effects of environmental degradation and climate
change and may be acute (defined as short but severe impact events such as storms or wildfires)
or chronic (referring to gradual changes with a sustained impact such as rising sea temperatures
and variable rainfall patterns). Transition risks, on the other hand, stem from societal shifts
toward a low-carbon economy, influenced by policy, technological changes and investor
sentiment (Basel Committee on Banking Supervision (BCBS), 2021a; EBA, 2021; Kalfaoglou,
2021). This is the predominant focus of energy finance, as highlighted in Section 2.

Environmental risk is characterised by significant uncertainty, i.e., ‘unknown
unknowns’, unlike traditional risks which are measurable ‘known unknowns’ (Battiston et al.,
2021; BCBS, 2021a;). For example, Volz et al. (2020) and Battiston et al. (2021) highlight that
the speeds at which climate-related changes are occurring is unclear and that these risks exhibit
non-linearities (tipping points) and their impact is geographically heterogeneous. However,
Bolton et al. (2020) argue that there is a high level of certainty that these impacts will
materialise. Bolton et al. (2020) classify climate change as a green swan, a systemic risk
involving complex, unpredictable environmental, economic, geopolitical and social dynamics
that could trigger the next financial crisis. Green swans share similarities with black swans,
such as fat-tailed distributions, extreme values and a lack of predictive power from past data,
but differ in their complexity and potential for existential threats.

While environmental risks receive significant attention in the literature and policy
discussions, social and governance risks are often overlooked (Holt, 2019; Saul, 2022). Social
risks stem from relationships between a company and external and internal stakeholders (S&P
Global, 2020; Kalfaoglou, 2021). This includes corporate citizenship, human rights, health and
safety and customer-orientated issues. The EBA (2021) argues that environmental risks drive
social risks, leading to increased migration, humanitarian crises and labour market challenges
during the transition to greener industries (although this transition can create opportunities for
other industries) (see also Alexforbes, 2023). The OECD (2020) acknowledges that policy

changes, such as minimum wages and evolving market perceptions, often triggered by social

7 Climate change risk dominates discussions of environmental risk in the literature and practice with many studies
(such as Monasterolo et al., 2018; Dunz et al., 2021) and policy documents (for example BCBS, 2021g;
Kalfaoglou, 2021) focusing exclusively on climate change.
8 Carney (2015) adds a third type of risk, i.e., liability risk.
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media, also contribute to social risk. Governance encompasses corporate governance codes and
corporate behaviour in complying with relevant laws and regulations. The OECD (2020)
identifies risks arising from non-compliance with codes, which damage a firm’s reputation and
financial performance. The poor management of environmental and social risks can exacerbate
governance challenges (see also EBA, 2021; Kalfaoglou, 2021). The opposite is also true —
poor governance can also contribute to worsening environmental and social risks. For example,
Batten et al. (2016) state that banks’ continued funding of high-carbon projects (attributable to
poor governance) can contribute to increased climate change (environmental risk) (see also
Harvey, 2023).° Accordingly, ESG risks exhibit a cascading effect with a positive feedback
loop.1% Jamali et al. (2008) and Gillan et al. (2021), among others, also highlight the strong and
intricate relationship between ESG factors.

ESG risks dominate global long-term risk rankings (WEF, 2023). They affect
households, companies, institutions and governments. As they directly and, to an even greater
extent, indirectly affect financial institutions and systems, ESG risks are currently the subject
of analysis and action by regulators and supervisors. Consequently, it is necessary to
understand these risks and their transmission to the real economy as well as financial markets
and institutions and, thereafter, to develop tools for the management of these risks at micro,
mezzo and macro levels. This is necessary to plan towards sustainable development, including
counteracting climate change and adapting to it.

ESG risks are transmitted to the financial system through microeconomic and
macroeconomic channels (International Monetary Fund (IMF), 2019; BCBS, 2021a;
Kalfaoglou, 2021). Microeconomic channels encompass both the direct effects of ESG risks
on financial institutions’ counterparties and the indirect effects on their financial assets.
Macroeconomic channels are the causal links through which ESG risk drivers impact
macroeconomic factors such as employment, output and price stability which, in turn, influence
the financial system (the Central Banks and Supervisors Network for Greening the Financial
System (NGFS)-INSPIRE, 2021). Through these transmission channels, the financial risks
faced by financial institutions are exacerbated. Financial risks comprise credit risk (the
borrower’s ability to service their debt), market risk (fluctuations in the value of the

institution’s financial assets), liquidity risk (the bank's ability to fulfil its responsibilities to

° This kind of cascading effects with feedback loops are common in ecological systems (see for example Hodevar
and Kuparinen, 2021).

10 Cascading effects are often used in ecology and disaster risk management (Pescaroli and Alexander, 2015) and
with respect to information cascades in financial markets (Doherty, 2018).
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depositors and counterparties) and operational risk (failure from internal processes or external
events) (BCBS, 2021a; NGFS-INSPIRE, 2021).

Monasterolo (2020) points out that the literature mainly focuses on environmental risk,
particularly physical and transition climate change risk when studying transmission channels
and their impact on financial risks. The discussion that follows therefore also adopts this focus.

The microeconomic climate risk transmission channel incorporates households, firms
and governments which, in turn, impact financial institutions, although banks and insurance
companies are also directly impacted. According to Fuerst and Warren-Myers (2021), physical
climate risk impairs household wealth through the loss in value of real estate due to flooding
and rising sea levels although the magnitude and persistence of effects vary (see also Ortega
and Taspinar, 2018; BCBS, 2021a; Curtis, 2022). Banks, consequently, face losses in the event
of default due to the decline in the collateral value of mortgage loans. Zhou et al. (2023)
demonstrates that weather-related disaster damage also elevates the probability of default on
mortgages and other loans by households, thus contributing to bank credit risk.

Physical climate risk poses a substantial threat to firms due to uninsured losses or
potential liabilities. Barrot and Sauvagnat (2016) and BCBS (2021a) show that firms
experience a drop in sales growth following a major natural disaster that impacts their suppliers.
Giuzio et al. (2019) and Bremus et al. (2020) further argue that such losses trigger defaults on
loan repayments and lead to financial instability when financial intermediaries lack sufficient
buffers. Correa et al. (2022) and Huang et al. (2022) confirm that corporations face higher
borrowing costs due to natural disasters and climate risk in general. For example, Pacific Gas
and Electric, referred to as the “first climate change bankruptcy’, was driven into bankruptcy
due to $30million in potential liabilities linked to the company’s powerlines being associated
with the California wildfires (Gray and Bakke, 2019).

Battiston et al. (2021) also highlight that insurance companies face increased liabilities
arising from environmental damage to households and firms. Moreover, Batten et al. (2016)
and Flavelle (2019) reveal that insurance costs rise in response to increased liabilities and there
is reduced coverage for certain assets which represent vulnerabilities in the financial system.

Physical risk to firms and households can impact banks’ liquidity as they seek to
withdraw funds or draw on credit lines for recovery or precautionary reasons. Cortés (2014)
highlights that banks are typically directed by regulators to lend following natural disasters to
support recovery. Brei et al. (2019) and Koetter et al. (2020) find that banks increase their
lending and experience increased deposit withdrawals following natural disasters. In contrast,
Cortés and Strachan (2017) and Schuwer et al. (2019) find that banks reduced loans to affected
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communities while Allen et al. (2022) document decreases in both bank deposits and lending
after natural disasters. The BCBS (2021a) reports that where liquidity demands on banks
become onerous, central banks may need to intervene to maintain financial stability as seen in
Japan following the earthquake in March 2011. D’Orazio (2021) illustrates that climate-
induced liquidity risks may induce catastrophic funding and market liquidity shortages.

The BCBS (2021a) points out that governments are also impacted by physical risks
owing to lower tax revenues as a result of lower household income and reduced firm output
and higher spending aimed at minimising the negative consequences of climate events and the
implementation of adaptation measures. This can lead to higher government borrowing costs
and reduced access to debt markets which heightens credit risk for banks exposed to
government and governmental institutions (see also Beirne et al., 2021; Boehm, 2022; Cevik
and Jalles, 2022; Mallucci, 2022). Volz et al. (2020) confirm the substantial risk that climate
change poses to sovereign risk.

In addition to the indirect effects, banks also directly experience challenges in assessing
the value and risk of properties in climate-affected areas and re-evaluating climate-affected
assets can reduce bank profitability (market risk) (Batten et al., 2016; IMF, 2019; Battiston et
al., 2021). Physical risk can also result in operational losses for banks through damage to
telecommunications infrastructure and bank facilities or electricity supply failures (BCBS,
2021a). However, Fritz-Morgenthal et al. (2018) highlight that disasters have only contributed
a relatively small proportion to total losses due to operational risks faced by banks since the
Global Financial Crisis (GFC) of 2008.

Transition risk drivers are new policies, technological change and shifts in preferences
due to the transition to a low-carbon economy. This risk is transmitted through households,
firms and governments to financial markets and institutions (Bremus et al., 2020; Brunetti et
al., 2021; Semieniuk et al., 2021). According to Monasterolo (2020), transition risks pose an
equally existential threat to the possibility of systemic risk and financial instability as physical
risk (see also IMF, 2019; Dafermos, Kriwoluzky et al., 2021). According to Semieniuk et al.
(2021), new regulations that seek to reduce carbon emissions either through taxes or cap-and-
trade schemes are a major risk driver for firms. Similarly, Dunz et al. (2021) demonstrate how
the introduction of a carbon tax raises production costs for carbon-intensive firms leading to
higher costs which are passed on to consumers through increased prices. This reduces demand
and profitability, hampering the ability of firms to service loans, impacting banks’ capital
adequacy ratios and increasing borrowing costs. Aiello and Angelico (2023) calibrate credit

risks for Italian banks stemming from the introduction of a carbon tax and find that firm default
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rates increase although they remain below historical peaks. However, the effects vary across
sectors, with agricultural and services most affected. Monasterolo et al. (2018) find that the
climate transition risks of the international energy portfolios of two Chinese banks pose a
significant market risk which could result in substantial losses and financial distress. Semieniuk
et al. (2021) further argue that technological changes and buyers’ preferences can also drive
demand and prices which impacts firm profitability and risk (see also BCBS, 2021a).

Capasso et al. (2020) show that European firms’ distance-to-default, which is a market-
based measure of corporate default risk, increases as climate change exposure increases which
impacts the risk profile of loans and bonds issued by corporations. Similarly, Ilhan et al. (2021)
find that the cost of option protection against downside extreme risks is higher for carbon-
intensive firms. Exposure to climate risks also reduces firms’ leverage which is partially
attributable to banks and bondholders charging higher interest rates when lending to these firms
(Ginglinger and Moreau, 2019).

Transitioning to lower carbon economies may result in stranded assets; committed
investments not able to generate an economic return prior to their estimated end of life due to
changes in the market situation or in regulations!! such as fossil fuel assets and the assets of
carbon-intensive industries like the aviation sector (e.g., France’s ban on short-haul flights;
Frangoul, 2023). This causes the value of these firms to fall and impacts financial institutions
exposed to these firms. Monasterolo and De Angelis (2020) and Brunetti et al. (2021) reveal
that the risks of stranded assets are not fully reflected in current asset prices, amplifying their
effects on financial institutions.

Several studies examine the extent to which climate change risk is reflected in bank
practices to reduce credit and market risk. Birindelli et al. (2022) demonstrate that banks with
a higher commitment to climate change have lower credit risk when banks have a medium to
high level of attention to these issues. They attribute this to these banks better assessing the
creditworthiness of their borrowers and opting for environmentally friendly and less risky
clients. Delis et al. (2024) observe that only after the 2015 Paris Agreement and the call from
the Financial Stability Board (FSB) for standard measures and disclosures of climate risk
information, has climate policy risk been priced by banks, with loan rates offered to fossil fuel
firms exceeding those offered to non-fossil fuel firms. Kleimeier and Viehs (2018) document

that firms who voluntarily disclose carbon emission levels pay significantly lower costs on

11 Carattini and Sen (2019) argue that the introduction of carbon taxes - the most cost-effective policy supporting
decarbonisation - can result in asset overpricing (in particular, the creation of stranded assets).
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bank loans than non-disclosers (see also Jung et al., 2018). However, at an absolute level, firms
with higher carbon emissions incur higher borrowing costs, providing evidence of the existence
of an environmental risk premium.

Battiston et al. (2016) argue that financial institutions’ connectedness through contracts,
shared assets and opacity of exposures can amplify the impact of climate shocks (physical and
transition) on the financial system. According to Campiglio et al. (2018) this poses challenges
for central banks and regulators. Overall, climate risk can impact the credit, market, liquidity
and operational risk of banks through microeconomic channels, becoming a notable source of
financial instability at the individual institution, national and global levels as pointed out by
Carney (2015), Battiston et al. (2021) and Brunetti et al. (2021).

ESG risk drivers are also transmitted through macroeconomic channels affecting output
and inflation which, in turn, influence the financial system. Physical environmental events
directly impact the real economy, affecting both the supply (damage to capital stock) and
demand side (lower consumption). In the short run, this leads to economic contraction.
Albuquerque and Rajhi (2019) confirm that natural disasters result in a substantial decline in
economic growth in low and middle-income countries although the effects appear to be
temporary. Volz et al. (2020) hypothesise that the effect of natural disasters on small countries
with a low tax base will be monumental. Schnabel (2020), Schnabel (2021b) and Schnabel
(2021c) emphasise that an increased occurrence of physical risk can lead to fluctuations in
output in the short term, which in turn may exacerbate longer-term volatility of different
macroeconomic variables. Carleton and Hsiang (2016) and Hsiang et al. (2017) reveal how
rising temperatures are adversely impacting mortality, agricultural yields, labour supply and
productivity which leads to lower output. Volz et al. (2020) acknowledge that financial risks
faced by banks are also likely to harm macroeconomic output (see also NGFS-INSPIRE, 2021).
However, according to Fratzscher et al. (2020), replacing destroyed capital with productive
investments and technology, along with expenditure from insurance payments, can enhance
long-term growth.

Bremus et al. (2020) demonstrate that transition climate risks create uncertainty,
hindering investment growth. The shift to renewable energy may also cause environmental
hazards (such as deforestation, ecosystem collapse and water shortages) impacting economic
output (Arrobas et al., 2017; Hickel, 2019; Parrique et al., 2019). Jackson (2009) argues that
striving for economic growth without environmental harm is unrealistic. Relatedly, the move
towards a low-carbon economy focuses on investments to reduce carbon-intensive processes

but without necessarily focusing on improving productivity and output, stalling efficiency and
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productivity. However, the effect of transition climate risk will vary across economies.
Americo et al. (2023) suggest that most countries should benefit from cheaper, cleaner and
locally sourced energy while major fossil fuel producers, like those in the Middle East and
North Africa, will face challenges due to declining demand for existing energy sources.
Countries that produce key metals and minerals for the clean energy transition will experience
substantial benefits from exporting these.

Bloom and Finke (2024) illustrate that increased social risk leads to economic
contraction. Insufficient investment in public health hinders labour productivity, education and
investment, thus decreasing output. Dollar and Gatti (1999) and Ruiters and Charteris (2020)
find that lower gender equality in employment harms economic growth. Skare and Hasi¢
(2016) show that weaker levels of corporate governance contribute to decreased output, as such
firms are more volatile, provide less consistent profits to shareholders and decrease investor
confidence. Morck et al. (2005) and Fisman and Svensson (2007) find that governance risks,
such as economic entrenchment and bribery, negatively impact growth. Importantly,
macroeconomic deterioration because of environmental or social risks and the attendant
consequences of these events will lead to increasing financial risks for banks, such as impaired
borrowers’ creditworthiness (NGFS-INSPIRE, 2021).

