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Abstract
The concept of sustainable banking has developed significantly in recent years. 
Previous research found that corporate social responsibility reduces firm risk, yet 
this empirical evidence refers almost exclusively to non-financial companies and it 
remains unclear whether the risk-mitigating effect stems from the environmental, 
social, or governance pillar. The paper aims to analyse the impact of corporate social 
responsibility activities on bank risk and to explore its determinants. Using a sam-
ple of 582 banks worldwide over the period from 2002 to 2018, we confirm a risk-
reducing effect of the corporate social responsibility activity on an aggregated level. 
The decomposition of this effect suggests that environmental activities determine 
this risk mitigation. In contrast, social and governance activities do not show simi-
larly unambiguous results. In this way, our analysis highlights the great importance 
of environmental aspects in banks’ risk management.

Keywords Bank risk · Default risk · Portfolio risk · Sustainability risk · CSR · ESG

JEL Classification G21 · G32 · M14 · Q56

1 Introduction

Sustainability has become one of the most pressing issues for society (United 
Nations 2015). Movements such as ‘Fridays for Future’ have recently contributed 
to the publicly perceived relevance of this topic in the context of climate change. 
However, the actual meaning of the term ‘sustainability’ remains unclear. A widely 
recognised definition of sustainability is a broad understanding of the term, one 
that is not only limited to ecological issues. For companies, sustainability is often 
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operationalised as their corporate social responsibility (CSR), which is a manage-
ment concept that integrates environmental, social, and ethical aspects of business 
operations into decision-making processes (Sassen et  al. 2016). Companies’ CSR 
activities can be assessed on the basis of scores for environmental, social, and gov-
ernance (ESG) performance (Chollet and Sandwidi 2018; Nofsinger et al. 2019).

Aside from companies’ responsibility to society, integrating ESG aspects into 
business activities can be seen as a form of risk management, whereby companies 
can reduce their vulnerability to sustainability risks and related financial risks. Due 
to its distinctive financial intermediation role, the banking industry is particularly 
exposed to sustainability risks. Banks are not only affected by ESG risks as compa-
nies themselves but also by the ESG risks of their clients (Bank of England 2018; 
EBA 2020). These risks are also reflected in banks’ traditional risk categories. In 
terms of environmental aspects, physical climate risks (e.g. extreme weather events) 
are comparatively negligible for banks, whereas transitory risks are of utmost inter-
est. For instance, the intended transition to a resource-efficient circular economy 
provides well-established industries (e.g. brown coal industry) with an uncertain 
future. As a result, bank financing for these industries is exposed to inherent credit 
and market price risks (‘stranded assets’). Furthermore, neglecting social and ethi-
cal standards bears the risk of reputational damage, fines, and consequently higher 
probabilities of default. Also, well-functioning governance structures ensure suitable 
business conduct. Risk management theory indicates that CSR activities have a risk-
reducing effect (e.g. Godfrey et al. 2009; Bouslah et al. 2013; Sassen et al. 2016).

Empirical evidence for non-financial companies shows a negative relationship 
between CSR and firm risk (i.a. Sharfman and Fernando 2008; Jo and Na 2012; 
Bouslah et al. 2018). At the same time, especially for banks, the interdependencies 
of CSR and risk have been sparsely investigated so far (Gangi et al. 2019). Focus-
sing on banks is relevant, however, because the financial system plays a pivotal role 
in the economic transformation process to a resource-efficient economy. Financial 
institutions provide the economy with capital and thus foster long-term economic 
growth (King and Levine 1993; Levine and Zervos 1998; Beck and Levine 2004). 
In this way, financial institutions are essential for the transformation process. What 
remains unclear is why risk is reduced and what determines the risk reduction.

