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1. Introduction 

Climate change poses major challenges for a global society, requiring interventions coming 

from both the public and private sectors. Policymakers have started to recognise that 

climate change and environmental degradation embody a pressing threat to the future. The 

2015 Paris Agreement is the first comprehensive climate deal that explicitly recognises the 

need to make finance flows compatible with a pathway towards low greenhouse gas 

emissions and climate-resilient development. The attention to climate change is 

particularly high in the European Union (EU) which defined a strategy aimed at 

transforming the continent to net greenhouse gas emissions equal to zero by 2050. The EU 

assigns a pivotal role to the financial sector, as established in the 2018 EU Action Plan to 

finance sustainable growth with the aim of increasing investment in sustainable projects 

and promoting the integration of Environmental, Social, and Governance (ESG) criteria in 

risk management.  

The pivotal role of banks in facing climate change is not immediately evident, as 

greenhouse gas emissions stemming from the financial sector are very low and banking 

activities do not directly produce a negative effect on the environment. Indeed, there are 

three main reasons that make banks central in achieving environmental goals.  First, the 

financial sector is indirectly exposed to environmental risks by lending to Non-Financial 

Corporations (NFCs) that are usually exposed to extreme weather events or are affected by 

the transition to a more sustainable economy (Bolton et al., 2020). For example, extreme 

weather events may damage physical assets that are generally used by NFCs as collateral 

in bank lending (Fiordelisi et al., 2022). 

Second, financial intermediaries play a pivotal role in fund allocation and their 

lending and investing decisions play a key role in achieving a sustainable economic growth 

(Levine, 2005; Scholtens, 2006 and 2009). Thus, via credit selection, banks can channel 
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resources either to “green” or “brown” projects, affecting the likelihood and the speed of 

transition to a low-carbon economy.  

Third, a healthy and stable banking system is necessary for sustained prosperity 

(King and Levine, 1993) and there is growing evidence that transition and physical risks 

arising from climate change represent a material threat to its stability (de Guindos, 2021; 

Lamperti et al., 2021), to the extent that banking supervisors are paying much attention to 

climate change.  

Not surprisingly, there is a growing interest to climate change from policy makers, 

financial intermediaries, and the academic literature. The Basel Committee on Banking 

Supervision (BCBS, 2021) pays attention to the importance of ESG strategies within risk 

management processes and Central Banks are increasingly interested in understanding 

how climate risks translate into financial risks and how adverse climatic events can 

propagate within the financial system1. The implications of climate change for financial 

stability pose significant challenges to financial regulators (Campiglio et al., 2018). The 

interplay between climate transition risks and market conditions has been analysed by 

Roncoroni et al. (2021), concluding that financial institutions would benefit from the 

transition occurring as early as possible. Even if financial actors and markets seemed not 

to have yet internalised the knowledge about climate change risks in prices and risk metrics 

(Battiston et al., 2021), banks and other financial intermediaries should include 

sustainability in their strategies and investment decision-making processes, favouring a 

forward-looking approach in which sustainability risks and opportunities are fully priced, 

while unethical speculation by managers could lead to severe crashes of the system and 

deep economic recessions. In final, there is growing attention to sustainable banking (Aracil 

et al., 2021). The COVID-19 pandemic has reinforced the need to evaluate and address 

 
1 In Europe, the European Banking Authority (EBA) has an important role in monitoring market practices 
related to sustainability as well as engaging with relevant stakeholders and the banking industry. The 
European Central Bank (ECB) has also contributed with other climate-related deliverables (for instance, the 
launch of a supervisory climate risk stress test in 2022). 
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highly disruptive environment-related events, as well as the strategic importance of 

sustainable finance in the upcoming years (Bolton et al., 2020). 

Most of the papers initially focus on the sustainability effect on banks’ financial 

performance measures (e.g., Simpson and Kohers, 2002; Soana, 2011), but reach mixed 

evidence, either in favour of a positive (e.g., Bolton, 2013; Wu and Shen, 2013; Cornett et 

al., 2016; García-Sánchez and García-Meca, 2017), a negative (e.g., Di Tommaso and 

Thornton, 2020; Forgione et al., 2020), or even a non-linear relationship (Azmi et al., 2021). 

Surprisingly, a limited number of papers focus on the sustainability effect on bank risk-

taking (Gangi et al., 2019; Chiaramonte et al., 2021; Galletta and Mazzù, 2022), even less 

than for NFCs (e.g., Sharfman and Fernando, 2008; Jo and Na, 2012; Bouslah et al., 2018). 

As far as we are aware, there are no papers showing the role played by a greater bank 

environmental engagement on the probability of future stock crashes and, hence, on the 

stability of the whole banking sector. This is what our paper does. We focus on the 

environmental pillar since both investors and regulators have an increasing attention on 

climate change, especially in banking, which plays a key role to finance sustainable 

economic growth. Being in the spotlight may provide incentives for greater transparency, 

but also for moral hazard and greenwashing, so the ultimate effect on banks' riskiness 

remains a fundamental empirical question. Specifically, we analyse the relationship 

between environmental performance and banking stability measured as crash risk, i.e., the 

risk of extreme negative values in the distribution of bank-specific returns, after adjusting 

for the return portions that co-move with common factors. Extreme negative events can 

impose significant losses on investors; in addition, while the volatility risk (or the second-

moment risk) encompasses both losses and gains, the crash risk refers to the likelihood of 

incurring huge losses that cannot be diversified away (Chen et al., 2001; Ibragimov and 

Walden, 2007; Du et al., 2016).  
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The crash risk perspective provides readers with interesting insights when applied to 

the banking industry for various reasons. First, a stock crash has more severe consequences 

in the banking industry than in other industries since one bank’s crash may cause a chain 

reaction and threaten the stability of the entire financial system and the global economy 

(Du et al., 2016; Abedifar et al., 2019). Not only a bank crash may propagate in the financial 

system and affect other banks (Balla et al., 2014), but it is also more likely that this happens 

when the crashed bank has a prominent and central role in the financial system (Kosmidou 

et al., 2017). Second, large crises involving financial markets, such as the Great Financial 

Crisis and the COVID-19 pandemic, have exacerbated the attention to extreme (negative) 

events and highlighted the investors’ asymmetric treatment of downside risk versus upside 

uncertainty (Caporale and Gil-Alana, 2012). Finally, crash risk has been related to several 

firm features, leading to bad news hoarding, opacity and lack of transparency (Habib et al., 

2018) and the banking business is notably particularly opaque (Morgan, 2002). 

