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1. Introduction

Environmental, social, and governance (ESG) risks increasingly influence global markets, pos-
ing significant financial stability and business resilience challenges. Their complex and inter-
connected nature demands proactive approaches to risk identification and mitigation. One risk
that should be given special emphasis is the climate risk arising from the environmental factor.
It stems from climate change, which is one of the greatest challenges of our time, both econom-
ically and in terms of socio-economic issues. Credit risk, defined as the potential loss resulting
from the failure of a borrower to repay an obligation, is particularly relevant in the context of fi-
nancial institutions. From the point of view of this type of entity, this risk is also associated with
the non-receipt of capital due (which translates into a deterioration in cash flow) and an increase
in collection costs (Kurniawan, Nurulrahmatia, Muniarty, 2024). In turn, the negative effects
of climate risk can have a significant impact on the creditworthiness of borrowers, which con-
secutively affects their ability to repay their capital. In addition, climate risk drivers can affect
the industry in different ways. Firstly, physical risks are associated with (i) long-term gradual
climate change (e.g., sea level rise), (ii) extreme weather events (e.g., flooding), or (iii) indirect
effects of climate change such as loss of ecosystem services (e.g., water scarcity). Secondly, tran-
sition risks are associated with the process of adapting to a low-carbon economy (Bank for In-
ternational Settlements, 2021).

Growing interest in the interaction between the two risks has stimulated research in this
area, which has shown that there is indeed a significant correlation between various indi-
cators of climate risk and credit risk (Kleimeier, Viehs, 2016; Capasso, Gianfrante, Spinelli,
2020; Bell, van Vuuren, 2022). Thus, financial institutions and other financial market par-
ticipants are facing climate change and need to manage those aspects as one of the highest
regulated market sectors (see Australian Prudential Regulation Authority, 2021; Bank for In-
ternational Settlements, 2021). This poses a challenge related to the revision of the method-
ology for stress testing exercises as one of the main tools for assessing the impact of exter-
nal shocks on banks’ solvency (Assouan, 2012). According to Baudino and Svoronos (2021),
all these factors lead to a fundamental review of modelling techniques and stress testing
methodologies, which can reduce their exposure to financial losses, reputational damage,
and legal liability. However, due to a number of limitations (e.g., lack of standardised climate
change data or difficulties in quantification), there are still many research gaps and oppor-
tunities to be explored. This study focuses on answering the question of the relationship
between climate risk indicators and credit risk parameters in the five largest economies
of the European Union. It uses data and indicators which, as far as we know, have not pre-
viously been used in a similar study.

In this paper, we explore a set of external factors to consider when identifying climate risks
and a set of credit risk parameters, which are Probability of Default (PD) and Loss Given De-
fault (LGD), for chosen European banking sectors (for Germany, Spain, Italy, the Netherlands,
and France) from 2015 to 2024. These risk parameters are key inputs when assessing both
Risk-Weighted Assets (RWA) to determine a financial institution’s capital position. They also
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serve as a starting point for calculating provisions under International Financial Reporting
Standards 9 (IFRS 9), which are a separate position in financial statements. Our ultimate con-
tribution is to assess the properness and possible implications of climate risks on PD and LGD
estimation. We highlight that choosing the most fitting design for climate risk modelling is cru-
cial for adequate capital structure and provisioning, and all of these start with the risk drivers’
selection.

The following study is an empirical analysis designed to examine various data groups con-
nected with macroeconomic variables related to climate risk and industry trends. Each group is
represented by a specific indicator: climate-related economic losses and the EU Eco-Innovation
Index. In our study, climate-related economic losses represent physical risks while the EU
Eco-Innovation Index embodies transition risks. For each variable belonging to the selected
group, we calculate correlation measures and assess their suitability for further use in risk
model calibration and, ultimately, in stress testing exercises. Such analysis can be beneficial
in terms of meeting regulatory expectations, as financial institutions are expected to include cli-
mate and environmental risks as risk drivers in their risk management frameworks (European
Central Bank, 2020). This means identifying and quantifying these risks as a part of the capital
adequacy calculation process, which can be done by re-parametrisation of credit risk models by
introducing newly defined variables into their structure. The current modelling framework as-
sumes dependency of PD and LGD mainly on internal risk drivers (such as tenor, days past due,
and collateral). However, these frameworks are not designed to include climate risk yet and need
to be enhanced by new data related to climate change (Bank for International Settlements, 2020).

The structure of this article is as follows. Section 2 reviews the existing literature on cli-
mate risk. Section 3 explains the data regarding risk parameters and climate risk indicators.
Section 4 illustrates the study and Section 5 concludes it.

2. Literature review

Over the years, society has become increasingly aware of the effects of climate change, which is
why this topic is rightly attracting more and more attention, not only from researchers but also
from the general public. These changes take a severe economic toll on the economies of many
countries (Taha et al., 2024). They pose a danger not only to the stability of the financial system
(U.S. Commodity Futures Trading Commission, 2020) but also to other various relevant areas
such as public health (Haines et al., 2006), the supply chain (Godde et al., 2021) or Natural Re-
sources Policy (Mendelsohn, 2009). They also have a negative impact on credit risk (Capasso,
Gianfrante, Spinelli, 2020). Naturally, there is a need for measures of climate risks and empir-
ical confirmation of whether there is a significant correlation between these risks and cred-
it risk parameters. Subsequently, such climate risk measures may allow us to assess, mitigate,
and prevent the negative effects of the resultant risks (Giglio, Kelly, Stroebel, 2021). The Paris
Agreement is a significant development that we will refer to in this article. This is an interna-
tional climate agreement concluded in 2015, and its main premise is to combat global warming
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by reducing it by at least 1.5°C (United Nations, 2015). We see this event as an external shock
because it was the first major agreement among 196 countries with the only aim of addressing
climate change and climate protection.

Credit risk is a one of the key factors in the stability of the financial system, affecting
both banking decisions and the economic situation. The nature of this type of risk is reflect-
ed in the fact that it is the subject of much more research (compared with operational, market
and liquidity risks) and the number of papers on it is constantly increasing. This, in turn, is
reflected in the emergence of new tools and solutions for assessing and predicting credit risk
(Barboza et al., 2016). The main credit risk models can be classified into structural and re-
duced form models. Structural models are based on the value of a company’s assets and de-
fault thresholds derived from its balance sheet, while reduced-form models treat default as
a random process without the need to observe the company’s assets (Jarrow, Protter, 2012).
Modern approaches to credit risk modelling combine classical elements with modern statisti-
cal methods or machine learning (Galindo, Tamayo, 2000).

As with creditrisk, climate risk, if ignored or misjudged, can significantly disrupt the proper
functioning not only of companies but also of the economy as a whole (Griffin, 2020). The first
studies of climate risk began to appear in the 1980s and focused mainly on the issues regarding
the prevention of pollution from large factories (EPCRA, 1986). In the early 215 century, studies
linking air quality measures to corporate financial performance began to appear (Russo, Har-
rison, 2005). A common conclusion of early research on this phenomenon is that climate risk is
material to a company’s operations, regardless of stakeholder expectations or reputational as-
pects. In contrast, more recent research has broadened the scope to include accounting, financial
reporting or legal proceedings, among others. It is also highlighted that there is still a lack of re-
search focusing on the extent to which climate risk is reflected in asset value (Griffin, Sun, 2024).

As an essential part of the economy, financial institutions are also exposed to the ad-
verse effects of climate risk. Losses caused by floods or earthquakes directly affect insurers.
These phenomena also result in the loss of asset value of households and corporations, which
in turn is reflected in the deterioration of the situation of banks that lend to the affected en-
tities. The need to move towards a green economy may contribute to increased risks of eco-
nomic dislocation and the emergence of ‘stranded’ assets (Campiglio et al., 2018). Although
low carbon, these institutions have a significant environmental impact due to the huge size
of the sector. This impact is mainly indirectly due to the financing of corporate activities, tak-
ing part in the assumption of risks, and brokering capital. In addition, financial institutions
are increasingly selective when entering collaborations and favour entities engaged in sus-
tainability (Zinczuk, Bolibok, Kasprzak-Czelej, 2023). Klimczak, Hadro, and Meyer (2023)
have found that managers have significantly increased their focus on sustainability issues,
including the environmental aspect, but their reports are overly positive and focus main-
ly on goals rather than outcomes, which in turn is one of the main reasons for criticism
of the idea of sustainability data reporting. Nevertheless, there is a demand for sustainabili-
ty reporting as it is the main source of knowledge for this type of qualitative data. Michalak
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(2017) emphasises that non-financial information contained in company reports is often
in the form of leading indicators and can serve as a valuation tool for investors and a source
of data for forecasting.

Supervisors and policymakers are taking several actions to minimise the negative effects
of climate change on the operations of financial institutions. This work is taking place at both
national and international scales. The most important bodies responsible for climate regulation
in the banking sector are the Basel Committee on Banking Supervision (BCBS) and the Euro-
pean Banking Authority (EBA). In addition, the EU policy on financial sector regulation focuses
on addressing all ESG risks within the framework. At the moment, work is most advanced on en-
vironmental issues, but the other components of these risks (social and governance) will also be
reflected in policy (Marcinkowska, 2022). Annual stress tests are one tool to assess the prepar-
edness of banks to manage climate risk adequately, but for such tests to be carried out, climate
risk data should be quantified (European Central Bank, 2020). The current studies have con-
firmed that both physical and transition risks are reflected in classical financial risks, includ-
ing credit risk (Bank for International Settlements, 2021; Marcinkowska, 2023). Climate change
can interact with credit risk through three factors: a borrower’s cash flows, financial wealth,
and type and value of the collateral, and all of them can affect the PD and LGD (Monnin, 2018).

