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Abstract: The aim of the paper is to identify groups of banks with similar environmental commitment,
taking into account their direct environmental impact. The study, which employs the aggregation
method, reveals that small banks with a relatively worse financial standing are characterised by the
lowest level of disclosures within pro-ecological initiatives. At the same time, large international
banks belong to clusters defined by the highest or the lowest disclosure rates. The above-mentioned
phenomenon results from the dichotomy of integrating environmental policy into their strategies and
business models. This study is the first comparative analysis of the extent to which all listed (and at
the same time the biggest) banks operating in Poland have taken initiatives to reduce the negative
environmental impact of their activities.

Keywords: climate risk; commercial bank; cluster analysis

1. Introduction

According to the (IPCC 2019) report, anthropogenic global warming is currently about
1.0 ◦C above pre-industrial levels. If this state of affairs continues, global warming is likely
to reach 1.5 ◦C between 2030 and 2052. This is a border at which the catastrophic conse-
quences of this phenomenon for the biosphere and humanity are likely to be unavoidable.
Although it is difficult to clearly link specific weather events to global warming, their
frequency and rapidity require radical climate action. (Eckstein et al. 2021) point out that
between 2000 and 2019 over 475,000 people lost their lives as a direct result of more than
11,000 extreme weather events globally, and losses amounted to around USD 2.56 trillion.
It is not surprising that the annual Global Risks Report ranks climate action failure and
extreme weather in the first two places of the most severe risks on a global scale over the
next 10 years (WEF 2022).

Commercial banks play a key role in the implementation of environmental and climate
protection initiatives undertaken by international organisations, in particular the European
Union (EU). (Carney et al. 2019) even stress that the financial sector must be at the heart
of tackling climate change. In accordance with the recommendations of the Network for
Greening the Financial System for central banks and supervisors these institutions shall:
(i) integrate climate-related risks into financial stability monitoring and micro-supervision;
(ii) integrate sustainability factors into own-portfolio management; (iii) share data that is
relevant to Climate Risk Assessment (CRA) and, whenever possible, make this publicly
available in a data repository; (iv) build awareness and intellectual capacity as well as
encouraging technical assistance and knowledge sharing (NGFS 2019).

The European Central Bank (ECB) notes that none of the 112 directly supervised
European banks are able to meet all prudential expectations, although the banks have taken
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initial steps to address climate risks (ECB 2021). According to the ECB, banks perform best
in the areas of: management bodies, risk appetite and operational risk management, and
internal reporting, market and liquidity risk management and stress testing. Half of the
banks have not planned concrete measures to integrate climate and environmental risks into
their business strategies, and less than a fifth have developed Key Risk Indicators to monitor
them. The ECB has also committed to gradually integrating climate and environmental
risks into its SREP methodology, which will ultimately have an impact on the capital
requirements under Pillar II.

The actions of central banks and supervisory authorities should therefore be trans-
ferred to commercial banks. (Bernardelli et al. 2022) point out that commercial banks can
influence their environment in three ways. Firstly, there is the traditional allocation function,
which allows funds to flow from less efficient economic sectors to more efficient ones. Banks
can play an important role in reducing the financing of borrowers with environmentally
and climate-damaging activities by providing the necessary knowledge and management
of credit risks. This area also includes bank products aimed at reducing climate risks (e.g.,
thermal modernisation loans, photovoltaic loans, climate risk investment funds, green
bonds, etc.). Secondly, it involves the bank’s ecological education among its stakeholders.
Thirdly, it is about minimising one’s own impact on the environment by managing the
consumption of electricity, natural gas, water, heating, fuel, typical office supplies and
the reduction of municipal waste and air pollution. This article precisely focuses on the
last point.

The objective of this article is to assess the activities of banks operating in the Polish
banking sector in terms of their direct impact on the environment and climate change,
and to identify clusters of banks with similar environmental commitment, taking into
account only initiatives that are part of their day-to-day operations. The Polish banking
sector was the largest among those of the ten countries joining the EU (EU 10) in 2004. The
study is based on data of the 12 biggest banks that manage their activities in the Polish
banking sector and are listed on the Warsaw Stock Exchange (on the main market for
public companies, or on the Catalyst market which is applicable for bonds issuers). The
survey is conducted on a sample of banks with total assets accounting for 84.00% of the
assets of the Polish banking sector (standalone figures). The above mentioned estimation
does not cover the state-owned Bank Gospodarstwa Krajowego (BGK), which—due to a
different legal basis of operation and other (not only business) objectives—is not treated
in this paper as a commercial bank. Unlisted commercial banks (the market share of the
largest of them, Credit Agricole Bank Polska SA, is less than 1.30%) and 530 cooperative
banks were not included in the study. The surveyed banks account for 92.00% of the
balance sheet total of Polish commercial banks (BFG 2022). The choice of the Polish banking
sector is mainly due to the fact that fossil fuels (largely coal and lignite from domestic
sources) account for up to 83% of the Polish energy mix (Agora Energiewende 2021) and
this share is highest in the EU as a whole. Thus, corporates and banks that finance them
(operating in the same legal environment as their peers in other EU countries) are heavily
dependent on coal, gas and oil. Having the above mentioned issue in mind and the fact
that the Polish government’s participation in the banking sector is amongst the highest in
the EU (around 45% at the beginning of 2021), the authors consider the real commitment of
commercial banks to climate protection to be interesting and important. On the one hand,
pro-environmental activity is in line with the values of the EU and banks’ investors, and
on the other hand, banks must take into account the specificities of corporate clients and
the interests of the state, i.e., they must not unduly discriminate against a carbon-intensive
economy. The integration of environmental aspects into the company’s own operations
is a kind of expression of the institution’s attitude towards environmental issues. In this
context, the position of the largest Polish commercial banks, two of which are controlled by
the Treasury, seems particularly interesting. In addition to these aspects, the study differs
from previous studies on the environmental impact of the banking sector by focusing also
on the operational activity (as opposed to lending or investment) and by attempting to
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identify differences in banks’ commitment to climate protection, given dissimilarities in
size, shareholder structure and business model.

The research employs cluster analysis and is based on disclosures on the bank’s direct
environmental and climate impact presented in the banks’ annual reports for 2020.