Sustainability reporting, from which most information to build ESG scores are drawn, may 

increase this lack of transparency and be opportunistically used by managers. Even though 

sustainability reporting became compulsory after the publication of the NFRD directive 

(2014/95/UE) for listed firms or financial companies with specific dimensional 

requirements, there are remaining problems in comparability between countries and 

different usage of non-financial reporting frameworks (Breijer and Orij, 2022). Then, 

sustainability disclosure could act as leverage action to communicate what suits better, 

given the fact that there are not yet mandatory requirements like in financial reporting. 

This means that the increasing attention of investors and policymakers to non-financial 

reporting does not necessarily act in the direction of more transparency about the ESG 

performance and, hence, the reduction of crash risk. It may also have unintended 

consequences, leading bank managers to opportunistically exploit information 

asymmetries. The existence of this possible adverse effect is supported by recent episodes 



6 
 

of greenwashing in the financial industry (e.g., DWS, Bank of Montreal, whose managers 

misled investors about their ESG “green” investments), and also suggested by the growing 

literature on ESG uncertainty (Avramov et al., 2022) and disagreement on ESG ratings 

(Gibson Brandon et al., 2021; Serafeim and Yoon, 2022). Hence, the assessment of stock 

price crash risk becomes very important not only from the perspective of financial stability 

but also for risk management purposes and investment decision-making (Kim et al., 2014).  

A second relevant contribution is related to the investigated sample. Similarly to 

Chiaramonte et al. (2021), we concentrate on Europe for two main reasons. Firstly, ESG is 

particularly relevant in this area (Ho et al., 2012) because of the Action plan on sustainable 

finance. Secondly, there is still limited research linking ESG to risk within Europe. 

Differently from Chiaramonte et al. (2021), our analysis covers a more recent period, 

starting in 2015, a key year when the global community became aware that there was no 

more time to deal with climate change, also thanks to two crucial events, both the 2030 

Agenda and the COP21. Our investigated time interval, ending in 2021, also includes very 

turbulent times for financial markets, due to the spread of the COVID-19 pandemic. On the 

one hand, past literature seems to suggest that, in case of contagion, ESG can mitigate the 

negative effects in financial markets (Cerqueti et al., 2021) and especially during turbulent 

times the building of firm-specific social capital could be thought of as an insurance policy 

that pays off when investors and the overall economy face a severe crisis of confidence (Lins 

et al., 2017), which is also confirmed by Chiaramonte et al. (2021) in the specific context of 

the relationship between ESG engagement and bank risk. On the other hand, the 

increasing attention to ESG scores may give incentives to managers’ opportunistic 

behaviour, since one of the strategic responses to ESG ratings could be the manipulation 

and resistance to externally assigned rankings (Clementino and Perkins, 2021). The 

relationship with increased regulation is also uncertain: on the one hand, firms operating 

in countries with fewer climate-related regulations show a higher propensity to engage in 
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greenwashing (Mateo-Márquez et al., 2022). On the other hand, if Corporate Social 

Responsibility (CSR) activities are not genuine and are merely undertaken for legal reasons 

they might increase downside risk (Diemont et al., 2016). Consequently, providing new 

evidence on banks, including the most recent period, is very relevant since the financial 

system plays a pivotal role in the economic transformation process to a resource-efficient 

economy (Neitzert and Petras, 2021).  

We examine a sample of almost 450 year-observations related to European listed banks, 

during the period from 2015 to 2021. While we do not find any evidence of a strong 

relationship between banks’ overall ESG performance and crash risk, we show a 

significantly negative association between banks’ environmental score and future stock 

price crash risk. This finding contrasts with the conclusions of Wang et al. (2021) for the 

social component and is consistent with the argument that environmental score can be more 

likely to provide transparent information, leading to lower future stock price crashes. 

Conversely, banks with lower environmental performances and less attention to disclosing 

their contribution to reducing their impact on climate change are more prone to crash risk. 

Results are robust to several model specifications dealing with endogeneity concerns and 

alternative definitions of the interest variable. We also find that the divergence between 

ESG scores provided by different providers is a source of opacity and increases stock price 

crash risk. 

The remainder of the paper proceeds as follows. Section 2 presents the literature review 

and Section 3 describes the research design. Section 4 presents our main findings. 

Moreover, Section 5 provides further results and Section 6 discusses the main conclusions 

and implications. 
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2. Literature Review 

Our paper contributes to two main research streams: the first one is related to the 

relationship between ESG scores and bank performance, while the second one is devoted to 

crash risk in the banking industry. 

2.1 – ESG and bank risk 

The existing literature has long emphasised the links between sustainability and firm 

value (for an extensive literature review on ESG with an emphasis on corporate finance, 

see Clark and Viehs, 2014; Gillan et al., 2021), where a positive relationship seems to be 

predominant, because of a minor overall risk of high ESG firms (Hasan et al., 2022), both 

idiosyncratic (Sassen et al., 2016; Chen et al., 2018) and systemic (El Ghoul et al., 2011; 

Eccles et al., 2014; Gregory et al., 2014). Recently, as shown by Cardillo et al. (2023) in a 

large sample of European companies, commitment to ESG criteria has been an important 

driver of resilience in turbulent times, such as during the COVID-19 pandemic. Focusing 

on the financial industry, the literature on ESG and bank risk is still developing, especially 

for studies dealing with environmental performance, receiving less attention before 2015 

(Galletta et al., 2022). Regarding the relationship between the overall CSR performance 

and bank risk, an important contribution is provided by Chiaramonte et al. (2021) which 

study all the ESG dimensions, including the environmental one, in a sample of European 

banks from 2005 to 2017. During crisis periods, engaging in sustainable activities is 

associated with lower default risk. Thus, banks that combine ESG practices mitigate 

instability during financial slowdowns. Moreover, they observe that CSR has a different 

impact on financial stability depending on countries and on banks’ characteristics (e.g., 

being subject to the EBA’s stress tests).  