There are studies in the existing literature on the impact of climate risk on credit risk, but it
is not a widely developed area with research gaps and needs more exploration (Bell, van Vuuren,
2022). Current research confirms that climate change increases the default rate of companies (Ca-
passo, Gianfrante, Spinelli, 2020; Bell, van Vuuren, 2022). Capasso, Gianfrante, and Spinelli (2020)
used distance-to-default and carbon emissions to examine the impact of climate change on the cred-
it risk of the companies included in the Bloomberg Barclays Agg Corporate Index. The results
showed a negative association between these two variables, meaning that carbon-intensive com-
panies are considered more likely to default. Kleimeier and Viehs (2016), studying UK publicly
listed companies, have proven that higher carbon emissions significantly and negatively influence
the cost of bank credit. Studies that directly analyse the impact of climate risk on PD and LGD risk
factors with reference to banks are still lacking.

In our work, we use two selected indicators representing two factors to be considered when
identifying climate risk. These indicators have been used in the climate or credit risk literature
but not in the sense of the purpose of this study. Each represents a broader group of factors
that can quantify climate risk, which is also relevant in the climate field and fills gaps in the lit-
erature.

Climate-related economic losses are a macroeconomic variable chosen as the first indi-
cator of climate risk. There is no doubt that extreme weather conditions cause severe losses
on many levels, which is the main reason why this indicator was chosen to represent a macro-
economic variable. They can cause direct economic losses occurring during or after the event
(e.g., the value of flood-damaged buildings). Still, they can also cause indirect economic losses
in the form of a decrease in added value (a reduction or even loss of revenue for a business due
to the damage to the area caused by the earthquake and the inability of employees to reach
it). In addition, direct and indirect effects are difficult to measure due to the delay in their
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quantification over time (Newman, Noy, 2023). Studies also show that much of this is attribut-
ed to climate change (IPCC, 2023). According to EEA (European Environment Agency, 2024),
between 1980 and 2023, in the European Union, only the estimated costs generated by extreme
weather events amounted to €738 billion, of which 22% relates to the years 2021-2023. In addi-
tion, no decrease in this trend is expected due to the observed increase in the occurrence of such
events until 2030. There is no doubt that the economic impact of climate change needs to be
taken into account and planned for, especially in vulnerable countries (Mochizuki et al., 2016).
Concerning the banking sector, Nkwaira and van der Poll (2023) examined the relationship be-
tween economic damages and loan loss estimates of 40 major European banks. The results in-
dicate that banks’ knowledge in this area may be insufficient. The authors suggest that banks
are overly cautious in estimating these losses to avoid deteriorating profitability. Furthermore,
there is ample empirical evidence of the significant impact of climate change on banks’ loan port-
folios, and floods, extreme heat, and droughts have been identified as key factors (Aslan et al.,
2022; Korzeb et al., 2024; Muzuva, Muzuva, 2024). Thus, it is recommended that banks include
climate risk in their management system and practice sustainable lending practices by, among
other things, financing green projects (Muzuva, Muzuva, 2024).

The second climate risk indicator - the EU Eco-Innovation Index - is representative of var-
iable industry trends. Industry trends related to environmental issues strongly impact the ac-
tors that create the economic system, including the banking sector. The growing awareness
of customers in these areas creates directions for activities as well as products and services
offered, including banking products (Sia Partners, 2021). The main objective of introducing
eco-innovations, also known in the literature as environmental or green, is to undertake ac-
tivities that reduce environmental damage (in the form of pollution, energy, and resource
consumption) compared to other available alternatives (Kemp, Pearson, 2008). The support
of eco-friendly activities by banks can take place in some ways: financing green entities and or-
ganisations, reducing financing for brown industries, implementing green solutions in the fi-
nancial services provided, or protecting natural resources (Dziawgo, 2014). The need to pay
attention to eco-innovations was first highlighted in the Brundtland Report (Brundtland,
1987). Since then, companies have been increasingly involved in the issue of eco-innovations
(Albitar, Al-Shaer, Liu, 2022), and the study of this topic and the development of such improve-
ments is increasingly a subject of research and consideration (Schiederig, Tietze, Herstatt,
2012; Diaz-Garcia, Gonzalez-Moreno, Saez-Martinez, 2015). In addition, studies are showing
that the implementation of eco-innovations by companies brings many benefits on different
levels (increased competitive advantage — Paulmoni et al., 2024; a positive impact on financial
performance and better waste management - Albitar et al., 2024; the impact of green inno-
vations on improving company performance - Kasraoui, Ben-Ahmed, Feidi, 2024). The choice
of this indicator to represent industry trends was dictated by the fact that the implementation
of eco-innovations is a response to increasing pressure from stakeholders regarding engage-
ment with environmental issues (Nguyen, Adomako, 2021). Other indicators that may repre-
sent industry trends used in the literature include the Environmental Performance Index (EPI)
(Schmidt-Traub et al., 2017) or the value of sustainable investment incurred (Global Sustainable
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Investment Alliance, 2019). As for articles examining industry trends’ impact on bank credit
risk, here, too, there is a research gap that needs to be filled. Most studies focus on green inno-
vations implemented by companies and their impact on aspects of operations. Safiullah, Phan,
and Kabir (2024) studied US companies included in the ASSET4 database and the impact of green
innovations on default risk (measured as distance-to-default, probability of default, and CDS
spreads). The results confirmed that companies with higher levels of green innovation are less
exposed to insolvency risk. In a study of Chinese banks, Yang and Masron (2024) have proven
that digital transformation, one of the pillars of modern banking technology, significantly re-
duces credit risk in the form of defaulted loans.

3. Data
3.1. Risk parameters data

We acquire the data from the European Banking Authority (EBA) Risk Dashboard, which is
a part of the regular Risk Assessment Report (European Banking Authority, n.d.). The EBA
Risk Dashboard outlines the principal risks and vulnerabilities in the banking sector by as-
sessing the evolution of key risk indicators, among which Default Rates and Loss Rates can
be found. The data begins in Q1 2015, with each quarter reported to the most recent dates
available. The report covers Internal Rating-Based (IRB) banks for two main asset classes:
Corporate and Retail. The following breakdown is done by country of the counterparty (Euro-
pean Union (EU) and main non-EU countries). Besides weighted averages (by non-defaulted
exposures for PDs and LGDs), the following stats are available: the number of observations,
25" percentile, 50" percentile, and 75™ percentile.
We focus on default rates (DR) and loss rates (LR) which are calculated as follows:

3
DR = Observed new defaults for the period Zi:OObser.new defaults, ,
Original exposure — Defaulted exposure 23 No defaulted exposures,, . ’
i=0 -1
4

where the observed new defaults for the periods are the ones at the end of the period, and the de-
faulted exposures are the ones at the beginning of the period. The default rate is calculated
on a yearly basis. The sum of the last four quarters is placed in the numerator. The average
number of non-defaulted exposures of the last four quarters is in the denominator. Q - i stands
for the quarter expressed as a lag of the actual one. No defaulted exposures is calculated as a dif-
ference between “Original exposure and Defaulted exposure”.
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LR— Credit risk adjustments (write-offs for observed new defaults)

Observed new defaults for the period

3
z _,"Credit risk adjustments", ,

Z?:OObser.new defaults,_,

)

where the observed new defaults for the periods are the ones at the end of the period and Q
- i stands for the quarter expressed as a lag of the actual one.

As 39 countries are analysed in the Risk Dashboard, we decided to limit our study
to the five largest economies in the EU to present transparent and meaningful results in a con-
cise form. To select the proper ones, we used Gross Domestic Product (GDP) at market prices
in 2023. According to the Eurostat Data Browser (Eurostat, 2025), these would be Germany,
France, Italy, Spain, and the Netherlands. All these countries are part of the EBA reporting
scope (for instance, sixth-placed Turkey is not). On the other hand, this selection covers a ma-
jor part of the EU financial market (all ten banks with the largest assets are located in one
of the five selected countries). We set our starting point as 2015Q4, the first date after adopt-
ing the Paris Agreement. We treat it as an external shock, which can significantly change
the patterns in risk measured in terms of PD and LGD and climate in terms of variables de-
scribed in the next section. Additionally, de Greiff, Delis, and Ongena (2018) have shown that
banks did not price climate policy risk before 2015, but this risk became priced after the Paris
Agreement. Figure 1 shows the default and loss rates trajectory for each selection divided by
asset class.
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Figure 1. Default rates and loss rates divided by country and asset class
Source: own study based on the European Banking Authority (n.d.)

It can be clearly seen that each economy has its patterns, both in defaults and recoveries.
The German market before 2020 had a default rate twice as high for corporate portfolios com-
pared to the retail one. Then, during the COVID-19 pandemic, both lines showed an overlapping
trend, which can be justified by government support for SMEs (European Commission, n.d.). Fis-
cal and monetary stimulus was also a reason for a default rate decrease from 2020Q1. Significant
government help supported households and businesses and limited economic damage of the pan-
demic (Default, Transition, and Recovery..., 2021). However, starting from 2023Q4, the previous
pattern returns. On the other hand, the loss ratio is primarily related to the bank’s collection
agenda, which can be focused on working with the clients to enhance the probability of cure
(returning to working portfolio) or on quick sell exposures (keeping low Non-Performing Loans
ratio). The broadly understood economy plays a supporting role in this context, as a higher un-
employment rate (as an exemplary macroeconomic indicator) can influence the recovery pattern
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to some degree. We can state that the loss rate for the retail asset class is relatively stable over
time, which can mean a well-structured debt collection process. For corporates, higher values
are obtained between 2018Q2 and 2022Q4 on average.

Different trends are observed in France. The default rate for retail has been lower in re-
cent years, starting from 1.42% in 2015Q4 to 0.73% in 2024Q2. The inverse pattern can be
seen for corporates, where 0.55% was a starting value, but 1.63% can be observed in the last
data point. As for now, the pattern in loss rates has not changed, as retail has experienced one
uplift in 2017. However, besides this period, losses range from 19% to 29%. For corporates,
recent data show lower losses than the previous ones (specifically 2017-2018).

