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One of the biggest challenges in the coming decades is the achievement and
maintenance of environmental sustainability, regarding which the central banks
have also shown an increasingly active and supportive attitude in recent years.
A new monetary policy approach is emerging, but it is unclear how central banks
can participate in the green transition. In this paper, we briefly present the most
relevant issues in this regard, namely how price stability, which is the most important
objective of central banks, is affected by climate change and the green economic
transformation; what follows from the potential conflict between the goals of green
transition and price stability in terms of the green activity of central banks; and what
challenges are faced as a result by central banks that also have the sustainability
goal in mind.
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1. Introduction

Climate change is one of the biggest challenges of the 21st century and has attracted
increasing attention and interest in recent years. Although the phenomenon is not
new, as even naturally the Earth’s climate is changing constantly, human activity
and population growth have accelerated this process over the past 100 to 150
years. The phenomenon of climate change — the effects of which can be extremely
complex (Zéldy et al. 2022) — is most often illustrated by global warming, melting
glaciers and increasingly frequent extreme weather conditions. The rate of increase
in the global average temperature started to accelerate at an unprecedented rate
in the second half of the 20th century, mainly in the northern hemisphere, and is
currently around 1°C above pre-industrial levels. As this rate is unsustainable in
the longer term, it needs to be slowed down, which can be facilitated by climate
protection measures.
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The 2015 Paris Agreement on Climate Change is the world’s first comprehensive
climate agreement. The Agreement sets the goal of keeping the global average
temperature warming threshold well below 2°C above pre-industrial levels and, as
a continuation of efforts following its successful implementation, below 1.5°C. It
is also important to increase the ability to adapt to the adverse impacts of climate
change and to foster climate resilience, along with development that involves low
greenhouse gas emissions. Although the level of commitment is steadily increasing,
more efforts are needed to achieve the objective of the Agreement. For example,
the European Union has committed to reducing its greenhouse gas emissions by
at least 55 per cent by 2030 compared to 1990 and to becoming the first climate-
neutral economy and society by 2050.

Matolcsy (2022a) argues that we are heading towards an era when economic
convergence, driven by new visions, must be organised around the idea of
sustainability. This requires a new paradigm in economics, which should play an
important role in conceiving a more sustainable future (Virdg 2019). It is also
becoming increasingly clear that the global economy must undergo a major
transformation to meet the goals of the Paris Agreement. This requires a radical
reduction in greenhouse gas emissions, as the UN says that global emissions must
decrease by 7.6 per cent per year by 2030 in order to meet the climate target.
However, in 2020, when global economic activity virtually stopped due to the
pandemic (Bdger — Parragh 2020), emissions decreased by only 5.8 per cent
(Schnabel 2022a).

An increasing number of central banks are actively addressing the issue of
environmental sustainability, in order to avoid the risks and economic damage
associated with climate change. In UBS’s annual survey of nearly 30 central banks,
32 per cent of respondents identified climate change as a potential risk to the world
economy (UBS 2021). Of the 135 central banks examined by Dikau — Volz (2021),
70 had direct or indirect sustainability mandates.?

In the case of central banks, the relative importance of the risks associated with
the green transition, the related opportunities and the feasibility margin are
significantly influenced in the short term by the macroeconomic, financial market
and geopolitical environment in which the given central bank operates. In this
respect, in the early 2020s the increase in inflationary pressure, the increase in
energy prices and the geopolitical rearrangement resulting from the Russian-
Ukrainian war are undoubtedly of paramount importance, each posing a challenge
that may take precedence over the green transition in the short run. In the longer
term, however, a theoretical framework can be envisaged in which central bank

! The Central Bank of Hungary (Magyar Nemzeti Bank, MNB) received a green mandate from the Parliament
in the spring of 2021.
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room for maneuver, constraints and feedback related to the green transition can
be placed. We attempt to do this in this analysis.

In our paper, the starting point was the conceptual model of Mandl — Dierx — lizkovitz
(2008), which was designed to analyse public policy measures and distinguishes
between effects that occur in the shorter term and are more technical in nature
(output), and effects that occur in the longer term and can also be construed
at the macro level (outcome) (Figure 1). The conceptual scheme was originally
designed to analyse fiscal measures in economic policy, but it can also be applied to
monetary policy programmes (see Kolozsi — Hoffmann 2016). In order to assess the
relationship between the green transition and monetary policy, we have created an
extended scheme in which feedback is highlighted — on the one hand, in terms of
the environmental sustainability of the economy and central bank mandates, and,
on the other, in terms of the different mandates and the instruments deployed.

Figure 1
Central bank green activity according to the enhanced version of the Mandl — Dierx
— llzkovitz conceptual model
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In the schematic model, central bank mandates result in central bank measures,
which manifest in monetary conditions depending on the external factors,? or, where
green aspects are taken into account, in the “greening” of the financial system. This

2 |n addition to the general level of development of the markets, this includes, for our purposes, the level
of development of the green credit and green securities markets, the availability of sustainability data and
the existence of methodologies suitable for processing the data.
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ideally leads to price stability and the emergence of a green economy, which in turn
will influence which of the central bank mandates will gain prominence based on
the hierarchy of goals. Of course, these relationships are not so evident, since it is
not trivial what instruments central banks can use in their green frameworks? and
what effect the transformation of the financial system has on the sustainability
of the economy as a whole (see Carney 2021), and how the data needed for the
analyses can be obtained (Kolozsi et al. 2022; Boros et al. 2022). Taking into account
all of these constraints and acknowledging the complexity of the relationships, we
focus on a few of the most important issues from a strategic point of view, which
are as follows:

(1) How does the green transformation of the economy affect price stability, the
most important goal of the central bank?

(2) What follows from the potential conflict between the goals of green transition
and price stability in terms of the green activity of central banks?

(3) As a result of the above, what challenges are faced by central banks that also
have the sustainability goal in mind?

To answer these questions, in our essay we review the relevant literature and
present the relevant central bank experiences and analyses.

2. Effect of the green transition on inflation

In the past, the majority of studies highlighted and estimated the impact of climate
change on economic growth,* whereas today’s focus also includes the assessment
and quantification of inflationary effects. This is explained by the fact that climate
change contributes to the rise in inflation volatility and in the price level itself,
which jeopardises the efficiency of monetary policy channels and the fulfilment of
the central banks’ price stability criterion, making it increasingly difficult to keep
inflation expectations well-anchored.