Other papers only focus on one pillar of ESG. Gangi et al. (2019) motivate the inverse 

relationship between environmental engagement and bank risk under three main 

perspectives: the financial benefits of financing environmentally friendly borrowers; the 
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efficient use of resources within the bank as an organization; and the lowering of 

reputational risks, providing empirical evidence of the risk reduction effect in a sample of 

142 banks from 35 countries covering the period between 2011 and 2015. 

Considering the nature and the function of banks, it is likely that the first perspective 

proposed by Gangi et al. (2019), i.e. the one related to lending, is the most relevant one in 

influencing bank risk. Several studies deal with the impact of climate issues on bank loans 

(Reghezza et al., 2021; Javadi and Masum, 2021), also raising the issue of possible lending 

disparity (Chen et al., 2021; Basu et al., 2022). Since investors do not have enough 

information on the identity of borrowers and their CSR performance, the non-financial 

disclosure provided by banks may have an important role also for overcoming the opacity 

of the lending business. As pointed out by Houston and Shan (2022), lenders may have both 

financial and reputational incentives to pressure borrowers to improve their ESG 

performance. Not only can higher ESG engagement reduce credit risk, but banks are also 

heavily regulated and often at the centre of public condemnation, making them particularly 

concerned about reputational damage, including from dealing with poor ESG borrowers. In 

the same direction, Degryse et al. (2023) provide empirical evidence of a “green-meets-

green” effect after the Paris agreement of 2015 (i.e., green firms enjoy more favourable 

lending terms, especially when they meet green banks). Thus, the application of political 

pressure aimed at strengthening environmental regulations involves a measurable impact 

on the conditions of debt financing, resulting in an improvement of allocative efficiency 

within financial markets. Lenders’ ability to “discipline” borrowers and encourage their 

ESG engagement is consistent with the pivotal role of banks in monitoring and improving 

information (Wu and Lai, 2020). 

2.2 – Crash risk in the banking industry 

Several research contributions focus on the idea that opaque assets are related to stock 

price crash risk. As outlined in previous studies (Jin and Myers, 2006), managers tend to 
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withhold bad news for as long as possible, to safeguard their job and protect their 

compensation (Kothari et al., 2009). However, there is an upper limit to the amount of bad 

news that managers can absorb. When the accumulated bad news reaches this upper limit, 

it will come out all at once, leading to a large and sudden price decline. Large negative stock 

returns, or stock price crashes, are more common than large positive stock price movements 

(Chen et al., 2001). Concerning the banking literature, Cohen et al. (2014) provide evidence 

that earnings management and financial statements opacity increase crash risk in banks 

as in other industries. However, earnings management has a small predictive power for 

downside risk during normal times, which increases significantly during crisis periods. 

Dewally and Shao (2013) measure the opacity of banks’ operations with the use of interest 

rate and foreign exchange financial derivatives, finding a positive relationship with crash 

risk. Battaglia et al. (2021) assess the effect of securitization, finding that the originator 

bank’s crash risk reduces in the year the bank securitizes, but increases the following year. 

Both within and outside the banking industry, crash risk has often been associated with 

opaque assets, for which the lack of a universally accepted valuation standard can lead to 

high information asymmetry and managerial discretion (Wu and Lai, 2020). To our 

knowledge, there are a few papers investigating the relationship between ESG performance 

and stock price crash risk: while some articles deal with the overall ESG score in global 

samples and are not specific to the banking industry (Kim et al., 2014; Murata and Hamori, 

2021; Pereira da Silva, 2022; Feng et al., 2022), the paper of Wang et al. (2021) analyses 

the banking industry and focuses on the social component of the ESG score, finding a 

positive relationship between banks’ social engagement and future stock price crash risk. 

This evidence reveals a negative side of banks’ social activities, suggesting that engaging 

in social activities may facilitate bank managers’ bad news hoarding behaviour and 

increase future stock price crash risk in the banking industry.  
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As outlined by Wang et al. (2021), prior literature presents different views on the 

implications of CSR activities for information transparency and the managerial 

opportunistic behaviour of concealing bad news about the firm, which leads to conflicting 

predictions about the association between banks’ non-financial performance and future 

stock price crash risk. On the one hand, the signalling theory suggests that high CSR 

engagement could correspond to high ethical standards of bank managers that are less 

likely to manage earnings (Dhaliwal et al., 2011; Kim et al., 2012), to hide negative 

information from investors (Kim et al., 2011b; Dewally and Shao, 2013; Du et al., 2016) and 

prone to the release of high-quality ESG disclosure (Hummel and Schlick, 2016; Pereira et 

al., 2020), especially with CSR performance considered as social rating (Kim et al., 2014). 

On the other hand, following the agency theory, bank managers may use CSR activities to 

opportunistically pursue self-interests and cover up corporate misbehaviour or unethical 

practices such as earnings management or unethical lending decisions, thereby leading to 

a less transparent and reliable information environment (Friedman, 1970; Jensen and 

Meckling, 1976; Hemingway and Maclagan, 2004; Petrovits, 2006). 

The existence of these two competing views is particularly relevant if related to climate 

issues. On the one hand, the increasing attention of regulators and supervisors to climate 

issues may lead to perverse incentives for bank managers towards a kind of vicious circle 

where environmental policies could represent a form of greenwashing. Ramus and Montiel 

(2005) suggest this may happen because companies are not required by law to publish 

environmental policy statements or to verify that these statements are true using 

independent third parties, so that external stakeholders often wonder when a published 

commitment to a policy translates into actual policy implementation. 