For Italy, historical data before 2020 show a high magnitude of DR, which is connected not
only to the cycle of crises in that market in the years 2014-2020 but also to the banking reform
leading to the implementation of the Single Resolution Mechanism and the Single Resolution
Fund within the framework of the Banking Union (Boccuzzi, 2022). After the crisis was man-
aged, the default rate was similar to that in other countries. Loss rates for retail are constant-
ly higher than for corporates, even if upturns and downturns show similar patterns. It should
be stressed that the average level for the retail segment is higher than in any other county
in the scope of the analysis. For the corporate asset class, only Germany has a higher average LR.

In the case of Spain, it can be seen that DR is gradually decreasing, reaching its mini-
mum in 2021Q2. Then, especially in the case of corporate portfolios, some increase can be ob-
served, but never as high as 5.23%, like in 2015Q4 (the maximum value). It can be associated
with Spain’s banking crisis of 2008-2014, which resulted from macro-financial imbalances
and massive credit growth, mainly in the real estate sector (Baudino, Herrera, Restoy, 2023).
This weakness was then managed by a series of reforms, impacting the following years. This
could also be a reason for the high variability of loss rates in this market, as several collater-
als in the form of real estate were put on the market simultaneously, which lowered prices
in the years 2015-2017.

Finally, the Netherlands presents a relatively stable level of default rates compared to other
countries. No major crisis was observed in this market, which can also be noticed regarding
loss rates. Both retail and corporate asset classes show similar average levels of LR (12.41%
vs 13.69%), which is rather low. It translates into a highly efficient collection process immune
to downturn conditions.

Tables 1 and 2 present basic statistics for each country. For the retail asset class, the differ-
ences between regions are evident in default rates (the lowest in the Netherlands, the highest
in Italy) and loss rates (the lowest again in the Netherlands, the highest again in Italy). The vola-
tility, measured by standard deviation, shows slightly different results, where the German mar-
ket achieved the lowest values for DR and LR. Conversely, Italy’s DR and France’s LR are the most
volatile. A comparison of retail and corporate portfolios reveals another template. Besides Ita-
ly, corporate clients tend to default more frequently, achieving higher losses simultaneously. As
SMEs are part of this sample, it is not unlikely to assess this portfolio as a riskier one.
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Table 1. Summary statistics for default rates and loss rates - retail asset class [%)]

Country Mean (Sitea\‘zlil:ta;(l;ﬁ Min Max Median
Germany DR 0.62 0.05 0.53 0.71 0.61
Germany LR 26.17 2.61 20.96 33.83 25.59
France DR 0.81 0.29 0.47 1.44 0.69
France LR 25.99 7.01 19.29 47.54 23.64
Italy DR 5.17 4.16 0.84 13.94 4.17
Italy LR 41.69 6.64 28.55 53.08 42.39
Spain DR 1.69 0.45 1.22 2.57 1.51
Spain LR 24.37 5.46 15.14 34.65 26.30
Netherlands DR 0.61 0.12 0.43 0.82 0.58
Netherlands LR 12.41 3.84 7.04 20.36 10.71

Source: own elaboration

Table 2. Summary statistics for default rates and loss rates - corporate asset class [%)]

Country Mean (Si:;lil::il;ﬁ Min Max Median
Germany DR 0.88 0.31 0.39 1.43 0.92
Germany LR 30.27 6.97 18.56 43.21 29.06
France DR 0.84 0.27 0.52 1.63 0.74
France LR 26.07 5.67 19.09 3794 23.17
Italy DR 2.31 2.09 0.23 6.90 091
Italy LR 29.45 8.09 18.04 45.43 26.68
Spain DR 2.62 1.06 1.42 5.23 2.06
Spain LR 2391 7.89 13.54 37.03 20.49
Netherlands DR 1.55 0.41 0.72 2.32 1.58
Netherlands LR 13.69 3.27 8.55 22.21 13.19

Source: own elaboration

3.2. Climate risk indicators

In our study, we use two indicators that will measure climate risk at annual frequency. The time
range chosen is from 2015 to 2024 and refers to the five economies we study: Germany, the Neth-
erlands, Italy, France, and Spain.

Climate-related economic losses is an indicator published by Eurostat that measures eco-
nomic statistics resulting from extreme weather and climate events. The unit of measurement is
current prices in EUR. Data are provided by the European Environment Agency (EEA). Figure 2
shows how the values of economic losses due to climate events caused by climate change evolved
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between 2014 and 2023. This includes Germany, Spain, Italy, the Netherlands, and France. Each
of these countries shows an increase in these values in each subsequent year. This is particu-
larly evident in the case of Germany and Italy, where the value of losses has almost doubled
in ten years.
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Figure 2. Economic losses (in million euro) caused by climate change for chosen

countries
Source: own study based on data available in Eurostat (2024)

The EU Eco-Innovation Index is an indicator measuring the level of eco-innovation
of the European Union Member States, indicating the ability of economies to develop and imple-
ment innovative environmental solutions. It is a composite indicator consisting of various meas-
ures made available by Eurostat, the OECD, and the EEA: eco-innovation inputs and outputs,
eco-innovation activities, socio-economic performance, and resource efficiency performance.
The index is measured as the average of the 12 indicators comprising the overall index. Figure 4
shows how the value of the achieved eco-innovation indexes for Germany, France, the Nether-
lands, Italy and Spain changed between 2013 and 2022. Here, as with the previous two indica-
tors, a common upward trend is evident for all countries surveyed. This is due to the better re-
sults obtained by these countries in the relationship between innovation performance and new
eco-innovation solutions.
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Figure 3. Eco-Innovation Index for chosen countries
Source: own study based on data available from the European Commission (2024)

Results

This study aims to determine how climate risk is linked to credit risk for banks in Germany,

the Netherlands, Italy, Spain, and France. In this section, we assess the influence of climate risk

indicators (represented by climate-related economic losses and the EU Eco-Innovation Index)

onrisk parameters (PD and LGD). Generally, we use the following strategy for each risk param-

eter vs climate risk indicator pair:

1.

We prepared coherent time series covering the same period. Firstly, if one series was shorter
than another, we cut it to the shorter one to avoid extrapolation error. Secondly, if there
was an inconsistency in time series frequency, we always headed to the quarterly schema,
as risk parameters are observed in such a snapshot. If there was a need to disaggregate,
we used the Denton-Cholette method (Dagum, Cholette, 2006). In the case of aggrega-
tion, we used a simple average of more disaggregated time series.

We calculated lags for each climate risk indicator, a maximum of one year before the reali-
sation of the selected risk parameter (so up to four lags). Such transformation is needed be-
cause climate change will not always affect default and loss rates instantaneously. As an ex-
ample, transition risk realisation in the form of a change of policy regarding greenhouse
gas emission will reveal its effect on the loan portfolio after the supply chain is modified,
affecting the company’s cash flows.

We then calculated correlation measures for each risk parameter (divided into country, asset
class, and DR/LR). We chose this type of measure as it is commonly used in studies where
a tool is needed to understand how one variable affects another. As a base indicator, we es-
timated the widely used Pearson coefficient (c.f. Mudelsee, 2003; Berthold, Hoppner, 2016).
We added Spearman’s correlation coefficient (Ye et al., 2015) and Kendall’s Tau (Hamed,
2009) to address possible non-linearities. For each correlation measure, we additional-
ly calculated the p-value to assess the significance of each estimate. This choice provides
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transparent and easy-to-follow results even if some drawbacks are inherent to these meth-

ods (such as the fact that correlation does not provide causation, which makes the fourth

point crucial for the interpretation of the results).

4. Finally, we evaluated the economic sense of each estimate to determine if the direction
of dependence follows the theoretical assumptions. We made the following expectations
regarding analysed variables: a rise in Climate related economic losses should increase
the default rate/loss rate, a rise in the Eco-Innovation Index should not increase the de-
fault rate/loss rate. We assess each indicator’s usefulness based on the number of signifi-
cant correlation coefficients. It means that each variable for each lag could be assessed as
a strong one (three tests passed), a moderate one (two tests passed), a weak one (one test
passed), or an insignificant (no tests passed). The results for each country are presented
in a tabular form. Results that were not found to be statistically significant were excluded,
but the full results are available from the authors on request.

In Table 3, we present the results for Germany. It is a leading economy in the European
Union in terms of GDP (European Union, n.d.). We found a significant correlation between cli-
mate risk and default rates for the corporate asset class. The Eco-Innovation Index (lags 0-4)
is characterised by a p-value below 5% cut-off, which means that these climate risk variables
should be considered as risk drivers in the IFRS9/IRB infrastructures. Different patterns re-
garding default rates can be recognised for the retail asset class. Only a moderate relation-
ship is valid for the Eco-Innovation Index (lag 3-4). A weak relationship is observed for Cli-
mate related economic losses (lag 4), and the Eco-Innovation Index (lags 0-2). Compared
to the corporate asset class, there are only two moderate variables, with many weak ones.
These limit the possibility of building robust models based on climate risk indicators and may
suggest that another set should be sought. A weaker connection to the macroeconomic sit-
uation generally characterises the loss rates, as the recovery of assets can last even several
years, sometimes during different economic regimes (cf. Qi, Yang, 2009; Yao, Crook, Andreeva,
2017). We could not find a strong or moderate relationship evidenced by two or three corre-
lation coefficients concerning the corporate asset class. Only a weak one is associated with
Climate related economic losses (lags 2-4). However, such a variable intuitively impacts loss
rates connected with the deterioration of assets approved as collaterals. It makes Climate re-
lated economic losses a good point to start when modelling climate risk for this parameter.
In the case of the retail asset class, the Eco-Innovation Index (lags 0-4) is marked as strong
in our framework. No other variable meets the p-value condition, but a connection to climate
risk is still more visible for the retail asset class than for the corporate one.
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Table 3. Germany. Dimension distinguishes between: DR/CA - default rates
for the corporate asset class, LR/CA - loss rates for the corporate asset class,

DR/RA - default rates for the retail asset class, LR/RA - loss rates for the retail

asset class [%].