Schnabel (2022b) divided the inflationary impact of climate change into three
interrelated, yet separable shocks. The first one is ‘climateflation’, which results
from the physical impact of climate change (floods, drought, or the increase of
heat fluctuations, as the case may be). The second, ‘fossilflation’, relates to fossil
fuels, and results from a large part of the economies being heavily exposed to coal
and hydrocarbons (petroleum, natural gas), while in many countries an important
element in the fight against climate change is precisely the fact that the price of

3 For possible central bank green instruments, see (NGFS 2021).
4 These included the MNB’s 2019 Growth Survey. For more on the emergence of green thought in economic
theory, see Kutasi (2022).
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fossil fuels is rising because of the environmental damage caused. The carbon
dioxide quota system is undergoing significant changes, with an increasing number
of countries introducing or planning to introduce a carbon tax, while quotas are
becoming more and more expensive, causing production costs and consequently
inflation to increase. The third shock is ‘greenflation’, which means an increase in
the price of raw materials that are particularly affected by the green transition. In
the following, we focus primarily on this third category.

The phenomenon of ‘greenflation’ is increasingly being addressed by analysts
and economic policymakers. Globally, the transition to a green economy and
the achievement of green goals entails costs. Government measures, as well
as a significant demand in the private sector, may make it more expensive to
implement investments involving green goals, and the decrease in the price of the
relevant technologies has not yet been able to counter this on the supply side. The
side-effect of this is the phenomenon of ‘greenflation’, i.e. an increase in the price
of metals and minerals (aluminium, lithium, copper) that are essential for solar
and wind energy, electric cars and other renewable technologies. The transition to
renewable technologies is initially very costly, but in the longer term, efficiency gains
and benefits from economies of scale can alleviate the burden of initial investment
and do not jeopardise the viability of clean and sustainable energy.

Despite the growing body of literature on the economic impact of climate
change, estimation results are surrounded by substantial uncertainty. One good
indicator of the high degree of uncertainty is the fact that, compared to other
topics, central banks tend to use more conditional language when it comes to
climate change (Arseneau et al. 2022). The pace of global warming, the rate of
adaptation to technological progress and the impact of climate change on global
activity are difficult to accurately model or assess. The majority of the available
studies primarily examine the effects of climate change on GDP (see Kahn et al.
2019; Batten et al. 2020; Colacito et al. 2019); however, the analysis of consumer
prices is also becoming more and more central. As a member of the Executive
Board of the European Central Bank (ECB), Benoit Caeuré (2018) emphasised in his
speech, ‘Monetary Policy and Climate Change’, that central banks face regular, even
persistent, supply shocks. He considers that the change in relative prices largely
depends on the extent to which the economy moves away from hydrocarbon-based
energy production towards renewable energy sources. He argued that it was the
task of the central banks to be prepared for each scenario and to properly anchor
inflation expectations.

11
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In the process of green transition and climate change, two stages or risk categories
can be distinguished according to the literature: physical risks (i.e. risks occurring
while climate change is taking place) and risks related to transition (also known
transition risks, i.e. those involved in the fight against climate change). Risks of the
former type are due to the interaction between the increasing average temperature
and more frequent extreme weather conditions, including the exposure of the
socio-economic systems to these factors. Accordingly, there are two subgroups of
physical risks: gradual global warming and its associated physical changes, such
as rising sea levels or changes in precipitation patterns, and the impact of natural
disasters (hurricanes, floods, heat waves, etc.). The former subgroup can also be
referred to as chronic effects, and the latter subgroup as acute effects. Transaction
risks refer to the risks posed by the transition of the economy and society to
lower-carbon operations (for example, when an electricity supplier changes to an
operating model for the production of electricity from renewable sources only).
In particular, from year to year it is becoming increasingly clear that in the long
run, operations with a high level of reliance on fossil fuels cannot be maintained,
which makes the climate-friendly transformation of the world economy essential.
In a green economy, the ratios in the energy mix change dramatically during the
transition, but supply is not always able to keep up with the sudden increase in
demand during this time. The imbalance between supply and demand will be
reflected in price increases in the short term. In addition, geopolitical impacts are
also reflected in price developments.

Climate change exerts its impact on macroeconomic variables through supply and
demand channels. Overall, inflation and inflation expectations are becoming more
volatile and uncertain. Tables 1 and 2 summarise the main channels and effects
related to output and price changes, based on a comprehensive study by the ECB
(2021).

Our vision
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Table 1

Inflation channels and expected effects of climate change risks — supply and demand

shocks

Physical risks

Gradual warming

Extreme events

Transition risks

Supply shock

Food, energy
and other raw
material supply

Decline in agricultural
productivity and
yields

Disruption to supply
and production
chains

Demand
shock

Energy demand

Increased demand for
electricity in summer
exceeds decreased
demand in winter

Higher carbon tax
leading to lower
demand for fossil
fuels

Transition to
renewable energy
reduces demand for
fossil fuels

Trade

Disruption to trade
routes due to
geophysical changes
(such as rising sea
levels)

Changes in food
prices and
disruptions to trade
flows

Taxes, regulations
and restrictions may
cause disruption to
trade routes; Risks of
bias from asymmetric

or unilateral climate
policies

Source: Based on ECB (2021)

On the supply side, global warming and extreme weather can have inflationary
effects on the prices of food, energy and other raw materials, although the direct
impact on consumer prices may be dampened by the fact that raw materials
(according to some analyses) only account for a very small part of the price of
the final products (see WEF 2021 analysis with Boston Consulting Group). On the
demand side, the seasonality of energy demand may change due to increased
energy demand in relation to warmer summer weather. Disruption to trade may
occur as a result of weather effects. In addition, the introduction of carbon taxes
and other taxes not only contributes to higher prices, but also shifts demand away
from traditional fossil fuels towards renewable energy sources.

Through supply and demand channels, the risks of climate change ultimately appear
in economic output, inflation and the evolution of inflation expectations. In the
case of economic output, climate change may not only cause physical damage,
but may also adversely affect, for example, labour productivity or investment
developments. In the case of inflation, we can expect changes in relative prices and
increasing volatility in the case of already volatile food and energy prices compared
to the other items in the consumer basket. In addition to inflation, the volatility of

13
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inflation expectations may also intensify, which may justify more frequent revisions
in the evolution of expectations, thereby jeopardising the appropriate anchoring
of inflation expectations.

Table 2
Inflation channels and expected effects of climate change risks — aggregated effects

Physical risks

Gradual warming

Extreme events

Transition risks

Lower labour
productivity,
investments being
used to mitigate
impacts and
prevent arable land
loss

Physical damage
(crop failures,
destruction of
facilities and
infrastructure,
disruption in
supply chains)

Frictions resulting
from transition
policies and/or the
uncertainty
surrounding them
Use of revenues
from transition
policies may
influence the level
of impact on
emissions

Relative prices
change as a result
of changes in
consumer demand,
preferences and
comparative cost
benefits

Increased inflation
volatility, in
particular in food,
housing and
energy prices

Prices affected by
climate-related
transition policies,
policy uncertainty,
technological
changes and shifts
in consumer
preferences

Aggregated Output
effects
Inflation
Inflation
expectations

Climate shocks,
such as their
impact on food
and energy prices,
may affect inflation
expectations

Inducing more
homogenous,
sudden and
frequent revisions
of expectations

Formation of
inflation
expectations
affected by policies

Source: editing based on ECB (2021)

3. What can central banks do?

Climate change therefore affects the macroeconomic environment, the financial
and banking system?® and prices through several channels. The question, however,
is whether this implies that central banks have a role to play regarding this process.
As we will see, there is no complete agreement, but there are more and more signs
that a new consensus is emerging in the world of central banks.