Environmental risks, both physical and transition, also impact price stability. Schnabel
(2022) identifies three inflation shocks, termed ‘climateflation’, ‘fossilflation’ and
‘greenflation’, arising from climate change. Climateflation emerges from the escalating
frequency of natural disasters and severe weather events globally, which can lead to production
interruptions and shortages (see also Batten et al., 2020; Fratzscher et al., 2020; Dafermos,
Kriwoluzky et al., 2021). According to Parker (2018), the inflation effect is more pronounced
in developing than in developed countries. Of particular concern is the possibility of a
significant surge in food prices (Schnabel, 2022). For instance, recent exceptional droughts in
various regions have resulted in heightened food prices, imposing a substantial burden on
individuals struggling to fulfil their basic needs. Chen and Villoria (2019), Bremus et al. (2020)
and Dafermos, Kriwoluzky et al. (2021) confirm rapid spikes in food inflation due to climate
shocks but, according to Parker (2018), the effects may reverse over time. However, Bremus
et al. (2020) and Dafermos, Kriwoluzky et al. (2021) argue that industrial production
slowdowns due to acute physical environmental risk may lead to a reduction in consumer
prices, due to higher insurance costs faced by consumers and lower credit provision by banks.

It is difficult to predict which forces will dominate ex ante.

17



Fossilflation stems from the persistent dependence on fossil energy sources (with
petroleum products and natural gas still accounting for as much as 85% of total energy
consumption in the Euro area as of 2019) (Schnabel, 2022). Efforts to combat climate change
contribute to elevating the cost of fossil fuels, and despite recent volatility, the price of carbon
remains notably higher in the EU. Institutional investors reducing their exposure to fossil fuel
energy producers and embargoes on Russian oil imports further contribute to increased funding
costs and impact global crude oil production, sustaining fossilflation. Government climate
policies could contribute to inflation through emission-intensive goods’ price increases
(Bremus et al., 2020). Moreover, greenflation is activated by companies adapting their
production processes to mitigate carbon emissions. The shift toward green technologies
demands substantial quantities of metals and minerals like copper, lithium and cobalt,
especially during the transition period. With growing demand for these resources and limited
supply in the short and medium term, the prices of crucial commodities have witnessed
significant increases in recent months. For instance, lithium’s price has jumped by more than
1000% since January 2020.

Furthermore, Boyd et al. (2021) maintain that inflation poses the risk of reducing the
profitability of banks’ assets and loans as interest earned may be insufficient to match rising
costs. Banks may also face increased credit risk if borrowers struggle to make loan payments
amid higher living costs. Rising interest rates in response to higher inflation may also result in
losses for banks if a significant portion of their assets are variable-rate.

Dafermos, Kriwoluzky et al. (2021) warn that climate change risk will severely impact
central banks’ ability to control inflation. Schnabel (2021a) suggests that the effects of climate
change may hinder the effectiveness of the transmission of central banks’ monetary policy tools
to the financing conditions encountered by households and businesses, thereby affecting
consumption and investment. Additionally, climate change could limit the efficacy of
conventional monetary policy by reducing the equilibrium real rate of interest. Factors such as
impaired labour productivity and increased morbidity and mortality rates due to higher
temperatures play a role in influencing this rate. This reduction may result in a reallocation of
productive resources to support adaptation measures and weaken the incentives for investment
(Schnabel 2020; Schnabel 2021b; Schnabel 2021c).

ESG risks have implications for social well-being, affecting employment, living
conditions and food security. Environmental risk can lead to job losses, limited alternative work
opportunities and challenges in finding jobs. Whelan and Fink (2016) and Albert (2022) reveal

that climate change also severely impacts living conditions and poses threats to food security.
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According to Naffa and Dudas (2020), neglecting social risks can perpetuate gender inequality,
poverty, illiteracy and other social issues. High ESG performance is closely linked to better
social outcomes.

What follows from the discussion is that ESG risks, especially climate change risks, are
transmitted through various channels and that they pose significant threats to households, firms,
financial institutions and the macroeconomy, leading to financial instability, reduced output
and increased inflation. Authorities must address these risks to mitigate their harmful effects
on society. This motivates for the consideration of the validity and possibility (or necessity) of
including these activities in the policies and mandates of central banks to address sustainability
and ESG risk.

4. Sustainability in the mandates of central banks

The previous section discusses the influence of ESG risks on the economy and the
financial system, among others. It concludes that regulators, supervisors and central banks
should consider these risks when taking action. In this section, we focus on analysing the
mandates of central banks in relation to sustainability, given the different tasks assigned to
these institutions in various jurisdictions.

According to Oyegunle and Weber (2015), prior to the call by Mark Carney, the Bank
of England (BOE)’s governor, for the financial sector to assess financial risks associated with
stranded assets in the oil and coal industry, sustainability was not a central consideration in
corporate decision making. Banks and other financial institutions lacked a comprehensive
sustainability strategy and were hesitant to incorporate environmental and social (E&S) risk
factors into their operations and client relationships. The 2008 GFC highlighted the
significance of sustainability for the financial sector, as banks failed to address societal issues
such as the excessive indebtedness of homeowners. Similarly, post the GFC, Volz (2017)
reports an evolving dialogue about central banks' role in financial stability. Though stable
inflation rates were traditionally seen as key to societal prosperity, this notion faced growing
criticism for neglecting general financial stability. Furthermore, the evolving debate reflects
the importance of considering environmental and sustainability factors in central banks'
strategies, as these could be integral to achieving price stability and financial security. One

aspect of sustainability, climate change, has begun featuring prominently in discussions.

19



Volz (2017) argues that environmental damage and climate change can directly impact
financial stability and price stability through food and energy prices, potentially having a
systematic impact affecting sovereign risk. Companies may encounter climate or environment-
related liability risks, which could pose a significant challenge to the insurance sector (see also
Section 3). Central banks have the capacity to mitigate systematic risks by identifying
vulnerabilities, thanks to their comprehensive view of the interconnected financial system. In
developing nations, the rationale for delegating environmental sustainability mandates to
central banks and regulators is amplified due to their relative sophistication and influence as
public institutions. Central banks can bridge gaps arising from public institutions' failure to
enforce environmental regulations. Furthermore, central banks often take on a developmental
role, despite denials, positioning them to act as advocates for sustainable development by
backing targeted sectors through the direction of lending and investments. Finally, Volz (2017)
proposes that central banks could act to address credit market failures that arise when markets
provide credit for socially undesirable activities. As long as carbon pricing markets remain
ineffective and environmental policies are either unenforced or poorly implemented, central
banks may have the justification to employ their powers to influence credit generation and
allocation.

Diggle and Bartholomew (2021) propose a more fundamental justification for central
bank involvement in an increasingly important aspect of sustainability, namely that of climate
change, that goes beyond price and financial stability. They argue that the imminent and
potentially existential threat of climate risks necessitates the use of all public policy tools to
achieve government climate goals. Consequently, central banks should ensure their actions are
not counterproductive to these objectives. Also, central banks have some potentially effective
tools at their disposal that can be used to fight climate change. This includes green quantitative
easing (QE) favouring bonds or the exclusion of ‘brown’ bonds in asset purchase programmes,
stress tests that consider climate-related risks, haircuts for collateral operations that consider
climate scores and differential capital requirements tied to banks’ lending activities based on
ESG criteria. The implementation of green monetary policy may breach the principle of bank
neutrality, resulting in brown industries facing systematically higher capital costs, while
bolstering green industries through reduced capital costs. However, Diggle and Bartholomew
(2021) argue that in societies that entrust central banks with mandates to support climate
objectives, deliberate deviations from neutrality could be justified to facilitate the green

transition, given the profound welfare implications at stake.
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Mufioz et al. (2022) examine whether central banks should integrate considerations of
climate change into their mandates. They assert that central banks can extend their attention
beyond conventional norms, incorporating supplementary mandates and environmental
principles to address climate change. Financial regulations and supervisory powers can also aid
in managing climate-related financial risks. Incorporating climate change in central banks'
mandates can proactively prevent crises and reduce uncertainty for economic agents. Mufioz
et al. (2022) assert that central banks are well-suited for this task due to their experience with
time inconsistency issues and their ability to assess distortionary effects versus climate risks.
In emerging scenarios, central banks can extrapolate their core functions to effectively tackle
climate change.

Nevertheless, there exist views arguing that central banks should not be involved in
tackling sustainability issues. Cullen (2023) asserts that there is no empirical proof to suggest
that reducing capital requirements for environmentally friendly loans will be an effective
strategy to tackle climate risks. Another point to consider is that green investments, while more
appealing from a public policy perspective compared to non-green investments, do not
necessarily have a higher creditworthiness than non-green assets. Cullen (2023) argues that
asking banks to favour green investments could be equated to asking them to disregard risk
management. Green QE is also likely to be ineffective given the expected shift towards higher
interest rates and monetary tightening. The power of QE to stimulate green projects by making
borrowing for such initiatives cheaper may be significantly diminished.!? Macroprudential
reform of capital regulation is often linked with the integration of climate risks into stress-
testing frameworks of central banks, as these tests primarily serve to predict potential capital
deficiencies among financial institutions.®®> However, conducting stress tests for climate risks
is fraught with difficulties due to the unpredictability of future climate impacts, substantial data
gaps and the extended duration of these risks. Standard stress test timeframes do not correspond
to the lengthy period over which climate risks usually unfold. Moreover, when stress tests
consider sudden climate transition risks, the effect on bank capital appears to be insignificant.

Former Deutsche Bundesbank President Jens Weidmann (2019) argues that the
responsibility to shape the economy in response to climate change policies lies with
governments and parliaments rather than central banks. Weidmann (2019) goes onto caution

that monetary policy explicitly focused on environmental objectives may pose the risk of

12 See Section 5 for further information.
13 See Section 6 for further information.
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burdening the central bank excessively and, over time, could erode its independence.
Weidmann (2019) advocates for a decisive and effective climate policy but insists that it should
be executed by entities possessing the democratic legitimacy necessary for such purposes.

Federal Reserve Chairman, Jerome Powell, expressed a similar viewpoint. Powell
(2023) asserts that without explicit congressional legislation, it would be inappropriate to use
monetary policy tools to promote a greener economy or achieve other climate-based goals. The
Fed Chairman clearly stated: “we are not, and will not be, a climate policymaker” (Powell,
2023,p.3) .

Landau and Brunnemeier (2020), discussing the difficulties associated with linking
climate change to the monetary policies of central banks, refer to the disparity in the time
horizon. Conventional wisdom suggests that monetary policy had a limited impact on long-
term growth, with effects typically manifesting over a one and a half- to two and a half-year
horizon. In contrast, climate change unfolds over several decades, making it a long-term
concern. Another point of contention arises from the relationship between central banks and
policymakers. In democratic societies, decisions regarding resource allocation and income
redistribution are typically made by elected bodies. Policies addressing climate change fall
within this category. However, independent central banks operate as non-elected entities with
a well-defined mandate to stabilise the economy. Adjusting monetary instruments to influence
resource allocation and credit direction may be perceived as exceeding this mandate.

Diggle and Bartholomew (2021), while supportive of green monetary policy (see
above), acknowledge the notion of central bank neutrality as a factor against central bank
intervention on climate issues. They argue that in the absence of significant market failures,
the allocation of resources should be performed by the private sector. Furthermore, in
democratic societies, elected governments and not technocrats should address microeconomic
allocation issues. Finally, if a central bank involves itself in certain allocative issues, it might
invite government pressure to intervene more in the economy, potentially leading to the
politicisation of the central bank and undermining confidence in price stability. Such situations
can discourage central bank involvement in climate-related issues, as it would inherently mean
manipulating the cost of capital for specific sectors (green and brown), amounting to
microeconomic credit allocation and breaches of neutrality.

Despite reservations about central bank involvement in sustainability issues, Oyegunle
and Weber (2015) note that the implementation of sustainable financial sector regulations is an
area that is rapidly evolving with developing and emerging countries being more proactive in

integrating sustainability into financial regulations. Initiatives that stakeholders, including
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central banks, are undertaking to link sustainability with the financial system comprise
integrating environmental considerations into financial decision making and correcting for
environment-related market failures, supporting policy frameworks and standards for the
promotion of green financial products, promoting the flow of sustainability-related information
through the financial system and integrating environmental factors into risk management
practice. Measures also include investments and lending to priority sectors that promote
inclusion and support development and establishing codes of conduct for environmental issues
(Dikau and Ryan-Collins, 2017).

Dikau and Volz (2021) analyse 135 central bank mandates and found that 70 of them
have either direct or indirect provisions for promoting sustainability or sustainable economic
growth. Among them, 15 countries and one monetary union have mandates explicitly geared
towards the promotion of sustainable growth or economic development. Sustainability
mandates are more commonly included in the broader, often explicitly promotional, mandates
of central banks in developing economies. Only a minor portion (12%) of the examined central
banks possess clear mandates for sustainability and 40% (equivalent to 54 banks) have
mandates that support government policy objectives, which may include sustainability goals.
Almost half (48%) of central banks do not have any mandate, either direct or indirect, that
requires their involvement in climate change-related issues. Dikau and Volz (2021) also find
that despite not having explicit sustainability mandates, 33 of the central banks have been
actively addressing climate-related changes and other ESG risks.

Durrani et al. (2020) survey 18 central banks in the Asia-Pacific region and find a
growing recognition among these institutions of the need to tackle climate-related risks in
financial markets. Most banks perceive a vital role for themselves in advancing sustainable
finance, which involves developing regulatory frameworks, encouraging the creation of green
financial products and including climate-related factors in their monetary and financial policy
mandates. Most Asia-Pacific central banks are in the early stages of addressing climate and
environmental risks or have not yet started. However, Durrani et al. (2020) find that six regional
banks are leading in managing these risks. One central bank was drafting a sustainable finance
framework to guide the integration of ESG and Environmental and Social Risk Management
(SRM) principles and to encourage funding towards green industries. Three central banks
implement guidelines or regulations on sustainable lending and ESRM and seven banks have
set up task forces to focus on and mainstream green finance. Augoyard et al. (2021) report that
the 2021 Asia-Pacific Central Bank Sustainability Survey reveals a growing interest in climate

change and environmental risks, with several central banks developing or implementing
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sustainable finance measures or planning to do so. At present, most activities are related to
their own governance and strategy and micro-prudential supervision. Impediments to the
implementation of sustainable finance measures stem from a perceived lack of expertise and
data availability constraints. Most institutions link climate and environmental goals with their
mandates concerning price stability, as well as micro- and macroprudential supervision. The
number of institutions associating environmental objectives with economic growth and
development mandates was slightly lower than those not linking this objective to this mandate.
For several other mandates, such as currency stability, portfolio management and consumer
protection, relatively fewer institutions took environmental and climate issues into account (the
smallest proportion concerned currency stability). However, it is worth noting that almost all
surveyed institutions already use some type of sustainable financing measures in their own
management and strategy (at the same time, this area of intervention had the largest number of
measures used). Durrani et al. (2020) note that many measures in this category are typically
adopted in the initial stages of tackling climate and environmental objectives, potentially
indicating a growing interest in the years to follow.