Dil'nen- Variable Lag | Pearson | p-val Spear- p-val LGLOElL p-val
sion man -Tau
DR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
DR/CA | Eco- 0 -89.21 0.00 -92.40 0.00 -78.18 0.00
“Innovation 1 | -88.18 0.00 | -91.80 0.00 | -76.03 0.00
Indlex 2 | -8773 | 000 | -91.34 | 000 | -7532 | 0.00
3 -87.67 0.00 -90.99 0.00 -73.96 0.00
4 -88.12 0.00 -90.71 0.00 -73.12 0.00
DR/RA | Climate rela- 0 -2.89 87.30 -38.54 2.68 -2711 2.67
ted economic 1 -3.81 83.59 -40.99 1.98 -29.26 1.87
losses 2 | -826 | 6588 | -3958 | 275 | -2842 | 248
3 -16.53 38.28 -37.38 4.19 -27.16 3.52
4 -26.32 16.77 -3298 8.06 -26.39 4.47
DR/RA | Eco- 0 -20.09 29.61 -36.73 5.00 -31.81 1.55
-Innovation 1 -16.33 40.64 -31.75 9.97 -28.34 3.45
Index 2 | -1883 | 3470 | -3212 | 1024 | -2967 | 3.01
3 -28.00 16.60 -44.90 2.14 -40.06 0.42
4 -38.55 5.70 -59.40 0.17 -50.42 0.04
LR/CA | Climate rela- 0 -3.10 86.40 19.29 28.22 8.15 50.52
ted economic 1 6.57 72.09 30.24 9.25 14.73 23.64
losses 2 1477 | 4277 | 4010 | 254 | 2067 | 1027
3 20.35 28.07 39.60 3.03 21.17 10.07
4 23.53 2191 36.73 5.00 18.99 14.86
LR/CA | Eco- No significant correlation with expected sign
-Innovation
Index
LR/RA | Climate rela- | No significant correlation with expected sign
ted economic
losses
LR/RA | Eco- 0 -52.11 0.37 -59.79 0.06 -35.76 0.65
-Innovation 1 -51.07 0.55 -61.09 0.06 -36.29 0.68
Index 2 | -5072 | 069 | -60.02 | 009 | -37.09 | 0.7
3 -49.02 1.10 -59.67 0.13 -36.98 0.82
4 -48.70 1.35 -59.01 0.19 -37.06 0.95
Note: Relations with expected signs and statistically significant p-value are in bold
Source: own elaboration
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In Table 4, we show the results for France. In terms of corporate default rates, there is no var-
iable for which all three correlation measures are significant. France’s patterns in the case of de-
faulting are not correlated strongly with economic indicators, even when lags are considered. It
may be too early to include climate risk variables in the modelling framework, as incorporating
new risk drivers should not materially decrease the overall performance of the rating system
(European Banking Authority, 2023). Opposite remarks can be made for the retail asset class.
The Eco-Innovation Index is highly correlated for all considered lags. Climate-related economic
losses are out of scope due to unintuitive signs of correlation, which implies lower default rates
when climate-related economic losses increase. In summary, one variable (but for all lags) is sig-
nificant for climate risk identification in credit risk modelling. In the case of loss rates for the cor-
porate asset class, a strong connection between variables is found only for the Eco-Innovation
Index (lags 2-4). Aweak one is reported for the Eco-Innovation Index (lags 0-1). Again, like for re-
tail default rates, the Climate related economic losses variable is not included in the final list. How-
ever, the Eco-Innovation Index should be considered as an initial set of information-enhancing PD
and LGD data sets. The last analysis for France covers loss rates for the retail asset class. We can
distinguish a strong relationship with the Eco-Innovation Index (lags 0-4). These imply that
the Climate related economic losses variable is not connected to any parameter regarding de-
fault and loss rates for the corporate and retail asset classes. In France’s case, the Eco-Innovation
Index variable plays a major role in climate risk identification.

Table 4. France. Dimension distinguishes between: DR/CA - default rates

for the corporate asset class, LR/CA - loss rates for the corporate asset class,
DR/RA - default rates for the retail asset class, LR/RA - loss rates for the retail
asset class [%)].

Dimen- . Kendall-
sion Variable Lag | Pearson | p-val | Spearman | p-val “Tau p-val
DR/CA | Climate rela- | No significant correlation with expected sign
ted economic
losses
DR/CA | Eco- No significant correlation with expected sign
-Innovation
Index
DR/RA | Climate rela- | No significant correlation with expected sign
ted economic
losses
DR/RA | Eco- 0 -83.81 0.00 -85.48 0.00 -65.35 0.00
ilr(linovation 1 -83.77 0.00 -84.66 0.00 -64.37 0.00
neex 2 | -8321 | 000 | -8130 | 0.00 | -6220 | 0.00
3 -82.12 0.00 -77.83 0.00 -59.78 0.00
4 -81.26 0.00 -77.25 0.00 -60.43 0.00
LR/CA | Climate rela- | No significant correlation with expected sign
ted economic
losses
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D;rix(l)(;n- Variable Lag | Pearson | p-val | Spearman | p-val Ke;gl::ll- p-val
LR/CA | Eco- 0 | -37.36 | 4.59 -28.62 13.22 -1998 | 12.86
-Innovation 1 | -3814 | 4.52 -31.94 9.75 -2040 | 12.81
Index 2 | -4049 | 362 | -41.12 331 | -27.39 | 4.53
3 | -42.40 | 3.09 -47.87 1.34 | -33.28 1.73
4 | -4046 | 4.49 -44.78 248 | -31.05 2.98
LR/RA | Climate rela- | No significant correlation with expected sign
ted economic
losses
LR/RA | Eco- 0 | -3791 | 4.26 -73.36 0.00 | -50.55 0.01
-Innovation 1 | -42.68 | 2.35 -72.29 0.00 | -49.01 0.03
Index 2 | -5202 | 054 | -74.89 0.00 | -53.07 | 0.01
3 | -62.53 | 0.06 -82.48 0.00 | -61.02 0.00
4 | -68.98 | 0.01 -87.48 0.00 | -68.45 0.00

Note: Relations with expected signs and statistically significant p-value are in bold

Source: own elaboration

As for previous countries, Italy’s analysis starts with corporate asset class default rates (Ta-
ble 5). Similarly to France, the Eco-Innovation Index is strongly connected but only for lag 4. It
could suggest that there is no instant effect of introducing eco-innovations on defaulting pat-
terns in this case. The Climate related economic losses variable could not be perceived as hav-
ing a moderate or weak relationship with the analysed risk parameter. Only slightly different
results are obtained for the retail asset class when it comes to default rates. Climate related
economic losses again drive the considered variable in the opposite direction, as economic in-
tuition suggests. A different pattern is found for the Eco-Innovation Index, where the strong-
est match is achieved for a variable with no lag. Lags from 1 to 3 have a moderate impact, with
lag 4 having only a weak connection. Based on these results, we can state that for the retail
asset class, the impact of the Eco-Innovation Index starts instantly and weakens over time. It-
aly’s loss rates for the corporate asset class are the second risk parameter, where no connec-
tion to the climate risk indicators could be established. Moreover, only the Eco-Innovation In-
dex correlation coefficients have an intuitive direction. In such a case, we suggest enhancing
the climate risk indicators dataset to introduce a wider range of variables. Heatwave frequen-
cy, sea surface temperature, or investments in sustainable development can be perceived as
country-specific variables that can be analysed individually for Italy. Loss rates for the retail
asset class had a strong impact on the Eco-Innovation Index (lags 1-4). A moderate impact can
be reported for the Eco-Innovation Index with no lags. This situation is similar to France’s case,
where Climate related economic losses were not introduced in any dimension into the list of cor-
related variables.
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Table 5. Italy. Dimension distinguishes between: DR/CA - default rates

for the corporate asset class, LR/CA - loss rates for the corporate asset class,
DR/RA - default rates for the retail asset class, LR/RA - loss rates for the retail
asset class [%].

Du'nen- Variable Lag | Pearson | p-val Spear- p-val LGIOCH p-val
sion man -Tau
DR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
DR/CA | Eco- 0 -16.98 37.86 -2195 25.26 -12.58 33.87
i“;no"ation 1 | -18.83 | 3372 | -25.40 19.21 -16.16 | 22.81
naex 2 | -2229 | 2637 | -2677 | 1769 | -1598 | 24.29
3 -30.18 13.41 -33.37 9.57 -22.19 11.24
4 -42.14 3.59 -43.97 2.79 -30.38 3.35
DR/RA | Climaterela- | No significant correlation with expected sign
ted economic
losses
DR/RA | Eco- 0 -36.76 498 -43.92 1.71 -32.80 1.26
i“(ljno"ation 1 | -36.10 591 | -44.01 191 | -33.11 1.35
naex 2 | -35.79 6.68 | -41.49 314 | -31.95 1.95
3 -35.10 7.87 -39.53 4.56 -30.82 2.75
4 -33.04 10.68 -37.35 6.59 -31.72 2.65
LR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
LR/CA | Eco- No significant correlation with expected sign
-Innovation
Index
LR/RA | Climaterela- | No significant correlation with expected sign
ted economic
losses
LR/RA | Eco- 0 -41.29 2.60 -36.48 5.17 -30.83 1.90
i“llno"ation 1 | -49.44 0.75 | -46.64 1.24 | -35.23 0.86
naex 2 | -5541 | 027 | -52.79 047 | -3937 | o040
3 -54.80 0.38 -51.56 0.70 -41.29 0.31
4 -47.27 1.70 -45.,28 2.30 -38.40 0.72