® On that subject, see Boros (2020) and Ritter (2022).
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The thought of green monetary policy, i.e. the role of central banks in the fight
against climate change, has become more widespread in recent years. Previously,
the dominant position was that central banks should not deal with climate change
and that monetary policy should not play a relevant role in the fight against climate
change (Boneva et al. 2021). Many economists, including Cochrane (2019) argue that
the active fight against climate change can endanger central bank independence
due to its political nature. In addition, representatives of the earlier consensus
believe that setting a further target for central banks in addition to their existing
mandates could make it more difficult to achieve these (Buiter 2021). Similarly,
Charles Goodhart (Jeffery 2021) claimed that the green commitment of central
banks is only justified if they see a sudden and unpredictable event occurring that
seriously threatens financial stability; he notes, however, that this is not the case
at the time. However, as Weitzman (2011) points out, economists should consider
the high probability of and uncertainties about extreme outcomes in relation to
climate change, rather than using traditional cost-benefit analyses.

Conversely, Schnabel (2021) sets out the position that a new consensus is emerging
that central banks should not remain on the sidelines in the fight against climate
change, as it affects the viability of their mandates. Economists representing central
banks’ green engagement argue that central banks cannot ignore climate change
primarily because it has a direct impact on inflationary developments and financial
stability. Danae Kyriakopoulou, former chief economist of OMFIF and researcher at
the London School of Economics, said that climate change amounts to a ‘macro-
critical’ event (Kolozsi 2022), placing central banks under an obligation to actively
support the green transition (Kyriakopoulou 2021). Based on a summary by Boneva
et al. (2021), 5 channels can be identified through which climate change has an
impact on monetary policy.

1. Impact on key economic variables. Climate change may increase inflation volatility
due to extreme weather conditions, and the transition may permanently distort
the rate of inflation upwards.

2. Monetary policy conduct. The transition to a carbon-neutral economy may
make monetary policy decision-making more complex, as significant uncertainty
may make it more difficult to accurately determine and forecast the level
of equilibrium interest rates or business cycles, while also weakening the
transmission mechanism. Depending on the instrument used, green central bank
financing may affect the central bank balance sheet and thus the result of the
central banks.

15
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3. Impact on central bank analytical framework. In the analysis frameworks and
models traditionally used by central banks, there is little involvement of natural
resources or externalities related to their use, and the models are often only
intended to provide medium-term forecasts (consistent with the fulfilment of
traditional monetary policy objectives).

4. Climate change and asset allocation. According to the current professional
consensus, capital markets may not fully reflect the risks associated with
climate change and the transition to a carbon-neutral economy, but if these
risks materialise they may have consequences in terms of financial stability and
the real economy.

5. Carbon bias in financial market and central bank portfolios. Central banks
have recently significantly expanded their balance sheets through their asset
purchases. In general, central banks made their purchases in line with market
weights, but this meant that they could have bought proportionally more of the
securities of high-emission companies, which tend to be more capital-intensive.

In addition to the above, another important change is that by the second decade
of the 21st century, the role and responsibility of the central banks has changed
radically (Matolcsy 2022b). Central bank thinking and the role of central banks in
the financial markets and the range of instruments they use have also undergone
a significant change — and this makes central banks more suitable for contributing
to the fight against climate change, as both targeted and long-term instruments
have become standard, and these approaches may be relevant from a green
perspective. As a consequence of the great financial crisis of 2007-2008, central
banks around the world applied non-conventional, novel instruments. While
central banks had previously mainly achieved their objectives by changing short-
term interest rates, following the onset of the crisis, their set of monetary policy
instruments was expanded to include the use of negative interest rates, forward-
looking guidelines, asset purchases and long-term loans. Although the significant
expansion in the range of monetary policy instruments used in practice did not
go hand in hand with a broad focus on green central bank thinking, it may have
contributed to the subsequent grounding of green monetary policy considerations
by calling into question conventional thinking and breaking down taboos. Non-
conventional instruments often have a targeted nature, which runs counter to
traditional monetary policy, which takes a more general approach. As a result of
asset purchases, central bank balance sheets have expanded significantly in general;
consequently, central banks have a more meaningful impact on financial markets,
allowing them to participate more proactively in the fight against climate change
(Brunnermeier — Landau 2020). It is also appropriate to underline that central bank
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policies now tend to be committed for a longer period than previously, and climate
change is indeed a challenge that requires a long-term commitment from decision-
makers (MNB 2021).

4. Challenges

The breakthrough is yet to come, but the outlines of the ‘new normal’ are already
visible. This holds that central banks cannot afford to remain neutral on the issue
of environmental sustainability. Nevertheless, of course, central banks also cannot
ignore their operational frameworks arising from their original — and primary —
purpose. This ‘multipurpose’ character is the main reason for the challenges posed
by the practice of green central banking. We examine four of these challenges:
market neutrality, varying horizons, direct funding and central bank independence.

4.1. What will happen to market neutrality?

One important principle of the functioning of central banks is market neutrality,
which means that central banks seek to minimise the impact of monetary policy
on the relative prices of financial products.® This principle also applies to targeted
programmes in the monetary policy instruments. However, the question arises as to
whether or not it represents a violation of this principle, if the central bank deviates
from it on the basis of a specific green aspect within the targeted instruments,
as such programmes may contradict the objectives of monetary policy and the
principle of market neutrality, and therefore the central bank may be forced to
compromise.