Fender et al. (2020) discuss the 2019 Bank of International Settlements (BIS) survey
on reserve management and sustainability involving 102 central banks. They propose explicit
and implicit integration of sustainability in reserve management. Explicit integration entails
specifying sustainability as a policy for holding reserves, which no central bank has done yet,
although some aim for it. Implicit integration involves recognising the impact of sustainability
on policy objectives. While most central banks currently do not factor in sustainability when
pursuing policy objectives, over half believe that it could be integrated as an objective in
reserve management. Central banks perceive investing in instruments issued for sustainable
purposes, using ESG criteria as metrics for investment decisions, integrating climate risk in
investment beliefs and environmental risk management as tools for implementing
sustainability. Fender et al. (2020) conclude that as central banks are taking on a more active
role in developing green finance, integrating sustainability into policy frameworks, particularly
for foreign exchange reserves, has received less attention. Perceived benefits include
reputation, setting an example and fostering long-term sustainable growth.

The role of sustainability in central bank mandates is particularly evident for
environmental issues and climate change. Central banks have implemented measures within
their jurisdictions to address the economic and financial ramifications of climate change, as
well as to promote sustainable finance in the financial sector. The NGFS, which was initially

founded in December 2017 by eight central banks and supervisors, quickly expanded to include
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121 central banks (Delgado, 2023). Its aim is to align with the Paris Agreement goals, intensify
the financial sector’s engagement in managing risk and to mobilise capital for environmentally
sustainable initiatives, specifically green and low-carbon investments (Elsenhuber and
Skenderasi, 2020). The NGFS (2019) encourages central banks and supervisors to undertake
measures such as incorporating climate-related risks into financial stability monitoring and
microsupervision, including sustainability considerations in their portfolio management, filling
in missing data and fostering awareness and knowledge exchange (Breitenfellner et al., 2019).
Importantly, after extensive debate, the NGFS (2019) reached the consensus that climate-
related risks, due to their interconnectedness with financial risks, come under the purview of
central banks.

D'Orazio and Popoyan (2022) argue that while central banks in G20 countries often
prioritise price stability and economic welfare in their mandates, the explicit inclusion of
sustainability as a mission statement remains uncommon. Unlike advanced economies,
emerging economies such as China and Brazil have central banks with more expansive
mandates. This provides them with increased flexibility in interpreting their objectives, which
includes employing climate-related financial instruments to direct credit towards
environmentally sustainable sectors, aligning with their broader sustainable development goals
for the economy. D'Orazio and Popoyan (2022) state that in jurisdictions where implicit
financial stability mandates are lacking, sustainable economic growth and development
objectives are often employed as a compensatory measure. Within the context of sustainability,
central banks are adopting green monetary policies, which manifest in different ways. These
include adjusting asset purchase programs to exclude high-carbon assets from their portfolios,
tying refinancing costs to the amount of household and corporate loans aimed at environmental
investments and modifying the criteria for collateral eligibility (see Section 5).

Eames and Barmes (2022) present a green scorecard ranking central banks on research
and advocacy (related to environmental risks and climate change), monetary policy (green
lending, green asset purchase programmes, collateral), financial regulation (capital
requirements, limits on dirty lending, transition plans) and leading by example (alignment with
the Paris agreement and citizen and civil society engagement). While almost all central banks
considered score well on research and advocacy, only France, Italy, Germany, the EU and the
United Kingdom score satisfactorily on financial policy and only France performs well in the
leading by example category. France, Italy and then Germany are leaders on the green central

banking scorecard.
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Central banks have taken varying approaches to incorporating climate risks into their
mandates and practices. The European Central Bank (ECB) has demonstrated increased
commitment by considering climate change as a mission-critical issue and placing emphasis
on its implications for its primary monetary policy objectives. In July 2021, the ECB Governing
Council implemented a roadmap to embed climate change considerations within its policy
framework, with the goal of integrating environmental sustainability into its monetary policy.
This action plan shifts the focus from market neutrality to market efficiency, enabling a
comprehensive integration of climate change risks and societal costs (ECB, 2020; 2021;
D'Orazio and Popoyan, 2022). The ECB has also made a commitment to adjusting its corporate
bond portfolio in alignment with the objectives set forth by the Paris Agreement, striving for a
temperature increase of no more than 1.5 degrees Celsius. This involves evaluating the climate
performance of corporate bond issuers on criteria such as reduced greenhouse gas emissions,
carbon reduction targets and enhanced climate-related disclosures (ECB, 2022a). In July 2022,
the ECB made the decision to incorporate climate factors when determining assets eligible for
collateral in liquidity provisions. Additionally, the establishment of guidelines mandating the
disclosure of information regarding private sector assets has been implemented as an extra
prerequisite for the acceptance of collateral assets (Delgado, 2023).

In 2021, the UK Chancellor, Rishi Sunak, announced that the BoE will receive a green
mandate that will include environmental sustainability and net-zero compatibility.
Accordingly, in pursuing price stability, the BoE will consider both the climate and
environmental objectives of the U.K., as well as the broader transformation of the country's
financial system aimed at achieving a state of net-zero emissions. The BoE has taken several
steps aimed at giving effect to this mandate. Notably, it announced a climate stress test and has
committed to accounting for climate impact when choosing which assets to purchase in its QE
programme (Hodgson et al., 2021). The BoE has also worked with the Treasury to make the
recommendation of the Taskforce on Climate-related Financial Disclosures (TCFD)
mandatory, aiming to improve the reporting of climate-related risks (Krebel, 2021). In 2022 as
part of what is regarded as the most stringent climate stress test for banks to evaluate the UK’s
resilience in the face of climate change and transition to a carbon-neutral economy, the BOE
warned that banks and insurers who neglect the management of climate risks as a top-priority
concern could potentially experience a reduction of 10% to 15% in their annual profits, along
with increased capital demands (Jones and Bruce, 2022). In 2019, the Banco de Espafia (Spain)
initiated the integration of sustainable and responsible principles into its portfolio, aligning

with the second principle of NGFS. This principle highlights the importance of incorporating
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climate-related risks into the monitoring and supervision of financial stability. Subsequently,
in March 2023, the bank commenced the disclosure of climate-related aspects within its own
portfolios. It is envisaged that the Banco de Espafia will honour the commitment made in
February 2021 by the Eurosystem central banks and the ECB to apply sustainability and
responsible investment principles to non-monetary euro-denominated portfolios (Delgado,
2023).

In December 2022, the EBA released a roadmap outlining its goals and timeline for
addressing sustainable finance and ESG risks. In the coming three years, the EBA intends to
incorporate ESG risk considerations into the banking framework, supporting the EU's shift
towards a more sustainable economy. This roadmap is in line with legislative measures that
have endowed the EBA with new responsibilities in the field of sustainable finance and ESG
risks. These responsibilities encompass a range of areas including market discipline,
supervision, prudential regulations and other aspects pertinent to sustainable finance and ESG
risk evaluation. The roadmap builds on a previous action plan from 2019 and ensures the
continuation of actions while adapting to market and regulatory changes. The EBA will focus
on transparency, disclosures, risk management integration, climate stress tests, prudential
regulations, green standards and addressing emerging risks such as greenwashing (EBA, 2022).

In December 2022, the U.S. Federal Reserve Bank (the Fed) unveiled a proposal
mandating financial institutions with assets exceeding $100 billion to integrate climate-related
risks into their strategic planning, as per the Principles for Climate-Related Financial Risk
Management for Large Financial Institutions. This initiative compels banks to incorporate
climate-related financial risks in their audits and broader risk management strategies, including
the addition of climate-related scenarios in stress testing. Banks also need to evaluate the
inclusion of climate-related risks in their liquidity reserves. The proposal, addressing both
physical and transition risks linked to climate change (see Section 3), encompasses Six
fundamental areas of climate-related financial risk management, such as risk management,
strategic planning and governance, among others. This follows on from the Fed’s November
2020 Financial Stability Report which acknowledged that climate change adds to economic
uncertainty and risk and can impact financial stability. Since then, Jerome Powell (current chair
of the Fed as of the time of writing) asserted that addressing climate risks aligns with the Fed’s
prescribed mandate, stating that the Fed will take supervisory and regulatory actions to mitigate
climate risks if they threaten U.S. financial stability. Relatedly, the Fed announced its intention
to join the NGFS as an observer towards the end of 2020 (Board of Governors of the Federal
Reserve System, 2020; 2022; Higgs et al., 2022; Prentice, 2022).
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The Reserve Bank of India requires commercial banks to dedicate a certain percentage
of their loans to designated priority sectors’ (such as the renewable energy industry etc.). The
Bangladesh Bank implemented a minimum credit requirement for financial institutions,
mandating them to devote a portion of their lending to green sectors (currently 5%). It also
offers other commercial banks refinancing lines with favourable terms for their green products
(Campiglio et al., 2018).

In 2014, the Banco Central do Brasil (BCB) passed Resolution No. 4327 mandating
authorised financial institutions to develop and implement a social and environmental
responsibility policy. The objective is to foster an integrated approach that considers economic,
social and environmental aspects within financial institutions, supporting sustainable
development in Brazil (Stuber, 2014). China implemented a green credit policy in 2006,
restricting loans to polluting industries and linking interest rates to environmental performance.
In 2012, the policy expanded to cover multiple bank categories, emphasising sustainable
lending practices. Additionally, the Green Credit Guidelines Statistical System, introduced in
2014, compels Chinese banks to report loan balances in 12 green sectors aligned with
international sustainability standards (Oyegunle and Weber, 2015; Xie et al., 2022). The
People's Bank of China (PBC) also now accepts green bonds, loans and securities with a rating
of AA or higher as valid collateral for its medium-term lending facility. The PBC has also
incorporated green loans into its standing lending facility (Peng and Xiong, 2022).

The Nigerian Sustainable Banking Principles (NSBP) were approved and made
compulsory in September 2012. The NSBP comprises nine principles covering areas such as
E&S risk management, human rights, financial inclusion and reporting. The Central Bank of
Nigeria (CBN) mandates the adoption and implementation of these principles by financial
institutions, providing incentives for compliance and requires banks to report on their social,
environmental and economic impact (CBN, 2012; Nwagwu, 2020).

The literature in this section shows that central banks are increasingly aware of the need
to incorporate sustainability into their mandates, especially following the GFC of 2008, though
integration is not uniform. Central banks in emerging and developing markets appear to be
leading the charge, this being potentially attributed to their less defined mandates and greater
developmental role. While sustainability has multiple facets, the focus appears to be on
environmental considerations and climate-related risks, which are perceived to pose a threat to
financial stability. As suggested in Section 3, ESG risk affects both the economy
(macroeconomic aspects, including inflation) and financial markets and institutions (including

the stability of the financial sector). It is, therefore, necessary to consider what actions central
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banks can take and what tools they can use to address ESG risk as part of their two key policies:
monetary policy and macroprudential policy. We discuss these issues next in the subsequent

sections.

5. Sustainability within monetary policy

In the previous section, we analysed the mandates of central banks in relation to
sustainability issues focusing on the various responsibilities entrusted to these institutions.
Among these responsibilities, maintaining price stability is one of the most prevalent and
crucial ones. Achieving this objective is a primary aim of the monetary policy implemented by
central banks. In this section, we explore in greater depth the connection between sustainability
and monetary policy.

Monetary policy encompasses strategic decisions undertaken by central banks to
influence the cost and availability of money within an economy (ECB, 2021). Interest rates, set
typically by monetary policy councils of central banks, are a key element of these decisions
and have a ripple effect on the rates charged by commercial banks. These policy choices shape
both consumer spending and firm investments.

As an example of central banks’ policy objectives, the ECB primarily focuses on
maintaining price stability through its monetary policy with a target of 2% inflation rate over
the medium term. This aligns with broader EU economic policies aimed at full employment
and economic growth. While interest rates are pivotal, central banks also utilise a range of other
instruments to implement monetary policy, as for example open market operations, required
reserve system or standing facilities. It should also be noted that, following the GFC, central
banks began employing unconventional monetary policy tools, with QE being the most
prominent one. Under QE, central banks purchase securities from the open market to increase
the money supply and stimulate lending and investment. This process injects new money into
the economy and lowers interest rates by driving up the prices of fixed-income securities.
Additionally, it results in the expansion of the central bank's balance sheet.

According to the traditional approach, when conducting monetary policy, central banks
should be guided by the principle of market neutrality, which refers to the idea that when
implementing monetary policy, they should not influence the allocation of resources between
different sectors or enterprises. This rule ensures that central banks do not favour certain

industries or companies, maintaining a level playing field in the market.
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The urgent need to promote sustainability has prompted central banks to incorporate
ESG considerations into their monetary policies. This involves broadening the scope of policy
beyond the traditional objectives of price stability and economic growth and expanding their
toolkit (ECB, 2021). Existing literature primarily explores the challenges presented by climate
change and the necessity of transitioning to a green economy.

In Section 4 we discussed various issues and disparities regarding the engagement of
central banks in addressing climate change. However, there exist distinct approaches of central
bank officials to incorporate monetary policy into activities related to climate change.

Schnabel (2022) argues that monetary policy should not disregard the consequences of
the green transition, especially if they pose a threat to achieving the goal of the primary mandate
of maintaining price stability by the ECB. While acknowledging that fiscal policy should lead
the charge in advancing the green agenda, Schnabel (2022) distinguishes three measures that
the ECB can and will implement to bolster the green transition. First, the ECB will meticulously
discern the nuances between climateflation, fossilflation and greenflation (see also Section 3)
and tailor its actions accordingly. Both climateflation and fossilflation exhibit characteristics
of adverse supply shocks and terms of trade shocks, necessitating a finely calibrated policy
response. In contrast, greenflation, though currently subtle in its effects, is likely to arise from
a robust and enduring positive demand shock or an upswing in investment. This scenario
reinstates the ‘divine coincidence’ of monetary policy, highlighting the capacity of central
banks to simultaneously stabilise inflation and output variables. Second, the ECB is committed
to further greening its monetary policy framework, striving to align its set of instruments with
the Paris objectives as much and as swiftly as possible. This involves selecting instruments
that, among equally effective options, also contribute to the achievement of the EU's
environmental objectives. Third, the ECB needs to intensify its endeavours to encourage green
practices in financial markets. Through the influence on collateral rules, the ECB can establish
standards that govern interactions among all financial market participants. For example, the
Eurosystem may set restrictions on high-emission assets that counterparties can utilise as
collateral, thereby influencing the overall collateral pool held by Eurosystem counterparts over
time.

Building on Schnabel's (2022) framework on inflation, Schreiber (2022) puts forward
recommendations concerning three crucial tools of the ECB to facilitate a clean energy
transition and contribute to the broader goals of the EU. These measures involve modifying
asset purchases and collateral policies to exclude fossil fuel developers, introducing dual rates

jointly with a green lending facility to support certain construction projects and partnering with
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the European Investment Bank and/or European Commission (EC) to promote a fair energy
transition.

The President of the Deutsche Bundesbank, Joachim Nagel, underscores that
maintaining price stability is vital for effective climate policy (see Nagel, 2023). He
emphasised the necessity for significant investments in technological innovations and
renewable energies as part of the green transition. Additionally, Nagel (2023) highlights the
crucial role of central banks in promoting a shared understanding of how climate change
influences various economic aspects, including inflation, interest rates and asset prices.