Note: Relations with expected signs and statistically significant p-value are in bold

Source: own elaboration

In Table 6, we present the results for Spain, first for default rates and then for loss rates.
The Eco-Innovation Index (lags 2-4) reflects the strongest connections with default rates
for the corporate asset class. A moderate impact is valid for the Eco-Innovation Index (lag
0-1). Climate-related economic losses are not significant for any lag or correlation measure.
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The retail asset class in terms of default rates has the most substantial connection with
the Eco-Innovation Index (lags 3-4). A medium correlation is found for the Eco-Innovation
Index (lags 0-2). It creates the same pattern as the one recognised in the corporate asset
class, where the Climate related economic losses variable was not introduced into the fi-
nal list. However, the Eco-Innovation Index represents the climate risk reflection in default
rates well. Moving to the second risk parameter for Spain, we can distinguish a strong re-
lationship between the Eco-Innovation Index (lags 0-1). Only a weak correlation is found,
represented by the Eco-Innovation Index (lags 2-3). These sets still can serve as a starting
point for more advanced analysis, covering modelling techniques. The last analysis for Spain
covers loss rates for the retail asset class. In this case we did not find any significant re-
lationship. We can distinguish two reasons for this. Firstly, the relation acts in the oppo-
site direction than intended, like in case of the Eco-Innovation Index, where higher values
of the index are positively correlated with loss rates. Secondly, the correlation is not signif-
icant, like in the case of Climate related economic losses (for example, lag 4, where the di-
rection is expected, but not strong enough). In this case, the next step could be including
more country specific variables, such as heat risk, desertification, or pollution from indus-
trial livestock farming.

Table 6. Spain. Dimension distinguishes between: DR/CA - default rates

for the corporate asset class, LR/CA - loss rates for the corporate asset class,
DR/RA - default rates for the retail asset class, LR/RA - loss rates for the retail
asset class [%].

Dn_nen- Variable Lag | Pearson | p-val Spear- p-val R p-val
sion man -Tau
DR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
DR/CA | Eco- 0 -32.43 8.61 -49.19 0.67 -29.35 2.56
ihzlno"ation 1 | -3593 6.04 | -53.21 0.36 | -33.11 1.35
naex 2 | -41.66 | 3.06 | -59.04 012 | -3994 | 035
3 -51.38 0.73 -64.46 0.04 -44.99 0.13
4 -62.14 0.09 -72.94 0.00 -53.09 0.02
DR/RA | Climate rela- | No significant correlation with expected sign
ted economic
losses
DR/RA | Eco- 0 -33.14 790 -62.45 0.03 -46.61 0.04
i“glo"ation 1 | -33.81 7.85 -62.52 0.04 | -48.48 0.03
naex 2 | -3252 | 778 | -60.14 0.09 | -44.51 0.11
3 -45.02 2.10 -67.33 0.02 -49.92 0.04
4 -56.80 0.31 -74.78 0.00 -55.09 0.01
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Dll.nen- Variable Lag | Pearson | p-val Spear- p-val LGS p-val
sion man -Tau
LR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
LR/CA | Eco- 0 -62.36 0.03 -66.44 0.01 -44.64 0.07
i“:ino"ation 1| -5759 | 013 | -55.84 0.20 | -35.23 0.86
neex 2 | -4969 | 084 | -3804 | 503 | -2054 | 13.33
3 -44.13 2.40 -27.66 17.13 -14.79 28.99
4 -39.16 5.29 -21.16 31.00 -11.02 44.08
LR/RA | Climaterela- | No significant correlation with expected sign
ted economic
losses
LR/RA | Eco- No significant correlation with expected sign
-Innovation
Index

Note: Relations with expected signs and statistically significant p-value are in bold

Source: own elaboration

In Table 7, we present the results for the Netherlands, first for default rates and then for loss
rates. Regarding the corporate asset class in terms of default rate, the Netherlands is the first
country to find all climate risk indicators strongly correlated with this risk parameter. It is
also the first time a strong connection with climate-related economic losses can be reported
(previously, only a moderate or weak connection was found for Germany). This connection can
be explained by relatively stable markets, as described in the ‘Risk Parameters Data’ section.
Nevertheless, the influence of climate risk on the Netherlands default rates can be assessed
by econometric models with a high probability of achieving statistically significant estimates.
Similar conclusions can be made regarding retail asset class default rates. Again, all climate
risk indicators are characterised by a strong relationship with the risk parameter analysed.
Also, all of them work in an assumed direction, especially for Climate related economic losses,
which was not always true for previously analysed countries. We can sum up that default rates
in the case of the Netherlands are strongly correlated with climate risk indicators, which made
them suitable for modelling in either IFRS 9 or IRB regimes. In the case of corporate loss rates,
we can observe different patterns. Similarly to France, Italy and Spain, Climate related eco-
nomic losses are not well correlated with selected risk parameters. However, we can select one
strong variable from the rest of the set: the Eco-Innovation Index (lag 2). A moderate correla-
tion is found for the Eco-Innovation Index (lags 1, 3 and 4). Finally, weak relations are assessed
in the Eco-Innovation Index (lag 0). This can lead to the conclusion that loss rates are effective-
ly harder to correlate with macroeconomic indices, both for standard variables such as GDP or
unemployment rate and climate risk indicators. What was hard to assess for the corporate as-
set class is highly visible for the retail asset class in terms of loss rates. Like default rates, all
climate risk indicators are significant regarding the Pearson, Spearman, and Kendall-Tau coef-
ficients. It is particularly important for Climate related economic losses, whose correlation with
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loss rates can be easily introduced into risk models as the one with the highest intuitiveness,

as mentioned before. Overall, the Netherlands can be perceived as a country where initial anal-

ysis regarding climate impact on risk parameters can end with high predictive power models,

forecasting future losses through PD and LGD parameters.

Table 7. Netherlands. Dimension distinguishes between: DR/CA - default rates
for the corporate asset class, LR/CA - loss rates for the corporate asset class,

DR/RA - default rates for the retail asset class, LR/RA - loss rates for the retail

asset class [%)].

Dil_nen- Variable Lag | Pearson | p-val Spear- p-val LGLOEl p-val
sion man -Tau
DR/CA |Climaterela- | 0 59.56 | 0.03 63.56 0.01 37.73 0.20
ted economic | 1 63.79 | 0.01 57.24 0.06 31.69 1.09
losses 2 62.06 | 0.02 53.69 | 0.18 3143 | 1.31
3 55.55 | 0.14 53.18 0.25 35.90 0.54
4 4596 | 1.21 50.92 0.48 37.73 0.41
DR/CA | Eco- 0 | -75.13 | 0.00 | -71.56 0.00 | -51.54 0.01
-Innovation 1 | -72.33 | 0.00 | -69.03 0.00 | -51.66 0.01
Index 2 | -6593 | 002 | -63.68 | 0.04 | -4793 0.05
3 | -56.65 | 026 | -55.26 0.34 | -40.06 0.42
4 | -4649 | 192 | -4435 2.64 | -29.05 4.21
DR/RA |Climaterela- | 0 4845 | 0.43 54.63 0.10 35.83 0.34
ted economic | 4 60.77 | 0.02 58.60 0.04 40.16 0.12
losses 2 68.16 | 0.00 60.15 | 0.03 4392 | 0.05
3 70.25 | 0.00 59.76 0.05 41.43 0.13
4 67.54 | 0.01 62.10 0.03 45.13 0.06
DR/RA | Eco- 0 | -76.28 | 0.00 | -77.18 0.00 | -56.97 0.00
-Innovation 1 | -78.85 | 0.00 | -83.59 0.00 | -62.78 0.00
Index 2 | -7934 | 000 | -8542 | 0.00 | -6562 | 0.00
3 | -7641 | 0.00 | -82.48 0.00 | -61.63 0.00
4 | -7035 | 001 | -75.36 0.00 | -56.43 0.01
LR/CA | Climaterela- | No significant correlation with expected sign
ted economic
losses
LR/CA | Eco- 0 | -43.00 | 199 | -32.69 8.35 -1998 | 12.86
-Innovation 1 | -4942 | 0.75 -3744 | 496 - 24.64 6.61
Index 2 | -5384 | 038 | -3993 | 391 | -2739 | 4.53
3 | -5547 | 033 | -38.50 5.21 -23.42 9.38
4 | -56.80 | 031 | -41.89 3.71 -26.38 6.50
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Dil.nen- Variable Lag | Pearson | p-val Spear- p-val LGS p-val
sion man -Tau

LR/RA |Climaterela- | 0 7098 | 0.00 70.61 | 0.00 4569 | 0.02
ted economic | 4 74.88 | 0.00 7316 | 0.00 48.64 | 0.01

losses 2 72.28 | 0.00 73.37 | 0.00 49.95 0.01

3 64.69 | 0.01 69.06 | 0.00 4557 | 0.04

4 54.26 | 0.24 60.57 | 0.05 4020 | 0.22

LR/RA | Eco- 0 | -9362 | 000 | -9215 | 0.00 | -74.72 0.00
-Innovation 1 | -9410 | 0.00 | -94.43 0.00 | -80.26 0.00

Index 2 | 9249 | 0.00 | -9336 | 0.00 | -8046 | 0.00

3 | -88.86 | 0.00 | -8713 | 0.00 | -69.65 | 0.00

4 | -8372 | 000 | -7959 | 0.00 | -6177 | 0.00

Note: Relations with expected signs and statistically significant p-value are in bold

Source: own elaboration

Taking it all into consideration, we can make the following remarks which can be particu-

larly important for future research as well as for risk managers when it comes to directions

in which risk models development should go in the future. Also, regulatory bodies can intro-

duce an initial set of variables which should be taken into account when climate risk is ana-

lysed. To sum up:

1.