We address these research gaps by analysing the effects of CSR activities on bank 
risk in detail. Our study is based on a data set of 582 banks from 2002 to 2018. We 
use Thomson Reuters’ ESG scores to measure banks’ CSR, and the granular data 
enable us to analyse the effects at different levels. Bank-specific characteristics are 
addressed by using different accounting-based risk measures. In detail, we quantify 
a bank’s default risk as well as its portfolio risk. Our analysis indicates a statisti-
cally significant risk-reducing effect for the overall CSR comprising all three pillars. 
Further, we conduct an in-depth analysis of the relationship between CSR and bank 
risk by separating CSR into three pillars (ESG) and ten sub-components. By doing 
so, we provide empirical evidence that the environmental pillar significantly deter-
mines the risk reduction. Analysing the effect of the environmental pillar in more 
detail yields that also individually, all sub-components of the environmental pil-
lar (Environmental Innovation, Emissions, and Resource Use) reduce bank risk. In 
contrast, the findings for the social and governance pillar are equivocal. Therefore, 
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we conclude that environmental engagement (rather than all three CSR dimensions) 
influences bank risk. Our results are robust to different model specifications, vari-
able definitions, and winsorisation levels. By analysing the effects of CSR on bank 
risk in detail, we respond to the suggestions of Gramlich and Finster (2013) by 
providing specific evidence for the banking sector. In this way, we generate novel 
insights and contribute to both the strand of bank-specific CSR literature (e.g. Wu 
and Shen 2013; Cornett et al. 2016; Finger et al. 2018) and the literature on CSR and 
firm risk in general (e.g. Oikonomou et al. 2012; Gramlich and Finster 2013; Sassen 
et al. 2016; Albuquerque et al. 2018).

The rest of the paper is structured as follows. The subsequent section presents 
bank-specific CSR literature, enabling us to highlight that the relationship between 
CSR and bank risk has been a blank spot on the research map so far. Based thereon, 
we elaborate on the relevant theory to explain the connection between CSR and 
bank risk. Consequently, we develop our research hypotheses. Section 3 provides a 
summary of the sample, the dataset, and the methodology applied, while Sect. 4 pre-
sents the results. The findings of several robustness checks are presented in Sect. 5. 
Section 6 summarises the main insights and aspects of further research areas.

2  Literature and hypotheses

2.1  Bank related literature

In times of globalisation and climate change, CSR attracts increasing public inter-
est. However, the term CSR is not universally defined.1 According to the United 
Nations, CSR is a “management concept whereby companies integrate social and 
environmental concerns in their business operations and interactions with their 
stakeholders. CSR is generally understood as being the way through which a com-
pany achieves a balance of economic, environmental, and social imperatives (‘Tri-
ple-Bottom-Line-Approach’), while at the same time addressing the expectations of 
shareholders and stakeholders.” (United Nations Industrial Development Organiza-
tion 2020).

For banks, CSR is even more important, first, because of their specific business 
activities and, second, due to the loss of confidence in the wake of the global finan-
cial crisis in 2007 (Nandy and Lodh 2012; Marie Lauesen 2013; Hurley et al. 2014). 
In contrast to the manufacturing industry, banks primarily offer services (i.e., intan-
gible products). Given the fact that the majority of clients have limited financial lit-
eracy, banks’ reputation and trust are valuable assets (Soana 2011). The grievances 
that emerged more than 10 years ago in the wake of the financial crisis play a cru-
cial role in this context. During that period, governments around the world rescued 
banks from bankruptcy with taxpayers’ money to avert further negative effects on 
the financial stability, the real economy, and the society (Bayazitova and Shivdasani 

1 Related concepts such as e.g. corporate sustainability, corporate social performance, or social perfor-
mance are subsumed under the term CSR.
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2012; Iannotta et al. 2013; Hryckiewicz 2014). In this light, the business practices of 
banks with an intention of short-term profit maximisation were at the center of criti-
cism (Wu and Shen 2013). Nevertheless, even in the post-crisis years, large capital 
market-oriented banks attracted attention again due to scandals such as the Libor 
manipulation (Fouquau and Spieser 2015; Köster and Pelster 2017). Altogether, this 
resulted in a historical loss of reputation for and trust in the banking sector (Esteban-
Sanchez et al. 2017). For these reasons, there is a particular public interest in banks’ 
CSR.