Honohan (2019), the former Governor of the Bank of Ireland, explores whether central
banks can actively utilise their monetary tools to address climate change and contends that
while it is essential not to stray from the core objectives of monetary policy, central bank
mandates justify increased attention to broader issues such as climate change, especially when
policy decisions have significant potential impacts. Navigating thoughtfully in this direction
can strengthen central bank independence and contribute to improving the effectiveness of
public policy in these realms.

Although some important central bank officials, such as former Bundesbank President
Weidman (2019) and the Fed Chairmen Powell (2023), do not share the view that monetary
policy tools should be used to support the greener economy (see Section 4), this issue is a
matter of interest both in terms of theoretical and practical aspects related to the conduct of this
policy by central banks.

Several authors discuss a set of actions or tools which can be used for integrating
monetary policy and climate change issues. For example, Boneva et al. (2021) examine both
direct and indirect linkages between climate change and the monetary policies of central banks,
exploring a variety of policy options for central banks enabling them to deal with the climate
change challenges, including more specific challenges for central banks with inflation-
targeting mandates. They categorize potential central bank actions to address that issue into
three groups: reacting to climate change, raising awareness of climate change and proactively
mitigating climate change. The first category, reacting to climate change (also called passive
or defensive actions), involves several key measures. These include protecting central banks'
balance sheets by reducing the weight of brown and other assets at risk of becoming stranded.
Additionally, it encompasses assessing the impact of climate change on the economy, financial
markets and the monetary transmission mechanism. Incorporating climate change into the
analytical toolkit is another crucial aspect, as is developing a monetary policy strategy that is

resilient to climate change. This means central banks may need to review their monetary policy
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frameworks to determine how they can adapt to climate-related risks and shocks in a world
where the impact of climate change will continue to increase over time. According to Boneva
et al. (2021), these actions are generally seen as supporting central banks' price stability
mandate and therefore do not raise concerns about legitimacy. The second category of actions,
which involves raising awareness of climate change, encompasses several initiatives. These
include joining the NGFS, publicly communicating about climate change and the urgent need
to green the financial system, promoting the disclosure of climate-related risks and supporting
policymakers' initiatives to finance sustainable growth. The measures in this category do not
necessitate trade-offs with central banks’ primary mandates related to price stability. The third
category of actions involves proactively mitigating climate change and includes several
measures related to monetary policy. These measures consist of greening outright asset
purchase programs (QE), central bank financing and/or lending quotas and the collateral
framework for monetary policy operations. Measures in this category are considered
controversial and subject to various trade-offs, depending on central banks’ legal mandates and
operational frameworks.

However, Boneva et al. (2022) recommend that central banks looking to integrate
climate change considerations into their monetary policy framework should carefully consider
the potential unintended environmental impacts of their policies. If various configurations of
monetary policy instruments can achieve price stability equally well, an environmentally
conscious central bank might prefer the option that best aligns with the government's
environmental goals, or at the very least, the one that does not undermine those objectives. For
instance, during an expansionary phase of the monetary policy cycle, a central bank with an
existing asset purchase program might choose to prioritize purchases from less-polluting
issuers, as long as this selection does not alter the intended level of monetary accommodation.

Kotecki (2023) further explores potential routes through which climate change can
impact monetary policy and the operations of central banks and assesses various choices that
central banks have at their disposal to allow them to contribute to the endeavours to combat
climate change. Some of these choices are closely related to monetary policy. These include
measures such as: differentiating interest rates to highlight climate-related loans granted by
central bank counterparties; varying interest rates to reflect the quality of the pledged collateral
with a preference for low-carbon assets; making access to certain credit instruments conditional
on the contractor's disclosure of information about the project's carbon intensity; making
reserve requirements dependent not only on banks' liabilities but also on their assets, so that,

for example, it would be possible to give preference to institutions involved in financing the
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climate and energy transformation; targeting the acquisition of assets with a preference for
assets and issuers with better climate and environmental performance or exclusion of certain
issuers or assets if they do not meet climate-related criteria.

The report by the NGFS (2021a) deals with the implications of climate-related risks on
the economic outlook, the financial system and the execution of monetary policy. It
underscores that the timing and severity of these implications hinge on the efficacy of transition
policies. The report puts forth a series of stylised options for adapting monetary policy
operational frameworks to consider climate-related risks. These options encompass actions
related to credit operations, such as adjusting pricing based on counterparties' climate-related
lending and collateral composition and modifying the counterparties' eligibility. Regarding
collateral, adjustments include altering haircuts, implementing negative and positive screening
and aligning collateral pools with climate-related objectives. The report primarily concentrates
on potential measures related to the asset side of a central bank's balance sheet, specifically
addressing liquidity-providing instruments. However, it acknowledges the relevance of
liquidity-absorbing instruments, such as reserve requirements, term deposits and the issuance
of central bank bills, without delving into detailed discussions.

Some studies explore the connections between climate change and central banks'
monetary policy from a macroeconomic standpoint, which sometimes concerns modelling of
macroeconomic phenomena and the analytical frameworks used within this policy. For
example, Batten (2018) and Batten et al. (2020) examine the channels through which climate
change and mitigation policies may influence a central bank's ability to achieve its monetary
policy and financial stability objectives. This underscores the relevance of two types of risks:
physical risks arising from weather-related disasters and transition risks resulting from abrupt
shifts in carbon emission policies. They also propose various approaches to model
macroeconomic effects resulting from these issues, emphasizing the importance of regular
monitoring and quantification of emerging climate change risks on the economy. Based on
these approaches Batten et al. (2020) develop implications for the analytical framework of
monetary policy authorities, discussing specific models that central banks should consider.
They argue that disaggregated quantitative analysis may provide more useful insights for
monetary policymakers than, for example, the use of Integrated Assessment Models (IAMs),
which are commonly employed to project the future impact of climate change on GDP. They
also highlight that transition risks related to announced climate policies can be integrated into
macroeconomic forecasting models, whereas those associated with unannounced future

policies and technological changes are more challenging to incorporate. The primary transition
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risks include changes in climate policy, which fall under broader fiscal policy variables, and
energy supply risks, which can be modeled as technology shocks in a dynamic stochastic
general equilibrium (DSGE) model. However, since conventional DSGE models may not be
well-suited to analyse the complex systemwide transition to a low-carbon economy, they
suggest an alternative approach: agent-based modelling (ABM). Nonetheless, ABMs often
include arbitrary behavioural rules and their transmission mechanisms can be difficult to
identify, requiring caution when drawing monetary policy conclusions from these models.

Mongelli et al. (2024) investigate the impact of climate change on the natural rate of
interest, which is a crucial benchmark guiding monetary policy decisions and an important
macroeconomic variable, that allows the economy to operate at its potential while maintaining
inflation at the target level. Their study explores various models to simulate the effects of
climate change on the natural interest rate. The findings suggest a dampening effect of climate
change on the natural interest rate. Mongelli et al. (2024) highlight the long-term challenge for
monetary policy, as the declining natural interest rate constrains its policy space, albeit within
the context of considerable uncertainty about the outcomes.

Chen et al. (2021) considering some macroeconomic issues investigate the interplay
between monetary and climate policy using an extended Environmental Dynamic Stochastic
General Equilibrium (E-DSGE) model. Their findings indicate that the formulation of
monetary policy should account for existing climate policies, as these policies can influence
price levels and inflation. Additionally, they discovered that reaction coefficients in traditional
monetary policy rules can be better adjusted to increase welfare when climate policy is
provided, which offers a way to optimise the combination of policies. They also noted that
central banks face risks when proactively addressing climate issues through ‘narrow’ monetary
policy tools like interest rates.

The next group of studies analyses the connections between global warming, climate
change and monetary policy, addressing this issue in relation to specific countries or
geographical regions. For example, Drudi et al. (2021) explore the impact of climate change
on the conduct of monetary policy in the euro area. As part of their considerations, they suggest
several potential measures the ECB could consider within its monetary policy implementation
framework. They emphasize four main areas: climate-related disclosures, risk assessment, the
corporate sector purchase programme (CSPP) and the collateral framework.

Regarding climate-related disclosures, the authors propose that the Eurosystem could
enhance its role and risk management practices by implementing its own disclosures and

introducing disclosure requirements for private assets. These disclosures could serve as a new
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eligibility criterion or as a basis for differentiated treatment of collateral and asset purchases.
Specifically, the Eurosystem could begin by disclosing climate-related information for its
CSPP and euro-denominated non-monetary policy portfolios (NMPPs).

For risk assessment, Drudi et al. (2021) suggest that the ECB should enhance its
capabilities to evaluate climate-related financial risks. This could be achieved through climate
stress testing of the Eurosystem's balance sheet and incorporating climate-related risks into
credit ratings and assessments (further details on these actions are provided in Section 6).

As for the ECB’s CSPP programme, Drudi et al. (2021) argue that it has significant
potential to promote green finance by signaling and directly channeling financial flows. While
the Eurosystem has already started integrating climate considerations into its due diligence
process for CSPP issuers, they recommend further adjustments. These adjustments would
involve revising the framework for allocating corporate bond purchases to include climate
change criteria, aligning with the ECB's mandate. In making these changes, the Eurosystem
should consider the impact on financial risks, feasibility and operational implementation. One
possible approach is a ‘tilting’ strategy, which would prioritise issuers that align, at a minimum,
with EU legislation implementing the Paris Agreement, as measured by climate-related metrics
or commitments to climate goals.

Regarding the collateral framework, Drudi et al. (2021) suggest that the Eurosystem
should consider integrating relevant climate-related risks into the methodologies used for
calibrating its risk control framework and valuing assets provided as collateral in Eurosystem
credit operations. The authors note that the Eurosystem has already begun accepting certain
sustainability-linked instruments as collateral and for asset purchases, demonstrating a
commitment to financial innovation in environmental sustainability. Specifically, as of January
2021, the Eurosystem started accepting sustainability-linked bonds as collateral and included
them in its asset purchase programmes.

Rudebusch (2019) highlights the increasing influence of climate change and the related
environmental shifts on the U.S. economy. These effects, along with their associated risks, are
crucial factors for the Fed to consider as it seeks to fulfil its stability mandate with respect to
key macroeconomic and financial variables. However, while the effects and risks of climate
change are relevant considerations for the Fed, the institution is not positioned to actively use
monetary policy to facilitate a transition to a low-carbon economy. The Fed’s statutory mandate
focuses on price stability and full employment, without directly including environmental
sustainability or climate change mitigation. Additionally, the Fed’s primary tool, the short-term

interest rate policy, is not suited for promoting low-carbon industries. And although some have
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suggested that central banks could leverage their balance sheets to support the transition to a
low-carbon economy by purchasing low-carbon corporate bonds, this approach, often referred
to as green QE, is an option for certain central banks, however, it is not feasible for the Fed,
which is legally restricted to purchasing only government or government agency debt.

Some researchers in their discussions on addressing climate change consider the
connection between monetary policy and fiscal policy. For example, Ohtaki (2023) investigates
the interplay between monetary policy and climate change and develops an overlapping
generations model that incorporates the environment and money. According to the results of
this study if policymakers can choose tax instruments in addition to money growth rates, a
range of optimal combinations of these factors can implement an optimal allocation as a
stationary monetary equilibrium allocation. According to Ohtaki (2023), these research
findings indicate the need for coordination between monetary and fiscal authorities to
effectively address climate challenges.

Hansen (2021) claims that while fiscal policy is generally regarded as the most effective
government tool for combating the negative effects of greenhouse gas emissions and global
warming, monetary policy can play a supportive role by promoting sound strategies for
assessing the long-term impacts of climate change uncertainty. However, monetary policy is
not a strong substitute for prudent fiscal policy. Central banks that overestimate their ability to
contribute risk both encroaching on the political arena and creating false expectations among
the public about the best ways to address climate change.

Another set of studies focuses on selected unconventional monetary policy instruments
that take climate change issues into account, with particular emphasis on the issue of QE. Abiry
et al. (2022) explore the impact of central banks’ monetary policy on addressing global
warming by employing green QE, i.e., a strategy that entails reallocating a monetary authority's
privately held bonds towards those held by the green sector of the economy. Abiry et al. (2022)
demonstrate that the implementation of green QE results in the partial crowding out of private
capital in the green sector, with only a modest temperature decrease of 0.04 degrees Celsius by
2100. They also find that the effects of the moderate global carbon tax on climate change
mitigation are substantially larger - by a relative effectiveness factor of about 4.3 - than what
is achieved through green QE. In fact, green QE has a larger effect if used in isolation than in
combination with a carbon tax. Anyhow they also find that pursuing a green QE policy on top
of the introduction of the carbon tax leads to an additional climate change mitigation.

Ferrari and Nispi Landi (2024) investigate the effectiveness of a green QE policy, which

involves adjusting the central bank's balance sheet to favour green bonds. They use a DSGE
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framework combined with an environmental model to explore both the transmission
mechanism of a temporary green QE and the short-term effects of a permanent green QE. The
study explores two types of green QE: one that does not alter the size of the central bank's
balance sheet and another that increases the balance sheet size. In this context, various
scenarios are simulated to examine the positive and normative aspects of a temporary green
QE. The results are presented using several macroeconomic and environmental indicators,
providing insights into the broader economic and environmental impacts of these policies. In
conclusion, Ferrari and Nispi Landi (2024) assert that for green QE to be effective, green and
brown bonds must be imperfect substitutes. Under the assumption of imperfect substitutability,
their findings indicate that while green QE can reduce the flow of harmful emissions, the impact
is quantitatively small. Thus, green QE does not appear to be a particularly potent tool for
addressing climate change.

In another paper, Ferrari and Nispi Landi (2023) continue their examination of the
effectiveness of green QE This time, they employ a DSGE model to assess the effectiveness of
central bank green-asset purchases along the transition to a carbon-free economy, facilitated
by an emission tax. They refer to the European Union's goal of achieving climate neutrality by
2050. Their simulations indicate that green QE can curb emissions by shifting demand from
the brown sector to the green sector. However, they also demonstrate that its impact on the
overall stock of euro-area and global pollution (i.e., the net cumulative sum of emissions) is
small. Additionally, it was shown that green QE is particularly effective in reducing emissions
during the early stages of the transition, with its effectiveness diminishing over time as the
carbon tax becomes more influential. The results of Ferrari and Nispi Landi (2023) complement
the findings of Ferrari and Nispi Landi (2024) and Abiry et al. (2022). Collectively, these
studies suggest that green QE offers only limited environmental benefits, making it a relatively
weak tool for addressing the climate challenge. However, green QE becomes more valuable if
the government fails to implement or delays the introduction of an appropriate carbon tax.

The issue of the carbon tax, considered in the studies by Abiry et al. (2022) and Ferrari
and Nispi Landi (2023), is related to the broader problem of decarbonization, which is the
subject of research by Schoenmaker (2021) with a focus on monetary policy aspects.
According to this research although there is an increasing focus on decarbonising monetary
policy, central banks hesitate to compromise market neutrality. However, there is evidence
suggesting a market inclination towards carbon-intensive companies. Schoenmaker (2021)
outlines an approach to adapt the asset and collateral framework of the ECB, with the aim of

giving preference to low-carbon assets. By employing a moderately tilted strategy, carbon
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emissions in the ECB’s corporate and bank bond portfolio could be diminished by more than
50%. It is proposed that it is possible to attain a low carbon allocation without overly disrupting
the transmission mechanism of monetary policy.