There is no consistency regarding a set of climate risk indicators between countries. The hi-
ghest level of correlation for the German market was achieved for the Eco-Innovation Index.
Also in Spain, the situation looked similar to Germany. Finally, for the Netherlands, both
variables were correlated significantly to some risk parameters, especially Climate related
economic losses.

Differences between loss rates and default rates are the most visible regarding correlated
variables. Loss rates generally achieved less significant results, as fewer variables showed
statistically confirmed evidence of dependence. Despite that fact, no clear pattern exists
between variables correlated to default rates and loss rates. Depending on the portfolio,
specific indicators were used. The Eco-Innovation Index can be perceived as one generally
valid across risk parameters and asset classes.

No connection with climate risk indicators could be found for some risk parameters and as-
set classes. It creates a need for further analysis of country-specific risk drivers. Each eco-
nomy and its banking system can be vulnerable to some sector-specific risks. Additionally,
transition risk depends highly on each country’s judicial effectiveness and the behaviour
of economic actors and policymakers. Even if calculated at a country level, EU-wide variab-
les can be a good starting point for finding more sophisticated dependencies.

In connection with point three, further research should focus on building basic and eventual-
ly more advanced econometric models, taking into consideration the analysis of risk drivers
performed in this paper. It can consist of time-series modelling with the use of the data from
the Risk Assessment Report, but we encourage the use of internal financial institution data
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to check the vulnerability of the banking sector on a micro level. Finally, such an analysis can
also be performed on the client/contract level to produce a new component of PD/LGD mo-
dels dedicated to climate risk assessment.

5. Conclusions

In recent years, central banks, regulators and financial institutions have become increasing-
ly interested in understanding the impact of climate risks on financial stability. Moreover,
the banking sector plays a large role in managing the negative impacts of climate change. Inte-
grating climate risks into the management framework is quite a challenge for banks but their
implementation is essential on the road to CO, neutrality. Also, the Paris Agreement imposes
risks on carbon-intensive companies. Existing environmental regulations may not be conserva-
tive enough to prevent climate change, which may ultimately lead to an increase in unexpected
losses that need to be covered by regulatory capital (mainly through RWA).

The main research question of this paper is whether currently maintained climate risk indi-
cators correlate with risk parameters to such an extent that robust models can be built to pre-
dict future climate-related losses. Given the specificity of this type of information and the lack
of a standardised framework for its reporting, it is necessary to prove which of the selected
indicators are appropriate. These results provide important information on the practical use
of climate risk indicators. We contribute to this strand of literature by investigating whether
climate-related economic losses and eco-innovation rates affect default and loss rates. Our anal-
ysis was conducted for the five largest EU countries in terms of GDP (Germany, France, Italy,
Spain, and the Netherlands).

We find that climate risk indicators correlate significantly with risk parameters in almost
all dimensions (two risk parameters times two asset classes times five countries). Only three
parameter/asset class pairs out of 20 combinations are not correlated with any climate risk indi-
cator (France DR for corporates, Italy LR for corporates and Spain LR for retail). In addition, our
results show high variability regarding the importance of climate risk indicators for each coun-
try and even for given risk parameters. It means that each country deserves a dedicated anal-
ysis, not only at the risk parameter level but also at the asset class level. Turning to the drivers
of the risk estimates, we find strong evidence that the Eco-Innovation Index impacts the default
rate and loss rate in the largest number of dimensions (72% of combinations). Moreover, the Neth-
erlands is the country where most of the indicators showed a significant correlation (84% cor-
related combinations and 69% with a strong correlation). A strong correlation was found for all
climate indicators for the default rate (both corporate and retail) and for the loss rate in the re-
tail asset class. Only for the corporate loss rates there were combinations that showed moder-
ate, weak or no correlation. The highest number of strong correlations was found for the Neth-
erlands (88% of all correlated observations, of which 78% were strongly correlated). This was
followed by Germany (40% of combinations correlated; 25% with a strong correlation), France
(38% of combinations correlated and 33% strongly correlated), and Spain (35% correlated
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and 18% strongly correlated). These outcomes confirm that sustainability-related product offer-
ings, transition finance policies, loan origination policies or ESG-related targets and limits will
impact the financial results of the banking sector, as climate risk introduction into risk model-
ling will disturb the results in a short- and long-term perspective. Even smaller institutions are
not immune to climate risk (for example, via the concentration of exposures in ESG-sensitive
economic sectors), so currently maintained portfolios are influenced by this kind of hazard. Our
results are in line with present knowledge about management and measurement of climate risk
(cf. European Banking Authority, 2025). From the theoretical point of view, the most surpris-
ing result is the lack of significance for Climate-related economic losses in many dimensions. It
could be argued that such losses are still not present in the balance sheets of financial institu-
tions to a sufficient extent, even if we shorten the analysed period to 2015.

We initially attempted to include the impact of environmental taxes as a regulatory indica-
tor in the study of the impact of climate policy, but due to the controversial nature of these taxes,
the volatility of the correlations obtained from the analyses - especially in the case of transport
taxes - and the divergent interpretations of their impact on the economy, we decided to ex-
clude them from the main analysis. The variety of results suggests that further in-depth re-
search on specific types of taxes could provide valuable insights into the impact of tax reforms
on credit risk and other aspects of market functioning.

These findings provide important insight for the practical use of climate risk indicators.
Firstly, despite the heterogeneity observed across countries, we have found a set that could be
used for assessing asset classes that are the most exposed to climate risk. Secondly, presented
correlations can impact the model estimation process regarding the initial selection of signif-
icant risk drivers. Therefore, it is important for risk managers to understand how these indi-
cators are built and choose the most appropriate to their needs.

References

Albitar K., Al-Shaer H., Liu Y.S. (2022), Corporate commitment to climate change: The effect
of eco-innovation and climate governance, “Research Policy”, vol. 52(2), 104697.

Albitar K., Nasrallah N., Hussainey K., Wang Y. (2024), Eco-innovation and corporate waste
management: The moderating role of ESG performance, “Review of Quantitative Finance
and Accounting”, vol. 63(2), pp- 781-805.

Aslan C., Bulut E., Cepni 0., Yilmaz M.H. (2022), Does climate change affect bank lending behavior?,
“Economics Letters”, vol. 220, 110859.

Assouan S. (2012), Stress testing a retail loan portfolio: An error correction model approach,

“The Journal of Risk Model Validation”, vol. 6(1), pp- 3-25.

Australian Prudential Regulation Authority (2021), Climate Vulnerability Assessment, https://www.ap
ra.gov.au/sites/default/files/2021-09/Climate%20Vulnerability%20Assessment_1.pdf [accessed:
1.11.2024].

Bank for International Settlements (2020), Climate-related financial risks: a survey on current
initiatives, https://www.bis.org/bcbs/publ/d502.htm [accessed: 1.11.2024].

Bank for International Settlements (2021), Climate-related financial risks - measurement
methodologies. https://www.bis.org/bcbs/publ/d518.htm [accessed: 1.11.2024].

FOE 1(370) 2025 https://www.czasopisma.uni.lodz.pl/foe/ 43


https://www.apra.gov.au/sites/default/files/2021-09/Climate%20Vulnerability%20Assessment_1.pdf
https://www.apra.gov.au/sites/default/files/2021-09/Climate%20Vulnerability%20Assessment_1.pdf
https://www.bis.org/bcbs/publ/d502.htm
https://www.bis.org/bcbs/publ/d518.htm

Martyna Biatek-Szkudlarek, Wojciech Starosta
The Impact of Climate Risk on Credit Risk Parameters. Evidence from Five EU Economies

Barboza F., Kimura H., Sobreiro V.A., Basso L.F.C. (2016), Credit risk: from a systematic literature
review to future directions, “Corporate Ownership and Control”, vol. 13(3), pp. 326-346.

Baudino P., Svoronos J. (2021), Stress-testing banks for climate change — a comparison of practices,
Bank for International Settlements, https://www.bis.org/fsi/publ/insights34.htm [accessed:
1.11.2024].

Baudino P., Herrera M., Restoy F. (2023), The 2008-14 banking crisis in Spain, Bank for International
Settlements, https://www.bis.org/fsi/fsicms4.htm [accessed: 1.11.2024].

Bell F,, Vuuren G. van (2022). The impact of climate risk on corporate credit risk, “Cogent Economics
& Finance”, vol. 10(1), 2148362.

Berthold M., Hoppner F. (2016), On Clustering Time Series Using Euclidean Distance and Pearson
Correlation, https://doi.org/10.48550/arXiv.1601.02213

Boccuzzi G. (2022), Banking Crises in Italy, Palgrave Macmillan, Cham.

Brundtland G.H. (1987), Our Common Future: Report of the World Commission on Environment
and Development, UN-Dokument A/42/427, Geneva.

Campiglio E., Dafermos Y., Monnin P., Ryan-Collins J., Schotten G., Tanaka M. (2018), Climate
change challenges for central banks and financial regulators, “Nature Climate Change”, vol. 8(6),
pp. 462-468.

Capasso G., Gianfrante G., Spinelli M. (2020), Climate Change and Credit Risk, “Journal of Cleaner
Production”, vol. 266, 121634.

Dagum E.B., Cholette P.A. (2006), Benchmarking, Temporal Distribution, and Reconciliation Methods
for Time Series. Lecture Notes in Statistics, Springer-Verlag, New York.

Default, Transition, and Recovery: 2020 Annual Global Financial Services Default And Rating Transition
Study (2021), https://www.spglobal.com/ratings/en/research/articles/210914-default-transition
-and-recovery-2020-annual-global-financial-services-default-and-rating-transition-study-1210
5504 [accessed: 1.11.2024].

Diaz-Garcia C., Gonzalez-Moreno A., Sdez-Martinez F.J. (2015), Eco-innovation: insights from
a literature review, “Innovation”, vol. 17(1), pp. 6-23.