On the other hand, measures of environmental responsibility may be less subject to 

managerial discretion and based on indicators which are not easy to manipulate. As 

suggested by Bolton (2013) and Borghesi et al. (2014), some CSR activities, such as 
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environmental ones, could allow less managerial discretion than other types, like social 

ones (Wang et al., 2021). The positive signal may be reliable because green commitment to 

reduce pollution produces observable outcomes and targets need to be practical and 

achievable (Liu et al., 2021). Thus, investing in CSR environmental activity may increase 

bank value and reduce bank risk, as long as those investments are aimed at improving the 

bank’s fundamental CSR activities (Bolton, 2013). 

Overall, the relationship between banks' environmental responsibility and the risk of a 

stock price crash remains an open empirical question that is still largely unexplored. 

Negative effects from the moral hazard theory and positive effects from the signalling 

theory are not mutually exclusive and may coexist. Moreover, since the issue is still 

substantially unexplored, we do not have enough information to predict which theory will 

prevail. As a result, we formulate the following hypothesis: 

H1: Banks environmental scores affect future stock price crash risks. 

To test this hypothesis, in the next section, we examine the research strategy to explain 

the empirical identification. 

3. Research design 

3.1 – Data and sample 

Our data collection begins with all publicly listed banks based in Europe and is covered by 

Datastream during the period 2015-2021. We use Datastream to collect stock prices and 

obtain ESG scores from Refinitiv Eikon. Our sample begins in the year 2015 when the ESG 

coverage started to gradually increase due to the growing amount of non-financial 

information published in the sustainability reports. Finally, we integrate with bank balance 

sheet information drawn from Moody's Analytics BankFocus. After merging all data, our 

final sample consists of 447 year-observations representing 90 unique banks from 22 

countries over the period from 2015 to 2021. 

3.2 – Measuring stock price crash risk 
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We construct three measures for firm-level stock crash risk following prior research (Chen 

et al., 2001; Kim et al., 2011a, 2011b, 2014; An et al., 2018; Ben-Nasr and Ghouma, 2018; 

Habib et al., 2018). The measures are calculated based on bank-specific weekly stock 

returns, which ensures our stock crash risk proxies reflect specific movements caused by 

idiosyncratic factors rather than broad market trends. Following Hutton et al. (2009), bank-

specific returns are obtained running an augmented market model, including lag and lead 

terms for market returns to remove the impact of common factors and obtain bank-specific 

returns: 

𝑟!,# =	𝛼! +	𝛽$𝑟%,#&' +	𝛽'𝑟%,#&$ +	𝛽(𝑟%,# +	𝛽)𝑟%,#*$ +	𝛽+𝑟%,#*' +	𝜀!,#  (1) 

where ri,t is return for bank i in week t and rm,t is the contemporaneous market index return. 

Then, we define the Firm-Specific Weekly Return as the log of one plus the residual return 

from Eq. (1) to have a roughly symmetric distribution that allows us to consider negative 

crashes and positive jumps symmetrically.  

Our first measure of crash risk is N_CRASH, which is calculated as the number of 

crashes in a given year. Following prior research (Hutton et al., 2009; Fiordelisi et al., 2020) 

a crash occurs when the weekly bank-specific return is 3.09 standard deviations below the 

mean of the bank's residual returns (the opposite event when the bank-specific return is 

3.09 standard deviations above the mean is defined as a jump). 

As outlined by Battaglia et al. (2021), crashes are not effective realizations, but they 

represent bank-specific extreme price movements over and above those due to common risk 

factors. So, every crash is defined from an idiosyncratic perspective and identifies an 

extreme event with respect to the bank-specific distribution of returns, which are those not 

explained by general market movements.  

In addition to the number of crashes in a year, similarly to Murata and Hamori (2021), 

and Wang et al. (2021), we consider the negative conditional skewness and the down-up 

volatility. 
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The negative coefficient of skewness of bank-specific weekly returns over the year 

(NCSKEW) is calculated by taking the negative of the third moment of bank-specific weekly 

returns, divided by the cube standard deviation (see, for example, Callen and Fang, 2015). 

So, the NCSKEW for bank i is calculated using the following equation: 

𝑁𝐶𝑆𝐾𝐸𝑊! =	−	
,(,&$)!/# 	∑ 1$,&

!'
$()

(,&$)(,&')(∑ 1$,&
# )'

$()
!/#    (2) 

where n denotes the number of weekly returns during the week t and 𝜀!,# are the bank-

specific weekly returns. 

The third measure of crash risk is the down-to-up volatility measure (DUVOL) of the 

crash likelihood. Firm-specific weekly returns for firm j over a fiscal year period t are 

divided into two groups: “down” weeks and “up” weeks. Down (up) weeks refer to weeks 

when the bank-specific return is below (above) the mean. The standard deviation of firm-

specific weekly returns is calculated separately for each of the two groups. DUVOL, which 

is the down-to-up volatility, is measured as the natural logarithm of the ratio of the 

standard deviation of bank-specific weekly returns in the down weeks to the standard 

deviation in the up weeks: 

𝐷𝑈𝑉𝑂𝐿! =	 ln	[
(,*+&$)∑ 1$,&

#
,-.'

(,,-.'&$)∑ 1$,&
#

*+
	]   (3) 

where 𝑛23  denotes the number of up weeks occurred in the year and 𝑛456,  denotes the 

number of down weeks. The higher the value of DUVOL, the more significant the crash 

risk.  