Van Eyck (2024) puts forward recommendations concerning other unconventional
monetary policy tools useful for taking into account the issue of sustainability in monetary
policy, such as dual interest rates. This proposal aligns with French President Macron's
suggestion during his COP28 speech, where he advocated for implementing favorable interest
rates on loans for green projects, as opposed to ‘dirty’ projects. Van Eyck (2024) highlights
that since 2020, scholars and civil society have been urging the ECB to incentivize private
banks to increase lending for green investments. However, the ECB maintains that in the
current economic context, boosting lending volume would conflict with its goal of fighting
inflation. Despite this, van Eyck (2024) argues that the green transition necessitates significant
investment increases and dual rates are crucial to bridging the net-zero transition investment
gap.

Costa (2024) notes that dual interest rates are not a novel concept. After the financial
crisis, the ECB offered lower interest rates to banks through the Targeted Longer-Term
Refinancing operations (TLTRO) and the Bank of Japan implemented a green lending
programme providing zero interest to lenders supporting renewable energy projects. However,
in the EU and UK, this tool has not been specifically used for green purposes.

Referring to the fact that since 2021 the macroeconomic landscape in major economies
has shifted dramatically, in particular due to high levels of inflation jumping up in short time
period, Aguila and Wullweber (2024) observes that, to date, there has been very little focus on
systematically analysing and assessing the challenges associated with green central banking in
an inflationary environment. They explore various approaches to green monetary policy under
these conditions, focusing on asset purchase programmes, direct credit allocations, policies for
lending and financial regulations. Regarding asset purchase policies, central banks could
purchase bonds to finance green investments or impose a ban if bonds were linked to carbon-
intensive industries (unless they have been designed to support green projects). Lending
policies include measures to distinguish between central banks interest rates to lower the cost
of green borrowing or make the dirty borrowing more expensive, thereby incentivizing green
loans while discouraging loans for polluting activities. They also encompass a green collateral
framework for secured lending by, for example, banning dirty securities as collateral and

accepting green assets for this purpose.
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As far as credit allocation is concerned, it typically requires active coordination between
the central bank and other institutions and it relies on the way the direct credit allocation is
structured. The specific tools that central banks can use in this field include quantitative
restrictions on lending, banning investment in particular industries or requirements for banks
regarding setting different interest rates for green and dirty lending. In the area of financial
monetary policy regulations, the central bank could exploit the reserve ratio requirement for
banks and increase it for lending in case of carbon-intensive activities or reduce it in case of
green investments. Aguila and Wullweber (2024) point out that higher interest rates slow down
the green transformation by increasing the cost of sustainable investments which, in turn, is
harmful for achieving price stability. However, they also argue that monetary policy can
support a greener economy without compromising price stability through providing cheaper
funding for green projects while at the same time restricting funding, due to higher interest
rates, for those which are harmful for the environment. Aguila and Wullweber (2024) conclude
that the current macroeconomic environment necessitates a ‘greener and cheaper’ monetary
policy strategy to tackle the environmental and climate crisis while also conquer inflation.

To summarise this part of the discussion, it is important to note that the literature
reviewed so far highlights the absence of a consistent approach to central banks' involvement
in climate-related activities. Anyhow, so far in our discussion the focus has primarily been on
considerations and recommendations, rather than on concrete evidence of actions taken by
central banks. However, there is also a body of research that concentrates on the actual
activities of central banks in this area, which will be the focus of the further discussion
presented in this section.

The first set of actions related to incorporating sustainability issues into monetary
policy involves asset purchase programs.

Eliet-Doillet and Maino (2022) highlight recent actions taken by central banks with a
focus on the BoE and ECB. The purchase programme CSPP is a prominent tool in the ECB's
green agenda, aiming to reduce firms' cost of capital and stimulate investment. The ECB plans
to integrate climate criteria into its corporate bond purchasing scheme, with ongoing
discussions on practical and legal requirements. The BoE's initiative involves greening the
Corporate Bond Purchase Scheme (CBPS). Notably, the use of green bonds to finance climate-
friendly projects positively impacts environmental performance and garners favourable
responses from investors.

However, Dafermos et al. (2020) uncovered that the portfolio of the BoE was skewed

towards the most carbon-intensive sectors, including fossil fuels and utilities, making up
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around 57% of the value of bonds in the BoE list. Despite this, these sectors only contribute
19% to the GVA. Building on this, Dafermos et al. (2020) conclude that the BoE, while a
pioneer in announcing detailed rules for greening its portfolio, adheres to market neutrality,
limiting penalties for carbon-intensive activities. The BoE's approach, though nominally
greener, may have relatively negligible effects on the climate perspective of the CBPS
portfolio, as indicated by the Weighted Average Carbon Intensity, showing only a modest 7%
change.

Similarly, Matikainen et al. (2017) examine asset purchase programmes of the ECB
and BoE and discover that emission-intensive sectors, such as manufacturing and utilities,
represent a disproportionate share of estimated purchases compared to their contribution to
Gross Value Added (GVA) and the European bond market. This disproportionality raises
concerns that high-carbon sectors may benefit more from reduced financing costs, contributing
to the potential mispricing of assets in sectors at risk of becoming stranded assets. The
inadvertent reinforcement of the status quo by central banks through market-aligned asset
purchase programmes may perpetuate a ‘green investment gap,” impeding low-carbon
investments from reaching the socially optimal scenario for climate goals. Kroll and Kihne
(2024) discuss the idea of ‘climate bailout’ tool — allowing central banks to buy potentially
stranded assets from fossil fuel industries on the condition that the proceeds of the transaction
are used to invest in renewable energy.

Eliet-Doillet and Maino (2022) highlight, that the focus on green bonds introduces
uncertainty regarding whether the ECB will depart from market neutrality—a policy wherein
central banks purchase bonds in proportion to the outstanding amount, a practice that is often
criticised. In support of this perspective, Papoutsi et al. (2021) argue that market neutrality does
not straightforwardly follow from the formulas employed by policymakers; rather, it hinges on
the impact of central bank purchases on firms' cost of capital and the proportion of capital
funded by bonds. Their study, utilising different microdata, also unveils that the ECB's
corporate bond portfolio exhibits a bias towards the sectors with high emissions.

Aloui et al. (2023) point out that in July 2021 the ECB introduced new environmental
criteria for the inclusion of private assets in its programme. They investigate how shocks related
to green bonds impact the stock market both before and after the COVID-19 pandemic. Their
analysis reveals a non-linear relationship between green bonds and green equities. The results
suggest that the ECB's implementation of green QE can guide investors toward green

investments in the stock market during non-crisis periods. However,—Aloui et al. (2023)
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emphasise that the effective transmission of green QE shocks to the stock market is dependent
on economic conditions and may not be very impactful during the crisis periods.

Senni et al. (2023) explore the climate impact of central bank refinancing operations,
with a particular focus on the ECB’s green TLTRO programmes. Their findings reveal that
over the TLTRO Il reference period (March 2020-March 2021), more than 80% of total
cumulated loans were directed towards polluting companies, constituting 8% of the overall
Euro Area 2019 emissions. Senni et al. (2023) investigate the potential effectiveness of a green
credit easing scheme and suggest that central bank policies could redirect loans to less-polluting
firms, but they also emphasise the need to carefully consider financial stability implications.

Apart from asset purchase and TLTRO programs, another set of actions possibly
incorporating sustainability issues into monetary policy involves collateral management.

Dafermos et al. (2021) discuss the issue of collateral framework of the Eurosystem.
They claim that in contemporary financial markets, where collateral plays a crucial role, the
central banks' handling of collateral - specifically, the conditions under which they accept
bonds or loans from banks - conveys a powerful message to private financial markets. The
existing structure of the collateral framework not only runs counter to the specified goals of
the Paris Agreement and the EU's Green Deal but also actively sustains failures in the financial
market and reinforces carbon lock-in. Despite contributing less than 24% to EU employment
and 29% to GVA, companies with high carbon intensity are responsible for issuing 59% of the
corporate bonds accepted by the ECB as collateral. This framework implicitly provides
incentives for fossil fuel companies, as some significant players in the fossil fuel industry rely
on bonds subsidised by the ECB's collateral framework for more than half of their total
financing. As a result, so far it cannot be said that the monetary policy of central banks plays a
significant role in solving problems related to sustainable development.

Eliet-Doillet and Maino (2022) argue that, in addition to unconventional monetary
policy tools, the collateral framework plays a pivotal role as it constitutes the basis for the
implementation of the ECB’s conventional monetary policy. The ECB employs collateralised
lending to offer liquidity and the framework delineates regulations governing how central
banks inject funds into the banking system. Critique is directed at the ECB framework because,
similarly to extensive corporate bond acquisitions, the eligibility criteria frequently lean
towards favouring high-emission companies, which happen to be the primary issuers of bonds
meeting the specified criteria.

However, Aguila and Wullweber (2024) argue that in some cases current practices

demonstrate the ability of central banks to adjust eligibility requirements, enabling them to
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exclude environmentally harmful securities and include green assets as collateral. The ECB,
Bank of Japan and the People’s Bank of China are already incorporating various green bonds
as acceptable collateral in their credit facilities. A less ambitious alternative would involve
central banks imposing margin requirements on non-green assets.

The proposal to introduce dual central bank interest rates in order to provide cheaper
financing to less polluting firms and projects, discussed, among others, in Europe.is already
introduced into practice. For example, the Bangladesh Bank has initiated several green
refinancing schemes with lower interest rates for green loans (Dikau and Ryan-Collins, 2017
Aguila and Wullweber, 2024).

Another monetary policy tool that central banks can use to encourage sustainable
lending and discourage financing of carbon-intensive activities is the reserve requirement.
Although this approach is rarely used in practice as a green monetary policy tool, there are
instances of its application. For example, Lebanon’s Banque du Liban has reduced reserve
requirements for loans that finance environmentally friendly projects. An additional option
related to adjusting reserve requirements includes application of different interest rates on
reserves. For instance, the People’s Bank of China rewards banks characterized by excellent
green financing performance and pays them a higher interest rate on required reserves.
Similarly, banks borrowing from the Bank of Japan’s green lending facility can benefit from
higher-paying rate on reserves (Barmes and Livingstone, 2021; Aguila and Wullweber, 2024).

A set of monetary policy activities that central banks undertake to promote green sectors
involves also direct credit allocation policies (see also Section 4). For instance, the central bank
in China applied ‘soft pressure’ on reallocation of credit from carbon-intensive borrowers to
other investors involved more in green projects. Banco do Brasil has imposed lending
restrictions in case of some of Amazon’s environmentally sensitive areas. The Bangladesh
Bank mandates quantitative minimums on green lending, requiring financial institutions to
allocate 5% of their portfolios to green sectors and the Reserve Bank of India requires
commercial banks to lend a specific proportion of their loanable funds to priority sectors,
including renewable energy (Dikau and Ryan-Collins, 2017; Dikau and Voltz, 2021;
Campiglio et al., 2018; Aguila and Wullweber, 2024).

The overview of central banks' actions in incorporating sustainability into monetary
policy, as presented above, appears to be extensive and diverse. However, some researchers
point out that a detailed analysis of the scale and outcomes of these actions leads to the
conclusion that their scope is still insufficient. For example, Boneva et al. (2022) state that

current initiatives by central banks predominantly concentrate on integrating climate-related
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considerations into prudential supervision, while progress in embracing climate change factors
in monetary policy appears to be trailing behind. As a result, so far it cannot be said that the
monetary policy of central banks plays a significant role in solving problems related to
sustainable development.

This claim is partially supported by Tufail et al. (2024), who examine the impact of
monetary policies in the US, EU and China on global green investment. Their findings indicate
that significant changes in the monetary policies of these major economies are necessary to
advance global green investment and facilitate an ecological transition.

Concluding the considerations on taking into account issues related to sustainability
in the monetary policy of central banks, it can be noted that, despite differences in views on
this issue, a number of proposals in this area have been presented in the literature. They
encompass various activities within the monetary policy framework, the most important of
which appear to be:

- Asset purchase programs implemented by central banks as a part of QE with a
preference for assets and issuers that exhibit strong climate and environmental
performance;

- Lending policies that differentiate interest rates and collateral regulations to favour
low-carbon assets;

- Reserve requirements that consider not only banks' liabilities but also their assets,
prioritising institutions involved in financing climate and energy transformations;

- Direct credit allocation that prioritizes access to specific credit instruments for low-
carbon projects, imposes quantitative restrictions on lending to carbon-intensive
firms, or sets minimum thresholds for green lending.

However, although a significant portion of these proposals has been implemented and
is utilized to varying degrees within the monetary policies conducted by central banks, the scale
of this implementation seems too small to claim that monetary policy exerts a sufficiently
significant impact on sustainable development. Moreover, some of the applied measures, such
as asset purchase programs, are not always executed in a manner that aligns with the
declarations regarding the preference for green assets and issuers.

Despite this, given the central banks' declarations and approaches, significant progress
in this area is anticipated in the near future, with such steps likely to be more evident from
central banks like the ECB than the Fed.

In summary, monetary policy primarily addresses macroeconomic issues, which are

associated with various types of macroeconomic risks. Closely related to it is another set of
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central bank activities, including those conducted under macroprudential policy. The

integration of sustainability macroprudential policy is discussed next in Section 6.

6. Sustainability within macroprudential policy

As discussed in Section 3, climate-related risks — and more broadly environmental and
social risks — affect financial institutions (mostly indirectly). As a result, there is a call for the
integration of these risks into the regulatory and supervisory frameworks of financial
institutions. The NGFS (2019) propose a comprehensive framework to incorporate climate-
related factors into prudential supervision. This framework involves several key elements:
increasing awareness and bolstering capabilities within firms, evaluating risks associated with
the climate, establishing supervisory standards, mandating transparency to encourage market
accountability and minimising risks by utilising financial resources such as pillar 1 or 2 capital
requirements. There is wide-ranging debate about the possible prudential tools (both at the
micro and macro levels'#) to address the ESG risk in financial institutions and at the same time
reach sustainability goals in broader terms.

Some studies are devoted to the microprudential measures that can be used to address
climate-related financial risk (see, for example, NGFS, 2020b; Diluiso et al., 2021; Dunz et al.,
2021; Smolenska and van’t Klooster, 2022). Special attention is devoted to capital requirements
for banks, including the green supporting factor (reduction in risk weights for green exposures)
or the brown penalising factor (increase in risk weights for brown exposures). Studies however
find that both of these tools are ineffective (at this stage of climate change) given unintended
consequences or they have limited scope (see Dunz, Nagvi and Monasterolo, 2021; Chamberlin
and Evain, 2021). The overall conclusion is that other tools are needed, such as macroprudential
tools (Baranovi¢ et al., 2021; Chaves et al., 2021; Alessi et al., 2022). Additionally, as there is
a concern regarding inadequate application (or calibration) of macroprudential tools that could
be overly restrictive for some individual banks adequately managing ESG risks, Dikau et al.
(2024) point to the potential of prudential transition plans for better targeting of

macroprudential instruments to individual entities.

141t should be noted that some supervisory instruments can be used for both micro-prudential and macro-
prudential policies.
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The macroprudential approach is justified by the fact that depending on the risk factors
and their specificity, the risk can be systemic - causing threats to financial stability’® (Nieto,
2018; NGFS, 2019; Rudebusch, 2019; Bolton et al., 2020; FSB, 2020a; Philipponnat, 2020;
Steele, 2020; Alogoskoufis et al., 2021; Grinewald, 2021; Svartzman et al. 2021) (see also
Section 3). One argument is that the global economy is heading for a disorderly transition
(drastic and imminent changes to meet net-zero targets), which will exacerbate transition risks
in the long term!® (Miller and Dikau, 2022). Dennis (2023) highlights that climate change
externalities have macro implications for insurance companies and widespread climate damage
resulting from global shocks which may require a macroprudential approach.