Depending on the legal mandates and operating framework of the central banks,
active support of green aspects can be achieved either by the pricing of the central
bank facilities or by changing the eligibility conditions. Given the current increased
size of central bank balance sheets, even a partial greening of central bank portfolios
can have a significant impact. This also serves as a signal to market participants
of the central bank’s commitment, which may increase the efficiency of the
programmes. For a significant number of central banks, asset purchases became
an integral part of the unconventional set of monetary policy instruments once
the effective lower bound on interest rates was reached. In order to maintain the
principle of market neutrality, central banks typically made purchases in proportion

®The principle of market neutrality has not yet been fully implemented, since central banks cannot always
be present on all markets with the same intensity, and the markets in which they are present are favoured
over the markets in which they are not present. In other words, market bias was already a natural feature of
implementation, and indeed, some already considered market neutrality as a “myth”, see: The Green Central
Banking Scorecard: How Green Are G20 Central Banks and Financial Supervisors? http://positivemoney.
org/wp-content/uploads/2021/03/Positive-Money-Green-Central-Banking-Scorecard-Report-31-Mar-2021-
Single-Pages.pdf
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to market shares. However, this practice results in ‘carbon bias’ in the portfolios of
central banks, as carbon-intensive companies are also generally capital-intensive
and therefore have a greater weight on corporate bond markets than their less
carbon-intensive counterparts. Thus, traditional benchmarks for asset purchases
based on market neutrality are not necessarily conducive to the transition to a low-
carbon economy, so that the implementation of a green programme compared to
previous instruments can lead to a positive distinction between green instruments
or to an incentive for other activities.’

The greening of the Bank of England’s (BoE) corporate bond purchase programme
is a good example of the implementation of proactive monetary policy. In May
2021, the BoE published a comprehensive study that included the planned
transformation of the programme, then presented the draft for wide discussion,
and finally a decision was made in November to adjust the programme parameters
from a green perspective (BoE 2021a). Accordingly, the BoE aims to reduce the
weighted average carbon intensity of the corporate bond portfolio by 25 per cent
by 2025 and to reduce the exposure to zero by 2050. Bond purchases are made
according to the extent to which an issuer takes climate protection aspects into
account within the given sector. To this end, the central bank uses four measures:
the intensity of the pollutant emissions of the activity, the result achieved so far
in reducing emissions, whether climate change information has been published
and whether it has an emission reduction target (BoE 2021b). The central bank
also stated that in the future it may impose sanctions (such as reducing purchases,
withdrawing from the scope of the scheme or selling previously purchased assets)
on issuers who do not comply with the gradually tightening requirements of the
scheme.

Green monetary policy can distort financial markets due to the current scarcity
of green instruments. The transmission of monetary policy may be hampered,
for example, by the exclusion of certain institutions from access to central bank
assets. In addition, in the absence of a clear taxonomy and accepted market
standards for green and polluting investment and viable guidelines, central banks
lack an objective definition and possibly a legal basis for establishing their green
policy. In view of these constraints and trade-offs, central banks should carefully
consider the costs and benefits of activities to proactively mitigate climate change
(Boneva et al. 2022).

7 For the effects of central bank programmes on the development of green bond markets in Hungary, see
Bécsi et al. (2022).
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4.2. How to address the tragedy of the horizon?

The nature of the supply shock resulting from the volatility of energy prices is
somewhat similar to that of the transition to zero emissions. The similarity is that
in both cases monetary policy is confronted with an effect that can be interpreted
as a negative supply shock. This means that the origin of the shock to the economy
is the increase in the price of energy sources for some reason, for example due to
production costs or due to taxes on energy sources. However, it varies in terms of
the temporality of the shock and its impact on the macro-economy and therefore
requires a different monetary policy response.

Short-term surges in energy prices are a general phenomenon. These shocks fall
well within the monetary policy time horizon and do not necessarily need to be
addressed by monetary policy action. If monetary policy were to react, it would
amplify the negative impact of rising energy prices on aggregate demand and
output. Moreover, as monetary policy measures generally take effect in 5 to 8
quarters, they would exert downward pressure on inflation at a time when the shock
is likely to have passed. Thus, temporary supply shocks tend to justify a deviation
from the target in the short term, provided that price stability is restored in the
medium term and inflation expectations remain anchored.

By contrast, rising energy prices in the green transition process may be sustained
due to divergent economic policies (e.g. tax increases) and may have an impact on
the definition of the monetary policy stance. The green transition involves risks,
including inflation, as the gradual transition to greener energies can entail higher
and more volatile prices, at least during the transition period. During the green
transition, a sustained rise in inflation may occur if the expansion in the supply of
alternative energy sources is too slow, and the cost of the transition can also raise
prices, i.e. the shifting of demand accompanying the transition may lead to changes
in prices in certain sectors (De Galhau 2022). The combination of insufficient
production capacity of renewable energy in the short term, subdued investments
in fossil fuels and rising carbon prices means that a potentially protracted transition
period is expected, where energy prices are constantly rising (Schnabel 2022a).
Several factors should be taken into account when formulating the monetary policy
response to this process.

¢ On the one hand, given that price increases can be sustained, monetary policy
cannot overlook the impact of this and must respond. As a result of the transition,
persistently high energy prices could affect inflation expectations. If expectations
remain above the central bank’s target at the end of the monetary policy horizon,
inflation could rise further. Taking the experience of the 1970s as a reference
point, when the increase in energy prices triggered a damaging price-wage
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spiral, strong evidence is found that the deterioration of inflation expectations
significantly increases the cost of returning inflation to the target.

* On the other hand, the shock caused by the green transition differs from the
traditional temporary energy price shock in another aspect. In this case, the rising
prices of conventional energy sources are essentially due to the taxes levied on
them. Tax revenue remains in the economy, which does not adversely affect the
performance of the economy through an appropriate redistribution mechanism.
This also justifies a different monetary policy response: while monetary policy
measures are not justified in the case of traditional short-term shocks, the central
bank cannot disregard the price increase during the green transition.

Climate change, and thus the green transition, also shapes economic and financial
developments beyond the traditional monetary policy horizon (‘tragedy of the
horizon’) (ECB 2021). Given the timeframe of the transition, it is questionable
whether the current medium-term horizon of monetary policy is appropriate. There
are views that, in the event of supply shocks, the long-term horizon can also mitigate
output and employment losses and volatility, as well as fluctuations in exchange
rates and yields. This is also valid for the supply shock under consideration (Boneva
et al. 2021). At the same time, the creditworthiness of the central bank may be
jeopardised if the time horizon extends too far into the future and the deviation
of inflation from its target becomes the norm rather than the exceptional event.
In order to preserve credibility, the central bank’s monetary policy framework
must be clear and transparent. It should contain clear guidance on the extent
to which it will tolerate the deviation of inflation from its target during the
transition.

4.3. Who should finance the green transition?

There is no question that significant new investments are needed to transform
the economic system, i.e. to achieve low emissions in a given country. According
to former Bank of England Governor Mark Carney, the role of the financial sector
in financing the necessary investments is unavoidable. According to Bloomberg
(2021), Carney estimated the necessary investments at USD 130,000 billion. The
emergence of significantly restructured central bank instruments, in particular
lending programmes and asset purchases, raises the question of the role that
central banks can play in providing the necessary resources for the transition. As
Brunnermeier — Landau (2020) put it, the increased role of central banks in the
financial markets can also provide an opportunity to play a more proactive role in
the fight against climate change.
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Central banks can primarily contribute to green investments by reducing their
funding costs. By directing financial sector actors towards sustainable lending and
securities, central banks can indirectly stimulate green investments. One possible
way to do this is to provide supervision measures, such as capital requirement
discounts for banks in the case of green loans (Prestedge 2021). In addition to their
incentive role, such measures can also strengthen financial stability, as they lead
to the build-up of greener balance sheets, while the financial sector is currently
unable to adequately price climate risks due to uncertainty about climate change
and the lack of data or measurement methodologies.