3.3 – ESG scores 

Following prior studies (Dyck et al., 2019; Albuquerque et al., 2020; Drempetic et al., 2020; 

Murata and Hamori, 2021; Wang et al.,2021), we proxy CSR performance using the ESG 

scores provided by Refinitiv, as the main provider of non-financial data. Although there are 

various data providers, Refinitiv is widely used in the accounting and finance literature, as 

documented in the review paper by De Villiers et al. (2022). The key strength of the 
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Refinitiv ESG score is the percentile ranking methodology used to construct it, which allows 

for relative comparisons between companies (Gigante and Manglaviti, 2022). Furthermore, 

Refinitiv's methodology is publicly available and transparent in its collection and 

verification of ESG information, allowing researchers to understand how data is sourced 

and assessed. The data is also highly granular, covering a wide range of firm-level ESG 

indicators and providing broad coverage of financial firms over time. ESG measures can 

affect capital allocation, through changing return expectations (Gibson Brandon et al., 

2021) and divestment (Krueger et al., 2020). Moreover, the evolving regulatory landscape 

could increase the magnitude of those effects, because ESG ratings are likely to become a 

data source for risk evaluations in the European banking sector2. 

According to Refinitiv, ESG scores reflect the underlying ESG data framework and are 

a data-driven assessment of firms’ relative sustainability performance and capacity, 

integrating and accounting for industry materiality and company size bias. Refinitiv Eikon 

provides the ESG Combined Score as a holistic evaluation and its calculation is based on 

publicly available and auditable data, resulting from two components: the ESG Score (a 

weighted average relative score of a company that includes Environmental Pillar Score, 

Social Pillar Score and Governance Pillar Score) and the ESG Controversies Score. The raw 

scores range from 0 to 100. To ease interpretation, we scale the ESG scores by 100. 

Therefore, the values range from 0 to 1, with a higher value indicating a higher level of 

non-financial performance. 

3.4 – Model specification 

To test the relationship between ESG (or specific environmental) performance and stock 

crash risk in the banking industry, we develop the following empirical model: 

𝐶𝑟𝑎𝑠ℎ𝑅𝑖𝑠𝑘!,7,# = 𝛽8 + 𝛽$𝐸𝑆𝐺!,7,#&$ +∑𝛽9𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠!,7,#&$ + 𝑌𝑒𝑎𝑟𝐹𝐸 +𝜀!,7,#,       (4) 

 
2https://www.eba.europa.eu/sites/default/documents/files/document_library/Publications/Reports/2021/101565
6/EBA%20Report%20on%20ESG%20risks%20management%20and%20supervision.pdf 
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where i indexes bank, j indexes country and t indexes fiscal year. The dependent variable 

CrashRisk is proxied by N_CRASH, NCSKEW or DUVOL, as described in section 3.2. A 

one-year lag between the dependent and independent variables is used to investigate 

whether bank’s non-financial activities in year t-1 can predict its future stock crash risk in 

year t. 

The key variable of interest is non-financial performance. Before focusing on the 

environmental component, we first explore the relationship with the overall ESG score. A 

positive (negative) and significant coefficient for ESG indicates banks’ sustainable 

activities increase (decrease) future stock crash risk. Then, we focus on environmental 

activity, and we consider the three components of the ESG score separately. All ESG scores 

are winsorized at the first and ninety-ninth percentiles to mitigate the effect of outliers. 

We control for Tier 1 ratio (Tier1), Cost-to-income ratio (Cost Income), Liquid asset ratio 

(Liquidity), Return on assets (ROA), Risk-weighted assets intensity ratio (RWA) and Loan 

loss provisions over total loans (LLP). Since the effect of banks’ capital adequacy and 

profitability on crash risk documented in the literature is inconclusive (Andreou et al., 2017; 

Ben-Nasr and Ghouma, 2018; Dewally and Shao, 2013), we do not predict the sign of their 

coefficients. 

Further, we control for bank size (SIZE), calculated as the natural logarithm of total 

assets.  Given that prior research has reported conflicting evidence on the effect of firm size 

on crash risk (Harvey and Siddique, 2000; Chen et al., 2001), we do not predict the sign of 

the coefficient on size measure. 

Chen et al. (2001) suggest that a high market-to-book ratio also creates a large bubble, 

which may result in a stock crash when the market value decreases to normal, so the 

market-to-book ratio (MB) is also controlled for. MTB is calculated as the market value of 

equity divided by its book value. We expect the coefficient on MTB to be positive. 
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Finally, year-fixed effects (YearFE) are included to control for variation in stock crash 

risk across years. As in Wang et al. (2021), we also include country fixed effects; 

additionally, we also try an alternative specification with bank fixed effects to control for 

unobservable time-invariant bank specific features. All financial independent variables are 

winsorized at the first and ninety-ninth percentiles to mitigate the effect of outliers. All 

variables used in our empirical analysis are described in Table 1. 

4. Main findings 

4.1 – Sample distribution 

Our sample comprises 447 observations from 22 countries, with Italy (12.69%) and Great 

Britain (12.04%) being the most represented countries (Table 2). The number of banks 

gradually increases from 46 banks in 2015 to almost double in 2021 over the sample period, 

reflecting the attention to sustainability issues and increasing coverage of Refinitiv data, 

well-established in the literature (Flammer, 2021; Bofinger et al., 2022). 

4.2 – Summary statistics 

As we can see from Table 3, the 99% of banks record at most one crash per year. However, 

if the distribution of bank-specific returns were normal, the frequency of a crash would be 

0.1% each week or about 5% in a year, while the average value of N_CRASH is consistent 

with a much higher frequency in our sample, as also observed in previous studies on crash 

risk (Hutton et al., 2009). Furthermore, summary statistics for NCSKEW and DUVOL show 

a very large standard deviation, consistently with similar previous studies on European 

banks (Fiordelisi et al., 2020; Battaglia et al., 2021). Ranging from 0 to 1, the average of the 

overall ESG Combined score (ESGC) is 0.558 where the worst contribution, in relative term, 

is given by the corporate governance pillar (GOV), lower than the average values of the 

environmental and social pillar scores. We also observe that the Environmental score (ENV) 

is more volatile than the other two pillar measures. While the distribution of the ESGC is 

positively asymmetrical, the three pillar scores distributions are negatively asymmetrical. 
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We remind that the value of the ESG Combined score is not only given by the weighted 

mean of three pillar scores but it may be also influenced by the ESG Controversies score. 