CSR is also a ‘hot topic’ in scientific research. A large number of studies have 
examined the manifold facets and implications of CSR for non-financial companies 
(Orlitzky and Benjamin 2001; Margolis et al. 2007; Friede et al. 2015), yet meta- 
and survey studies state that research on CSR in the financial sector is comparatively 
rare (Goyal et al. 2013; Gramlich and Finster 2013; Wang et al. 2016). The majority 
of these bank-specific CSR studies focus on financial performance.2 Wu and Shen 
(2013) examine the impact of CSR on banks’ financial performance as well as the 
deeper motives of the underlying CSR engagement. Based on the bank profit func-
tion, which reflects both costs and possible benefits of CSR, they find a positive 
influence on banks’ financial performance. In this context, strategic motives are 
seen as the primary driving force behind banks’ commitment to CSR, whereas CSR 
activities motivated by greenwashing or altruistic motives generate costs that are not 
offset by additional financial benefits. In line with these findings, Shen et al. (2016) 
report empirical evidence that CSR increases the financial performance of banks 
worldwide. Taking up this research, Cornett et  al. (2016) analyse the CSR effects 
on financial performance for banks around the financial crisis (2007) and report 
also a significant positive effect on financial performance. Their results are robust 
to different CSR definitions and performance measures. According to Scholtens and 
Dam (2007), the financial performance of banks that apply the Equator Principles3 
does not differ significantly from that of non-adopters. Finger et al. (2018) study the 
effects of the adoption of the Equator Principles on banks’ financial performance in 
industrialised and developing countries, finding no significant improvement in finan-
cial performance for banks in developed countries in the short and medium term, but 
observe a decline in financial performance in the long run for banks in developing 
countries. In addition, Chen et al. (2018) demonstrate that banks adopting the Equa-
tor Principles are stronger in terms of liquidity than non-applying banks.

Aside from the manifold literature on financial performance, from a risk perspec-
tive, only Gangi et  al. (2019) postulate that banks’ insolvency risk decreases as a 
consequence of their environmental commitment. Obviously, the effects of CSR on 
bank risk have so far been only sparsely investigated.

2 Financial performance can be measured in different ways. For example, return on assets, return on 
equity, net interest income, and non-interest income are widely used as indicators of banks’ financial 
performance.
3 The Equator Principles is a voluntary risk management framework that establishes a commitment of 
banks to integrate environmental and social aspects into project finance decisions. Since the first applica-
tion in 2003, almost 100 financial institutions have implemented the Equator Principles.
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2.2  Theoretical framework and hypotheses

The relation of CSR and firm risk4 builds on theory and empirical evidence. From 
a conceptual point of view, risk management theory provides a framework that sug-
gests the risk-reducing effects of CSR. In general, risk management includes actions 
like the identification, measurement, control, and mitigation of risks related to busi-
ness activities. CSR comprises the management of ecological, social, and ethical 
aspects and influences firm risk in this way (Bouslah et al. 2013; Vishwanathan et al. 
2019).

Given its increasing importance, central banks, the European Commission, and 
supervisory authorities have continuously called for better integration of sustainabil-
ity risks5 in financial institutions’ risk management (European Commission 2018; 
Bank of England 2018; EBA 2019). In the environmental context, most evident 
are the numerous risks related to climate change that occur in the transition to a 
resource-efficient circular economy. This risk category can be subdivided into ‘envi-
ronment-related’ risks and ‘climate-related’ risks. The former category is defined as 
risks arising from environmental degradation such as pollution, water scarcity, or 
land contamination, whereas the latter includes physical risks (e.g. extreme weather 
events) and transitory risks (i.e. policy and legal risks or regulatory changes) (NGFS 
2019). Because of banks’ intermediary function, climate-related risks represent 
additional financial risks. Some examples of transitory risks that affect the tradi-
tional bank risk categories would be new political requirements for the transition 
from brown to green business, the ongoing technological progress, or changes in 
customer preferences. All of them are associated with potential disruptions that 
threaten the existence of established technologies and business models (e.g. the 
replacement of the combustion engine (‘brown’ business models)) (TCFD 2017; 
Mies and Menk 2019). In extreme cases, investments or entire industries lose their 
earning capacity before the end of their useful life and become ‘stranded assets’ (e.g. 
nuclear power plants) (NGFS 2019). This jeopardises the loan repayment ability of 
borrowers (credit risk channel). To cope with the additional credit and market price 
risks, banks can integrate voluntary guidelines (e.g. the Equator Principles, which 
ensure a closer consideration of sustainability aspects) in their lending practices, 
adjusting the risk exposures on the balance sheet. Complementary to this, natural 
disasters like the flooding of branches pose an operational risk in the banking con-
text. Moreover, a massive outflow of customer deposits as a consequence of such 
environmental catastrophes represents an inherent liquidity risk (Bank of England 
2018; BaFin 2020). Banks should be aware of such risks and establish a suitable risk 
provision.