In the context of bond purchases and certain central bank stimulus programmes, it
has been suggested that these programmes have in many cases indirectly favoured
carbon-intensive companies (Matikainen et al. 2017), due to the prevalence on
the bond market of incumbent industries with high emissions. Therefore, central
banks may also seek to correct the distortions inherent in their asset purchase
programmes used so far, but may also focus on environmental sustainability. One
possible way to do this is to purchase assets with a specific focus on sustainability, or
to launch direct, targeted credit programmes that can help accelerate the necessary
green transition. Asset purchases for green securities can also be even more
effective in stimulating the economy than programmes that reflect general market
ratios (Monasterolo — Raberto 2017). The low-emission sectors can respond more
strongly to the expansion of resources in terms of employment and investment.

However, despite the above, prudent behaviour by central banks is justified, as they
may face significant trade-offs in relation to their sustainability policy (Radu — Paun
2021). While support for incentive measures, such as green lending or the holding
of green securities, by supervisory means, may be neutral from a monetary policy
perspective, in the case of direct financing of investments, the central bank must
also bear in mind its primary objective, which is to preserve price stability. The level
of investment required for a successful transition is so significant that — although
in the long run support for the transition will make an explicit contribution to
achieving the objective of price stability — in the short run, more direct central bank
involvement can be made possible through targeted, smaller-scale programmes.

4.4. How can a green central bank remain independent?

According to the standard approach, the ability of central banks to operate as
an independent body allows them to carry out their work in a way, which affects
redistribution between economic actors the least, i.e. in the most ‘market-neutral’
manner. Green activity naturally creates a new situation in this regard, since the
aim of this is to make central banks committed to a process that affects economic
participants differently.
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As climate change is one of the biggest challenges for all aspects of policymaking
today, the involvement of central banks in mitigating the economic impacts of
environmental factors is increasingly being supported. Economic participants
are unlikely to be able to voluntarily switch to the green economy, which may be
termed as a ‘market failure’. The basic assumption is that the state is responsible
for correcting the market failure, while central banks, as parts or ‘branches’ of the
state, are obliged to assist in this endeavour on the basis of the authority granted to
them in their mandates. In this approach, central banks cannot avoid being involved,
as climate change may lead to the accumulation of financial risks affecting financial
stability at the macro level.

The proactive participation of central banks in the green transition is generally
accepted by the public, but its disadvantages and possible costs should also be taken
into account. Institutional independence is the basis of traditional central banking
activity in the Western world. The central bank has a limited mandate, which sets
clear, unchanged objectives to ensure its legitimacy. As a result, it is accountable to
elected officials and resistant to political and public pressure. However, the greening
of central banks may have an impact on this role. The extension of the mandate
of the central bank, which includes new objectives that may be pursued by other
political actors, may have disadvantages and, as we indicated at the beginning of
this paper, the different mandates of the central bank may conflict with each other.
Regardless of how central banks receive these new tasks (via legislative changes or
a reinterpretation of the existing mandate), the assumption of ‘unattainable’ targets
may reduce the central bank’s credibility. The broader scope of rights entails greater
publicity and criticism, as well as new organisational responses and possibly higher
costs. Together with the new tasks, the central bank must coordinate its activities
with other bodies performing related tasks, in particular the government.

Fiscal and monetary policy are, to some extent, substitutes for each other: the
‘easy money policy’, i.e. a loose monetary policy, is temporarily compatible with
low inflation if the state has a large budget surplus. Similarly, policymakers may be
tempted to use temporary fiscal and monetary measures as temporary substitutes
for more painful structural adjustments. Faced with the high costs of greening the
economy, elected officials may tend to transfer responsibility to an ‘independent’
technocratic body, i.e. the central bank (Radu — Paun 2021), which may lead to
higher coordination costs and a deterioration of central bank independence.
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5. Summary

The importance of the incentives provided by the public sector to market
participants has already been highlighted by the process of managing the crises
that emerged as a result of the 2008 financial crisis and the coronavirus outbreak
in 2020, as well as the process of recovery from the crises. Joint action by the
different policy areas is also needed during the green transition, as the integration
of environmental sustainability aspects into the economic environment and the
greening of the economy poses challenges for both fiscal and monetary decision-
makers.

It is now increasingly clear that without active state involvement there can be
no successful green transition. The energy transition should be promoted while
protecting the most vulnerable in society from possible negative consequences,
and the measures to achieve the latter should be designed in a way that does not
reduce incentives to reduce carbon emissions.

Due to the non-linear nature of the processes, time becomes an important constraint
and we need to decide as soon as possible which path to take: whether to allow
climate change to take place or whether to intervene and fight it. If we opt for the
latter, then it is absolutely necessary to make a directed technological change.
Accordingly, state intervention through various climate protection measures will
play an increasingly important role. If these measures are not taken, we can “save”
the cost-side effects, but the price of this will be that the likelihood of a climate
catastrophe will increase, which may have serious social impacts, in addition to
economic ones.

Thus, the green transition is not an option in reality, but a necessity. It is not clear,
however, who is responsible for accomplishing it. In the case of central banks,
this issue is particularly acute, as central banks have considerable potential due
to their power to create money, but their mandate is limited and they should in
particular help to achieve price stability. The challenge is when the objectives
of central banks “clash”, although under central bank law the objective of price
stability must take precedence. Obviously, however, this will not promote the
green transition. Therefore, the best approach is that the responsible central
bank always seeks to achieve and maintain price stability, while at the same time
constantly looking for ways to promote the green transformation of the economy.
This consensus is beginning to emerge in the world of central banks as well, but
the challenges remain, in terms of market neutrality, varying time horizons, funding
and independence.