Grunewald (2021; 2023) examines two facets of systemic risk concerning climate risks;
the temporal dimension, addressing the evolution of aggregate risk in the financial system and
the cross-sectional dimension, addressing risk allocation within the financial system at a
specific moment. The former is affected by the radical uncertainty associated with climate risk,
its course and consequences, making it difficult to analyse and address using traditional
backward-looking tools (Bolton et al., 2020). The latter causes risk to be transferred between
sectors and multiplied by adding the effects of second-round effects and successive round-
effects, requiring consistent actions to counteract this risk in different sectors.’” In addition,
some climate change policies can also generate systemic risks. This applies to both direct
incentives towards the low-carbon transition and the financial incentives for decarbonisation.
For example, in the first case, Safarzynska and van der Bergh (2017) demonstrate that energy
policies could heighten the probability of cascading bank failures.'® In the latter case, asset
overpricing may occur (in particular, the creation of stranded assets) (see Section 3).
Appropriate macroprudential tools need to therefore be applied in advance to limit the negative
systemic impact of such policies.

As in many jurisdictions, the responsibility for systemic risk (macroprudential policy)

lies on central banks (Calvo et al., 2018). This responsibility should also be addressed when

15 Lamperti et al. (2019) conducted scenario analysis based on which they concluded that climate change is likely
to elevate the occurrence of banking crises by 26% to 248%.

16 This situation is commonly known as a ‘climate Minsky moment.” This term was first used by Mark Carney
(2016) to depict a situation where a swift transition toward a low-carbon economy could significantly harm
financial stability. This occurs due to the rapid reassessment of climate risks, leading to swift adjustments in asset
prices and potential negative feedback loops impacting growth—an idea also discussed by Sarah Breeden (2019).
17 For example, Roncoroni et al. (2021) analysed the climate risk and financial stability within the network of
financial institutions, such as investment funds and banks.

18 An explanation to that is given by Nasim and Downing (2023) who show that banks face substantial
vulnerability to energy price shocks due to the interconnectedness between the energy sector and financial
markets. Lehmann (2022) also points out complex interlinkages between the banking sector and the markets on
which energy and commodity contracts are traded.
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discussing the role of central banks in the context of sustainable development. Dikau and Volz
(2021) argue that integrating climate-related risks into macro-financial policy frameworks is
warranted as these risks directly align with the traditional responsibilities of central banks. In
the FSB (2020b) survey, almost three-quarters of respondents affirmed their consideration of
climate-related risks in monitoring financial stability (much more in relation to physical risks
than transition risks).

Several studies (such as Schoenmaker et al., 2016; Dikau and Ryan-Collins, 2017;
Volz, 2017; Dikau and Volz, 2019; D’Orazio and Popoyan, 2019b; Steele, 2020; Le Quang
and Scialom, 2022; Grunewald 2023) discuss different macroprudential policy tools that can
be used to address climate change risks. Some of these are discussed below.

After analysing the consequences of low-carbon transition, the European Systemic Risk
Board (ESRB) (2016) suggests several macroprudential policy implications. Short-term
suggestions include emphasising improved information gathering and disclosure, along with
integrating regular stress tests into climate-related prudential risks. For the medium term,
potential measures might involve systemic capital buffers, regulations mandating loss
absorbency (such as promoting the issuance of carbon risk bonds), targeted capital surcharges
tied to the carbon intensity of specific exposures and imposing large exposure limits to assets
considered highly susceptible to a sudden shift towards a low-carbon economy.

Johnston (2022) proposes an adapted macroprudential framework addressing systemic
risks posed by climate change. As the key challenge is to link the financial asset and loan
composition to climate targets, Johnston (2022) proposes steps to establishing such a link.

The ECB/ ESRB (2022) highlights that addressing climate change stands as a
significant collective challenge necessitating robust international cooperation and
comprehensive policy endeavours across all domains. The report also reviews the ongoing
policy initiatives by national or international regulatory or supervisory bodies, targeted at
banks, insurance companies, asset managers or the financial system as a whole and reveals that
green macroprudential regulation initiatives so far only cover banks. The report stresses that
few countries are using capital requirements regarding the sustainability aspect of
macroprudential regulation, however, in the case of many institutions (such as the FSB, EBA,
ESRB, ECB, EC and BCBS) there is an ongoing discussion concerning the topic. The
ECB/ESRB (2022) report places climate-related macroprudential policy into the broader
context arguing that it has the potential to supplement a microprudential approach and will
hinge on a wider array of public policies designed to mitigate and adapt to climate change. One

of the issues indicating the relevance of the macroprudential approach to climate risks are
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systemic aspects. This approach could aid in managing risks that extend across different sectors
and limit the potential for arbitrage. The report by the ECB/ESRB (2022) discusses measures
used within micro- and macroprudential approach to climate risk as follows:

a) Concerning classic systemic externalities: (i) systemic capital-based measures
(systemic bank buffers); (ii) sectoral requirements (risk weights or minimum Loss
Given Default (LGD) ratio, a sectoral systemic risk buffer, sectoral leverage ratio);
(iii) borrower-based measures (e.g., loan-to-value/ debt service-to-income/ debt-to-
income/maturity limits); and (iv) addressing the insurance protection gap.

b) Specific climate risk features (both micro- and macroprudential tools): (i) climate
stress testing; (ii) the strengthening of market standards; (iii) disclosure requirements;
(iv) common minimum requirements (e.g., concentration thresholds and concentration
charges); and (v) transition plans.

c) Microprudential tools addressing idiosyncratic risks: (i) individual capital-based (e.g.,
green supporting factor or brown penalty factor) and liquidity measures; (ii)
supervisory scrutiny; and (iii) risk management procedures.

The study analyses these tools concluding that none of the current instruments are
immediately applicable to tackle climate risks. Hence, there is a need to adapt these instruments
and craft new tools to address climate-related challenges. The systemic risk buffer and
concentration thresholds are emphasised as effective tools for managing the systemic
dimensions of climate risks in the banking sector and with a more neutral rationale;
concentration charge and sectoral requirements — risk weights or minimum LGD.

The follow-on report compiled by ECB/ESRB (2023) explains in detail the systemic
nature of climate risk and outlines potential macroeconomic policy tools to address these
systemic aspects of climate risk, claiming that a common macroprudential framework for the
EU is possible. It points out that macroprudential policy can aim to make the system less
vulnerable to climate-related risks or to increase its loss-absorbing capacity, while the tools
used should have a system-wide perspective (in particular, considering not only the banking
sector but also the insurance sector), preventing the migration of risk. In doing so, it is essential
that macroprudential policies complement microprudential policies in this area. The
ECB/ESRB (2023) report also identifies the following as the most important macroprudential
tools that can be used to address climate risk; capital surcharges (in particular the climate
buffer/systemic risk buffer), concentration limits/thresholds, borrower-based measures and

some measures concerning non-banks.
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Monnin (2021) discusses in detail why and how systemic risk buffers for climate risk
should be implemented. It is also important to note that while some measures can capture
climate-related risks, they do not contribute to environmental goals (e.g., reducing emissions).
For example, Oehmke and Opp (2023) point out that while capital requirements can effectively
manage financial risks, implementing them may not inherently decrease emissions. For
instance, imposing higher capital requirements on carbon-intensive loans might displace clean
lending opportunities.

Bartsch et al. (2024), based on stress tests performed on granular data, analysed
potential bank losses caused by transition risk and suggested a methodological framework that
could be used for the calibration of climate-related macroprudential capital buffers.

The OECD (2021b) presents examples of macroprudential policy tools supporting the
green transition, as well as examples of climate change stress tests and actions taken by central
banks (and financial regulators) regarding climate change. D’Orazio and Popoyan (2019b),
based on a large database constructed by the authors (D’Orazio and Popoyan 2019a), analyse
different macroprudential tools. They present the advantages and disadvantages of the main
instruments, compare them with alternative proposals and propose complementary actions.
D’Orazio and Popoyan (2019b) note that some of the currently used or proposed instruments
are prone to destabilising effects in the financial sector. Among them, they point to liquidity
norms (both the liquidity coverage ratio and net stable funding ratio) and green supporting
factor. They conclude with a suggestion for a collection of other alternative strategies to adapt
existing banking prudential measures to also serve as climate strategies namely; (i) setting
minimum credit thresholds (floors) or maximum credit caps (ceilings); (ii) introducing a sector-
specific leverage requirement targeting exposure to a specific green sector; (iii) enforcing
liquidity regulations aimed at moderating short-term practices in financial intermediation; (iv)
implementing a countercyclical (or negative) capital buffer aligned with the carbon-intensive
credit cycle aimed at ensuring financial stability and alleviating excessive growth in brown
credit; and (v) imposing limits on large exposures to reduce banks' involvement with industries
associated with brown sectors. Chenet et al. (2021) suggest a comprehensive climate-related
precautionary financial framework that integrates all aspects of financial policy, including
macroprudential and monetary interventions. This approach involves utilising capital adequacy
requirements, credit controls aligned with climate risks (such as prohibiting the most polluting
forms of lending, such as for thermal coal projects, or imposing a cap on credit to firms
surpassing a designated carbon threshold) and employing credit guidance tools to steer or

discourage credit flows towards particular sectors.
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Baranovi¢ et al. (2021) argue that currently used macroprudential tools might already
offer a means to curtail the accumulation of systemic climate risks and bolster banks' abilities
to withstand their occurrence. This is primarily due to their adaptable nature in addressing
diverse risks across various stages of financial intermediation. They stress, however, that these
measures require adaptations. For example, capital-based macroprudential measures would
require careful calibration, while limitations on banks' portfolios pose operational and legal
obstacles. Ford et al. (2022) propose several changes to the banking prudential framework,
including macroprudential tools. Their proposal involves applying variable capital risk weights
to all fossil fuel-related assets, mirroring the global overshoot from a secure carbon budget
within a 1.5 degrees Celsius scenario.'® They argue that this approach would dynamically link
prudential policy to the net-zero carbon transition.

Coelho and Restoy (2023) highlight an additional aspect of prudential requirements,
sectoral buffers (or similar measures aimed at carbon-intensive counterparts such as
concentration limits or surcharges), which might not encompass all exposure to carbon-
intensive industries and counterparts. They suggest implementing prudential tools (additional
capital requirements for dirty exposures, concentration limits or a concentration surcharge) not
at the firm-level, but rather at the project level. They argue that this narrowly defined scope
will not only increase the resilience of the financial system (as the broadly defined one), but
also aid in alleviating transition risks rather than exacerbating them (as opposed to the broadly
defined one). Such an approach, however, would require supervisors to have credit registers.?
Also, Miller and Dikau (2022) propose a ‘transition-aligned large exposures framework’ - a
‘soft limit’ of 25% of eligible capital for aggregate large exposures to transition-sensitive
sectors.

Currently, most jurisdictions concentrate on stress testing and disclosure requirements
in addressing climate change-related risks, emphasising the importance of analysing this risk.
The BCBS (2021b) discusses the methodological issues of measuring and assessing climate-
related financial risk and points out the main differences between macroeconomic and climate
scenario analysis. The NGFS (2020b) has published a series of guidelines and guidance on
conducting physical and transition climate and environmental risk assessments. In addition, it

developed climate scenarios that can be used by central banks, supervisors and individual

19 This would mean that the risk weighting would vary over time depending on the trajectory of fossil fuel usage.
20 campiglio et al. (2018) highlight several challenges (for researchers and central banks) to investigating climate-
related financial risks, including the availability of sufficiently detailed data and the difficulty in identifying which
assets are exposed to climate-related risks. Also, Nieto (2018) points to the necessity to use granular credit risk
data in stress-testing.
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institutions (see also NGFS, 2022b). The Association for Financial Markets in Europe (AFME)
(2023) sums up the scope, methodology, assessment approach and scenarios used by central
banks in their climate risk stress tests. The ECB (2022b) lists favourable practices observed in
the banks considered, based on the results of its climate stress test.

While stress testing can aid in the understanding as well as handling of climate-related
financial risks (both micro- and macroprudential), its potential to address climate change and
ensure financial stability remains untapped to a large degree. Simultaneously, it underscores
that while stress testing is crucial for grasping the impact of climate change on financial
stability, it is not a cure-all solution. Reinders et al. (2023) examine the existing methods for
stress testing climate risk, encompassing various climate shocks (abrupt and gradual
transitions, extreme scenarios like hot house conditions?!, climate-related disasters, green swan
events and Minsky-type shocks??), along with diverse modelling techniques (traditional macro-
financial models, micro-financial approaches, non-structural methods and disaster risk
approaches). They assert that these methods exhibit several limitations that could result in
substantial underestimation of potential losses within the financial sector. Reinders et al. (2023)
suggest that the tests' scope is overly restrictive encompassing only specific assets, the climate
shocks are too small (more green swans and Minsky-type scenarios should be included and
feedback loops are not modelled (within the financial system, but also from the financial system
to the economy and from the economy to climate risk).

While most publications concentrate on the banking sector, several studies consider
insurance companies. Boffel and Schiirger (2023) argue that the way sustainability issues are
integrated into banking and insurance regulatory frameworks (approaches, techniques and
instruments) fundamentally varies in terms of supervisory attention. This is due to the different
risks faced by banks and insurance companies and the different roles of banks and insurance
firms in combating climate change. The BoE (2023) suggests that insurance regulations do not
explicitly mandate capital for macroprudential aims. Instead, it argues that macroprudential

risk is implicitly incorporated, to a certain degree, within the Solvency Il valuation framework.

21 ‘Hot house world’ or ‘hot house earth’ conditions are understood as global warming: the substantial increase of
global average temperature from the pre-industrial times. For example, NGFS includes the ‘hot house world’
scenario for stress tests, assuming that critical temperature thresholds are exceeded, which would lead to
irreversible impacts (e.g., sea-level rise). The most recent NGFS methodology refers to the levels +2,4-2,9°C of
end of century warming (NGFS 2023). (Some scientists suggest that the hot house climate might stabilise at the
level of 4-5°C higher than pre-industrial average temperatures, leading to see levels 10-60 meters higher than
currently — see for example Steffen et al., 2018).

22 Reinders et al. (2023) define a ‘Minsky-type’ shock as a “sudden repricing of financial assets based on climate-
related factors due to changing sentiments and/or better data availability.”
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The macroprudential supervision targeted at climate risks of the insurance sector
concentrates currently on data collection and climate scenario analysis (International
Association of Insurance Supervisors, 2023). The BoE included climate risks in its stress tests
of the insurance sector in 2019 (BoE, 2019a; 2019b) and in 2021 ran its exploratory scenario
exercise on climate risk, engaging both banks and insurers (BoE, 2022). The European
Insurance and Occupational Pensions Authority (2022) has set the methodological principles
for incorporating climate change risks in its stress test framework for insurance companies.
Philipponnat (2020) propose an adaptation in the insurance prudential framework similar to the
banking one — by applying capital charges to specific exposures connected with fossil fuel
assets.