Besides that, banking yields a social risk dimension as well, involving banks’ 
interaction with employees and customers as well as the social perception of their 
business activities. Further, banks have to balance the pursuit of profitability with 

4 The term ‘firm risk’ is generally defined as “risk inherent in a firm’s operations as a result of external 
or internal factors that can affect a firm’s profitability” (Jo and Na 2012).
5 The term ‘sustainability risks’ comprises the ESG aspects equally.
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the preservation of ethical aspects (e.g. anti-money laundering, prevention of cor-
ruption and terrorism financing, and tax compliance). Specific actions could be the 
rejection of funding for disreputable sectors such as the arms industry or companies 
that violate labour and human rights standards, as well as the protection of highly 
sensitive customer data.

The financial crisis of 2007 was an important reminder of the necessity of func-
tioning governance structures (Laeven and Levine 2009; Srivastav and Hagendorff 
2016). For example, the misbehavior of traders like Kweku Adoboli (UBS) or 
Jérôme Kerviel (Société Générale) resulted in the loss of billions of euros for their 
respective banks (Rafeld et al. 2019). In this way, individual employees can consti-
tute an operational as well as reputational risk. By the adaptation of business ethics 
policies (like the UN Principles for Responsible Banking), banks could reduce prod-
uct and business ethics controversies and mitigate the risk of lawsuits and compen-
sation payments (Bouslah et al. 2018). Beyond this, effective governance structures 
also comprise clear cut responsibilities and proper compensation models, in a sense 
to minimise the incentives for misconduct by individual employees, constituting 
operational as well as reputational risk. Also, for the integration of ESG factors into 
the bank’s daily business, effective governance structures are essential (EBA 2020).

The examples described above highlight the theoretical relation of bank risk and 
CSR-related actions. Besides banking, research on non-financial companies has 
found that higher CSR is associated with lower financial risk (Orlitzky and Ben-
jamin 2001). Likewise, Luo and Bhattacharya (2009) find empirical evidence for 
the risk management hypothesis and confirm a negative relationship between CSR 
and firm risk. Moreover, CSR creates moral capital and goodwill. Particularly in 
times of crisis, moral capital acts as a protection mechanism and alleviates the nega-
tive feedback effects of external events (Godfrey et al. 2009). In sum, risk manage-
ment theory indicates that banks anticipate risk at an early stage. Consequently, CSR 
reduces a bank’s vulnerability to financial, operating, environmental, and social 
risks (McGuire et al. 1988; Feldman et al. 1997; Sharfman and Fernando 2008).

Based on risk management theory and the empirical evidence for non-finan-
cial companies, in Hypothesis 1 we assume that CSR and bank risk are related as 
follows:

H1: Overall CSR reduces bank risk.

Bank risk interacts differently with the various CSR elements, and so a more 
granular analysis is warranted (Bouslah et al. 2013; Girerd-Potin et al. 2014; Chollet 
and Sandwidi 2018). Specifically, this includes the effects of the single CSR pillars 
(ESG) and the sub-components the three pillars consist of.