It fills a research gap defined as a lack of tools and analyses to compare the involve-
ment of commercial banks in environmental initiatives. From an axiological point of view,
this issue is also relevant to the coherence of two paradigms: the declared commitment to
environmental protection—the actual (announced) commitment to environmental protec-
tion in day-to-day operations, and the reduction of the negative environmental impact of
banking operations—and the implementation of climate policy in banks’ credit procedures.

The remainder of this paper is structured as follows. Section 2 reviews the most signif-
icant literature. Section 3 describes the data and methodology employed in the empirical
research. Section 4 presents and discusses the obtained results. Section 5 summarises and
presents the main conclusions.

2. Literature Review

Climate risk in a bank is the risk of a bank’s income or value loss due to the increased
frequency and intensity of extreme weather events as a result of climate change. This
includes direct and indirect climate protection risks (de Netto A. C. Schneider et al. 2020).
The first component relates to aspects of a banking institution’s business, such as the energy
intensity of bank branches, the consumption of water, fuel, plastics and paper, the extent of
recycling and the carbon footprint left behind. Indirect climate risk is related to the impact
of climate change and the regulation counteracting it on the standing of bank customers
and companies owned by the bank, and consequently to the financial performance of the
bank as well. Indirect climate risks are decomposed into physical and transition risks. The
physical risk is associated with the effects of severe events (e.g., cyclones, floods, droughts,
fires) on performance (profitability, capital adequacy and liquidity), the value of the bank’s
assets and the value of collateral of granted loans or assets essential to the business of the
bank’s clients. Physical risks are long-term and relate to the effects of negative and mostly
irreversible changes, such as sea level rise, changes in the chemical composition of marine
waters, increases in air temperature, damage to the ozone layer, loss of biodiversity or
decrease in the proportion of biologically active surfaces (Bernstein et al. 2019; Batten et al.
2016; Bunten and Kahn 2014). Physical risks can be divided into two components: (i) an
acute physical risk (e.g., heat waves or floods) or (ii) a chronic physical risk, such as limited
water availability or sea level rise (EBA 2020). Transition risk has a crucial regulatory basis.
Introducing a CO2 tax or boosting the price of greenhouse gas emission allowances will
dramatically increase costs for companies in the carbon-intensive economy, which will
affect their creditworthiness and market value. High-emission sectors of the economy (in
particular those based on the production and use of fossil fuels) also face the problem
of limited availability of funding, which results mainly from the tightening of credit and
investment policies, as manifested in defining a timetable to move away from financing
a carbon-intensive economy. The effect of transition risk may be the creation of stranded
assets, i.e., assets that become economically ineffective due to regulatory changes or are
excluded from use due to stricter environmental requirements (Makower 2019; McGlade
and Ekins 2015). An example of a climate-related stranded asset could be a coal-fired fossil-
fuel power station, since the tightening of the mechanism of determining prices of CO2
emission allowances may lead to a loss of profitability of such a power generator. If such
collateral is indirectly owned by the bank or secures credit risk, it may be lost or its value
may be diminished prior to the final settlement of the transaction concluded with the client
and may therefore result in the value of the collateral not being kept at a level that ensures
adequate coverage of the bank’s claims. There are strong relationships between physical
and transition risks. Strengthening regulation to mitigate climate change, i.e., increasing
the risk of transition, contributes to reducing physical risks. However, the introduction of
radical measures to promote a rapid reduction in greenhouse gas emissions may lead to an
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escalation of transition risk, a deterioration of the banks’ credit and investment portfolios
and subsequent stagnation or recession (Pereira da Silva 2019).

Prudential regulations make it clear that climate risks shall be integrated into the
bank’s risk management system (Zegadło 2021). Climate risk not only increases credit risk
(BIS 2021), it also has an effect on market risk when assets are sold forcibly due to regulatory
climate protection changes impacting the projected market value of the respective issuer.
Liquidity risk affects banks that have a significant credit and investment portfolio consisting
of assets that are sensitive to physical or transition risks. This is liquidity understood as
the ability to raise funds at a cost that guarantees the profitability of the business, i.e.,
funding liquidity. Operational risk, on the other hand, exists when a certain portion of the
bank’s assets is excluded from coverage due to increasing physical risks. Climate risk may
also manifest itself through negative impact on the bank’s operational processes (Bolton
et al. 2020). In addition, it deals with situations in which the risk of banking transactions
increases due to new legal and regulatory requirements. Against this backdrop, the results
of the study by (Beirne et al. 2021), who show the importance of the relationship between
the cost of issuing debt securities and climate risk, are not surprising.

Most studies suggest that climate risk has not yet been quantified and reflected in
the ratings of bank-financed companies and the ratings of the banks themselves (Grippa
et al. 2019). The immutability of this state in the context of increasing climate protection
risks (especially transition risks) is referred to as the “carbon bubble” (Dafermos et al. 2018).
According to (Alessi et al. 2019), the realisation of climate risk assessment would result
in losses for European Systematically Important Financial Institutions (SIFIs) of around
USD 30 billion, exclusively from the investment portfolio, i.e., excluding write-downs for
credit losses. Although the impact of weather disasters is currently significant in only a
few countries, it is expected that the problem will worsen in the future as the frequency of
climate-related disasters continues to grow (Giuzio et al. 2019). This phenomenon must be
then confronted with a potential threat to financial stability (Noth and Schüwer 2018).

(Giglio et al. 2021) reviewed the relevant literature and examined how climate risks
can be integrated and measured in macroeconomic models. They point out that climate
risks can influence the prices of different types of assets either positively or negatively.
(Lamperti et al. 2021) investigated the impact of policy measures to strengthen the resilience
of the financial system to climate risks. In their view, tighter prudential regulation increases
the impact of climate shocks on the economy, while the negative effect of climate change
on the real economy makes the banking sector more vulnerable to crises. (Roncoroni
et al. 2021) explored the influence of the interactions between transition risk and market
parameters, such as recovery rate and stock price volatility, on financial stability. This
suggests a framework for climate stress tests to investigate the impact of climate risks on
the stability of the financial system. The question of whether climate risk must be taken
into account when calculating banks’ capital requirements is examined by (Schoenmaker
and Tilburg 2016). (Dafermos and Nikolaidi 2021) stressed that “green differentiated capital
requirements” (GDCRs) can reduce the pace of global warming and thereby decrease
physical financial risks.