Demekas and Grippa (2021) discuss the challenges associated with different regulatory
and prudential approaches and conclude that financial regulators cannot achieve the goal of a
low-carbon economy by themselves — a combination of tolls from different areas and policies
is necessary. For example, Campiglio (2016) shows that macroprudential policies can be
implemented in addition to carbon taxes.?® Altaghlibi et al. (2022) also stress that green central
bank policy should be complementary and not substitutionary for fiscal and regulatory policies.
Carney (2015), the governor of the BoE and chairman of the FSB at that time, argues that the
choice of the policy response is the responsibility of governments and not of central banks. In
contrast, Bolton et al. (2020) point out the potential role of central banks in co-ordinating efforts
to combat climate change. As indicated in Section 4, the debate on central banks’ mandate to
address sustainability remains open. Svartzman et al. (2021) agree that enhanced coordination
among fiscal, monetary and prudential policies is necessary. They also emphasise the necessity
for heightened international cooperation among monetary and financial authorities concerning
environmental concerns. The authors suggest that central banks should help in coordinating
these policies. Krogstrup and Oman (2019) offer an overview of how macroeconomic and
financial policy tools can address climate change. They emphasise the importance of fiscal
tools while acknowledging the potential need to supplement these with financial (both micro-
and macroprudential) and monetary policy measures. Additionally, Chenet et al. (2021)
advocate for the complete integration of climate-related financial risks into various financial

policy domains, encompassing prudential, macroprudential and monetary frameworks.

23 Campiglio (2016) also explains that they would be more effective in developing economies than in developed
ones. This is firstly because of the higher dependence of these economies on loans and secondly, because central
banks in these economies tend to have a higher level of control over credit dynamics through using a wider range
of monetary policy instruments.

51



Similarly, Campiglio et al. (2018) highlight that the responsibility for transitioning to a low-
carbon economy primarily lies with governments. They underscore the need for a
comprehensive array of policies, some of which might necessitate collaboration between
central banks and financial regulators. Examples of such collaboration and the effects of
different sets of policies are provided by Lamperti et al. (2021) and Annicchiarico et al. (2022).

Carattini et al. (2023) argue that macroprudential policies possess the capability to
diminish the risk of a recession after the implementation of a significant climate policy.
However, they assert that solely relying on macroprudential policy (without the inclusion of a
carbon tax) lacks effectiveness in mitigating the pollution externality (this conclusion is similar
to that noted in Section 5 that monetary policy needs fiscal policy tools implemented at the
same time, to be effective). Masciandaro and Russo (2022) highlight that for central banks to
accomplish climate-related objectives without compromising their monetary and
macroprudential aims, it is imperative that these institutions possess sufficient independence
and robust monitoring capabilities. Benmir and Roman (2020) use a stochastic general
equilibrium model with financial frictions to analyse both green and dirty production sectors,
evaluating the effectiveness of various fiscal, monetary and macroprudential policies. Their
research shows that employing sectoral macroprudential weights on loans beneficial to the
green sector elevates green capital and output. This action diminishes the impact of sub-optimal
carbon policies on welfare. Moreover, they highlight the role of macroprudential policy in
incentivising central banks to become involved in extensive green QE. Their broader
implication is that QE regulations could serve as a short-term countercyclical tool, whereas
sectoral macroprudential policy could assume a more integral role, facilitating a seamless
transition toward achieving net-zero goals. Also, Annicchiarico et al. (2022) show that
macroprudential tools designed to stabilise the economy can reduce uncertainty inherent in
climate policy tools including carbon tax and cape-and-trade systems and align their
performances. Monasterolo et al. (2022) develop a ‘theory of change’ concerning the role of
green financial sector initiatives in achieving climate change mitigation and transition. The
analysis covers green prudential policies (green supporting factor, dirty penalizing factor, green
portfolio rewards), green monetary policies (green collateral framework, green quantitative
easing) and green public co-funding (soft loans and credit guarantees). This theory includes
not only ESG goals (GHG emissions reduction, social cohesion), but also maintaining
economic competitiveness and financial stability. Monasterolo et al. (2022) stress the necessity

of the policy complementarity.
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In an EC (2022) survey, most respondents®® expressed the opinion that specific
macroprudential tools are not required to tackle systemic risks arising from ESG (including
climate) risks or stressed that more data and analytical systems are required. This approach is
also reflected in the communication of central banks. Admittedly, Arseneau et al.’s (2022)
analysis indicates that a very small proportion (a mere 6%) of central banks' speeches on
climate change refer to macroprudential policy issues. It should be stressed, however, that the
discussion on macroprudential policies that take climate risks into account is relatively recent.?
D’Orazio and Popoyan (2019b) observe that many low-income countries are implementing
prudential instruments to address climate change risks, while high-income countries tend to
postpone decisions and actions, concentrating on discussions and analysis. Dikau and Ryan-
Collins (2017) show that in emerging and developing countries central banks have started to
assume an important role in mitigating the risks presented by climate change and they explain
that those markets are more exposed to the immediate difficulties posed by climate change
recognise the need to rapidly transform their economies. Le Quang and Scialom (2022)
comment on the inclination to delay action until a clearer comprehension of climate risks
emerges, referring to the ‘bias to inaction’ inherent in macroprudential policy. They conclude
that the consequence of this inaction in the short term will likely result in climate-related
disasters. Grunewald (2021) argues that another motive for inaction is the cost-benefit
perception; costs incurred by market participants due to macroprudential measures are evident
and immediate, whereas their advantages are uncertain and only manifest in the long run.

Battiston et al. (2017) apply a network-based climate stress test methodology to large
banks in the Euro area under green and brown scenarios cautioning that a delayed and sudden?
policy framework might trigger adverse systemic consequences. They advocate for an early
and consistent policy framework. Vermeulen et al. (2018) present the results of an energy
transition risk stress test for the Netherlands' financial system and conclude that while
individual financial institutions can mitigate portfolio risks through energy transition
considerations, policymakers can avert unnecessary losses by implementing timely and
effective climate policies. Vermeulen et al. (2021) introduce a stress test framework to assess
financial stability risks linked to the energy transition, highlighting significant potential

financial losses from credit and market risks. They highlight the importance of avoiding a

2 Respondents represented a broad spectrum of stakeholders including fiscal authorities, central banks and
macroprudential authorities, financial regulators, banks, academics and other experts.

5 See Section 7.

% Battiston et al. (2017) refer to the situation that if no appropriate action is taken now to reduce emissions, at
some point in time more radical and urgent interventions will be needed (see Weyzig et al., 2014; ESRB, 2016).
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transition that is both ‘too late and too sudden’?’. Similarly, Alogoskoufis et al. (2021) discuss
the results of the ECB climate stress test and underline the benefits of acting early.

In conclusion, existing studies find evidence of the systemic aspect of climate risk,
validating its incorporation into macroprudential policy. At the same time, it is emphasised that
macroprudential tools cannot be exclusive, i.e., a coherent financial policy framework -
combining fiscal, monetary, micro and macroprudential decisions - is required. To limit

undesirable effects, solutions to support green finance are urgently needed.

7. Central banks’ communication on sustainability

Regardless of the decision to include (or not include) sustainable development and ESG
risks into the monetary and macroprudential policies by individual central banks, these
institutions still play an important role in advocating for those issues. In fact, many central
banks around the world, in their pursuit of sustainable finance and energy finance goals, have
started to develop communication policies with markets and with the wider public regarding
these matters. Moreover, disclosures and other forms of communication can help central banks
‘lead by example’ and advocate for climate action.

As we discussed in Sections 5 and 6, the key areas of action for central banks in the
context of climate risk (and ESG risk more broadly) relate to monetary and macroprudential
policy. In addition, however, communication (both in the form of formal disclosures and other
outreach activities, including, for example, communiqués, public consultations and speeches
given by representatives of central banks) is pointed out as an important activity in helping to
achieve central banks’ goals. This is primarily linked to the objective of central banks
promoting the idea of sustainability and sustainable financial market practices (which is an
example of the implementation of 'soft power' as described by Volz (2017)) and setting an
example for market participants (‘leading by example’ as advocated by Eames and Barmes,
2022). The OECD finds that information specifically addressing environmental concerns
(explaining how policies work and who can benefit from them) can substantially increase
support for climate policies (Dechezleprétre et al., 2022). Below we provide some examples of
such actions by central banks.

In April 2016, the FSB established the industry-led TCFD to help identify the

information on climate-related risks and opportunities needed by investors, lenders and

27 The wording refers to European Systemic Risk Board (2016).
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insurance underwriters. The 32-member TCFD comprised large banks, insurance companies,
asset managers, pension funds, large non-financial companies, accounting and consulting firms
and credit rating agencies. The goal of the 18-month consultations, which included industry
interviews and meetings with business and financial leaders, was to help companies better
communicate climate-related issues. As a result, in 2017, the TFCD developed a report
containing climate-related financial disclosures aimed at companies, providing guidelines for
different groups of stakeholders (TCFD, 2017). This report demands transparency from
organisations on their governance structures, strategies and risk (especially climate-related
risk) management practices. It also requires that organisations make financial disclosures in
accordance with their national disclosure requirements. One of the key recommended
disclosures focuses on the resilience of an organisation’s strategy in adapting to changes
associated with the transition to a low-carbon economy. Kyriakopoulou et al. (2022)
demonstrate how these recommendations can be applied by central banks. They suggest that
central banks should monitor their own practices and the broader financial sector in applying
the TCFD disclosures. Additionally, they should promote coordination and convergence both
internally and internationally by implementing the TCFD recommendations.

The NGFS (2021b) report delineates a comprehensive guide for central banks, which
serves as a supplementary resource to prevailing standards and regulations pertaining to
climate-related disclosures. The guide is structured into three chapters, each addressing distinct
aspects of central banks' engagement with climate-related concerns. Within governance
(Chapter One), central banks are asked to present their approach towards climate-related risks
and opportunities. This encompasses asset management, disclosure of climate-related
governance structures around monetary policy, financial stability as well as internal operations.
The NGFS (2021b) report also advocates for the disclosure of explicit strategies employed by
central banks in the identification, assessment and articulation of climate-related risks.
Furthermore, it emphasises the communication of adaptive measures undertaken in various
areas and functions to address climate-related risks and capitalise on associated opportunities.
In this context, central banks are urged to articulate material risks, specifying the temporal
horizon considered most pertinent for the management of such risks. The second chapter,
focused on risk management, encourages central banks to transparently communicate their
climate-related risk management practices. This includes the integration of climate-related risk
management with broader, non-climate-related risk management frameworks. Such disclosures
are necessary for a comprehensive understanding of central banks' endeavours in managing

risks associated with climate considerations. The third chapter of the NGFS (2021b) guide also
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recommends the transparent disclosure of central banks' utilisation data, including the
delineation of data sources, their assimilation into risk analysis frameworks and taking into
consideration limitations intrinsic to the data. Overall, the guide is focused on the integration
of climate-related risks into the broader spectrum of financial risks.

During the Lufthansa Cargo Sustainability Conference in 2022, executive board
member of the Deutsche Bundesbank, Sabine Mauderer, supported the aviation industry's
transition towards achieving net-zero emissions. Mauderer (2022) further emphasised the
pivotal role of central banks in addressing climate change and fostering sustainable finance,
highlighting the need for central banks to protect their balance sheets from the risks associated
with climate-related factors. In alignment with this objective, the Eurosystem has resolved to
integrate climate change considerations into its monetary policy. This initiative involves a
comprehensive assessment of the climate performance exhibited by bond issuers together with
an increase in assets issued by entities demonstrating superior climate performance.

In 2021, the BCB (2021) proposed a new regulation developed in the form of public
consultations (which is a form of bi-directional communication) to promote the allocation of
resources towards the development of a more sustainable, dynamic and modern economy
where potential physical risks from climate change and transition risks arising from the gradual
shift to a low-carbon economy are taken into account by the financial sector. This regulation
was among the first of its kind in the world promoted by central banks. It aims to ensure that
organisations take proactive measures to identify and manage risks related to social,
environmental and climate impacts and businesses integrate sustainability and risk
management practices into their operations. The new regulation establishes that institutions
must monitor their reputation, as well as the concentration of risks in economic sectors or
geographic regions. Financial institutions are required to prepare and disclose their social,
environmental and climate responsibility policy focusing on their positive contribution to
social, environmental and climate issues.

In April 2021, the World Wildlife Fund (WWF) launched the Sustainable Financial
Regulations and Central Bank Activities (SUSREG) framework, a novel initiative designed to
assist central banks and financial regulators in formulating a more environmentally sustainable
financial system (Augoyard, 2021). The SUSREG framework offers pragmatic guidance for
the integration of environmental and social considerations within monetary policy, financial
regulations as well as supervisory expectations. The framework’s development was founded on

the practices of central banks, recommendations from the NGFS and research conducted at
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leading universities and by non-governmental organisations focused on central banking and
supervisory practices.

The above initiatives recognise the intrinsic interconnectedness of climate-related and
environmental risks with prudential risk categories for financial institutions, namely credit,
market, underwriting, operational and liquidity risks. This acknowledgement aligns with
assertions previously made by the BIS, the ECB and the NGFS. Importantly, the framework
emphasises that a comprehensive understanding of the transmission mechanisms of climate
and environmental risks to price stability is crucial for quantifying the potential impacts. In this
context, central banks are identified as playing the main role in facilitating this understanding
and mitigating associated risks.

Finally, the communication style and methods of central banks have also been the
subject of research. For example, Arseneau et al. (2022) analyse central banks’
communications relying on the use of natural language processing techniques. They focus on
macroprudential tools within the framework of comprehending the financial stability
implications associated with climate change. Arseneau et al. (2022) consider the set of all
central bank speeches available from the BIS from January 1997 to December 2021, covering
a total of 17,405 speeches delivered by representatives from 108 different central banks (37
from advanced economies and 71 from emerging market economies). Of these, only 427 deal
with climate-related topics; 48 speeches touch on climate risk management, 26 on green
taxonomy and 30 on the low-carbon-economy. The authors note an increase in the intensity of
central banks’ communications with the public regarding climate change, particularly
intensifying in more recent years.

Neszveda and Siket (2023) analyse the influence of environmentally orientated
speeches delivered by the ECB from 2010 to 2020 on the stock returns of portfolios
characterised by varying levels of emission reductions. Neszveda and Siket (2023) define green
speeches as communications underlining environmentally friendly aspects or containing at
least one term related to green initiatives. They use the ECB green sentiment index to examine
whether the ECB's green speeches cause a significant divergence in stock returns based on a
company’s emissions reduction performance. Their findings indicate that the green tone of the
ECB positively (negatively) affects the most (least) eco-friendly firms based on their emissions
scores. This results in a notable decrease in returns for portfolios associated with higher
emissions compared to greener portfolios, suggesting that companies failing to reduce their

emissions are subjected to financial losses after green speeches. They conclude that central
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banks should communicate about green topics because it significantly influences financial
decisions.

In conclusion, the dialogue between central banks and the market and between non-
governmental organisations and central banks (e.g., NGFS, WWF) is mainly focused on
environmental and climate issues. In this context, central banks play a key role in mitigating
associated ESG and financial risks. Central bank regulations and speeches aim to ensure that
companies and organisations take suitable measures to identify and manage such risks.
However, there is limited literature that analyses whether disclosures and other forms of central
bank communication influence environmentally friendly actions and how they impact financial

markets.

8. Future research directions

The review conducted in this study shows, firstly, that analytical and research activity
by central banks, regulators, supervisors, think tanks and non-governmental organisations is
significantly ahead of academic research in many areas and, secondly, that there are still many
fields that require further (often urgent) in-depth research. In this section, we identify key
directions and examples of issues for further research.