23



Pdl Péter Kolozsi — Baldzs Istvdn Horvdth — Judit Csutiné-Baranyai — Veronika Tengely

24

References

Arseneau, D. — Drexler, A. — Osada, M. (2022): Central Bank Communication about Climate
Change. Finance and Economics Discussion Series (FEDS), May. https://doi.org/10.17016/
FEDS.2022.031

Batten, S. — Sowerbutts, R. — Tanaka, M. (2020): Climate Change: Macroeconomic Impact
and Implications for Monetary Policy. In: Walker, T. — Gramlich, D. — Bitar, M. — Fardnia,
P. (eds.): Ecological, Societal, and Technological Risks and the Financial Sector. Palgrave
Studies in Sustainable Business In Association with Future Earth. Palgrave Macmillan,
Cham, pp. 13-38. https://doi.org/10.1007/978-3-030-38858-4_2

Bager, G. — Parragh, B. (2020): The Coronavirus Crisis, Sustainable Development and the
Incentive State Model. Public Finance Quarterly 2020(2. special edition): 86—115. https://
doi.org/10.35551/PFQ_2020_s 2 4

Bécsi, A. — Varga, M. — Léga, M. — Kolozsi, P.P. (2022): First steps — the nascent green bond
ecosystem in Hungary. Cognitive Sustainability, 1(1). https://doi.org/10.55343/cogsust.11

BoE (2021a): Bank of England: News release, Bank of England publishes its approach to
greening the Corporate Bond Purchase Scheme, November. https://www.bankofengland.
co.uk/news/2021/november/boe-publishes-its-approach-to-greening-the-corporate-bond-
purchase-scheme. Downloaded: 22 February 2022.

BoE (2021b): Bank of England: Options for greening the Bank of England’s Corporate Bond
Purchase Scheme, May. https://www.bankofengland.co.uk/-/media/boe/files/paper/2021/
options-for-greening-the-bank-of-englands-corporate-bond-purchase-scheme-discussion-
paper.pdf. Downloaded: 22 February 2022.

Boneva, L. — Ferrucci, G. — Mongelli, F.P. (2021): To Be or Not to Be “Green”: How Can
Monetary Policy React to Climate Change? ECB Occasional Paper No. 2021/285. https://
doi.org/10.2139/ssrn.3971287

Boneva, L. — Ferrucci, G. — Mongelli, F.P. (2022): Monetary policy and the green
transition. SUERF Policy Brief, No 268, February. https://www.suerf.org/docx/f_
ba3f349ccf03db34ffe32dad4a234cad2_40029_suerf.pdf

Bloomberg (2021): Carney Unveils 5130 Trillion in Climate Finance Commitments. https://
www.bloomberg.com/news/articles/2021-11-02/carney-s-climate-alliance-crests-130-
trillion-as-pledges-soar. Downloaded: 15 February 2022.

Boros, A. — Lentner, Cs. — Nagy, V. (2022): New Aspects of Sustainability: Analysis of the
European Practice of Non-Financial Reports. Public Finance Quarterly 2022(2): 181-195.
https://doi.org/10.35551/PFQ_2022_2_2

Our vision


https://doi.org/10.17016/FEDS.2022.031
https://doi.org/10.17016/FEDS.2022.031
https://doi.org/10.1007/978-3-030-38858-4_2
https://doi.org/10.35551/PFQ_2020_s_2_4
https://doi.org/10.35551/PFQ_2020_s_2_4
https://doi.org/10.55343/cogsust.11
https://www.bankofengland.co.uk/news/2021/november/boe-publishes-its-approach-to-greening-the-corporate-bond-purchase-scheme
https://www.bankofengland.co.uk/news/2021/november/boe-publishes-its-approach-to-greening-the-corporate-bond-purchase-scheme
https://www.bankofengland.co.uk/news/2021/november/boe-publishes-its-approach-to-greening-the-corporate-bond-purchase-scheme
https://www.bankofengland.co.uk/-/media/boe/files/paper/2021/options-for-greening-the-bank-of-englands-corporate-bond-purchase-scheme-discussion-paper.pdf
https://www.bankofengland.co.uk/-/media/boe/files/paper/2021/options-for-greening-the-bank-of-englands-corporate-bond-purchase-scheme-discussion-paper.pdf
https://www.bankofengland.co.uk/-/media/boe/files/paper/2021/options-for-greening-the-bank-of-englands-corporate-bond-purchase-scheme-discussion-paper.pdf
https://doi.org/10.2139/ssrn.3971287
https://doi.org/10.2139/ssrn.3971287
https://www.suerf.org/docx/f_ba3f349ccf03db34ffe32da4a234cad2_40029_suerf.pdf
https://www.suerf.org/docx/f_ba3f349ccf03db34ffe32da4a234cad2_40029_suerf.pdf
https://www.bloomberg.com/news/articles/2021-11-02/carney-s-climate-alliance-crests-130-trillion-as-pledges-soar
https://www.bloomberg.com/news/articles/2021-11-02/carney-s-climate-alliance-crests-130-trillion-as-pledges-soar
https://www.bloomberg.com/news/articles/2021-11-02/carney-s-climate-alliance-crests-130-trillion-as-pledges-soar
https://doi.org/10.35551/PFQ_2022_2_2

Monetary Policy and Green Transition

Boros, E. (2020): Risks of Climate Change and Credit Institution Stress Tests. Financial and
Economic Review, 19(4): 107-131. http://doi.org/10.33893/FER.19.4.107131

Brunnermeier, M. — Landau, J. (2020): Central banks and climate change. VoxEU, 15 January.
https://cepr.org/voxeu/columns/central-banks-and-climate-change. Downloaded:
15 February 2022.

Buiter, W.H. (2021): The Case Against Green Central Banking. Project Syndicate. https://
www.project-syndicate.org/commentary/against-green-central-banking-by-willem-h-
buiter-2021-11. Downloaded: 14 February 2022.

Carney, M. (2021): Clean and Green Finance. A new sustainable financial system can
secure a net zero future for the world. Finance & Development, IMF, September, pp.
20-22. https://www.imf.org/en/Publications/fandd/issues/2021/09/mark-carney-net-
zero-climate-change. Downloaded: 14 February 2022.

Cochrane, J. (2019): An apocalyptic view of central banks. The Grumpy Economist blog post,
30 May. https://johnhcochrane.blogspot.com/2019/05/an-apocalyptic-view-of-central-
banks.html. Downloaded: 15 February 2022.

Colacito, R. — Hoffmann, B. — Phan, T. (2019): Temperature and Growth: A Panel Analysis of
the United States. Journal of Money Credit and Banking, 51(2—3): 313-368. https://doi.
org/10.1111/jmcb.12574

Ceeuré, B. (2018): Monetary policy and climate change. Speech, “Scaling up Green Finance:
The Role of Central Banks”, Network for Greening the Financial System, the Deutsche
Bundesbank and the Council on Economic Policies, Berlin, 8 November. https://www.ecb.
europa.eu/press/key/date/2018/html/ecb.sp181108.en.html. Downloaded: 29 October
2019.

De Galhau, FV. (2022): Twenty years later... and twenty years ahead. Speech, Warwick
Economics Summit, virtual, 4 February. https://www.bis.org/review/r220210a.htm.
Downloaded: 1 June 2022.