Another stream of research is related to studies on the effects of climate risks on
the profitability of banks and the materialisation of risks. Even if the results of research
dedicated to profitability are not clear, most of them underline the positive impact of
environmental performance on financial standing in the banking industry. (Caby et al.
2022) proved a positive association between climate risk management and financial perfor-
mance of banks both from emerging and developed countries during the period 2011–2019.
However, they stress that banks seem to be aware of the impact of climate change on their
business, that banks’ business models are changing only slowly. In the analysis of a sample
of banks from Canada over the period 1988–2019, (Salah et al. 2021) gave evidence for
the significant impact of weather catastrophes on the performance of Canadian banks.
At the same time, these authors point out that such phenomena contribute to lowering
the level of risk appetite and improvement of financial stability. Nevertheless, (Hosono
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et al. 2016) came to different conclusions and found that severe weather events can put
borrowers in trouble, weaken their creditworthiness and solvency, which could lead to a
reduction in bank interest income. (Mourouzidou-Damtsa et al. 2019) added that extreme
weather phenomena also bring about changes in the bank’s asset and liability structure,
as damage-suffering clients not only borrow money but also withdraw their deposits to
cover incurred losses and maintain liquidity. (Klomp 2014) pointed to the problems of
small banks in connection with natural disasters. With data from more than 160 countries
and 6000 natural disasters worldwide for the period 1997–2010, he notes that the financial
consequences of natural disasters can significantly worsen the bank’s standing and increase
the probability of insolvency. In addition, the impact of a natural disaster depends on the
size and scope of the catastrophe, the rigorousness of financial regulation and supervision,
and the level of financial and economic development of a particular country. (Faiella and
Natoli 2018) pointed out that banks can select and discriminate against their borrowers
through their catastrophic risk exposure. (Ouazad and Kahn 2021) argued that sudden
weather conditions can paradoxically favour lending, as special assistance programmes
are often set up to finance damage-suffering companies, and additional opportunities
for asset securitisation are created. In their analysis of Austrian banks, (Battiston et al.
2020) gave evidence that large banks are more resilient to climate risk. The proportion
of carbon-intensive exposures in their portfolios is lower than that of medium-sized and
small banks. (Haug Kaja D. et al. 2021) investigated the proportion of loans that Norwegian
banks lend to companies exposed to climate risk and the impact of the materialisation of
climate risk on the value of a collateral, particularly real estate. This exposure is considered
moderate by the authors mentioned above, while stressing the growing importance of
the physical risks associated with sea level rise. They also point out that a lack of full
knowledge regarding the consequences of climate change could make it difficult to ad-
equately reflect this risk in banks’ balance sheets. Several studies also investigated the
effect of climate risk in credit markets and the pricing of bank products and services. For
example, (Javadi and Masum 2021) showed that firms in locations with higher exposure
to climate change pay significantly higher credit margins on their bank loans. However,
they stress that their research results primarily concern loan spreads of long-term loans of
poorly rated firms, but not for other loans. (Jo et al. 2015) underlined that implementing
measures to reduce environmental costs takes at least 1 or 2 years before enhancing return
on assets in the financial services sector. They also found that companies in well-developed
financial markets perform much better. (Bătae et al. 2021) came to very similar conclusions,
when analysing data for 39 European banks for the period 2010–2019. They find a positive
relationship between emission and waste reduction and bank profitability.

Another issue is reporting on measures to support and promote climate protection
solutions. (Ilhan et al. 2020) believe that climate risk reporting is at least as important as
financial reporting, and that climate risk reporting should be mandatory and standardised.
(Reghezza et al. 2021) investigate the impact of climate policy on European banks’ lending
to environmentally damaging companies. These authors conclude that exposures to the
representative companies have decreased in comparison to the situation prior to the entry
into force of the Paris Agreement. Moreover, banks with poorer credit quality, lowered
yields, and higher equity responded comparatively faster to the new climate regulations.
The current and planned EU climate risk reporting legislation stems from the 2015 Paris
Agreement. Directive 2014/95/EU (NFRD) plays an important role in the development
of non-financial reporting. In April 2021, the European Commission (EC) published a
proposal for a new Corporate Sustainability Reporting Directive to replace the NFRD. In
February 2020, the President of the ECB took the view that climate risks should be seen as
one of the biggest challenges facing the banking sector and the economy. Climate risk is
also recognised by the ECB in the Single Supervisory Mechanism risk map as a key risk
factor to be adequately addressed by supervised institutions. In addition, in May 2020, the
ECB published guidelines on the disclosure and management of climate risks. Another
problem is the disclosure of climate protection risks and their management. In her study of
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European, American, Japanese and Chinese banks, (Nieto 2019) argued that the disclosure
of environmental risks is particularly important for banks that issue securities traded on
organised markets. The author stresses the need for harmonisation of reporting, including
standardisation of credit registers and taxonomy. The ECB also pointed out in its 2021
report that, while supervised banks are making progress in integrating climate risk into the
bank’s governance systems, adequate reporting remains a major challenge. (Niedziółka
2020) compared Polish commercial banks with regard to published disclosures and ESG
measures, in particular referring to climate protection risks. The results of this study
suggest a stronger involvement of foreign banks in ESG risk management participating in
international emission reduction agreements. In contrast, (Khan et al. 2021) pointed to a
positive correlation between value added creation and climate and credit risk disclosures,
which weakens in line with the increase in portfolio share of non-performing loans.

Based on this literature review, it is hypothesised that large banks with relatively good
financial performance belong to the group of institutions reporting the highest level of
engagement in initiatives having a positive direct impact on the environment. The study
thus fills the research gap due to the lack of tools and comparative analyses to assess the
direct environmental impacts of banks.

3. Sample, Dataset and Methods

The study is carried out on a sample of 12 commercial banks operating in the Polish
banking sector (Table 1) and listed on the Warsaw Stock Exchange. 11 of the sampled
banks are listed on the main market of the Warsaw Stock Exchange and are public entities.
Simultaneously, one (C_11) is listed on the Catalyst market, which is applicable for bond
issuers. However, this bank is still a public interest entity and has disclosure duties in the
scope of non-financial information. The total assets of the sampled banks correspond to
78.00% of the assets of Polish commercial banks as of 31.12.2020 (KNF 2021). Key financial
data, credit risk and ESG ratings, as well as information on shareholders’ origin and the
business model of the sampled banks, are presented in Table 2. Apart from bank C_11,
which provides services only for the retail sector, the other banks have a universal profile
and offer products dedicated both for retail and corporate clients. The authors also present
the major shareholders’ origin. In the case of domestic banks, the major shareholder is
an individual (however, applicable only for the C_2 bank), the State Treasury or an entity
controlled by the State Treasury. Although the research refers to 2020, the authors decided
to also provide comparative financial data referring to 2021 in order to allow readers to
have a better insight into the banks’ standings.