Table 4 reports pairwise correlation coefficients. Unlike what happens with very high 

correlation (0.99) among credit ratings (Berg et al., 2022), we note ESG disagreement from 

different providers (i.e., Refinitiv and Bloomberg) with correlations ranging from 0.317 to 

0.629. Even though Refinitiv scores are related to ESG performance and Bloomberg scores to 

ESG disclosure, this confirms previous studies outlining that ESG rating agencies provide 

noisy information (Chatterji et al., 2016; Berg et al., 2022). 

4.3 – Main results 

Table 5 shows regression results when we study the relationship between our crash 

measures and the overall sustainability score. We observe no significant relationships 

between the ESG Combined score (ESGC) and crash measures. These results could suggest 

that the overall non-financial score is influenced by different drivers, and this could bring 

to inconsistent conclusions. We also observe similar results in untabulated models for the 

ESG score without the controversies component3. 

Then we split the ESG score in its main components to focus on environmental 

performance and report results in Table 6. We mainly find that banks’ environmental 

engagement is negatively associated with future stock price crash risk as measured by 

N_CRASH, NCSKEW and DUVOL. Columns 1, 2, and 3 show results using as regressors 

only the ESG scores where the environmental effect on each crash measure is negative and 

highly statistically significant (p<0.01). If we add bank-specific controls, Columns 4, 5, and 

6 show a significantly negative relationship at the 10% level for N_CRASH, at the 5% level 

for NCSKEW, and at the 1% level for DUVOL. While including bank fixed effects, Columns 

7, 8, and 9 show a significantly negative relationship between Environmental (ENV) 4 and 

 
3 Results are available from the authors upon request. Galletta and Mazzù (2022) show that banks with a lower 
number of ESG controversies have lower risk-weighted assets and higher Z-scores. 
4 Results are substantially confirmed even if we only include ENV, as our target variable, without considering 
the other two pillar scores, both SOC and GOV. 
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crash risk measures, at the 10% level for N_CRASH and NCSKEW, and at the 5% level for 

DUVOL. This evidence supports the signalling theory, suggesting that high CSR 

engagement could result in high ethical standards of bank managers that are less likely to 

hide negative information from investors. Previous studies note that environmental 

disclosure has a deterrent effect and reduces crash risk, making firms more transparent 

(Zhang X. et al., 2021; Zhang Z. et al., 2021). Liu et al. (2021) also show that solid green 

commitment significantly reduces stock price crash risk, according to the signalling theory 

which suggests that green-oriented firms deliver a positive signal to the market, favouring 

investors sensitive to environmental topics. Similarly to Wang et al. (2021), we also observe 

a significant positive relationship between Social (SOC) and crash risk in the European 

banking industry, confirming that the empirical evidence is in favour of the agency theory 

with respect to the social pillar, even if we do not observe a significant relationship when 

firm fixed effects are applied. The governance pillar does not result to impact future stock 

price crash risk, with coefficients that are much lower in magnitude and not statistically 

significant with respect to other pillars. 

The exit of the United Kingdom from the European Union was a significant shock to the 

European financial market (Berg et al., 2021). Thus, UK may be left out of the European 

debate on the decarbonisation. To face this issue, we run a robustness check by excluding 

UK bank-year observations from our sample 5 . We show that our main results are 

confirmed. This is consistent with the UK's approach to meeting the net-zero target by 2050 

aligns, which is not very far from the European Green Deal 6.  

4.4 – Robustness checks 

In our main regression models, we use one-year lagged bank environmental performance 

(ENV) to mitigate endogeneity problems arising from reverse causality or simultaneity. 

 
5 Results are available from the authors upon request. 
6 https://www.gov.uk/government/publications/net-zero-strategy. 
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However, since ESG scores are quite sticky across years (Kim et al., 2014), this approach 

might not be able to fully address endogeneity concerns. In this section, we provide several 

additional tests to strengthen the robustness of our results. 

First, following Chiaramonte et al. (2021) and Wang et al. (2021), we control for the lag 

value of our dependent variable, to account for the potential serial correlation of crash risk 

between two consecutive years. As reported from Column (1) to (3) in Table 7, the coefficient 

for our main independent variable (ENV) remains negative and statistically significant at 

the 10% level for DUVOL, at the 5% level for NCSKEW, and at the 1% level for N_CRASH. 

Second, we deal with the potential issue of reverse causality, i.e., with the possibility 

that it is the level of (crash) risk driving the environmental score and not the other way 

around. To discard this possibility, which would be more consistent with the agency theory 

(e.g., riskier banks try to distract investors by showing great environmental concern), we 

run a series of regression models in which the dependent variable is the banks’ 

environmental score, and the main independent variable is a measure of crash risk. Table 

7 shows that in Columns 4, 5, and 6, there is no statistical significance for crash risk proxies’ 

coefficients, and we can reject the hypothesis that bank environmental scores depend on 

one-year lagged crash measures. 

Furthermore, we run an instrumental variable (IV) approach to address endogeneity 

concerns. Following previous studies (Kim et al., 2014, Ferrell et al., 2016; Wang et al., 

2021), we employ a 2SLS regression analysis. 

We use the mean of the Refinitiv Environmental Scores of all banks in our sample that 

are headquartered in the same European region (Northern7, Eastern8, Southern9 or Mid-

Western group10) in a given year (ENVregion) as the instrument for ENV. We further 

 
7 The Northern region comprises Denmark, Finland, Great Britain, Ireland, Norway and Sweden. 
8 The Eastern region comprises Czech Republic, Hungary, Poland, Romania and Russian Federation. 
9 The Southern region comprises Greece, Italy, Portugal and Spain. 
10 The Mid-Western region comprises Austria, Belgium, France, Germany, Liechtenstein, Netherlands and 
Switzerland. 
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distinguish sample banks as systematically important (O-SII11) or not. As banks from areas 

with greater attention to environmental engagement are likely to engage in a better 

sustainability disclosure to conform to green norms and expectations, ENVregion is 

expected to be positively associated with ENV. Given this instrument is related to all banks’ 

environmental activities in the region and it is lagged one year with respect to ENV (hence, 

it is calculated in t-2), it should have no significant effect on the bank’s specific stock crash 

risk and therefore can be viewed as exogenous because it could be intended as an aggregate 

banking indicator of green engagement for specific geographic areas. In the first stage of 

the 2SLS model, we regress ENV on ENVregion and the control variables included in our 

baseline model. The corresponding first-stage results presented in Column (1) of Table 8 

show a significant positive coefficient for ENVregion (F-test = 15.61), which is consistent 

with our expectation that banks from regions that are more green-oriented tend to engage 

in more environmental activities. In the second stage, we use the first stage fitted value for 