Dikau, S. — Volz, U. (2021): Central bank mandates, sustainability objectives and the
promotion of green finance. Ecological Economics, 184(June), 107022. https://doi.
org/10.1016/j.ecolecon.2021.107022

ECB (2021): Climate change and monetary policy in the euro area. ECB Occasional Paper
Series, No. 271, September. https://doi.org/10.2866/101932

Jeffery, C. (2021): Charles Goodhart on inflation targets, financial stability and the role
of money. Central Banking, 22 June. https://www.centralbanking.com/central-banks/
financial-stability/7843681/charles-goodhart-on-inflation-targets-financial-stability-and-
the-role-of-money

25


http://doi.org/10.33893/FER.19.4.107131
https://cepr.org/voxeu/columns/central-banks-and-climate-change
https://www.project-syndicate.org/commentary/against-green-central-banking-by-willem-h-buiter-2021-11
https://www.project-syndicate.org/commentary/against-green-central-banking-by-willem-h-buiter-2021-11
https://www.project-syndicate.org/commentary/against-green-central-banking-by-willem-h-buiter-2021-11
https://www.imf.org/en/Publications/fandd/issues/2021/09/mark-carney-net-zero-climate-change
https://www.imf.org/en/Publications/fandd/issues/2021/09/mark-carney-net-zero-climate-change
https://johnhcochrane.blogspot.com/2019/05/an-apocalyptic-view-of-central-banks.html
https://johnhcochrane.blogspot.com/2019/05/an-apocalyptic-view-of-central-banks.html
https://doi.org/10.1111/jmcb.12574
https://doi.org/10.1111/jmcb.12574
https://www.ecb.europa.eu/press/key/date/2018/html/ecb.sp181108.en.html
https://www.ecb.europa.eu/press/key/date/2018/html/ecb.sp181108.en.html
https://www.bis.org/review/r220210a.htm
https://doi.org/10.1016/j.ecolecon.2021.107022
https://doi.org/10.1016/j.ecolecon.2021.107022
https://doi.org/10.2866/101932
https://www.centralbanking.com/central-banks/financial-stability/7843681/charles-goodhart-on-inflation-targets-financial-stability-and-the-role-of-money
https://www.centralbanking.com/central-banks/financial-stability/7843681/charles-goodhart-on-inflation-targets-financial-stability-and-the-role-of-money
https://www.centralbanking.com/central-banks/financial-stability/7843681/charles-goodhart-on-inflation-targets-financial-stability-and-the-role-of-money

Pdl Péter Kolozsi — Baldzs Istvdn Horvdth — Judit Csutiné-Baranyai — Veronika Tengely

26

Kahn, M.E. — Mohaddes, K. — Ng, R.N. — Pesaran, M.H. — Raissi, M. — Yang, J.C. (2019): Long-
term macroeconomic effects of climate change: A cross-country analysis. IMF Working
Paper, WP/19/215. https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-
Term-Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691

Kolozsi, P.P. (2022): “Climate change is macrocritical” — interview with Danae
Kyriakopoulou. Economania, 26 January. https://economaniablog.hu/2022/01/26/
climate-change-is-macrocritical-interview-with-danae-kyriakopoulou/. Downloaded:
14 February 2022.

Kolozsi, P.P. — Hoffmann, M. (2016): Reduction of External Vulnerability with Monetary Policy
Tools. Public Finance Quarterly 2016(1): 7-33.

Kolozsi, P.P. — Ladanyi, S. — Straubinger, A. (2022): Measuring the Climate Risk Exposure of
Financial Assets — Methodological Challenges and Central Bank Practices. Financial and
Economic Review, 21(1): 113-140. https://doi.org/10.33893/FER.21.1.113

Kutasi, G. (2022): How Does Economics Approach Nature? Cognitive Sustainability, 1(2).
https://doi.org/10.55343/cogsust.21

Kyriakopoulou, D. (2021): Central banks must go beyond climate risk lens and support
transition. Green Central Banking. https://greencentralbanking.com/2021/11/04/danae-
kyriakopoulou-central-banks-climate-risk-transition/. Downloaded: 14 February 2022.

Mandl, U. — Dierx A. — llzkovitz, F. (2008): The effectiveness and efficiency of public spending.
European Economy — Economic Papers 2008-2015 301, Directorate General Economic
and Financial Affairs (DG ECFIN), European Commission. https://ideas.repec.org/p/euf/
ecopap/0301.html

Matikainen, S. — Campiglio, E. — Zenghelis, D. (2017): The climate impact of quantitative
easing. Policy paper, Grantham Research Institute on Climate Change and the Environment;
London School of Economics and Political Science, May. https://doi.org/10.13140/
RG.2.2.24108.05763

Matolcsy, Gy. (2022a): New Sustainable Economics (Theses). In: Baksay, G. — Matolcsy, Gy.
— Virdg, B. (eds.): New Sustainable Economics). Magyar Nemzeti Bank, Budapest, pp.
10-19. https://www.mnb.hu/web/sw/static/file/NEW_SUSTAINABLE_ECONOMICS_-_
Global_discussion_paper_2022.pdf

Matolcsy, Gy. (2022b): The Appearance of Economic, Social, Financial and Environmental
Sustainability Aspects in the Practices of the National Bank of Hungary. Public Finance
Quarterly, 2022(3): 315-334. https://doi.org/10.35551/PFQ_2022_3_1

MNB (2019): Growth Report 2019. Magyar Nemzeti Bank. https://www.mnb.hu/en/
publications/reports/growth-report/growth-report-november-2019

Our vision


https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-Term-Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691
https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-Term-Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691
https://economaniablog.hu/2022/01/26/climate-change-is-macrocritical-interview-with-danae-kyriakopoulou/
https://economaniablog.hu/2022/01/26/climate-change-is-macrocritical-interview-with-danae-kyriakopoulou/
https://doi.org/10.33893/FER.21.1.113
https://doi.org/10.55343/cogsust.21
https://greencentralbanking.com/2021/11/04/danae-kyriakopoulou-central-banks-climate-risk-transition/
https://greencentralbanking.com/2021/11/04/danae-kyriakopoulou-central-banks-climate-risk-transition/
https://ideas.repec.org/p/euf/ecopap/0301.html
https://ideas.repec.org/p/euf/ecopap/0301.html
https://doi.org/10.13140/RG.2.2.24108.05763
https://doi.org/10.13140/RG.2.2.24108.05763
https://www.mnb.hu/web/sw/static/file/NEW_SUSTAINABLE_ECONOMICS_-_Global_discussion_paper_2022.pdf
https://www.mnb.hu/web/sw/static/file/NEW_SUSTAINABLE_ECONOMICS_-_Global_discussion_paper_2022.pdf
https://doi.org/10.35551/PFQ_2022_3_1
https://www.mnb.hu/en/publications/reports/growth-report/growth-report-november-2019
https://www.mnb.hu/en/publications/reports/growth-report/growth-report-november-2019

Monetary Policy and Green Transition

MNB (2021): Sustainability and central bank policy — Green aspects of the Magyar Nemzeti
Bank’s monetary policy toolkit. Magyar Nemzeti Bank. https://www.mnb.hu/letoltes/
sustainability-and-central-bank-policy-green-aspects-of-the-magyar-nemzeti-bank-s-
monetary-policy-toolkit.pdf

Monasterolo, |. — Raberto, M. (2017): Is There a Role for Central Banks in the Low-Carbon
Transition? A Stock-Flow Consistent Modelling Approach. http://doi.org/10.2139/
ssrn.3075247

NGFS (2021): Adapting central bank operations to a hotter world. Technical document,
Network for Greening the Financial System. https://www.ngfs.net/sites/default/
files/media/2021/06/17/ngfs_monetary_policy_operations_final.pdf. Downloaded:
15 February 2022.