Table 1. List of commercial banks analysed in the study.

Name of the Bank
(Alphabetical Order)

Customer Number Percentage of Market
Share [Assets]

In Units [%]

C_4 Alior Bank S.A. 4,422,000 0.0415
C_6 Bank Handlowy w Warszawie S.A. N/D 0.0322
C_1 Bank Millennium S.A. 3,862,675 0.0516
C_3 Bank Ochrony Środowiska S.A. 222,400 0.0108
C_12 Bank Pocztowy S.A. 868,740 0.0048
C_9 Bank Polska Kasa Opieki S.A. 5,760,072 0.1232
C_5 BNP Paribas Bank Polska S.A. 3,900,000 0.0631
C_2 Getin Noble Bank S.A. N/D 0.0264
C_10 ING Bank Śląski S.A. 4,722,000 0.0985
C_11 mBank SA 4,656,640 0.0951
C_8 Powszechna Kasa Oszczędności
Bank Polski S.A. 11,005,600 0.1991

C_7 Santander Bank Polska SA 5,215,148 0.1211
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Table 2. Key information about the sampled banks, as of 31 December 2021 and 31 December 2022.

Key Financial Data, as at
31.12.2021 C_1 C_2 C_3 C_4 C_5 C_6 C_7 C_8 C_9 C_10 C_11 C_12

Profit before tax [in PLN million] −1000 −1056 79 779 616 951 2057 6513 3001 3015 43 −591

Net profit [in PLN million] −1332 −1068 47 482 176 717 1252 4873 2176 2308 31 −1179

Total assets [in PLN million] 103,914 48,370 20,585 83,048 131,777 61,862 244,876 418,086 250,566 201,654 9112 199,539

Total equity [in PLN million] 6697 616 1865 5919 11,361 7383 27,213 37,693 23,851 13,531 404 13,718

Total capital adequacy ratio 17.10% 3.50% 14.61% 14.16% 16.91% 20.10% 18.58% 18.23% 16.90% 15.08% 15% 16.60%

Tier 1 [in PLN million] 6906 870 1796 6199 11,303 5516 22,480 38,524 22,693 14,021 463 13,552

Tier 1 capital ratio 13.97% 2.66% 13.26% 12.55% 12.33% 20.10% 16.63% 17.03% 15.10% 13.47% 12.40% 14.20%

ROE −16.30% −53.10% 2.50% 7.70% 1.50% 10.10% 4.70% 12.10% 9.20% 13.6% 6.11% −7.20%

Legal risk adjustments—own calculations

Cost of the legal risk of CHF loans
[in PLN million] −2305 −882 −21 −21 −1045 N/D −919 0 −626 −56 N/D −2758

Net profit—adjusted, excluding
legal risk provision 973 −186 68 503 1221 717 2171 4873 2802 2364 31 1579

Credit risk rating

S&P BB BBB+ BBB

Moody’s Baa1 Caa1 Baa1 A1 A2 A2 A2 A3

Fitch BBB− CCC BB− BB A+ A− BBB+ BBB+ A+ BBB−

Eurorating BB C BB BB BBB A− A− A− A− BBB+ BB+ BBB−

ESG rating

FTSE Russel 3.7 3.1

MSCI A BBB A AA BBB

Sustainanalytics 27.4 19.9 37.6 25.0 24.2 23.9 20.8 26.9 22.6

V.E. 47 32

Business model universal universal universal universal universal universal universal universal universal universal retail universal

Major shareholder’s origin
(domestic/foreign) foreign domestic domestic domestic foreign foreign foreign domestic domestic foreign domestic foreign

Key financial data, as of 31.12.2020 C_1 C_2 C_3 C_4 C_5 C_6 C_7 C_8 C_9 C_10 C_11 C_12
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Table 2. Cont.

Key Financial Data, as at
31.12.2021 C_1 C_2 C_3 C_4 C_5 C_6 C_7 C_8 C_9 C_10 C_11 C_12

Profit before tax [in PLN million] 211 −614 −285 −206 1110 317 1880 −1696 1725 1912 −4 609

Net profit [in PLN million] 23 −559 −307 −311 733 172 1037 −2561 1102 1337 −9 104

Total assets [in PLN million] 97,323 49,930 20,505 78,642 119,577 60,941 229,311 376,966 233,217 186,596 9169 178,872

Total equity [in PLN million] 9091 2004 1913 6559 12,030 7580 28,657 39,911 25,483 18,618 633 16,675

Total capital adequacy ratio [%] 19.50% 8.60% 14.86% 15.85% 18.65% 22.50% 20.04% 18.18 19.20% 19.52% 18% 19.90%

Tier 1 [in PLN million] 8439 2665 1889 6545 11,486 6206 24,353 38,816 23,769 14,913 623 15,046

Tier 1 capital ratio [%] 16.50% 7.40% 13.09% 13.55% 13.55% 22.50% 18.01% 16.99% 17.20% 16.91% 15.40% 17.00%

ROE [%] 0.20% −21.10% −14.92% −4.70% 6.30% 2.40% 4.40% −6.00% 4.80% 0.076% −1.50% 0.60%

Legal risk adjustments—own calculations

Cost of the legal risk of CHF loans
[in PLN million] −713 −121 −353 −0.3 −168 N/D −396 −6552 −436.1 −270.3 N/D −1021

Net profit—adjusted, excluding
legal risk provision 709 −559 25 −311 901 185 1238 3,200 1479 1338 −9 1125

ROE—adjusted 7.80% −21.10% 1.21% −4.70% 7.74% 2.58% 5.25% 7.10% 6.04% 9.40% −1.50% 6.75%