As it was discussed in Section 2, within the field of energy finance, much of the existing
research has focused on financial markets and instruments, while energy corporate finance
remains a somewhat overlooked area. Therefore, this field constitutes a gap in the literature
and an interesting research direction. For example, even though energy derivatives have existed
for arelatively long time, this market is constantly developing and innovating, so it offers many
opportunities to conduct research using new instruments and new, unique, data. In particular,
investment strategies which combine other financial instruments and energy commaodities with
energy derivatives may be explored more intensively in future research.

From a broader perspective, although institutional and retail investors have been
showing a growing interest in sustainable finance, it is often unclear what qualifies as green
and what does not for these investor groups (Mauderer, 2022). Investors must be convinced
that their funds really contribute to transformation. Therefore, a clear definition of sustainable
activities is more than necessary (especially given the differences in taxonomies worldwide).
On the other hand, Kyriakopoulou et al. (2022), point out that definitions, data and
methodologies for assessing climate-related issues are constantly evolving. This means that

efforts to develop climate-related disclosures should follow progressive work done in parallel
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with further work on definitions, data and methodologies and a flexible framework could suit
the distinct operational models and different mandates of central banks. Therefore, a golden
mean should be developed with regard to this issue.

In Section 3, we covered ESG risks, their interaction and their transmission channels to
the financial system. While there is a substantial body of knowledge in this area, additional
research is crucial to further unpacking ESG risk transmission channels. We group this research
into four categories although there is an overlap: (i) interaction of ESG risks; (ii) social and
governance risks; (iii) climate change risks; and (iv) macroeconomic transmission channels.
First, further exploration of the interconnected nature of ESG risks is needed to understand how
these risks interact and amplify each other and, in turn, how this influences an institution, its
counterparties and invested assets. For example, the EBA (2021) highlights that natural
disasters and environmental degradation contribute to the displacement of millions of people
and social and political unrest. Second, while significant progress has been made in the
mapping of ESG risks to banks’ financial risks, this is limited to climate change risks, with
very little known about how social and governance risks impact banks and their counterparties.
Such knowledge is critical for banks in developing risk mitigation strategies. Kalfaoglou (2021)
highlights that these social and governance risks need to be incorporated into banks’ corporate
governance structures and risk management frameworks alongside environmental risks. Third,
further research is needed on various aspects of climate change risk and the spillovers to banks.
The effects of climate risks on bank credit and market risk have been examined, examples of
studies that do this are those of Aiello and Angelico (2023) and Monasterolo et al. (2018).
However, this research is limited to scenarios and greater consideration of more complex
relationships and factors such as market competition is required. The impact of ESG risks on
banks’ operational and liquidity risks is also needed. Lang et al. (2023) is one of the few studies
focused on bank liquidity, with the BCBS (2021b) confirming that publicly available
information on climate-related operational risks is scarce. Relatedly, how banks have adapted
their lending practices to minimise the effects of ESG risk on their credit and market risk (such
as Birindelli et al., 2022) needs greater consideration. New research should also investigate
how physical and transition climate risks directly impact banks, i.e., understanding the specific
challenges which banks face in assessing and managing climate-affected assets, evaluating the
potential for stranded assets and navigating the changing regulatory landscape as this can
inform risk management strategies. Daumas (2024) highlights the role of the NGFS in this
regard but also the need for alternative approaches. Relatedly, examining the effects of physical

climate risks on households’ real estate values and their ability to repay loans can offer further
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insights into banks’ credit risk; knowing how climate disasters impact on household borrowing
patterns and banks’ liquidity can provide a clearer picture for financial institutions. Existing
research, such as Bremus et al. (2020), Correa et al. (2022) and Huang et al. (2022) focuses on
corporates rather than households. Finally, at the macroeconomic level, further research on the
impacts of ESG risks on economic growth and price stability, building on the work of Bremus
et al. (2020) and Dafermos et al. (2021) among others, is critical to enhance understanding of
their broader implications for financial systems and economies.

In Section 4, we discussed the sustainability mandates of central banks. The literature
overwhelmingly suggests that sustainability mandates and the integration of sustainability into
banking regulations are relatively nascent with most sustainability-related mandates developed
by central banks focusing on environmental and climate change considerations. A research
direction is the analysis of the reasons why sustainability mandates have focused so extensively
on climate-related (and other environmental) risks and less so on other aspects of sustainability
such as sustainable and equitable development. It may be that the adoption of other mandates,
such as those focusing on sustainable and equitable development, has spillover effects that can
assist in the adoption of environmental and climate-related mandates.

The charge in adopting sustainability mandates is led by central banks in developing
and emerging countries. Oyegunle and Weber (2015) and Volz (2017) suggest that this can be
attributed to their relative sophistication in their respective jurisdictions, influence,
developmental role and mandates that are not always strictly defined. Central banks in
developed countries (notably the G20 countries) tend to prioritise price stability (see D'Orazio
and Popoyan, 2022). The latter grouping is highly influential within an economic context and
disruptions caused by climate-related factors in these countries have the potential to result in
severe spillovers. Given the recency and the growing importance of the topic and asymmetric
adoption, future research is needed on the development of a comprehensive scoring system that
can be used to measure the adoption of central bank sustainability mandates. The scope of
scorecards can extend beyond the G20 nations mentioned by Eames and Barmes (2022), which
calls for a development of a broader taxonomy of sustainable finance. This also motivates for
research into what systematic conditions and features in the banking and financial favour the
adoption of sustainability mandates by central banks.

A question raised in Section 4 relates to the effectiveness of policies in promoting
sustainability mandates. For example, Cullen (2023) argues that there is no empirical proof to
suggest that reducing capital requirements for environmentally friendly loans will be an

effective strategy to tackle climate risks. Contrastingly, Diggle and Bartholomew (2021) and
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Mufioz et al. (2022) suggest that central banks are well-positioned to integrate climate change
considerations into their mandates. VVolz (2017) argues that central banks should address credit
market failures to discourage the provision of credit for socially undesirable initiatives. An area
for further research that follows from this relates to which tools are most effective and in what
situations. Research should evaluate which policy measures, for example, will promote
investment in environmentally friendly projects and which measures will discourage
participation in socially undesirable projects. It may be that different policy measures are
required to achieve these although this is seemingly a single objective.

There is also the question of central bank neutrality. Diggle and Bartholomew (2021)
propose that the implementation of green monetary policy may breach central bank neutrality
and argue that in the absence of a significant market failure, resource allocation should be
performed by the private sector. However, given that there may be welfare implications of not
acting to prevent climate change, deviations from neutrality can be justified. An area of future
research could be about the consequences of breaking central bank neutrality and whether the
benefits outweigh the costs. There are likely to be unintended consequences, which can be
mitigated by scenario analysis and further research. In essence, this is a question of action
versus inaction, which is an important new research issue in this field.

Another possible question relates to the creditworthiness and risk around green versus
brown investments. For example, what are the differences in risk around such projects and
what risk management practices should be implemented, if central banks are to promote green
over non-green investments using monetary policy? Sustainability and climate-related
mandates also call for a deeper analysis of the transmission channels through which they have
the potential to impact the financial sector and further research into financial sector
vulnerabilities to climate-related risks. Overall, those research questions call for the
development of new quantitative modelling tools.

Discussions presented in Section 5 show that progress in integrating climate change
and other ESG factors into monetary policy appears to be lagging. Consequently, it is
imperative to conduct more research on how monetary policy should be adjusted in light of the
green transition and climate change. A key issue in this research is the theoretical framework
for combining these factors, considering the disparity in time horizons between climate change
(long term) and monetary policy (relatively short term), as highlighted by Landau and
Brunnemeier (2020). This research should be complemented by investigations aimed at better
understanding the impact that ‘greening’ monetary policy could have on national and global

carbon emissions.
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Another research field worth exploring is how climate change and the green transition
affect different monetary policy frameworks, including objectives and targets, monetary policy
transmission channels and instruments. Several issues related to instruments are particularly
important. Given the distinct nature of energy-related inflation (climateflation, fossilflation and
greenflation), more research is needed on each specific aspect and the instruments that central
banks could use to address them efficiently. Although the phenomenon of climateflation has
garnered increasing attention in empirical studies, the implications of fossilflation and
greenflation are less understood and require more in-depth analysis (Aguila and Wullweber
2024).

Considering that monetary policy in the context of climate change requires the
application of several unconventional instruments (e.g., green QE, including green asset
purchase programmes, green bonds, or dual interest rates), it is worthwhile to conduct research
on various aspects of these tools. An example of such research is examining the effects of
applying dual interest rates in the context of the current climate crisis. Advocates of dual
interest rates contend that central bank utilization of this tool allows for a relaxation of bank
lending conditions without heightening the risk appetite that a conventional rate cut might
trigger, particularly when contemplated following an extended period of low or negative
interest rates. However, opponents claim that this approach would be inconsistent with efforts
to combat inflation. Therefore, new research is needed to evaluate the advantages and
disadvantages of dual interest rates. Additionally, there is a need for a better understanding of
how climate change impacts the natural rate of interest. The sensitivity of green investments to
changes in interest rates and credit supply also demands closer theoretical and empirical
examination. Another interesting area of research involves examining how climate change and
the green transition should interact simultaneously with fiscal, monetary and structural policies
to address the challenges triggered by those phenomena. New research in these areas will be
important for designing better monetary policies and for reacting more effectively to the
environmental and climate change challenges.

As Section 6 shows, further research is also needed on macroprudential policies to
ensure a comprehensive approach within the context of climate change. Many supervisory and
scientific analyses indicate the scale of ESG risks to which financial institutions (mainly banks
and insurance companies) are, or will be, exposed in the future. Certain management and
supervisory decisions are made on this basis. The main tool for assessing the scale of ESG risks
is stress testing. As highlighted by Reinders et al. (2023) current stress tests underestimate these

risks. The consequence may be that the prudential instruments applied to financial institutions
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are inadequately calibrated and therefore do not cover all ESG risk in supervision. As a result,
the financial sector may take excessive risks and not take the necessary action to reduce them.
Further research is, therefore, needed to improve stress tests (including refinement of the
scenarios themselves, sets of channels and asset classes included as well as feedback effects).
In addition, analyses currently focus on climate risk and - to a lesser extent - other
environmental risks. There is a need to improve analyses of the entire spectrum of ESG risks.

Currently, regulators and supervisors are analysing various options for micro- and
macroprudential instruments that may be applied to financial institutions in relation to ESG
risks. Although some researchers have already examined the potential limitations and
consequences of using these tools, this is still an area requiring deeper exploration. Its effect
should be the indication of optimal tools (and the combinations in which they can or should be
used), along with their calibration, accounting for specific conditions. In particular, the issue
of the scope of application of micro- and macroprudential instruments and the connections
between them requires resolution. In this respect, prudential transition plans also require further
research.

With regard to communication with central banks, which we covered in Section 7, many
studies highlight the interconnectedness of green policy tools (see, for example, Benmir and
Roman, 2020; Carattini et al., 2023). Given the current state of knowledge and the ongoing
debate about sustainable prudential instruments, more research is needed in the field of the
effectiveness of those instruments and the optimal choice of fiscal, monetary, micro- and
macroprudential tools in achieving both stability and sustainability goals, while limiting the
negative spillovers. Additionally, the possible unintended adverse consequences (short and
long-term) of sustainable central bank policies and tools should be investigated. Buch (2022)
highlights that statistics play a crucial role in central banks’ policy decisions. However, better
measurement and better statistics do not necessarily have to serve as a substitute for correct
policies, but rather they should complement such policies to support properly informed
decision-making processes. Good management of risks requires correct measurements and
high-quality data; hence, innovations regarding different measurement techniques or data
accuracy must be developed.?® Although the NGFS (2022a) presents a report on bridging data

gaps, these concerns remain valid.

28 The 2021 survey conducted by the Irving Fisher Committee on Central Bank Statistics showed that statistics on
sustainable finance attract increasingly more attention of central banks, however the recommendations for central
banks were to “intensify the identification of sustainable finance data needs to pursue their policy objectives”,
“cooperate with traditional and new stakeholders to close data gaps, especially at the micro level” and "lead by
example by improving the usage of the new data being collected” (Schmieder et al., 2021).
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Finally, it would be also interesting to investigate whether disclosures and other forms
of central banks’ communication with markets play the desired role of advocating for climate

action.

9. Conclusions

The importance of environmental, social and governance risks has been recognised in
recent academic literature and in reports published by various institutions. The delineation of
the interaction between environmental, social and governance risks is a small but substantive
contribution of our paper. We put forward the idea of a cascading effect with a positive
feedback effect meaning that environmental risks affect social risks and environmental and
social risks affect governance, but governance risks also negatively impact environmental risks
(hence the feedback loop).

ESG risks affect businesses, households and, thus, also financial systems and
economies. Our paper describes both the drivers and transmission channels of these risks and
demonstrates that they impact price stability, financial stability and economic growth, i.e., the
key areas with which the objectives normally set for central banks are associated and therefore
there are indeed grounds for those institutions to have such a mandate.

In this article we focus on the role that central banks can play in managing and
mitigating ESG risks. We find that there is no clear view of whether indeed these institutions
have a mandate to integrate ESG issues into their policies. There are countries where central
banks recognise this mandate as well as those that do not.

On this basis, our paper describes the green aspects of central banks' monetary and
macroprudential policies more broadly. The most important conclusion of this study is the
conundrum that the tools of all financial policies (monetary, micro- and macroprudential and
fiscal) and green policies are linked. Importantly, some instruments are effective (i.e., they
achieve the objectives assigned to them within a given policy framework), but at the same time,
they may cause negative effects in the area of other policies (e.g., they are effective in reducing
financial institutions' exposure to ESG risks but may negatively affect climate objectives; they
achieve climate objectives but reignite risks to financial system stability). This leads to the
obvious recommendation that the coordination of these policies, including the selection of the
appropriate instruments, should be ensured. However, who should coordinate these policies

remains an open question (although many studies point to a leading role for government).
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We also highlight the role of central banks' communication in relation to sustainability
issues, especially the energy transition. Both formal disclosures (publication of specific
information and data in official reports) and other forms of communication (including speeches
and presentations by central bank authorities) are not only intended to provide information
about central banks' actions in this area (and their effects) but, above all, their function is to
raise awareness among financial market participants and to set examples (or even role models)
of specific attitudes and actions.

As our study shows, the issue of ESG risks and their impact on both climate change and
the transition towards net-zero is relatively new. In the mid-2010s, it was first financial market
supervisors and regulators who identified the importance of these issues for the financial
system, particularly in terms of risk. Many existing publications (including those in the form
of recommendations and guidelines) have originated from financial safety net institutions as
well as through transnational initiatives (both top-down and bottom-up from financial
institutions, think tanks, consumer and environmental organisations etc.). Climate risks have
become so important and urgent that in a short period of time, many regulatory actions have
been implemented (targeting both the financial and the real sector) and financial institutions
themselves have acted on their own initiatives. Unsurprisingly, academic work in this area has
somewhat lagged. Although there are many publications on climate change itself or on the
impact of human activities (including economic activities) on climate change, there is much
less academic research available on ESG risks in financial institutions, including their impact
on financial stability. Consequently, there is little academic work published yet analysing the
issues of central bank mandates and instruments, which were discussed in this article in relation
to energy finance. There are, therefore, many existing research gaps. The examples of various
research directions identified in the section above can contribute to filling these gaps and can
help in the development of an effective central bank policy framework linking financial
objectives (price stability, financial stability and economic development) with climate

objectives.
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