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Abstract
Central banks have an important role to play in fighting climate change and in
catalyzing policy decisions. They can contribute within their existing mandates:
Price stability and financial stability are important preconditions for financial
markets to allocate and price climate-related risks appropriately. In terms of policy
priorities, more needs to be done within central banks’ mandates to support
climate policies. This includes (i) improving macroeconomic modelling and stress
testing to account for climate-related risks such as non-linearities, sectoral
adjustments and tipping points, (ii) enhancing transparency through disclosure
standards, closing of data gaps, and building of platforms for data, (iii)
strengthening financial sector resilience to account for climate-related risks and
uncertainties.

I. Background
The implications of climate change have been known for decades. Climate change can cause
serious damage to the global ecological, economic, and social systems.2 Droughts and
wildfires, rising sea levels, and destruction of habitat can cause major economic and
humanitarian harm. Through these channels, climate-related risks for the real economy can
also impair the functioning of the financial system. If these risks materialize, losses would hit
the financial system, which could exhaust the system’s ability to absorb losses and create
adverse feedback loops to the real economy.
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The time window to address these risks is closing fast: limiting the increase in global
temperatures to 1.5°C requires carbon neutrality by the year 2050 (IPCC 2018). Uncertainty
is high with regard to physical risks that are related to climate change and the transition path
towards a sustainable, carbon neutral economy. While policy action is needed to mitigate
climate-related risks, inconsistent policies, policy reversals, and a lack of global coordination
might be risk factors in their own right.
Financial systems play a key role in financing the transition to a sustainable economy, in
allocating and in mitigating climate-related risks. Implications of climate change for the
financial system go beyond those of typical macroeconomic shocks. The process of global
warming is largely irreversible, inert, and non-linear in nature. Once critical tipping points
have been reached, global warming might accelerate sharply and ultimately spiral out of
control. Similar to the Covid-19 shock – a global, unexpected health shock hitting the real
economy – individual market participants have limited ability to protect themselves against
global climate risks.
There is thus an intense debate about the right policy approach, the policy instruments to
choose and the level of international coordination needed. The role of central banks in
fighting climate change is one element of this debate. At one end of the spectrum, it is
argued that central banks should play a more active role in mobilizing the resources needed
to finance the transition to a carbon-neutral economy and in correcting market outcomes
that insufficiently reflect environmental concerns. Others argue that central banks are
already operating within well-defined (legal) mandates and that broadening these mandates
would not only lack political accountability but risk violations of the main objectives.
According to this view, the objective of price stability should be assigned to independent
institutions such as central banks.
This paper argues that central banks have an important role to play in fighting climate
change and in catalyzing policy decisions affecting financial markets. 3 They can contribute
within their existing mandates as price stability and financial stability are important
preconditions for financial markets to allocate and price climate-related risks.
Policy instruments in the hands of central banks are no substitute for policy action taken by
elected politicians who are subject to the scrutiny of the political process and societal
debates. Rather than simply arguing that addressing climate change is not within the
mandates of central banks, one should ask why central banks have different mandates, how
central banks meeting their policy objectives complement climate policies, what the
implications for the conduct of monetary and (macro)prudential policy are, and which
lessons can be learned from the institutional design of central banking for other policy areas.
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Before addressing the role of central banks, Section 2 outlines the economics of climate
change and the policy instruments to address it. Climate change resulting from carbon
emissions is a prime example of negative externalities: individual choices to emit greenhouse
gas fail to take into account implications for the atmosphere and the climate. In terms of
policies, there is a fairly large consensus that attaching a price to carbon emissions covering
all economic activities is key to addressing the externalities of private consumption and
investment decisions. 4 A higher relative price of carbon-intensive activities vis-à-vis less
carbon-intensive activities increases the incentive to economize on carbon emissions and to
invest in climate-friendly technologies. In addition, appropriate regulatory policies targeting
sector-specific needs are needed.
Section 3 turns to the role of central banks. Price and financial stability are the key mandates
of central banks. By fulfilling these mandates, central banks can complement climate
policies: Policies that seek to reduce carbon emissions will, ultimately, change the relative
prices of carbon-intensive goods and services by shifting demand to less carbon-intensive
products and services. Hence, market participants must be able to extract the correct price
signals in order to act upon them. Price stability – the stability of the overall price level – is
an important pre-condition for this price mechanism to work.
In addition, climate risks must be reflected, i.e. priced, on financial markets in order to gear
investments towards climate-friendly investments. The correct identification of relative
prices and the pricing of risks are both supported by central banks when securing price and
financial stability. Assigning an explicit mandate to central banks to address climate risks
would put central banks at danger of failing to achieve core policy objectives. Also, that
would mean policy decisions requiring political accountability being taken by unelected
technocrats.
The section also sketches institutional lessons that can be taken from the institutional
organization of central banking. Time inconsistency is an inherent challenge to stabilityoriented monetary policy: once a low inflation rate has been announced, governments can
benefit from surprise inflation. This lack of credibility has led to institutional designs that
limit discretion (Barro and Gordon 1983, Kydland and Prescott 1977, Rogoff 1985). Public
trust in the stability of money can thus be backed by independent and accountable public
institutions (Carney 2021).
Section 4 identifies policy priorities for central banks. This includes (i) improved
macroeconomic modelling and stress testing to account for climate-related risks such as
non-linearities, sectoral adjustments and tipping points, (ii) enhanced transparency through
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disclosure standards, closing of data gaps, and building of platforms for data, (iii) enhanced
financial sector resilience to account for climate-related risks and uncertainties.
This paper does not cover the extensive literature on climate risks and effects on the
financial system. An excellent overview of the relevant studies on the interaction between
climate change and the financial system is given by Furukawa, Ichiue and Shiraki (2020) and
Giglio, Kelly and Stroebel (2020).
The paper seeks to contribute to a debate on the role of climate change for central banks.
Comments and suggestions are highly welcome!