Credit risk rating

NIM 2.6% 2.2% 1.9% 3.9% 2.5% 1.6% 2.9% 3.0% 2.5% 2.6% 2.6% 2.8%

S&P BB BBB+ BBB

Moody’s Baa1 Baa1 A2 A2 A2 A2 A3

Fitch BBB− CCC+ BB− BB A- BBB+ BBB+ A+ BBB−

Eurorating BB+

ESG rating

FTSE Russel 3.1 3.1

MSCI BBB A A

Sustainalytics 27.4 19.9 24.16 22.25 25.7 26.9 22.57 15.9

V.E. 47

Business model universal universal universal universal universal universal universal universal universal universal retail universal

Major shareholder’s
origin (domestic/foreign) foreign domestic domestic domestic foreign foreign foreign domestic domestic foreign domestic foreign



Risks 2022, 10, 119 9 of 19

In the analysed period, one of the most significant factors having impact on the Polish
banks’ results was the cost of provisions for legal risk associated with mortgage loans
indexed or denominated in convertible currencies (CHF in practice). This risk refers to
pending or potential court proceedings to determine the invalidity of the above-mentioned
loan agreements, mostly in the light of the CJEU rulings. Due to its material impact on the
results and uncertainties accompanying the provisions’ calculations, including unknown
future judgments of Polish courts, the authors decided to present chosen financial results
excluding the costs (see Table 2).

As a first step in performing the comparative analysis of the banks, the structural
differentiation of the concerned banks is analysed using a numerical technique called cluster
analysis, in which the objects are grouped into meaningful and relatively homogeneous
classes. In the literature, there may be found various cluster definitions (for instance
provided by Gatnar and Walesiak 2004 or Everitt et al. 2011). According to (Figueiredo
Filho et al. 2014): “the main purpose of the technic is to group cases according to their
degree of similarity” and “observations within a specific cluster are more homogeneous
than observations between clusters”. This method assumes separating clusters containing
the most similar elements of the considered chosen characteristics, which simultaneously
differ as much as possible from the other elements (Cymerman and Cymerman 2017).

The clusters are created based on the objects’ mutual proximity (also distances or
similarities), which may be estimated in many ways. The steps to be followed are data and
variable selection, establishing the similarity measure, determining the cluster building
method, selecting the clusters, and validating the results. (Figueiredo Filho et al. 2014)
indicated the three most common methods used in cluster analysis, which are correlation
measures, distance measures (especially the Euclidean distance and its variants, such as
squared distances) and association measures applicable for non-quantitative variables. In
general, proximities may be determined directly or indirectly (more common due to Everitt
et al. 2011). To calculate the distance, it is recommended to scale the data so that it falls into
an interval 0–1 or is expressed as a percentage. There are various techniques to calculate
the distances for binary and non-binary data having more value levels.

Additionally, there are three main approaches to form clusters: hierarchical (applicable
when there is no prior knowledge on how many clusters should be established), non-
hierarchical (when the researcher knows the number of clusters, k-means are used) and a
two-steps method (combined), where the number of clusters is determined using the first
approach and then the outliers are assigned to given clusters using the second approach.

Using a matrix of distances between the analysed elements, similarity-based clustering
may be performed with the aim of grouping similar objects in one cluster and putting
dissimilar objects in different ones (Christian et al. 2015). (Everitt et al. 2011) emphasised
the useful role of graphical presentations, which may suggest containing clusters of the
observed data. Most commonly, histograms or scatterplots may be used.

To form clusters, the authors applied the hierarchical approach, as the entry number
of clusters was not known. After the number had been determined, the authors calculated
the clusters’ centers and distances of each element to the center in order to reclassify
the elements, if necessary. The cluster’s element should be reclassified if the distance
of this element to its cluster’s center is bigger than to another cluster’s center (Gatnar
and Walesiak 2004). The optimal grouping does not require any further reclassification.
The initial grouping (subject to further reclassification) may be even arbitrary due to the
post-checks.

For this research, the (Ward 1963) method is used, which entails the analysis of
variance approach. It is one of the hierarchical approaches to clustering where the distance
between clusters is calculated as the Euclidean distance between their centroids (Młodak
2020). Its goal is to minimise an increase in the total within-cluster error sum of squares,
which is proportional to the squared Euclidean proximities between the centres of the
formed clusters (Everitt et al. 2011). In this method the objects are combined to form
one cluster containing all the analysed elements. If a merger of clusters minimises the
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increase in the total within-cluster error sum of squares, they are put together. To receive
optimal clusters, the distance between the combined clusters should exceed an arbitrarily
established threshold, which is the end of the cluster-combining procedure (Młodak 2020).
This method is considered effective if the number of objects is not large (Stanisz 2007;
Cymerman and Cymerman 2017). The distance between the objects is calculated using the
Euclidean norm:

di,j =

{
∑m

k=1

(
xik − xjk

)2
}1/2

f or i 6= j (1)

where:
xik—value of the k variable in the i-th object;
xjk—value of the k variable in the j-th object;
k—number of characteristics examined;
m—number of diagnostic variables.
The clustering is based on a criterion that summarises the scope of disclosed informa-

tion on the bank’s direct environmental and climate impacts reported in the banks’ annual
reports for 2020. All disclosed categories of the bank’s direct environmental and climate
impact as reported in the audited institutions’ annual reports for 2020 are selected for the
analysis. They are assigned to three criteria (Table 3).

Table 3. Bank’s direct environmental and climate impacts considered in the study.

Absolute Quantities (w)

w1 Electricity, heat and fuel consumption
w2 Water consumption
w3 Quantity of waste or materials
w4 CO2 emission

Intensity (i)

i1 Electricity consumption per employee
i2 Water consumption per employee
i3 Waste or materials consumption per employee
i4 CO2 emission per employee
i5 Emission of CO2 or electricity consumption per 1 client or per assets of PLN 1 million

Initiatives to reduce negative environmental impacts (in)

in1 Reduction of CO2 emission
in2 Reduction of water consumption
in3 Recycling
in4 Reduction of electricity, heat and fuel consumption
in5 Reduction of paper consumption and digitisation
in6 Reduction of plastics consumption
in7 Limitation of business traveling
in8 Pro-ecological education of employees
in9 Production or purchase of electricity from renewable energy sources
in10Conducting business in energy-efficient real estate
in11Replacement of gasoline vehicles for electric fleet
in12Energy-saving lighting
in13Responsible purchasing
in14Optimisation of office space
in15Facilities for employees using public transport or bicycles

Information sharing is a dummy variable that equals 1 if the factor occurs directly in
the respective bank’s reporting and 0 otherwise.