ENV and estimate again the baseline model. As indicated in Columns (2), (3), and (4) of 

Table 8, the coefficients on the fitted value of ENV remain negative and statistically 

significant at least at the 5% confidence level for all the three crash proxies, suggesting that 

the negative association between banks’ green activities and crash risk holds after 

controlling for endogeneity using the 2SLS approach. 

Since the article investigates whether ESG could impact stock price crash risk and the 

latter is mainly studied about transparency and opacity reporting, we consider other ESG 

scores released by another information provider to minimize any bias resulting from a 

unique source. As other academic studies do (Li et al., 2018; Yu and Van Luu, 2021; Huang 

et al., 2022), we consider ESG disclosure scores from Bloomberg.  

In Table 9, we observe that the coefficients on ENV_DISCL are significantly negative for 

each stock crash risk measures at least at the 5% level, without considering other financial 

 
11 According to list of O-SIIs notified to the EBA in 2020. 
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independent variables. Otherwise, the coefficient remains negative and statistically 

significant at the 10% confidence level for two crash measures, N_CRASH and NCSKEW. 

These results provide similar evidence as in Table 6, supporting the signalling theory which 

suggests that green-oriented firms deliver a positive signal to the market, despite the main 

independent variable of interest is the environmental score deriving from another ESG data 

provider. We also note that results may be influenced by a smaller number of observations 

with respect to the baseline model’s sample with scores drawn by Refinitiv Eikon. 

Overall, environmental scores appear negatively related to future stock price crash risk 

regardless the rating provider considered. This is consistent with Alessi et al. (2021), 

showing that what is priced by the market is not only green activity but the combination of 

both environmental performance and environmental transparency. However, it is 

interesting to test what happens in case of rating disagreement. Some past studies suggest 

that a potential sign of greenwashing is when firms disclose large quantities of ESG 

information but have poor ESG performance (Yu et al., 2020). Consistently with this idea, 

we measure the quantity of information provided using the Environmental disclosure score 

(ENV_DISCL) released by Bloomberg and we proxy the environmental performance using 

the ENV score drawn from Refinitiv Eikon. As suggested by Zhang (2022), we calculate a 

normalized measure of a bank's position relative to its peers in the distribution of the 

Environmental disclosure score (ENV_DISCL) and a normalized measure of a bank's 

position relative to its peers in the distribution of its ESG real-performance score (ENV). 

Then, we proxy the greenwashing alert with ENV_SPREAD, a dummy variable that 

assumes a value equal to 1 if the normalized measure of ENV_DISCL is greater than the 

normalized measure of ENV, and 0 otherwise. Table 10 shows regression results in which 

we consider ENV_SPREAD as the main interest independent variable, to test whether this 

spread is a measure of opacity increasing stock price crash risk. Including time and firm 

fixed effects, we observe that the coefficients of ENV_SPREAD are positive for each stock 
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crash risk measure and statistically significant at least at the 10% confidence level, except 

for the model reported in Column (1) where the p-value is equal to 0.110 and then is very 

close to the significance threshold. This positive association with crash risk measures shows 

that when the quantity of information disclosed is not accompanied by a consistent high 

environmental performance, there is an increase in the future bank’s stock price crash risk. 

This result provides evidence in favour of the signalling and the agency theories being both 

at work and supports the idea to use the Bloomberg-Refinitiv spread as an alert for possible 

greenwashing behaviour.  

5. Opening the black (environmental) box 

5.1 Components of environmental performances and banks’ stock price crash risk 

After documenting a negative relationship between the aggregate environmental 

activity measure and future crash risk, we further explore how future crash risk is affected 

by different dimensions of environmental activities. The Environmental Pillar Score (ENV) 

is the relative sum of three category scores (Emissions Score, Resource Use Score and 

Innovation Score) which vary per industry. The first comprises emission policies, targets 

and waste management. The second refers to environmental management systems and 

supply chain systems. The third aggregates data on green project financing and ecological 

product innovation. These three category scores are measured using the corresponding 

Refinitiv scores scaled by 100, with higher values indicating better performance. 

In this section, regression results are reported using respectively ENV_Emiss, 

ENV_ResUse and ENV_Innov as the main independent variables replacing ENV. As 

reported in Table 11, the coefficient of every environmental independent variable remains 

negative consistently with previous result for the whole environmental pillar score and 

supporting the signalling theory. From Columns (1) to (6), the main interest variable is 

ENV_Emiss, included in the model with or without bank-specific controls; the same applies 

for Columns (7) – (12) and Columns (13) – (18) where the main interest variable is, 
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respectively, ENV_ResUse and ENV_Innov. Consistently with previous research 

contributions finding a positive relationship between environmental pillar and the 

management of risk, both in non-financial firms (Feldman et al., 1997; Cheng et al., 2014) 

and banks (Gangi et al., 2019; Chiaramonte et al., 2021), we document a negative 

association between environmental engagement and crash risk. Furthermore, it is 

important to evidence the role of finance in the promotion of green investments (Dikau and 

Volz, 2018; Raberto et al., 2019) and supporting sustainable growth over long term period, 

in line with international commitments on climate and ecological transition objectives. 