As previously described, environmental aspects are associated with bank risk. 
The environmental pillar is determined by the usage of exhaustible resources, the 
release of emissions in the business process, and an innovative and sustainable prod-
uct portfolio. For instance, banks can link their lending practices to environmen-
tal criteria. Following risk management theory, a restrictive and selective lending 
process reduces banks’ credit and portfolio risk (Nandy and Lodh 2012). A lower 
portfolio risk also implies a lower default risk of the bank, because of more sta-
ble income streams. By adjusting the bank’s portfolio early to future environmental 
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expectations by law-makers and society, banks can anticipate future needs for adjust-
ment and pre-empt associated costs.

Social aspects are similarly relevant. Components of the social pillar such as 
working conditions or qualification measures indicate the quality of the bank’s 
endeavors to promote and appreciate its employees and society. Because banking is 
a servicing business and therefore reliant on good relationships with the workforce 
and customers, the social performance can have direct implications for the bank’s 
portfolio management performance and risk. As an expression of social responsibil-
ity, banks in the United States deferred interest and principal payments for affected 
borrowers in the aftermath of Hurricane Sandy (BusinessWire 2012). Similar to 
environmental engagement, and in line with risk management theory, banks can pre-
vent costly controversies by ensuring social principles in business practice.

Besides, governance practices are seen as particularly important in the context 
of bank risk (John et al. 2008). The governance pillar comprises effective manage-
ment, efficient and transparent decision-making processes, and the involvement of 
shareholders. Management and shareholders are key actors in the implementation of 
a sustainability philosophy and strategy. Therefore, consistent with risk management 
theory, we expect banks with good governance to be less failure-prone and behave in 
a more disciplined manner concerning their business practices (e.g. portfolio com-
position and individual misbehavior).

In sum, this raises the following hypothesis:

H2: Each single CSR-pillar (environmental–social–governance) has a reducing 
effect on bank risk.

3  Empirical approach

3.1  Sample and data

We perform an empirical analysis in order to test the hypotheses stated above. Our 
initial sample consists of 2452 banks worldwide, provided by Thomson Reuters’ 
Eikon for the TRBC-sector ‘Banking Services’. In total, the sample comprises banks 
from 115 countries around the world, with nearly a third headquartered in the United 
States. From the same data source, we collected fundamental data as well as ESG 
scores on an annual level.

ESG scores are used to quantify banks’ CSR. The Thomson Reuters ESG data-
base offers data on 400 different ESG metrics for more than 7000 companies world-
wide, including banks, since 2002. The overall ESG score—indicating the total ESG 
performance—is composed of three pillars (Environmental–Social–Governance), 
respectively ten sub-components. The composition of the ESG score is illustrated in 
Fig. 1. In contrast to the methodology used for the previous product ASSET 4, the 
pillars and sub-components are not equally weighted. Instead, their weights depend 
on the number of available metrics to calculate each sub-component. In total, 178 
metrics are considered to calculate the overall ESG score. Because only eight met-
rics are available for Human Rights and CSR-strategy, these sub-components have 
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the lowest weights in the total score (4.5%). With 34 metrics, information on Man-
agement is the most transparent and gets the largest weight in the total score (19%). 
Each metric is calculated as a percentage rank score (in relation to an industry 
benchmark). As a data source, Thomson Reuters uses publicly available company-
reported information (Refinitiv 2021).

The availability of the ESG scores is the restricting factor of our time series since 
they were not available before 2002. In order to enable the calculation of metrics 
like the standard deviation of return on assets (ROA), we collected additional funda-
mental data from 1997 to 2002. To control for country-specific effects, we retrieved 
macroeconomic data from the WorldBank database. Our final dataset comprises lon-
gitudinal data on 582 banks from 2002 to 2018. Figure 2 in the Appendix provides 
information about the origin of the banks. To ensure that our results are not driven 
by severe outliers and single erroneous data points, the data is winsorised at the 1st 
and the 99th percentile. Winsorisation is not applied to dummy variables and data 
on ESG scores, because they are subject to multiple checks and controls by Thom-
son Reuters.