A bank’s direct environmental and climate impacts, divided into 3 categories, were
used to classify and separate homogenous subsets of objects in the analysed sample of banks.
Based on the analysis of data derived from audited annual reports of the sampled banks as
of 31 December 2020, the authors performed a qualitative evaluation of particular variables.
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Two methods are used for the hierarchical concentration analysis of quantitative
weights for the attributes:

A system of w1 representing equal weighting for all variables:

wk =
1
m

, where : k—indicator’s number (k = 1, 2, . . . , m);

A system of w2 representing particular weights which are determined according to the
expert method, where the highest weights are assigned to diagnostic features (in) −0.50,
and the other characteristics, (w) and (i). are assigned weights of 0.25 and 0.20, respectively.
This approach is assumed according to the following formulae:

IBRK = (0.25w + 0.25i + 0.50in)× 100 (2)

w = ∑4
i=10.25 wi (3)

i = ∑5
i=10.20 ii (4)

in = 0.5in1 + ∑15
i=20.0357 ini (5)

The proposed index includes all categories of the bank’s direct environmental and
climate impacts as reported in the audited institutions’ annual reports for 2020 (the latest
available audited figures). They are grouped into three criteria, giving priority to initiatives
announced by the banks aimed at reducing the given bank’s negative impact on the
environment. Within this index component (in), the CO2 reduction declaration is weighted
with 50%. The other 14 initiatives received an equal weighting of 3.57%. The approach
described above is an expert approach and the reason for the large weight differentiation is
that all initiatives ultimately aim at reducing CO2 emissions and carbon footprints.

Two weighting variants (equal weights and weights hierarchised using an expert
approach based on the initiative’s impact on the reduction of carbon footprint) to verify the
extent to which the cluster content depends on the chosen weighting are determined. The
verification of the results on the basis of different weighting systems is carried out inter alia
by (Grigore et al. 2016).

To assess the activities of banks operating in the Polish banking sector in terms of their
direct impact on the environment and climate change, the Ward method and Statistica ver.
13.3 software by StatSoft Polskaare were used for calculations.

4. Results

The Ward method applied in this study selects, at each stage of the analysis, from
among all combinable aggregate pairs the one that results in a focus on minimal differentia-
tion as a result of fusion (Tables 4–7).

Table 4. Euclidean distances for equal weights for all variables.

Bank C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

C1 0.0 10.7 10.9 9.8 16.9 14.3 12.2 11.3 7.6 17.8 10.2 12.8
C2 10.7 0.0 10.2 1.2 23.8 8.4 8.7 16.4 4.8 24.1 10.9 8.4
C3 10.9 10.2 0.0 9.6 19.7 7.1 17.0 13.4 8.4 16.7 18.3 17.3
C4 9.8 1.2 9.6 0.0 22.6 8.7 8.4 16.1 3.6 23.0 10.7 8.3
C5 16.9 23.8 19.7 22.6 0.0 26.4 23.0 24.7 19.0 8.4 23.9 24.1
C6 14.3 8.4 7.1 8.7 26.4 0.0 17.0 14.6 10.2 23.8 18.3 16.8
C7 12.2 8.7 17.0 8.4 23.0 17.0 0.0 21.5 8.7 26.2 6.7 1.2
C8 11.3 16.4 13.4 16.1 24.7 14.6 21.5 0.0 15.7 22.3 18.1 21.6
C9 7.6 4.8 8.4 3.6 19.0 10.2 8.7 15.7 0.0 19.7 10.9 9.1
C10 17.8 24.1 16.7 23.0 8.4 23.8 26.2 22.3 19.7 0.0 27.1 27.1
C11 10.2 10.9 18.3 10.7 23.9 18.3 6.7 18.1 10.9 27.1 0.0 6.8
C12 12.8 8.4 17.3 8.3 24.1 16.8 1.2 21.6 9.1 27.1 6.8 0.0
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Table 5. Euclidean distances for scales determined by the expert method.

Bank C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

C1 0.0 13.5 8.8 11.8 23.7 16.4 12.0 9.6 7.3 22.9 10.9 13.4
C2 13.5 0.0 10.9 1.8 35.7 6.5 7.2 13.8 7.1 34.5 8.8 6.5
C3 8.8 10.9 0.0 9.5 27.5 10.7 13.6 10.2 6.5 25.0 14.5 14.4
C4 11.8 1.8 9.5 0.0 33.9 7.2 6.5 13.0 5.4 32.7 8.2 6.3
C5 23.7 35.7 27.5 33.9 0.0 38.0 32.7 30.9 28.6 6.5 33.1 34.5
C6 16.4 6.5 10.7 7.2 38.0 0.0 13.6 13.4 10.9 35.7 14.5 13.0
C7 12.0 7.2 13.6 6.5 32.7 13.6 0.0 16.4 7.2 32.8 5.0 1.8
C8 9.6 13.8 10.2 13.0 30.9 13.4 16.4 0.0 11.8 28.6 13.9 16.9
C9 7.3 7.1 6.5 5.4 28.6 10.9 7.2 11.8 0.0 27.5 8.8 8.2
C10 22.9 34.5 25.0 32.7 6.5 35.7 32.8 28.6 27.5 0.0 33.2 34.5
C11 10.9 8.8 14.5 8.2 33.1 14.5 5.0 13.9 8.8 33.2 0.0 5.3
C12 13.4 6.5 14.4 6.3 34.5 13.0 1.8 16.9 8.2 34.5 5.3 0.0

Table 6. Agglomeration pattern for equal weights for all variables.

Distances
between
Bindings

Obj. No 1 Obj. No 2 Obj. No 3 Obj. No 4 Obj. No 5 Obj. No 6 Obj. No 7 Obj. No 8 Obj. No 9 Obj. No 10 Obj. No 11 Obj. No 12

1.190476 C_2 C_4
1.190476 C_7 C_12
5.158730 C_2 C_4 C_9
7.142857 C_3 C_6
8.417938 C_5 C_10
8.562369 C_7 C_12 C_11
11.25362 C_1 C_8
15.40753 C_2 C_4 C_9 C_3 C_6
20.70669 C_1 C_8 C_2 C_4 C_9 C_3 C_6
32.02837 C_1 C_8 C_2 C_4 C_9 C_3 C_6 C_7 C_12 C_11
51.20047 C_1 C_8 C_2 C_4 C_9 C_3 C_6 C_7 C_12 C_11 C_5 C_10

Table 7. Agglomeration pattern for weighing instruments determined by the expert method.