II. The Economics of Climate Stability and the Role of Public Policy
a.

Tragedy of the commons and the horizon

Addressing climate change requires addressing the “tragedy of the commons”. The
environment is a “global commons”, a global pool of resources, which, unless governed
appropriately, is being overused.5 This overuse constitutes a market failure in the form of a
negative externality: decisions by individuals to emit greenhouse gas cause harm to others,
this constitutes a negative externality. Yet, the individual neither gets punished, nor does she
pays the damaged party a compensation. This creates incentives for issuing excessive
volumes of greenhouse gases. The atmosphere serves as a reservoir and public good, which
can be freely used, and no-one can be excluded from its use. Property rights are not defined.
This reservoir, however, becomes a scarce resource as it cannot absorb greenhouse gases
infinitely without contributing to global warming. Policy intervention is thus needed to
create a market for global greenhouse gas emissions to internalize the negative externality.
Managing common pool resources and conflicts that can arise requires careful institutional
design (Ostrom 1990). The content and use of the common resource pool, for example, need
to be defined. Collective-choice arrangements need to be made, and compliance needs to be
monitored, which requires reliable and accessible data on relevant indicators. Violations of
rules requires sanctions and mechanisms for conflict resolution. Finally, the interaction
between the responsible local (national) level and the multinational level needs to be
defined. Consistent with this, nationally determined contributions (NDCs) are a central
elements of the Paris Agreement. 6
There is also a “tragedy of the horizon” (Carney 2015): all climate-related decisions – private
and public – have implications over a very long time horizon and are taken under a high
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degree of uncertainty. Climate risks materialize over a time horizon which often exceeds the
duration of private contracts. Hence, the effects of climate change on future generations are
not adequately reflected in decisions taken today. This could lead to insufficient policy action
being taken today. The effects of inadequate policies accumulate over time as the volume of
greenhouse gas in the atmosphere increases. This necessitates stronger policy action
tomorrow to limit climate change and prevent adverse and irreversible developments.
A recent ruling by the German Federal Constitutional Court emphasizes this
intergenerational trade-off, as stated in its press release: 7 “… the provisions of the Federal
Climate Change Act of 12 December 2019 […] governing national climate targets and the
annual emission amounts allowed until 2030 are incompatible with fundamental rights
insofar as they lack sufficient specifications for further emission reductions from 2031
onwards. […] However, the challenged provisions do violate the freedoms of the
complainants, some of whom are still very young.”
b.

Policy instruments

Price-based versus quantity-based measures
The key policy instrument to internalize externalities is to address carbon emissions by
creating an artificial scarcity which market prices fail to signal. Governments can create this
scarcity either by directly setting a price for carbon emissions (i.e. through a tax).
Alternatively, they can set a ceiling for emissions and creating a market for emission rights
that leads to a corresponding price. 8
Price-based policy instruments follow the optimal taxation proposed by Pigou (1920) as an
instrument to internalize negative externalities: 9 The price for emitting a unit of carbon
dioxide should equal the damage done to third parties by emitting this unit. The quantity of
carbon emissions evolves endogenously in this setting. Several countries use carbon taxes
including the United Kingdom, Canada, Spain, South Africa, France, Argentina, Japan, and
Mexico (IMF and OECD 2021: figure 1 on p. 9).
Quantity-based policy instruments, in contrast, set emission limits, and the price for carbon
emissions evolves endogenously. Following Coase (1960), emission limits establish property
rights to the global commons. At the current juncture, Emissions Trading Systems (ETS) have
been adopted by 35 countries; 31 of them are EU countries participating in the EU Emission
Trading System (EU ETS) which does not cover all sectors yet.
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Choosing between price-based and quantity-based policies is not straightforward. 10 In terms
of the information needed, price-based policy instruments are more demanding than
quantity-based instruments. Price-based policies require computing by how much prices for
emissions have to change to reach a certain emissions target, who will be affected, and how
strong responses to price changes will be. The price may have to be recalibrated successively
if reductions of emissions are insufficient. Quantity-based regulation starts from a
quantification of emissions to be reduced, and emission rights are then auctioned off. The
price for emissions evolves endogenously. This requires tracking whether emissions are in
line with the emission rights and monitoring compliance. Hence, while quantity-based
instruments ensure that a certain emission level is reached, volatility of prices and
uncertainty for consumers and investors can be higher than under price-based regulation.
In practice, governments choose combinations of price- and quantity-based policies,
differentiating also between sectors. In Europe, for example, the EU ETS covers energyintensive industrial sectors as well as electricity and heat generation. Other important
sectors such as housing are exempt but covered by other regulatory measures like emission
standards. In addition to policy instruments that directly limit carbon emissions, a number of
instruments that indirectly affect emissions are used. These include energy taxes, subsidies
for the production of renewables, or setting technological standards. There are indeed good
reasons for using a mix of policy instruments as many decisions that are needed to move the
economy closer to net zero emissions of long-lived greenhouse gases by 2050 are unlikely to
respond to marginal price changes alone (Hepburn, Stern and Stiglitz 2020).
Irrespective of the instruments chosen, embarking on a path to a net zero carbon emission
economy leads to a significant repricing of assets across countries and sectors. Claims on
activities that heavily use fossil fuels are likely to be devalued, and some assets may even
become “stranded” (Huxham, Anwar and Nelson 2019; Holz et al. 2018). Assets in the form
of global coal, gas and oil reserves would lose in value (McGlade and Ekins 2015), as would
production processes that extensively use such resources and that have limited
substitutability across inputs.
How smooth the repricing of assets and the adjustment of financial flows will take place
depends on the clarity of policy signals and the availability of information. As a benchmark,
assume a fully credible, time-consistent, internationally agreed path for carbon emission
prices. In this case, all investment and consumption decisions would be taken on the basis of
the correct level of relative prices and would internalize climate-related externalities.
Information problems would be drastically reduced as investors would not have to do their
own (country-specific) calculus of climate-related risks but observe input and output prices
only.
10
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Of course, we are far away from such an ideal world. There is no carbon price covering all
sectors as a crucial information device. Investors thus require information on the carbon
intensity of inputs and outputs, on exposures to climate policies, on reactions of firms to
such policies, and on potential legal risks if disclosure is insufficient. International initiatives
aimed at both coordinating policies and enhancing transparency concerning climate-related
risks, are thus crucial to close information gaps.
R&D subsidies
Subsidies for research and development are one important instrument in the toolbox. The
shift away from carbon-intensive production patterns requires investment into new
technologies. The private sector may underinvest into new technologies and insufficiently
account for positive knowledge spillovers. While this potential underinvestment is a general
market failure, it is particularly acute in the case of R&D into clean technologies due to the
global negative externalities of greenhouse gas emissions. Policy instruments addressing this
market failure target research and development (R&D) through patents and similar
protections of property rights. Yet climate-related R&D might not sufficiently account for the
very long-term horizons over which the social effects of such investments materialize. There
may thus be a role for the government to either subsidize basic research or to create a
protected market segment in which new technologies can achieve market maturity. An
optimal policy mix would combine carbon taxes and research subsidies (Acemoglu et al.
2012).
Behavioral enhancements
Voluntary private sector initiatives can enhance the effectiveness of policy instruments but
cannot substitute political decisions. 11 At the same time, once policy changes have been
taken, behavioral changes can be important levers. Frank (2020) argues, for example, that
the effects of carbon taxes can be amplified through behavioral contagion. The direct effect
of changes in relative prices through taxes can be reinforced by indirect effects if social
feedback loops encourage consumers to buy relatively more environmentally-friendly
products. Frank draws an analogy to smoking, which was reduced through higher prices for
cigarettes and better recognition of health hazards, but also to a large extent through social
feedback effects.
The importance of behavioral enhancements differs across polices instruments. Schmidt and
Herweg (2021) show that price and quantity regulation are not equivalent when moral
concerns of consumers are taken into considerations. Moral concerns can affect
consumption decisions in terms of the willingness to adjust travel patterns or to install solar
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panels. Under price-based regulation, these moral concerns matter, as morally concerned
consumers are induced to consume less, and behavioral adjustment reinforce the effects of
policies. Emissions decline by more. Under quantity-based regulation, such as a market for
emissions, in contrast, the quantity of emissions is fixed, and behavioral enhancements are
less effective.
Empirical evidence supports that feedback effects between preferences and climate-related
outcomes are relevant. Furukawa, Ichiue and Shiraki (2020) cite studies on pricing patterns
in housing markets which show that stronger preferences of institutional investors for social
and environmental performance affect investment behavior. While property prices
insufficiently account for climate risks, such underpricing of risks tends to be smaller in
communities with a higher awareness of environmental issues.
c.