Dziawgo L. (2014), Greening financial market, “Copernican Journal of Finance & Accounting”,
vol. 3(2), 9.

EPCRA (1986), Emergency Planning and Community Right-to-Know Act of 1986.

European Banking Authority (2023), Report on the role of environmental and social risks
in the prudential framework, https://www.eba.europa.eu/publications-and-media/press-releases
/eba-recommends-enhancements-pillar-1-framework-capture [accessed: 1.11.2024].

European Banking Authority (2025), Guidelines on the management of environmental, social
and governance (ESG) risks, https://www.eba.europa.eu/publications-and-media/press-releases
/eba-publishes-its-final-guidelines-management-esg-risks [accessed: 1.11.2024].

European Banking Authority (n.d.), Risk dashboard, https://www.eba.europa.eu/risk-and-data-analys
is/risk-analysis/risk-monitoring/risk-dashboard [accessed: 1.11.2024].

European Central Bank (2020), Guide on climate-related and environmental risks, https://www.ban
kingsupervision.europa.eu/ecb/pub/pdf/ssm.202011finalguideonclimate-relatedandenviron
mentalrisks~58213f6564.en.pdf [accessed: 1.11.2024].

European Commission (2024), EU eco-innovation index 2024, https://data.europa.eu/doi/10.2777/487
8812 [accessed: 1.11.2024].

European Commission (n.d.), Germany, https://commission.europa.eu/strategy-and-policy/coronavi
rus-response/supporting-jobs-and-economy-during-coronavirus-pandemic/state-aid-cases/ger
many_en [accessed: 1.11.2024].

FOE 1(370) 2025 https://www.czasopisma.uni.lodz.pl/foe/ 44


https://www.bis.org/fsi/publ/insights34.htm
https://www.bis.org/fsi/fsicms4.htm
https://doi.org/10.48550/arXiv.1601.02213
https://www.spglobal.com/ratings/en/research/articles/210914-default-transition-and-recovery-2020-annual-global-financial-services-default-and-rating-transition-study-12105504
https://www.spglobal.com/ratings/en/research/articles/210914-default-transition-and-recovery-2020-annual-global-financial-services-default-and-rating-transition-study-12105504
https://www.spglobal.com/ratings/en/research/articles/210914-default-transition-and-recovery-2020-annual-global-financial-services-default-and-rating-transition-study-12105504
https://www.eba.europa.eu/publications-and-media/press-releases/eba-recommends-enhancements-pillar-1-framework-capture
https://www.eba.europa.eu/publications-and-media/press-releases/eba-recommends-enhancements-pillar-1-framework-capture
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-its-final-guidelines-management-esg-risks
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-its-final-guidelines-management-esg-risks
https://www.eba.europa.eu/risk-and-data-analysis/risk-analysis/risk-monitoring/risk-dashboard
https://www.eba.europa.eu/risk-and-data-analysis/risk-analysis/risk-monitoring/risk-dashboard
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.202011finalguideonclimate-relatedandenvironmentalrisks~58213f6564.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.202011finalguideonclimate-relatedandenvironmentalrisks~58213f6564.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.202011finalguideonclimate-relatedandenvironmentalrisks~58213f6564.en.pdf
https://data.europa.eu/doi/10.2777/4878812
https://data.europa.eu/doi/10.2777/4878812
https://commission.europa.eu/strategy-and-policy/coronavirus-response/supporting-jobs-and-economy-during-coronavirus-pandemic/state-aid-cases/germany_en
https://commission.europa.eu/strategy-and-policy/coronavirus-response/supporting-jobs-and-economy-during-coronavirus-pandemic/state-aid-cases/germany_en
https://commission.europa.eu/strategy-and-policy/coronavirus-response/supporting-jobs-and-economy-during-coronavirus-pandemic/state-aid-cases/germany_en

Martyna Biatek-Szkudlarek, Wojciech Starosta
The Impact of Climate Risk on Credit Risk Parameters. Evidence from Five EU Economies

European Environment Agency’s Home Page (2024), Climate change impacts, risks and adaptation,
https://www.eea.europa.eu/en/topics/in-depth/climate-change-impacts-risks-and-adaptation
?activeTab=fa515f0c-9ab0-493c-b4cd-58a32dfaae0la [accessed: 1.11.2024].

European Union (n.d.), Facts and figures on the European Union, https://european-union.europa.eu/pr
inciples-countries-history/facts-and-figures-european-union_en [accessed: 1.11.2024].

Eurostat (2024), Climate related economic losses by type of event - values at constant 2022 prices,
https://doi.org/10.2908/CLI_IAD_LOSS [accessed: 1.11.2024].

Eurostat (2025), Gross domestic product at market prices, https://ec.europa.eu/eurostat/databrowser
/view/tec00001/bookmark/table?lang=en&bookmarkld=e9c367f7-dab3-4407-82ec-9ed814f9
ebda [accessed: 2.11.2024].

Galindo J., Tamayo P. (2000), Credit Risk Assessment Using Statistical and Machine Learning:

Basic Methodology and Risk Modeling Applications, “Computational Economics”, vol. 15(1/2),
pp. 107-143.

Giglio S., Kelly B., Stroebel ]. (2021), Climate finance, “Annual Review of Financial Economics”,
vol. 13(1), pp.- 15-36.

Global Sustainable Investment Alliance (2019), 2018 Global Sustainable Investment Review, https://
www.greenfinanceplatform.org/research/2018-global-sustainable-investment-review [accessed:
1.11.2024].

Godde C., Mason-D’Croz D., Mayberry D., Thornton P.,, Herrero M. (2021), Impacts of climate change
on the livestock food supply chain; a review of the evidence, “Global Food Security”, vol. 28, 100488,
https://doi.org/10.1016/j.gfs.2020.100488

Greiff K. de, Delis M., Ongena S. (2018), Being Stranded on the Carbon Bubble? Climate Policy Risk
and the Pricing of Bank Loans, “CEPR Discussion Papers”, https://ssrn.com/abstract=3178099
[accessed: 1.11.2024].

Griffin P.A. (2020), Energy finance must account for extreme weather risk, “Nature Energy”, vol. 5(2),
pp- 98-100.

Griffin P.A., Sun E. (2024), Climate-Related Financial Risk: Insights from a Semisystematic Review
of the Literature and Implications for Financial Reporting, “The International Journal
of Accounting”, vol. 59(02), 2450007.

Haines A., Kovats R., Campbell-Lendrum D., Corvalan C. (2006), Climate change and human health:
Impacts, vulnerability and public health, “Public Health”, vol. 120(7), pp. 585-596.

Hamed K. (2009), Effect of persistence on the significance of Kendall’s tau as a measure of correlation
between natural time series, “The European Physical Journal Special Topics”, vol. 174, pp. 65-79.

IPCC (2023), Climate Change 2022 - Impacts, Adaptation and Vulnerability: Working Group I1
Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge.

Jarrow R.A,, Protter P. (2012), Structural versus Reduced-Form Models: A New Information-Based
Perspective, [in:] H. Gifford Fong (ed.), The Credit Market Handbook: Advanced Modeling Issues,
Wiley, Hoboken, pp. 118-131.

Kasraoui N., Ben-Ahmed K., Feidi A. (2024), The Impact of Green Innovation on the Financial
Performance of Companies: Context of MENA Countries, [in:] A. Hamdan, B. Alareeni, R. Khamis
(eds.), Digital Technology and Changing Roles in Managerial and Financial Accounting: Theoretical
Knowledge and Practical Application (Studies in Managerial and Financial Accounting, vol. 36),
Emerald Publishing Limited, Leeds, pp. 87-94.

Kemp R., Pearson P. (2008), MEI project about Measuring Eco-Innovation. Final report, Universiteit
Maastricht, Maastricht.

FOE 1(370) 2025 https://www.czasopisma.uni.lodz.pl/foe/ 45


https://www.eea.europa.eu/en/topics/in-depth/climate-change-impacts-risks-and-adaptation?activeTab=fa515f0c-9ab0-493c-b4cd-58a32dfaae0a
https://www.eea.europa.eu/en/topics/in-depth/climate-change-impacts-risks-and-adaptation?activeTab=fa515f0c-9ab0-493c-b4cd-58a32dfaae0a
https://european-union.europa.eu/principles-countries-history/facts-and-figures-european-union_en
https://european-union.europa.eu/principles-countries-history/facts-and-figures-european-union_en
https://doi.org/10.2908/CLI_IAD_LOSS
https://ec.europa.eu/eurostat/databrowser/view/tec00001/bookmark/table?lang=en&bookmarkId=e9c367f7-dab3-4407-82ec-9ed814f9e6da
https://ec.europa.eu/eurostat/databrowser/view/tec00001/bookmark/table?lang=en&bookmarkId=e9c367f7-dab3-4407-82ec-9ed814f9e6da
https://ec.europa.eu/eurostat/databrowser/view/tec00001/bookmark/table?lang=en&bookmarkId=e9c367f7-dab3-4407-82ec-9ed814f9e6da
https://www.greenfinanceplatform.org/research/2018-global-sustainable-investment-review
https://www.greenfinanceplatform.org/research/2018-global-sustainable-investment-review
https://doi.org/10.1016/j.gfs.2020.100488
https://ssrn.com/abstract=3178099

Martyna Biatek-Szkudlarek, Wojciech Starosta
The Impact of Climate Risk on Credit Risk Parameters. Evidence from Five EU Economies

Kleimeier S., Viehs P. (2016), Carbon disclosure, emission levels, and the cost of debt, GSBE Research
Memoranda, 003, https://ideas.repec.org/p/unm/umagsb/2016003.html [accessed: 1.11.2024].

Klimczak K.M., Hadro D., Meyer M. (2023), Executive communication with stakeholders
on sustainability: the case of Poland, “Accounting in Europe”, vol. 20(3), pp. 281-303.