Distances
between
Bindings

Obj. No 1 Obj. No 2 Obj. No 3 Obj. No 4 Obj. No 5 Obj. No 6 Obj. No 7 Obj. No 8 Obj. No 9 Obj. No 10 Obj. No 11 Obj. No 12

1.785714 C_2 C_4
1.785714 C_7 C_12
6.277636 C_7 C_12 C_11
6.500098 C_3 C_9
6.500098 C_5 C_10
8.537124 C_2 C_4 C_6
8.561650 C_1 C_3 C_9
12.02553 C_1 C_3 C_9 C_8
18.97467 C_2 C_4 C_6 C_7 C_12 C_11
26.09616 C_1 C_3 C_9 C_8 C_2 C_4 C_6 C_7 C_12 C_11
83.86215 C_1 C_3 C_9 C_8 C_2 C_4 C_6 C_7 C_12 C_11 C_5 C_10

The distance matrices (Tables 4 and 5) contain figures indicating distances between
the analysed and grouped banks, while Tables 6 and 7 present sheets describing the
agglomeration process. The first column of the tables present the distances of bindings,
based on which the respective clusters were formed. In other rows the authors provided
the names of objects forming new clusters.

The results are presented synthetically in the form of dendrograms that illustrate the
hierarchical structure of a group of objects due to the decreasing similarity between them
(Figures 1 and 2).
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When analysing the dendrograms with regard to the differences between the individ-
ual nodes, four main clusters can be identified, in which clusters III (banks C_7, C_11 and
C_12) and IV (banks C_5 and C_10) are identical for both methods. Although concentra-
tions I and II involve different banks under both methods, the differences arise only from
the various positions of the same banks. The biggest discrepancy between cluster IV and
other aggregates means that this cluster is far from the other ones. In addition, one can
identify close distances between banks C_2 and C_4, as well as banks C_7 and C_12.

5. Discussion

Banks C_5 and C_10, which form cluster IV with regard to both methods, are featured
by the highest values of the IBRK index. It is therefore a group of entities that have taken
the greatest number of initiatives to reduce the negative impact of their operations on the
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environment. Both banks recorded relatively better business results than their competitors
in 2020. This conclusion is in line with the results achieved by (Birindelli et al. 2022). At
the same time, they are global banks owned by strategic investors, from France and the
Netherlands, leading global initiatives to reduce CO2 emissions. Parent banks of objects
forming cluster IV are also at the forefront of developing regulatory proposals aimed at
integrating climate protection aspects into banks’ credit and investment policies. These
banks are founders or members of climate agreements, such as CCCA or TCFD (Niedziółka
2021). Both banks have stable financial standings and are well-capitalised (Table 2). It also
should be noted that they scored the top values of ROE indicators (original and adjusted).

Cluster III covers banks C_2 and C_4, as well as C_7, C_11 and C_12. These are the
banks that are rated worst in this study. Although they belong to the same group, there
are two different reasons for the low IBRK index, which subsequently allows them to
be separated into two further subgroups. The first one consists of smaller banks with
below-average financial performance. In this case, the poor evaluation is linked to budget
cuts for the implementation of environmental initiatives. The benefits of the employment of
environmental and climate protection measures (e.g., reduced operating costs, reputation)
must be preceded by appropriate investments. At the same time, the above-mentioned
banks have not made any statements in their annual reports to limit their direct and indirect
(through credit policy) negative impact on the environment so far. One of the reasons
for this approach is that the share of energy- and carbon-intensive industries in the credit
portfolios of large banks is relatively lower than that of medium-sized and small banks
(Battiston et al. 2020). These banks are owned by Polish private investors or the Polish
Treasury. The second subgroup consists of banks with a universal or retail profile that
are involved in climate change initiatives, have good financial standings, and are better
capitalised than the first group. In this case, however, the bank’s environmental approach
focuses mainly on credit policy, with relatively less emphasis on initiatives to reduce their
own negative environmental impact.

The basis of separating cluster III was mainly the variables from the group Intensity (I).
Apart from bank C12, which disclosed data concerning Waste or materials consumption per
employee (i3), none of the other banks presented any disclosures in this area. Disclosures
for the third group (Initiatives) to reduce negative environmental impacts (in) were also
poor, especially in the scope of the following variables: in1, in3 and in15, which were
unreleased. The banks aimed at presenting only data being satisfactory for shareholders
and potential investors. Consequently, the following data was relatively well disclosed:
Electricity, heat and fuel consumption (w1) and Reduction of paper consumption and
digitisation (in5), which represent basic general cost categories subject to being minimised.

It is noteworthy that these two groups do not include the largest Polish banks in terms
of assets: C_8 and C_9. So far, they do not seem to have exhausted all ESG possibilities.
However, it should be noted that 2020 was a very specific year for banking due to the
ongoing COVID-19 pandemic (Zaleska 2021; Kozińska 2021). State-owned banks, which
had the largest loan corporate and retail portfolios, were forced to fundamentally reorient
their business as a result of the materialisation of the credit risk, i.e., increase in Non-
Performing Loans (NPL) ratio resulting from disruptions in supply chains and lockdowns’
negative consequences for many industries and individuals. Their situation can therefore
be expected to improve in the coming years.

At this point, it should also be noted that the authors’ investigation is exclusively
concerned with the banks’ reporting on environmental measures. A narrow reporting
area does not necessarily mean that a bank marginalises the environmental aspect in
its operations. On the other hand, a wide range of climate initiatives do not have to
automatically lead to a significant reduction in the bank’s carbon footprint. At the same
time, one has to stress that the banks’ environmental impact is not regarded as the most
important factor as far as it concerns their potential contribution to climate change. The
real and important positive contribution can be achieved if climate goals are built in the
operating, credit and investment regulations and if these policies are genuinely enforced.
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Environmental initiatives implemented by banks to reduce the negative environmental
impact of their operations have a further objective. It is a reduction in operating costs
by reducing energy, paper, water, office space costs and time consumption. This process
requires pre-investments followed by appropriate reporting. For this reason, it can be said
that the banks with the weakest financial results are paradoxically unable to afford savings.