The time (in)consistency of climate policies

Left unregulated, markets would fail and cause an excessive level of greenhouse gas
emissions. Economic policy thus needs to design an institutional framework that allows
carbon emissions to be priced and regulated. This would allow consumers and producers to
align their plans with this set of policies, and it would stabilize macroeconomic responses to
climate policies.
This framework needs to take into account that climate policies run the risk of policy
reversals and time inconsistencies as current policymakers cannot tie the hands of future
policymakers. There are two important trade-offs that policymakers have to deal with: those
between short-term and long-term effects, and those between private and social costs and
benefits.
Take the trade-off between the short- and the long-term effects first. In the longer term,
effects of the reduction in carbon dioxide on the real economy and of avoiding the damage
done by global warming are clearly positive. In the short term, however, markets for capital
and labor may not adjust sufficiently fast for industries to shift away from carbon-intensive
production. Assets of producers and extensive users of fossil energy may have to be written
off, implying losses to investors in these industries and to economies that mostly rely on the
extraction and export of fossil fuels. This may have repercussions for the financial system if
exposures are large and if risks are insufficiently diversified. Labor markets have to
accommodate the declining demand for workers in carbon-intensive industries and the
relocation to less carbon-intensive industries.
At the current juncture, carbon pricing is insufficient in terms of its sectoral coverage and in
terms of reaching emission targets. The optimal policy response would be to adjust policies
now in order to reach those targets while using other policy tools such as social policy to
cushion the short-term costs on those affected the most. Postponing such policy decisions
might look less risky and costly in the short run. However, it may have a longer-run price tag
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as climate-related risks increase and as policy action needs to become more drastic.
Aggravating climate risks may run the risk of sudden policy reversals, with the potential to
destabilize real economic activity and render past investments obsolete.
Policy decisions are additionally affected by the different calculus of private versus social
costs and benefits. Individuals directly feel and observe the effects that policies have on
their personal lifestyle, but climate-related effects are not very tangible. Global climate
policies differ from local environmental policies that seek to improve local conditions that
are tangible – a river is cleaner, and the air becomes less polluted. Over time, the political
consensus to maintain climate policies may thus change. Even though governments may
announce a gradual path for the price of carbon emission today, it might thus be optimal for
future governments to reverse those decisions. This, in turn, creates uncertainties for
households and firms when taking long-term investment decisions.
Hence, mechanisms are needed which allow the interests of future generations to be taken
into account while at the same time ensuring that policy decisions taken today are not
reversed in the future. These mechanisms include clear and accessible communication on
the effects of climate polices and on the measures taken to mitigate undue private costs.

III. Implications of Climate Change for Central Banks
The discussion so far has shown that climate policies are about addressing a global
externality through a set of policy instruments. Managing the associated trade-offs requires
political accountability as well as institutions that can contribute to international
coordination and reducing time inconsistency problems.
There is an intensive discussion about the role of central banks in addressing climate change:
should central banks actively pursue climate objectives or would this go beyond their
mandates? 12 This section discusses the mandates of central banks, their contributions to
climate policies, and lessons from the institutional design of central banking.
a.