3.2  Dependent variable and risk measures

In order to measure the impact of CSR on bank risk, we focus on accounting-based 
risk measures. This allows us to analyse listed and unlisted banks. In particular, we 
consider both banks’ default risk and portfolio risk.

We approximate default risk by different specifications of the z-score, which 
compares a bank’s ROA plus its capital adequacy ratio (CAR) with the standard 
deviation of ROA (Boyd et al. 1993; Laeven and Levine 2009). The CAR is defined 
as the ratio of equity to total assets (Houston et al. 2010). We calculate the standard 

Fig. 1  Composition of the Thomson Reuters ESG score. The graph shows the breakdown of the ESG 
score into its three pillars and its ten sub-components, as well as their weightings in the total score
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deviation of ROA for rolling windows of 5 years in our baseline scenario.6 Thus, 
the z-score is defined as the number of standard deviations the ROA has to drop 
below its mean until equity is entirely depleted. In this way, the z-score represents a 
measure of the risk that a bank becomes insolvent. The higher the z-score, the more 
secure the bank.

Portfolio risk is approximated by the risk density (RD), which is calculated as the 
amount of risk-weighted assets (RWA) over total assets reported on the balance 
sheet (Le Leslé and Avramova 2012; Baule and Tallau 2016). RWA are reported by 
the banks as a key regulatory indicator necessary to compute risk-sensitive regula-
tory CARs. In order to compute RWA, banks multiply each asset with a regulatory 
risk weight. RD is therefore supposed to reflect the total riskiness of a bank’s assets.

(1)z-scorei,t =
(ROAi,t + CARi,t)

�(ROAi,t)

(2)RDi,t =
Risk-weighted-assetsi,t

Total-assetsi,t

Table 1  Summary statistics of variables included

This table provides summary statistics on the variables and data considered in our analyses. The restrict-
ing factor is the availability of the ESG scores. The data is winsorised at the 1st and the 99th percentile. 
Panel A shows the statistics of the risk measures, Panel B of the ESG score and its pillars, and Panel C of 
the bank specific control variables included

Variables (1) (2) (3) (4) (5) (6) (7) (8)
N Min 25% 50% Mean 75% Max sd

Panel A
  z-score 4143 − 0.39 16.34 31.10 46.31 57.92 959.86 50.42
  RD 2980 0.06 48.43 63.96 62.59 76.83 579.31 25.56

Panel B
  ESG score 4143 12.30 35.20 48.09 50.86 66.46 93.53 18.94
  EnvPillar 4143 7.67 29.29 45.91 51.00 73.75 98.10 24.83
  SocPillar 4143 2.65 34.32 49.40 50.72 66.81 98.01 21.54
  GovPillar 4143 1.72 32.94 51.27 50.85 69.13 99.52 21.81

Panel C
  logFTE 3787 1.39 7.80 9.20 9.10 10.36 12.15 1.66
  LR 4143 − 16,986,120.31 718.68 1025.58 − 11,862.49 1569.98 21,030.75 392,593.30
  LoanRatio 3654 0.02 51.15 62.52 60.29 70.19 93.51 14.25
  DepRatio 3661 0.23 60.38 72.17 68.71 80.36 98.76 15.53
  ROE 4143 − 10,271.65 9.46 14.20 71.42 19.83 49,600.56 1556.94

6 There is no consensus about the adequate time frame of the rolling window in the literature (Schulte 
and Winkler 2019). Five years, however, is a widely recognised horizon. We apply a time frame of 
10 years in the robustness section as well.
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Table 10 in the Appendix summarises all the variables used in this study. Descrip-
tive statistics on the risk measures based on non-winsorised data are provided in 
Panel A of Table 1.

3.3  ESG scores and control variables

We approximate the CSR of a bank by its Thomson Reuters ESG score. Thereby, we 
differentiate the three pillars constituting the overall score, as well as for each sub-
component within each pillar. This enables us to perform an determinant analysis for 
each of the ten sub-components in order to study the relationship of CSR and risk in 
more detail.