As show in Table 11, the most important component of the environmental score is the 

one related to innovation: coefficients for ENV_Innov are significantly negative for each 

stock crash risk measures at least at the 5% level, without considering other financial 

independent variables. Otherwise, the coefficient remains negative and statistically 

significant at the 5% confidence level just for the DUVOL model. This result is consistent 

with a previous study by Zaman et al., (2021) noting that an increase in environmental 

innovation is associated with a reduction in stock price crash risk. According to this view, 

eco-innovative firms could attract more institutional investors and equity analysts 

following the firms, leading to an increase in information disclosure and, hence, to a 

reduction in stock price crash risk, as the signalling theory also suggests. In contrast, we 

do not find a significant relationship between environmental activities (related to resource 

use or emissions reduction) and future crash risk, indication that the most influence in 

green performance is directed by the environmental assets under management and 

development in providing environmentally conscious solutions. 

5.2 – Additional contribution to 2030 Agenda 

In September 2015, the UN General Assembly approved the Agenda12, consisting of the 17 

Sustainable Development Goals (SDGs) to be achieved by 2030. In terms of business 

 
12 https://sustainabledevelopment.un.org/post2015/transformingourworld/publication 



25 
 

strategy, the commitment to the SDGs is increasingly important, since it reflects whether 

firms’ activities positively affect society, contributing to enhance corporate reputation 

(Deegan et al., 2002).  Only few studies have examined the adoption of these criteria in 

banks’ CSR practices (Avrampou et al., 2019; Cosma et al., 2020; Gallego-Sosa et al., 2021), 

while others use different ways to measure “green” performance, e.g., the environmental 

engagement and shareholder activism (Hoepner et al., 2018). 

Consistently with the aim of this study, we analyse whether the commitment to SDGs 

related to climate change has an impact on stock price crash risk. We focus on the SDG 13, 

which intends to introduce climate change as a primary issue on the political agenda, in 

the strategies and programs of national and regional governments, businesses and civil 

society, improving the response to the problems generated, such as natural disasters, and 

by encouraging education and awareness of the entire population. Its firm contribution 

could be based on specific indicators (e.g., external audit of co2 emissions, investments in 

renewable energies). 

Table 12 shows regression results in which we consider SDG13 as the main interest 

independent variable, instead of ENV. SDG13 is a dummy variable that assumes a value 

equal to 1 if the bank discloses commitment to this specific goal, and 0 otherwise. We 

observe that the coefficients of SDG13 are negative for each stock crash risk measures and 

statistically significant at least at the 10% level. These results provide further evidence in 

favour of a negative relationship between environmental engagement and banks’ stock 

price crash risk. 

6. Conclusions 

Stock price crashes in the banking industry can severely damage the stability of the entire 

financial system and compromise economic growth (Balla et al., 2014; Kosmidou et al., 

2017).  Our paper adds to the growing literature on CSR in the financial industry and its 
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impact on banking stability (Chiaramonte et al., 2021; Gangi et al., 2019), showing that 

environmental engagement can reduce future stock price risk. 

We analyse a sample of European banks in a very interesting period, from 2015 to 2021, 

characterised by an unprecedented evolution towards sustainable finance. Since the 2015 

Paris agreement, European institutions have moved several steps towards a more 

sustainable growth, with a significant involvement for the financial sector. Consistently, 

ESG criteria have gained much more weight in driving investors’ decisions, and banking 

supervisors are rapid including environmental considerations in their assessment of risk. 

All these pressures suggest revisiting the two alternative theories proposed by previous 

studies about the relationship between environmental performance and banking risk 

(Gangi et al., 2019).  

On the one hand, the agency theory suggests that bank managers may opportunistically 

use green engagement as a mean for diverting shareholders’ attention and engage more 

easily in bad news hoarding activities (Friedman, 1970; Petrovits, 2006). In contrast, the 

signalling theory suggests that increased environmental activities are expected to be 

related to less bad news hoarding behaviour since bank managers actively and effectively 

engage in CSR activities, committing to high ethical standards and maintaining the 

transparency of financial operations and disclosures (Dhaliwal et al., 2011; Hummel and 

Schlick, 2016).  

These two alternative views are not mutually exclusive and both negative and positive 

effects could be at work at the same time: our empirical evidence suggests that positive 

effects prevail, supporting the signalling theory about banks’ environmental activities. 

Specifically, we find a significant negative association between banks’ green activities and 

future stock price crash risk, measured by the crash occurrence, the negative skewness, 

and the down-to-up volatility of stock returns. Our results are robust to accounting for 

potential endogeneity concerns and to the use of different variables to measure 
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environmental engagement. However, we also find that stock price crash risk is higher for 

banks disclosing a large amount of ESG information without a high consistent level of 

performance, supporting that the spread between the Bloomberg ranking in terms of 

disclosure and the Refinitv one in terms of performance may be used as an alert for 

potential greenwashing. 

Environmental issues in the banking sector remained hidden until financial institutions 

were recognised as key actors in addressing the challenges of climate change (Galletta et 

al., 2022). New research on ESG engagement and performance in the banking sector is 

therefore needed. Firstly, further work is needed to improve our understanding of the 

complex interactions between lenders and borrowers (Houston and Shan, 2022) in order to 

better assess the potential role of banks in leading the transition. A complementary avenue 

for future research could be to explore the impact of ESG metrics on banks' risk 

management strategies and portfolio diversification techniques. In addition, further 

research into the integration of ESG factors into credit risk assessment models and the 

impact on the pricing and availability of credit could provide valuable insights into the long-

term sustainability of the banking industry. Finally, there is a need to explore the 

regulatory frameworks and institutional factors that shape the adoption and 

implementation of ESG policies by banks in order to better understand the incentives and 

constraints associated with sustainable banking practices. 

Our findings are informative to policymakers, regulators, auditors, and market 

participants who are concerned about preventing banks’ stock price crashes and promoting 

international financial markets stability together with a sustainable economic growth. 

They also suggest that environmental engagement should be further encouraged, also 

through the promotion of a better non-financial disclosure. As outlined by Krueger (2022) 

future regulation should apply to non-financial disclosure the same principles that 
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generally govern financial disclosure, which is mandatory, standardized, available in 

regulated disclosure documents, and audited. 