What’s within the mandate of central banks?

Central banks’ core mandate is to pursue price stability. Yet a survey conducted among 107
central banks also shows that about half of the central banks have the mandate to support
government economic policy or economic development either as a primary (22%) or as a
secondary objective (31%) (NGFS 2020). Only one quarter of all mandates comprise specific
provisions to support sustainable economic development. A majority of central banks (73%)
envisage taking climate-related measures: Protective measures aim at mitigating financial
risks and safeguarding financial stability; proactive measures aim at ensuring a smooth
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transition to a low-carbon society including price stability, financial stability, and the
mitigation of market distortions.
The survey reveals central banks’ focus on price stability while recognizing that central banks
feel obliged to contribute to broader policy objectives. To rationalize this division of labor,
Table 1 compares three policy areas and policy objectives – two of which are in the realm of
central banks (price stability and financial stability), and one of which is not (climate
stability). The table classifies these policies around the economic problems addressed, the
policy objective, the policy instruments, the institutional design, the analytical approaches,
and the time horizon.
b.

Why do central banks have different mandates?

So why are climate policies not within the mandate of central banks? The main reason is that
the policy problem is different. The specific role of central banks and the well-defined
mandate to ensure price stability have evolved over time. They are a response to the
recognition that, without a clear separation between monetary and fiscal policy, there is the
risk that the objective of price stability will be subordinated to other economic objectives
pursued by the government. This may leave inflation at a suboptimally high level, with
adverse consequences for income distribution, the reliability of price signals, and, ultimately,
economic growth. Eventually, monetary policy was thus delegated to technocratic,
independent institutions with a well-defined mandate. In exchange for this independence
and the lack of direct democratic accountability, central banks are limited in the use of their
policy instruments.
Climate stability, in contrast, is a much more multi-faceted problem, requiring policy
instruments spanning across all policy areas, having a much longer time horizon, and
requiring a much more interdisciplinary approach. Price stability, for example, is defined
over the medium term, and there is ample empirical evidence that monetary policy has no
significant impact on real economic outcomes such as economic growth over the longer
term.
This needs to be taken into account when designing the mandates of institutions tasked with
climate policies. Tirole (2019: 37) has argued that “agency independence is not appropriate
for broad societal choices”. Similarly, policies that cannot be linked to clear, measurable
objectives such as environmental policies may lack important preconditions for delegation to
independent authorities (Tucker 2018: 15).
Agency independence, ultimately, requires a discussion about the preferences of society for
certain policy objectives. Climate action, for example, is only one of the 17 UN Sustainable
Development Goals. Delegation will be credible only if society broadly shares preferences for
the objectives of an independent institution. Tensions could arise if societal preferences and
those of independent institutions do not match. What if, for example, a consensus emerges
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in society that that elected national governments are not taking sufficient action to mitigate
climate-related risks – should (non-elected) central banks fill the void?
The public’s willingness to delegate key responsibilities for climate policies with core
implications for economic structures and income distribution to independent technocrats
akin to central banks is debatable. Financial stability policies, which will be discussed below,
are a case in point. Precisely because macroprudential policy decisions can have
distributional consequences, such decisions are typically not entirely within the remit of
central banks. 13
This leaves us with the question of what central banks can do within their mandates to
support climate policies. Narrowly defined, the answer to this question should start with
central banks’ own operations. Central banks are large organizations that engage in risk and
asset management, they have operational activities and reporting obligations. All these
operations need to follow the same environmental and climate standards as apply to the
private sector. Being accountable to the general public, central banks should indeed be
leaders rather than followers in this realm. Moreover, empirical studies support of the
hypothesis that behavioral enhancements can have relevant effects. In this sense, also
action taken by central banks to enforce climate-related disclosures can likewise play an
important catalytic role (Weidmann 2020).
c.

How can price and financial stability complement climate policies?

But there is also a broader answer to the role of central banks in climate policies which goes
beyond operational aspects. Recall the conditions needed for the transition to a carbonneutral economy: consumers and investors need to react to relative price signals and to be
able to appropriately price climate-related risks. Ensuring that both conditions are met is
actually within the core mandate of central banks.
Take price stability first. Given the long history of stable prices that advanced economies
have enjoyed over the past decades, it is easy to underestimate their importance. Yet, the
higher and the more volatile the inflation rate, the more difficult it becomes to extract
relative price signals (Phelps et al. 1969). This point is particularly relevant for the debate on
climate change and the transition to a net zero carbon emission economy: capital
investments in many industries have very long time horizons and are taken under an
extremely high degree of uncertainty. Eliminating as much noise as possible from price
signals received by investors and consumers is thus key. And this is exactly the role of central
banks pursuing price stability objectives.
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Central banks’ large-scale asset purchase programs may seem to open the avenue for yet
another role: Couldn’t central banks contribute to channeling financial investments into
green assets? Apart from the weak link between real investments in green technologies and
the funding structure of these investments, there is another conceptual flaw in this
argument. Although central banks are large buyers on secondary markets for government
bonds, their purchases do not constitute net wealth of the private sector (Benigno 2016).
Purchases of securities through central banks affect output and inflation through a portfolio
rebalancing effect that reallocates risks in an economy from the private sector to the public
sector, i.e. central banks’ balance sheets. Assessing the full effects of asset purchases over
time thus needs to take into account the fiscal implications: if losses on central banks’
balance sheets materialize in the future, profits that can be transferred to fiscal authorities
decline. If fiscal authorities shift the burden to the private sector through higher taxes, there
is no net wealth effect. Similarly, Reis (2013: 2) has argued that “the central bank’s main
power is to raise its inflation target, but otherwise the balance sheet gives little leeway to
pursue other goals.”
In this sense, an increase in the purchases of “green assets” through central banks would not
change the private sector’s net wealth that can be invested into sustainable investment
projects.
Central banks’ contribution to financial stability is a second condition for successful climate
policies. Taking investment decisions that gear the economy towards greater sustainability
requires good information on first moments (prices) but also on second moments (risks). By
ensuring that financial markets perform their role for the real economy, financial stability
policies provide the basis for sound risk assessments. Such policies are no panacea, of
course. They are no substitute for other policies that are needed in order to embark on the
path to zero net carbon emissions and mitigate transitional and physical risks. But
macroprudential policy can ensure that vulnerabilities to risks are identified and mitigated
such that shocks – materializations of transitional or physical risks – are not amplified within
the financial system. We will discuss this in more detail in Section IV.
d.