Emphasising the bank’s indirect impact on the environment and climate change (by
taking climate risk into account in lending policy) and marginalising the environmental
impact of its operations (or lack of appropriate disclosure of these issues) create an axio-
logically inconsistent message which could have a negative impact on the enforcement of
environmental behaviour vis-à-vis bank stakeholders in the future.

The possible regulatory effects of the achieved results are also worth mentioning. So
far, only the inclusion of climate risk associated with a credit exposure in the determinant
list of the capital requirement has been considered (Pyka and Nocoń 2021). The quantifica-
tion of the direct (operational) environmental impact of a bank as proposed in this article
could serve as a basis for determining an adjustment factor for the capital requirement or
the level of the bank levy. Another application of the measure of a bank’s direct environ-
mental commitment is its use in the credit or ESG rating process. In summary, the Polish
banking sector, being an example of the continental model of the banking sector, consists
mainly of universal banks, which means that they—compared to Anglo-Saxon schemes,
where investment banks play a significant role—exhibit a relatively greater commitment
to environmental protection. At the same time, investment banks are involved relatively
more in underwriting companies responsible for major environmental misconduct (Urban
and Wójcik 2019).

6. Conclusions

The analysis of bank reports describing their environmental impact allows for drawing
some conclusions. Firstly, every commercial bank listed on the Warsaw Stock Exchange
declares to monitor the consumption of electricity and other media. Secondly, each of these
institutions offers a range of initiatives to reduce its carbon footprint. Thirdly, most of
the measures are either cost-cutting or cost-neutral, making it very difficult to categorise
them clearly as initiatives demonstrating the bank’s commitment to mitigating climate
change. Fourthly, some initiatives impose additional burdens, in particular on banking
stakeholders (employees, office landlords, counterparties). In certain cases, it is also
impossible to determine who bore the costs of eco-oriented investments (e.g., switching
the lighting system to energy-saving lamps or renewing the vehicle fleet). Lastly, none
of the investigated banks identified a specific way to reduce carbon dioxide emissions
or consumption of electricity, heat, fuels, water, paper, plastics, or other raw materials.
Therefore, no quantifiable commitments were made.

Our investigation showed that small banks characterised by relatively worse financial
performance disclosed less information relating to pro-ecological initiatives, while large
international banks are among those with both the highest and the lowest disclosure rates.
The reason of the above-mentioned discrepancy in the case of large banks is related to the
dichotomy of integrating environmental policy into their strategies and business models.
The first model is based on the coherence of a bank’s commitment to reducing its carbon
footprint and its lending and investment activity. The second approach focuses on pro-
ecological lending policy while disclosures in the area of direct environmental impacts of
the bank are low.

The results of this study are addressed to the stakeholders of the banks, in particular
their customers. This is because the discrepancy between the clients’ values and the values
represented by the bank or the actual commitment to achieving the stated objectives may
be a reason for the client to change bank.

The analysis is based on the information provided by the banks to their stakeholders.
A scenario in which not all ongoing initiatives are included in the non-financial reporting
or where specific objectives are not explicitly mentioned is therefore conceivable. The IBRK
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index thus essentially reflects the extent of non-financial reporting and does not address the
question of how the bank’s direct activities affect or change the environment. The clusters
separated in the course of the conducted research reflect the banks’ attitudes towards
climate risk management in the light of their financial standings and major shareholders’
origin, which the authors perceive as a material explanation for the observed differences.
Foreign banks with an outstanding financial condition were classified as banks representing
the highest level of the IBRK index. However, the direct impact is small compared to the
indirect impact, which can only be assessed on the basis of the reports for subsequent
financial years, when the credit portfolio is classified on the basis of a standardised carbon
footprint taxonomy. The above-mentioned limitations, including the lack of consistency
in the presentation of portfolio structures depending on CO2 emissions and the expert
method for weighting the IBRK index, also create directions for further research, including
the identification of the characteristics of banks belonging to the same clusters based on the
total (direct and indirect) impact on the environment.
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Stanisz, Andrzej. 2007. Przystępny Kurs Statystyki z Zastosowaniem STATISTICA PL na Przykładach z Medycyny. Tom 3. Analizy
Wielowymiarowe. Kraków: Statsoft.

Urban, Michael A., and Dariusz Wójcik. 2019. Dirty Banking: Probing the Gap in Sustainable Finance. Sustainability 11: 1745. [CrossRef]
Ward, Joe H., Jr. 1963. Hierarchical Grouping to Optimize an Objective Function. Journal of the American Statistical Association 58: 236–44.

[CrossRef]

https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
http://doi.org/10.1016/j.jcorpfin.2021.102019
http://doi.org/10.1007/s10551-014-2276-7
http://doi.org/10.1002/bse.2832
http://doi.org/10.1016/j.jfs.2014.06.001
https://www.knf.gov.pl/?articleId=74222&p_id=18
http://doi.org/10.1016/j.jfs.2021.100875
https://www.greenbiz.com/article/growing-concern-over-stranded-assets
https://www.greenbiz.com/article/growing-concern-over-stranded-assets
http://doi.org/10.1038/nature14016
http://doi.org/10.1007/s00357-020-09370-5
http://doi.org/10.1016/j.jfs.2017.08.007
https://www.ngfs.net/en/communique-de-presse/ngfs-calls-action-central-banks-supervisors-and-all-relevant-stakeholders-greening-financial-system-0
https://www.ngfs.net/en/communique-de-presse/ngfs-calls-action-central-banks-supervisors-and-all-relevant-stakeholders-greening-financial-system-0
http://doi.org/10.7172/1644-9584.90.2
http://doi.org/10.1108/JFRC-03-2018-0043
http://www.nber.org/papers/w26322
http://doi.org/10.1093/rfs/hhab124
https://www.bis.org/speeches/sp190523.htm
http://doi.org/10.3390/su13063499
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2550~{}24c25d5791.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2550~{}24c25d5791.en.pdf
http://doi.org/10.2139/ssrn.3846654
http://doi.org/10.1016/j.jfs.2021.100870
http://doi.org/10.1108/JEAS-02-2021-0033
http://doi.org/10.1057/ces.2016.11
http://doi.org/10.3390/su11061745
http://doi.org/10.1080/01621459.1963.10500845


Risks 2022, 10, 119 19 of 19

WEF (World Economic Forum). 2022. The Global Risks Report 2022. Available online: https://www3.weforum.org/docs/WEF_The_
Global_Risks_Report_2022.pdf (accessed on 11 February 2022).
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