Prestedge, T. (2021): Financing the green transition. CBI, 7 June. https://www.cbi.org.uk/
articles/financing-the-green-transition/. Downloaded: 14 February 2022.

Radu, S. —Paun, C. (2021): The Costs and Trade-Offs of Green Central Banking: A Framework
for Analysis. Energies, 14(16), 5168. https://doi.org/10.3390/en14165168

Ritter, R. (2022): Banking Sector Exposures to Climate Risks — Overview of Transition Risks
in the Hungarian Corporate Loan Portfolio. Financial and Economic Review, 21(1): 32-55.
https://doi.org/10.33893/FER.21.1.32

Schnabel, I. (2021): Climate Change and Monetary Policy. IMF External Publication,
September. https://www.imf.org/external/pubs/ft/fandd/2021/09/isabel-schnabel-ECB-
climate-change.htm. Downloaded: 16 February 2022.

Schnabel, I. (2022a): Looking through higher energy prices? Monetary policy and the green
transition. Remarks, “Climate and the Financial System”, American Finance Association
2022 Virtual Annual Meeting, Frankfurt am Main, 8 January. https://www.ecb.europa.
eu/press/key/date/2022/html/ecb.sp220108~0425a24eb7.en.html. Downloaded: 11
January 2022.

Schnabel, I. (2022b): A new age of energy inflation: climateflation, fossilflation and
greenflation. Speech, “Monetary Policy and Climate Change”, ECB and its Watchers XXII
Conference, European Central Bank. https://www.ecb.europa.eu/press/key/date/2022/
html/ecb.sp220317_2~dbb3582f0a.en.html. Downloaded: 8 June 2022.

Virag, B. (eds.) (2019): Long-term sustainable econo-mix. Magyar Nemzeti Bank, Budapest.
https://www.mnb.hu/en/publications/mnb-book-series/long-term-sustainable-econo-mix

27


https://www.mnb.hu/letoltes/sustainability-and-central-bank-policy-green-aspects-of-the-magyar-nemzeti-bank-s-monetary-policy-toolkit.pdf
https://www.mnb.hu/letoltes/sustainability-and-central-bank-policy-green-aspects-of-the-magyar-nemzeti-bank-s-monetary-policy-toolkit.pdf
https://www.mnb.hu/letoltes/sustainability-and-central-bank-policy-green-aspects-of-the-magyar-nemzeti-bank-s-monetary-policy-toolkit.pdf
http://doi.org/10.2139/ssrn.3075247
http://doi.org/10.2139/ssrn.3075247
https://www.ngfs.net/sites/default/files/media/2021/06/17/ngfs_monetary_policy_operations_final.pdf
https://www.ngfs.net/sites/default/files/media/2021/06/17/ngfs_monetary_policy_operations_final.pdf
https://www.cbi.org.uk/articles/financing-the-green-transition/
https://www.cbi.org.uk/articles/financing-the-green-transition/
https://doi.org/10.3390/en14165168
https://doi.org/10.33893/FER.21.1.32
https://www.imf.org/external/pubs/ft/fandd/2021/09/isabel-schnabel-ECB-climate-change.htm
https://www.imf.org/external/pubs/ft/fandd/2021/09/isabel-schnabel-ECB-climate-change.htm
https://www.ecb.europa.eu/press/key/date/2022/html/ecb.sp220108~0425a24eb7.en.html
https://www.ecb.europa.eu/press/key/date/2022/html/ecb.sp220108~0425a24eb7.en.html
https://www.ecb.europa.eu/press/key/date/2022/html/ecb.sp220317_2~dbb3582f0a.en.html
https://www.ecb.europa.eu/press/key/date/2022/html/ecb.sp220317_2~dbb3582f0a.en.html
https://www.mnb.hu/en/publications/mnb-book-series/long-term-sustainable-econo-mix

Pdl Péter Kolozsi — Baldzs Istvdn Horvdth — Judit Csutiné-Baranyai — Veronika Tengely

28

UBS (2021): UBS Annual Reserve Manager Survey 2021. 27th UBS Reserve Management
Seminar (online). https://www.ubs.com/global/en/asset-management/global-
sovereign-markets/reserve-management-seminar-highlights-2021/27th-annual-reserve-
management-seminar-survey.html. Downloaded: 4 October 2021.

WEF (2021): Net-Zero Challenge: The supply chain opportunity. Report, World Economic
Forum Insight. https://www.weforum.org/reports/net-zero-challenge-the-supply-chain-
opportunity/. Downloaded: 8 June 2022.

Weitzman, M. (2011): Fat-Tailed Uncertainty in the Economics of Catastrophic Climate
Change. REEP Symposium on Fat Tails. 5. https://doi.org/10.1093/reep/rer006

Z6ldy, M. — Szalmané Csete, M. — Kolozsi, P.P. — Bordas, P. — Torok, A. (2022): Cognitive
Sustainability. Cognitive Sustainability, 1(1): 1-7. https://doi.org/10.55343/cogsust.7

Our vision


https://www.ubs.com/global/en/asset-management/global-sovereign-markets/reserve-management-seminar-highlights-2021/27th-annual-reserve-management-seminar-survey.html
https://www.ubs.com/global/en/asset-management/global-sovereign-markets/reserve-management-seminar-highlights-2021/27th-annual-reserve-management-seminar-survey.html
https://www.ubs.com/global/en/asset-management/global-sovereign-markets/reserve-management-seminar-highlights-2021/27th-annual-reserve-management-seminar-survey.html
https://www.weforum.org/reports/net-zero-challenge-the-supply-chain-opportunity/
https://www.weforum.org/reports/net-zero-challenge-the-supply-chain-opportunity/
https://doi.org/10.1093/reep/rer006
https://doi.org/10.55343/cogsust.7