What are lessons from the institutional design of central banks?

In terms of institutional design of climate policies, there are a few lessons that can be
learned from the design of central banking mandates.
First, creating independent institutions can help to address issues of time inconsistencies
and the risk of policy reversals due to electoral cycles. Mandates of independent institutions
should be confined to policy areas where policy objectives and instruments are well-defined.
This is the case for price stability mandates. The specific nature of central bank
independence has been argued by Tucker (2018: 59): central banks are the suppliers of one
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public good (price stability) and preservers of a common good (financial stability). This, in
turn, limits their mandates.
To address the time inconsistency problem inherent in climate policies, Helm, Hepburn, and
Mash (2003) draw analogies with the institutional setup for monetary policy. Along those
lines, Fücks (2013) proposes an "International Climate Bank", which would borrow
institutional features from modern central banks rather than using central banks to achieve
two objectives. This International Climate Bank would issue carbon emission rights and limit
the issuance of such rights if climate stability were at risk. It could be the custodian for global
climate agreements and would require political legitimacy to assume such as role.
Similarly, a recent G30 report written under the leadership of Janet Yellen and Mark Carney
argues that credibility of climate policy can be enhanced by borrowing lessons from the
institutional design of central banking: “Governments can, however, delegate the calibration
of the instruments that are necessary to achieve this target to ‘Carbon Councils.’ Delegating
these responsibilities helps insulate decisions with significant long-term implications from
short-term political pressures.” (G30 2020: p. xiv). 14
Second, independence reaches its limits whenever political accountability is needed. This is
the case for financial stability mandates: Because financial stability policies can have
distributional consequences, they are not assigned solely to central banks but also to
institutions that are politically accountable.
Third, policy coordination is needed internationally to mitigate spillovers and negative
externalities. In central banking, policy institutions such as the International Monetary Fund
have been established to address the risk of competitive devaluations and preserve the
stability of the international monetary system. To achieve this objective the IMF monitors
regularly member countries policies in structured surveillance process, provides policy
advise and technical expertise. Climate change is a global challenge requiring international
coordination. Use of the global commons needs to be appropriately priced, and enforcement
mechanisms are needed to align the incentives of countries accounting for the bulk of global
greenhouse gas emissions with those most heavily affected by climate change. International
treaties share the fundamental problem of lacking enforcement mechanisms. The treaties
such as the Conference of Parties’ Paris Agreement and the G7/G20 Agreement have
formulated goals, but there is no sanction mechanism, and policy action remains largely
voluntary.
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IV. Climate Change and Financial Stability
a.

Financial stability as a common good

Financial stability is a policy objective which has been defined explicitly only after the global
financial crisis. A stable financial system is able to perform its main functions: the allocation
of savings, the funding of investment, the pricing and allocation of risks, and ensuring the
smooth functioning of the payment system. A resilient financial system should neither cause
nor excessively amplify economic shocks.
Climate-related risks can aggravate financial stability risks. This risk is acute if climate risks
were not sufficiently factored in by market participants. This can lead to a significant
repricing of financial assets and expose existing vulnerabilities in the financial system arising,
for example, from excessively high levels of private sector debt. If climate-related risks
materialize, leading to losses in the financial system, the financial system needs to be
sufficiently resilient and to absorb those losses. This, in turn, would have negative feedback
effects on the real economy and aggravate the effects of climate-related risks.
Climate-related risks impacting the real economy may be amplified in the financial sector
through different channels. Changes in prices of climate-sensitive assets can induce losses
and trigger large-scale shifts in portfolios, further reinforcing price adjustments. The effect
can become a systemic issue if portfolios of many investors are exposed to similar risks. Akin
to the Covid-19 shock, asymmetric impacts on individual firms and sectors can lead to
solvency problems and expose the financial sector to concentrated risks. Hence, surveillance
of amplification focuses on the channels through which seemingly small shock can become
systemic: concentration of risks in individual institutions or market segments, common
exposures, and connectedness.
Safeguarding financial stability is about addressing a common resource problem
characterized by hidden action on part of financial institutions and regulators (Tucker 2016).
Financial institutions may, for example, engage into risky activities that have negative
implications for the financial system, become highly connected or exposed to similar risks.
Such systemic risks are insufficiently factored into markets’ risk assessments. Like in the case
of climate policies, mechanisms and regulations to internalize negative externalities are thus
necessary.
Financial stability and price stability share common features but differ especially regarding
one key characteristic (Tucker 2018: 59). Price stability, i.e. stability in the value of money, is
a public good characterized by non-excludability and non-rivalry. Likewise, financial stability
is non-excludable in the sense that no market participant can be exclude from its benefits.
All financial institutions benefit from financial stability.
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However, financial stability is rivalrous: the resilience of the financial system can be
“consumed” and thereby diminishes over time. If a small number of market participants
builds up excessive levels of debt or exposures to macroeconomic risk factors, this may not
threaten the stability of the entire financial system. But if debt continues to increase and if
vulnerabilities reach into all parts of the financial, even seemingly small external shocks may
trigger system failure. Similarly, global warming can trigger irreversible events as greenhouse
gases accumulate. There is an important difference, however, because financial stability can
be restored within a certain time span while climate change is long lasting and not reversible
for generations.
In any case, ensuring that stability of the system does not diminish over time requires
appropriate regulation. However, financial institutions may respond to regulations through
regulatory arbitrage that increases their systemic footprint; regulators may be under
pressure from local interest groups to allow domestic institutions to take on higher risk than
what is consistent with the international standard.
This calls for a benchmark standard for regimes to preserve stability globally, and not locally
(Cecchetti and Tucker 2015). In practice, financial stability work is thus largely a national
responsibility with coordination mechanisms at the supranational level (e.g., European
System Risk Board) and at the international level (e.g., Financial Stability Board).
Financial stability and climate stability thus share common features: the atmosphere and
financial resilience are global commons that may be overused by individual market
participants. Policy interventions are thus necessary to address this market failure by
internalizing externalities. In qualitative terms, both externalities are global and have
important non-linear features. Similarly to the regulatory arbitrage of banks, carbon leakage
and the relocation of production activity to countries with lower emission standards can
undermine local climate policies. In quantitative terms, however, climate-related risks and
financial stability risks differ. Climate risks are of a global scale and significantly more
persistent than financial stability risks. Economic history shows that financial crises have
been recurring time and again, and that these crises had long-lasting output effects
(Reinhardt and Rogoff 2009). However, the effects of financial crises are nowhere near as
devastating globally and as long-lasting as climate risks which materialize.
b.