Korzeb Z., Niedzidtka P., Szpilko D., Di Pietro F. (2024), ESG and climate-related risks versus traditional
risks in commercial banking: A bibliometric and thematic review, “Future Business Journal”,
vol. 10(1), 106.

Kurniawan E., Nurulrahmatia N., Muniarty P. (2024), Pengaruh Risiko Kredit dan Likuiditas terhadap
Kecukupan Modal pada Bank Syariah yang Tercatat Di BEI, “Akuntansi Pajak dan Kebijakan
Ekonomi Digital”, vol. 1(3), pp. 251-271.

Marcinkowska M. (2022), Préby witgczenia ryzyka ESG do unijnych regulacji ostroznosciowych dla
bankoéw, “Bezpieczny Bank”, no. 88(3), pp. 35-65.

Marcinkowska M. (2023), Ryzyko w europejskim systemie bankowym, “Bezpieczny Bank”, no. 2(91),
pp- 8-33.

Mendelsohn R. (2009), The impact of climate change on agriculture in developing countries, “Journal
of Natural Resources Policy Research”, vol. 1(1), pp. 5-19.

Michalak ]. (2017), Wskazniki finansowe i niefinansowe w raportach strategicznych spétek z Wielkiej
Brytanii - analiza z perspektywy oceny spétek przez inwestoréw odpowiedzialnych spotecznie, “Acta
Universitatis Lodziensis. Folia Oeconomica”, vol. 1(327), pp. 59-74.

Mochizuki J., Mechler R., Hochrainer-Stigler S., Schinko T. (2016), Pan-European Assessment of Fiscal
Consequence of Climate Extremes, https://pure.iiasa.ac.at/id/eprint/14861/ [accessed: 1.11.2024].

Monnin P. (2018), Integrating Climate Risks into Credit Risk Assessment - Current Methodologies
and the Case of Central Banks Corporate Bond Purchases, “SSRN Electronic Journal”, https://www
.researchgate.net/publication/332785110_Integrating_Climate_Risks_into_Credit_Risk_Asses
sment_-_Current_Methodologies_and_the_Case_of_Central_Banks_Corporate_Bond_Purchases
[accessed: 1.11.2024].

Mudelsee M. (2003), Estimating Pearson’s Correlation Coefficient with Bootstrap Confidence Interval
from Serially Dependent Time Series, “Mathematical Geology”, vol. 35, pp. 651-665.

Muzuva M., Muzuva D. (2024), The impact of climate change on banks loan portfolios and strategies
for effective climate risk management, “International Journal of Research in Business and Social
Science”, vol. 13(6), pp. 148-157.

Newman R., Noy I. (2023), The global costs of extreme weather that are attributable to climate change,
“Nature Communications”, vol. 14(1), 6103.

Nguyen N.P., Adomako S. (2021), Stakeholder pressure for eco-friendly practices, international
orientation, and eco-innovation: A study of small and medium-sized enterprises in Vietnam,
“Corporate Social Responsibility and Environmental Management”, vol. 29(1), pp. 79-88.

Nkwaira C., Poll H.M. van der (2023), The intricacies of Climate-Related Risks on European Banks’
estimation of expected credit losses: Linking proper accounting of climate risks to shareholder
required returns, “Eurasian Journal of Economics and Finance”, vol. 11(1), pp. 1-14.

Paulmoni N.R., Manonmani C., Kavitha N.N., Poonam N., Dhanasekaran P., Mohit N. (2024), Impact
of Green Innovation (GI) Performance on Competitive Advantage of Firms in India, “ShodhKosh
Journal of Visual and Performing Arts”, vol. 5(1), pp. 2064-2072.

Qi M., Yang X. (2009), Loss given default of high loan-to-value residential mortgages, “Journal of Banking
and Finance”, vol. 33(5), pp. 788-799.

Russo M.V,, Harrison N.S. (2005), Organizational Design and Environmental Performance: Clues from
the Electronics Industry, “The Academy of Management Journal”, vol. 48(4), pp. 582-593.

FOE 1(370) 2025 https://www.czasopisma.uni.lodz.pl/foe/ 46


https://ideas.repec.org/p/unm/umagsb/2016003.html
https://pure.iiasa.ac.at/id/eprint/14861/
https://www.researchgate.net/publication/332785110_Integrating_Climate_Risks_into_Credit_Risk_Assessment_-_Current_Methodologies_and_the_Case_of_Central_Banks_Corporate_Bond_Purchases
https://www.researchgate.net/publication/332785110_Integrating_Climate_Risks_into_Credit_Risk_Assessment_-_Current_Methodologies_and_the_Case_of_Central_Banks_Corporate_Bond_Purchases
https://www.researchgate.net/publication/332785110_Integrating_Climate_Risks_into_Credit_Risk_Assessment_-_Current_Methodologies_and_the_Case_of_Central_Banks_Corporate_Bond_Purchases

Martyna Biatek-Szkudlarek, Wojciech Starosta
The Impact of Climate Risk on Credit Risk Parameters. Evidence from Five EU Economies

Safiullah M., Phan D.H.B., Kabir M.N. (2024), Green innovation and corporate default risk, “Journal
of International Financial Markets Institutions and Money”, vol. 95, 102041.

Schiederig T., Tietze F., Herstatt C. (2012), Green innovation in technology and innovation management
- an exploratory literature review, “R and D Management”, vol. 42(2), pp. 180-192.

Schmidt-Traub G., Kroll C., Teksoz K., Durand-Delacre D., Sachs ].D. (2017), National baselines
for the Sustainable Development Goals assessed in the SDG Index and Dashboards, “Nature
Geoscience”, vol. 10(8), pp. 547-555.

Sia Partners (2021), Mobile Banking in the World, https://www.sia-partners.com/en/insights/pub
lications/mobile-banking-world [accessed: 1.11.2024].

Taha R.T., Abed M.Q., Alamro L., Muhsin A.L. (2024), Statistical methods for analyzing economic impacts
of climate change, “Journal of Ecohumanism?”, vol. 3(5), pp- 385-405.

U.S. Commodity Futures Trading Commission (2020), Managing Climate Risk in the U.S. Financial
System, https://www.cftc.gov/sites/default/files/2020-09/9-9-20%20Report%200f%20the%?20
Subcommittee%200n%20Climate-Related%20Market%20Risk%20-%20Managing%20Clima
te%20Risk%20in%20the%20U.S.%20Financial%20System%20for%20posting.pdf [accessed:
1.11.2024].

United Nations (2015), “Paris agreement”, https://unfccc.int/sites/default/files/english_paris_agre
ement.pdf [accessed: 1.11.2024].

Yang F., Masron T.A. (2024), Role of financial inclusion and digital transformation on bank credit risk,
“Journal of International Financial Markets Institutions and Money”, vol. 91, 101934.

Yao X., Crook |., Andreeva G. (2017), Enhancing two-stage modelling methodology for loss given
default with support vector machines, “European Journal of Operational Research”, vol. 263(2),
pp. 679-6809.

Ye J., Xiao C., Esteves R.M., Rong C. (2015), Time Series Similarity Evaluation Based on Spearman’s
Correlation Coefficients and Distance Measures, [in:] W. Qiang, X. Zheng, C.-H. Hsu (eds.), Cloud
Computing and Big Data. CloudCom-Asia 2015, “Lecture Notes in Computer Science”, vol. 9106,
Springer, Cham, pp. 319-331.

Zinczuk B., Bolibok P., Kasprzak-Czelej A.B. (2023), Wybrane kierunki zmian modeli biznesu na tle
wyzwan wspotczesnej gospodarki, Uniwersytet Marii Curie-Sktodowskiej w Lublinie, Lublin.

Wptyw ryzyka klimatycznego na parametry ryzyka kredytowego
Ocena na podstawie pieciu gospodarek UE

Streszczenie: Coraz cze$ciej wystepujace ekstremalne zjawiska pogodowe, ktére sta-
nowia element ryzyka klimatycznego, sa jednym z kluczowych aspek-
tow analizowanych obecnie przez instytucje finansowe. Niniejszy arty-
kut bada zwigzek miedzy wskaZnikami ryzyka klimatycznego a dwoma
gtébwnymi parametrami tradycyjnego procesu zarzadzania ryzykiem:
wskaznikami niewyptacalnosci i wskaznikami strat. Informacje te sg
cenne dla instytucji finansowych, umozliwiajgc im skuteczne zarzadza-
nie ryzykiem zwigzanym ze zmianami klimatu. Badanie wypetnia luke
naukowg, wykorzystujac nowe wskazniki do analizy wptywu ryzyka kli-
matycznego na ryzyko kredytowe w najwiekszych gospodarkach UE. Au-
torzy przedstawiajg wyniki dla pieciu najwiekszych gospodarek Unii Eu-
ropejskiej (Niemiec, Hiszpanii, Wtoch, Holandii, Francji) oraz wykazuja
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silne, umiarkowane i stabe powigzania dla kazdej pary czynnikéw ry-
zyka klimatycznego i parametréow ryzyka kredytowego, wykorzystu-
jac trzy miary korelacji: Pearsona, Spearmana i Kendalla-Tau’a. Wyniki
wskazujg znaczace réznice miedzy krajami, z najwiekszg liczba skorelo-
wanych zmiennych w Holandii. Wysoka korelacje zaobserwowano réow-
niez we Francji i Wtoszech, podczas gdy w Hiszpanii i Niemczech korelacje
byty mniej wyrazne. Korelacje réznig sie rowniez w zaleznosci od klasy
aktywow, co podkresla potrzebe indywidualnego podej$cia do oceny ry-
zyka klimatycznego.

Stowa kluczowe: ryzyko kredytowe, zmiana klimatu, parametry ryzyka, testy warunkow
skrajnych, ryzyko klimatyczne
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