The role of financial markets

Well-functioning financial markets contribute to addressing climate-related risks. The first
role is to align patterns of savings and investment with the objective of reducing carbon
emissions. Assessing the financial resources needed to finance the transition to an economy
with net zero carbon emissions is difficult: A production process relying heavily on energy
might be rather carbon-intensive given the current mix of energy supply. Switching this
production process to being climate-neutral would not require specific investments if energy
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inputs were climate-neutral. However, past investments in outdated technology such as coal
power plants might have to be written off almost entirely. Assessing the specific investment
needed for the transition to a greener economy thus requires an estimate of the capital
stock that is being devalued as a result of climate change (and of mitigating policies) in
excess of the normal depreciation of capital.
Providing insurance against the financial impact of climate-related risks is a second key role
of the financial system. This requires a transfer of risk from those unwilling to hold this risk
to those willing. Generally, the unprecedented nature of climate-related risks makes it
difficult to adequately price them (FSB 2020). In this regard, central banks can contribute to
an adequate pricing of risk by setting standards in the measurement of risks and regulating
disclosure to account for climate-related risk factors.
Different types of financial institutions can complement each other. Financial market
participants differ in terms of the information that they have available as well as their ability
to manage assets and liabilities. Banks, for example, might have superior ability to assess
credit-related risks than insurance companies; institutions with longer-term liabilities are in a
better position to bear longer-term, climate-related risks than banks which are funded
through short-term deposits.
Not all financial instruments are equally suited to manage climate-related risks. The time
horizon for climate-related investments is longer than for many other investments, and
investments are made with a high degree of uncertainty. This speaks in favor of financial
contracts such as equity finance rather than bond finance as the latter often has both fixed
returns and a fixed time horizon.15 For that reason, the European Capital Market Union can
play an important role in funding a transition to a low-carbon economy as it seeks to
strengthen and deepen equity markets in Europe (de Guindos 2020).
c.

Surveillance and regulation of climate-related risks

Are climate-related risks a special source of risk? Answers to this question differ. According
to Bolton (2021), climate-related risks are different from the types of risk that markets and
regulators are typically dealing with; the nature and implications of climate-relate risks
constitutes a (series of) “Green Swan” event(s). Cochrane (2021) states, to the contrary, that
climate change poses no relevant risk to the financial system in the sense that the financial
system and banks in particular would be subject to sudden losses or a run on short-term
debt. The Basel Committee for Banking Supervision has recently published reports arguing
that drivers of climate risks can be captured in traditional financial risk categories, but that
additional progress is needed to better estimate these risks. 16
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In line with this, the Deutsche Bundesbank (2019) argues that climate-related risks reach the
financial sector through existing categories of risk, including business, credit, market,
insurance, or legal risk. Still, the implications of climate change for risk dynamics and
magnitudes are different from the implications of more standard macroeconomic shocks
because of the inherent non-linearities and tipping points.
Climate-related risks are typically classified into two broad categories. Physical risks are
related to the increasing frequency and severity of climate-related weather events and the
effects of long-term changes in climate patterns. Transitional risks result from a transition to
a less carbon-intensive economy, including policy and regulatory changes, technological
breakthroughs or changes in social norms (Bolton et al. 2020). These risks interact with each
other. The more severe the impact of climate change for the real economy, the more urgent
is the need for policy changes to manage the transition.
While physical and transition risks affecting traditional risk categories, there is no simple
relationship between current carbon-intensity of economic activities and risks represented
to investors. A low degree of carbon intensity of a firm or economic activity does not
automatically imply that financial risks are lower compared to higher carbon intensity. From
a financial stability perspective, one key question is whether physical and transitional risks
are generally underestimated, which would in turn give rise to systemic risk in the financial
sector.
To what extent are climate-related risks – physical and transitional – priced in financial
markets? Differences in the risk premia on assets labeled “green”, i.e. claims on activities
associated with low carbon emissions, versus those labeled “brown”, i.e. those associated
with high carbon emissions, provide answers. Investors can be expected to demand higher
risk premia for brown assets compared to green assets, which serve as a hedge against
climate risk. 17
Furukawa, Ichiue and Shiraki (2020: 33) provide a comprehensive review of the literature.
They conclude that real estate and stock prices do not fully reflect physical climate risks and
that there is mixed evidence on the premia of green bonds. At the same time, local weather
events change investors’ perception of risks, and enhanced disclosure and communication
contribute to a better pricing of climate-related risks. They conclude that pricing today does
not adequately reflect climate-related risks. This could hinder adaptation and mitigation and
lead to a sharp repricing when risks materialize.
The advisory council to the German Ministry of Finance discusses the effects of ESG
(Environmental, Social, Governance) criteria for the real investment decisions affecting
climate risks (Wissenschaftlicher Beirat BMF 2021). The report argues that, in well-

17

See Pastor et al. (2020).

18
functioning financial markets, green bonds or other financial vehicles per se have little
impact on the real investment decisions affecting climate risks. Sustainability considerations
can play a role if active investment strategies have an impact on firm-level investment
decisions. In any case, the effects of sustainability objectives should be assessed against real
investment decisions rather than the financing side.
Generally, the extent to which pricing on financial markets has reflected climate-related risks
appears to be rather limited and insufficient in obtaining an efficient market outcome
(Bolton et al. 2020). Limited pricing of externalities caused by carbon emissions and
uncertainty about future climate policies are the main reasons for this. This, together with
the fact that severe physical impacts of climate change materialize only over the long term,
limits the ability of financial markets to price related risks and reach an efficient allocation of
capital.
Containing risks to financial stability is key for financial markets to play their role in
managing the transition to a climate-neutral economy. Macroprudential surveillance of
climate-related risks has three objectives: to identify relevant climate-related risks, to
analyze the vulnerabilities and exposures of the financial system to these risks, and to assess
whether preventive policies to reduce and mitigate systemic risks is necessary.
As transitional and physical risks have implications for traditional risk categories assessed by
microprudential supervisors, there is a need to ensure that banks and other financial
institutions incorporate climate-related risks into their risk management. In the European
Banking Union, the Single Supervisory Mechanisms (SSM) adopted a risk-based supervisory
approach to climate change and environmental degradation. Microprudential supervision
ensuring that banks and financial firms do incorporate climate related risks is a necessary but
not a sufficient condition for financial stability. Macroprudential authorities thus also started
to assess potential climate-related vulnerabilities to better understand if there are systemic
risks related to physical and transition risks. The main obstacles for individual risk
management as well as prudential oversight and supervision is the unavailability of suitable
data for carbon emissions at the firm level. There is therefore a need for common
(minimum) standards for disclosure of climate-related information that can be used by
financial sector as well as micro- and macroprudential policymakers.

V. Policy Priorities for Central Banks
Climate change is the most severe challenge facing today’s societies. Overuse of a global
common good, the climate, will have devastating, long-term effects for societies which go
beyond effects of global health or financial crises seen so far. Current prices for carbon
emissions insufficiently reflect the scarcity of environmental resources. National policy
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decisions and international agreements are needed that effectively limit emissions of
greenhouse gases.
High uncertainty over the effects of climate change necessitates a reliable compass. By
fulfilling their mandate to secure price stability and financial stability, central banks provide
essential conditions for climate policies to succeed. Stability of nominal prices is important
for firms and households to receive, interpret, and act upon relative price signals. Stable
financial markets are needed to price and allocate climate-related risks and for financing the
transition to a carbon-neutral economy.
In addition, elements of the institutional set-up of independent central banks may be useful
for climate policies. In central banking, time inconsistency problems have been addressed by
assigning the price stability mandate to institutions that can choose policy instruments
independently from political pressure. This independence of central banks has been an
important factor contributing to price stability. 18 Similar elements can be useful in designing
institutions that deal with the time inconsistency and potential lack of credibility of climate
policies.
Mandating central banks to pursue climate stability objectives directly can, in contrast, lead
to policy trade-offs that could ultimately put the fulfillment of their core mandates at risk:
the promotion of investment into green technologies through regulatory incentives might,
for example, jeopardize financial stability if investors have inadequate resources to absorb
losses. Also, assigning policy decisions which require democratic accountability to nonelected technocrats would be problematic.
Yet, in order to better play their roles, to complement and to catalyze climate policies,
central banks need to massively improve their analytical tools and data infrastructures. We
see the following policy priorities for central banks.
a.

Improving macroeconomic models

Standard macroeconomic models in the toolbox of central banks cannot address many of the
relevant climate-related issues. Dynamic stochastic general equilibrium models, for example,
focus on short-term volatility around long-term trends but do not model these long-term
trends. Also, the sectoral dimension of these models is typically not very strongly developed.
The role of carbon taxes for macroeconomic dynamics, in turn, is often modelled without
taking the role of financial markets into consideration (Bolton 2021). This suggests a number
of priorities for macroeconomic modelling of climate risks.
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First, in order to capture the effects of climate-risk for the real economy, macroeconomic
models need to incorporate physical and transitional risks. Transitional risks include climate
policies such as the impact of emission pricing, as well as technological innovation, and other
factors shaping the transition.
Second, scenarios need to be developed that allow analyzing the correlation between
economic and climate variables under different policy assumptions. The Network for the
Greening of the Financial System (NGFS) has developed an analytical framework for
assessing climate-related risk for financial stability based on climate scenarios (NGFS 2020a).
The scenarios can integrate physical damages induced by climate change, potentially
disaggregated at a geographical or sectoral level. The scenarios can also be translated into
macroeconomic and financial stress scenarios.
Third, climate stress tests can help raises the awareness of existing vulnerabilities. But stress
testing with a typical time horizon of a few years also has its limits and may lead to either a
false sense of security or signal a misplaced need for action.
Fourth, incorporating climate-related risks into the analysis of financial stability requires
interdisciplinary work across fields such as economics and climate research. A portfolio of
tools and models, including interdisciplinary approaches, is needed in order to assess
climate-related risks. One important analytical toolbox are historical counterfactual
simulations, which start from responses to regional natural disasters that have happened in
the past and simulate alternative adjustment paths.
Given that climate-related macro-models and climate stress tests are an emerging field, it is
crucial at this juncture to build up an infrastructure that makes best use of the available
evidence and allows for learning from experience. Going forward, it will be important to
define relevant analytical questions, to take stock of the economic modelling approaches
that exist, and to identify gaps. A repository of studies and empirical models can be useful to
provide low-cost access to relevant literature, codes, and data. Central banks can play an
important role in this regard by providing platforms for sharing information and tools.
b.

Enhancing transparency and information systems

Information on the exposure and vulnerability of firms to climate-related risks is key to
pricing these risks. This requires information on emissions associated with production,
emissions embodied in production inputs, and emissions created in the entire life-cycle of
produced output.
Timely availability and access to relevant information are crucial for different stakeholders:
Policymakers require information on environmental exposures to calibrate policy
instruments, markets require information to price risks accordingly. Analysts in private and
public institutions need to be able to assess the firm-level, sectoral, and macroeconomic
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implications of climate change and of policy measures. Information on climate-related risks
and the coordination of different disclosure standards is thus a key public good.
Accordingly, many international activities have been launched that identify relevant data
gaps and describe strategies towards closing these gaps. In May 2021, the Network for the
Greening of the Financial System has published a progress report (NGFS 2021), and the
Financial Stability Board (FSB) is working on a roadmap for dealing with climate-related
issues, including closing of data gaps.
Various rating agencies provide Environmental, Social and Governmental ratings. Yet, absent
standards for harmonization, these ESG scores differ considerably (Berg et al. 2020). The
Task Force on Climate-related Financial Disclosures (TCFD) has developed voluntary,
consistent climate-related financial disclosure standards. At the national level, the German
Sustainable Finance advisory council has made proposals on how to close related data gaps
(Sustainable Finance Beirat 2021). These initiatives aim at coordinating the many grass-root
and focused initiatives aimed at improving data collection and disclosure.
Closing data gaps has also been a top priority after the global financial crisis. More than ten
years ago, the crisis revealed gaps that impaired the understanding of relevant parts of the
financial such as derivative markets and interdependencies in the system. In the aftermath
of the crisis, the G20 has therefore initiated a large-scale initiative to close data gaps, and
has since then monitored its implementation.19
The public sector indeed has a key role to play in terms of coordinating work on data and
speeding up the process. This is even more urgent than following the global financial crisis,
as better data is immediately relevant for market participants. Timely access of relevant
information on climate related risk for all stakeholders is crucial. This calls for an agile
process which combines elements of (i) analyzing current data availability, (ii) providing
guidance for collecting relevant data that are currently missing, and (iii) establishing
platforms that can be used to disclose and share relevant data, both currently available and
newly collected data.
Timely implementation can be achieved by initiating these steps in parallel rather than
sequentially. In this regard, lessons may be learned from international initiatives aimed at
speeding up the development of vaccines against Covid-19. In April 2020, the WHO
published a statement for collaboration on Covid-19 vaccine development, stating that: “[…]
We will continue efforts to strengthen the unprecedented worldwide collaboration,
cooperation and sharing of data already underway. […]” 20
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Statistical offices and central bank statistics have an important role to play in promoting the
necessary information infrastructure. Central banks should particularly focus on information
related to financial markets. They can promote data generation on exposures to transitional
risks by expecting or even mandating the disclosure of information through their supervisory
mandates. Moreover, by applying disclosure standards in their own policies, central banks
can catalyze the adoption of those standards and lead by example.
c.

Enhancing financial sector resilience

In terms of policies, strengthening resilience in an uncertain environment should be a
priority. While risks can be priced in financial markets, general uncertainties cannot. This
limits the ability of traditional risk models to calculate the buffers that are needed in the
financial system to absorb climate-related risks. Climate tipping points and non-linear effects
limit the use of historical data. There is a tension: banks’ internal models are based on
historical information with typically relatively short time series; however, climate-related
risks such as physical risks materialize over a very long time horizon and are likely not
captured in historical data.
This puts the debate on “green risk weights” into perspective. Generally, addressing climaterelated risk in supervision should be in pursuance of objectives related to the risk based
prudential regulation of banks. 21 Environmental regulation and (macro-)prudential
regulation of banks are distinct policy objectives, addressing environmental externalities and
systemic risk externalities, respectively. Such externalities, by definition, cannot be captured
by banks’ internal models which are geared towards an assessment of the risks of an
individual institution, not the system.
At the same time, buffers are needed in order to protect the financial system against general
uncertainty. Uncertainty prevails with regard to the materialization of risks, vulnerability and
exposure of the real economy and the financial system, the speed and effects of
technological change, behavioral changes and, not least, policy responses. Scenario-based
sensitivity analyses can help to identify potential vulnerabilities and may serve as an
important tool to assess the resilience of the financial system.
Higher equity capital might be needed to address the specific nature of climate-related
investments, in particular the long-term horizons and the high degree of uncertainty.
Investments in the real economy require funding through debt and equity alike, and banks
needs to be sufficiently capitalized to have buffers against unforeseen future contingencies.
In sum, a well-functioning financial system is crucial to contribute to the allocation of
climate-related risks and the financing of innovations. In order to play this role, the financial
21
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system must have a sufficient degree of resilience to withstand shocks both along the policy
induced transition path to an economy with net zero emissions and to physical risks. Large
shocks of a global nature cannot be insured within the financial system. Ex ante insurance
against the Covid-19 shock, for example, was not possible, and the stability of the financial
system was contingent upon massive fiscal and monetary policy intervention in the real
economy ex post.
In the context of climate change, preventive policies are thus needed to address climaterelated risks sufficiently early. Macroprudential policies can complement such policies by
ensuring that the financial system can play its role for society – even in times of stress and
structural change.
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