Descriptive statistics on the ESG score and its three pillars are provided in 
Panel B of Table  1. All the scores, as well as the sub-components, are standard-
ised between 0 and 100. A visible and important insight for the statistical analysis is 
that the distributions of the scores have variation and are not static. Table 11 in the 
Appendix provides additional information on the correlation of the three pillars and 
the risk measures.

In order to mitigate omitted variable bias, we use several bank- and country-spe-
cific control variables in the multivariate regression models. Bank specifics are vari-
ables that characterise a particular bank, while macroeconomic variables are not 
specific to a particular bank but rather to a group of banks (e.g. country-specific). 
On the bank level, we control for size, capital structure, profitability, and the busi-
ness model of banks. We approximate size by the natural logarithm of full-time 
employees (logFTE). We use full-time employees instead of total assets in order to 
reduce issues with multicollinearity.7 The bank’s capital structure is approximated 
by the leverage ratio (LR) calculated as liabilities over equity and profitability as 
return on equity (ROE). Based on the differentiation of business models by Ayadi 
et al. (2016), we also consider the loans to assets ratio (LoanRatio) and the deposits 
to assets ratio (DepRatio). On the country level, we control for inflation, GDP-
growth ( GDPGrowth

Cap
 ), and GDP per capita ( GDPCap).

3.4  Methodology

In order to study the effect of CSR on bank risk, we apply a series of univariate and 
multivariate linear fixed effects (FE) regression models. The model is specified as 
follows:

while X comprises the bank specific variables and Y comprises the macroeconomic 
variables. The indices indicate: i = bank ; j = country ; t = fiscalyear.

(3)Riski,t+1 = �i + � ∗ ESGi,t + � ∗ Xi,t + � ∗ Yj,t + �t + �i,t,

7 The choice of the proxy for size does not affect our results. The explanatory power of our model and 
the significance of the variables included does not differ substantially compared with the use of log total 
assets.
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Riski,t indicates the observation of one of the risk measures used at time t at bank 
i. ESGi,t approximates the CSR of bank i at time t, and is specified as the ESG score, 
one of its three pillars, or one of the ten sub-components. The baseline models con-
sider 1  year lagged independent variables in order to mitigate endogeneity by a 
potential reverse causality or simultaneity bias. In Sect. 5, we consider a 2-year lag 
as well.

The regression models are specified with bank and time FEs, to account for unob-
served heterogeneity that may be correlated with the explanatory variables. The 
Hausman tests suggest that coefficient estimates in fixed and random effects mod-
els are not alike (with p-values < 1% ), therefore suggesting the rejection of ran-
dom effects. Robust Huber-White-sandwich estimates of variance are used for the 

Table 2  Multivariate robust FE regressions of risk on the ESG score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG score and bank and country specific control variables. The independent variables are 1 year 
lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance level. Data is win-
sorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.ESG score 0.8061*** 0.7749*** 0.6176*** − 0.1598*** − 0.1368* − 0.1572**
(0.09) (0.09) (0.10) (0.05) (0.07) (0.07)

L.logFTE 0.1783 2.2885 − 3.9859 − 3.2291
(4.19) (4.12) (5.57) (5.74)

L.LR − 0.0000*** − 0.0000*** 0.0000 0.0000**
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.1448 0.1201 0.2757** 0.2782**
(0.16) (0.16) (0.12) (0.12)

L.DepRatio 0.3383*** 0.2507** − 0.0977 − 0.1013
(0.11) (0.11) (0.13) (0.14)

L.ROE − 0.0010*** − 0.0006** − 0.0001 0.0000
(0.00) (0.00) (0.00) (0.00)

L.Inflation − 0.0277 0.0333
(0.35) (0.10)

L.GDPGrowth
Cap

1.2607*** 0.3616*
(0.36) (0.19)

L.GDPCap 0.0016 0.0000
(0.00) (0.00)

Constant 6.3560 − 24.7530 − 91.1087* 70.3927*** 96.1081 87.9577
(4.75) (39.97) (47.32) (2.78) (60.31) (61.69)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0413 0.0450 0.0611 0.0059 0.0107 0.0119
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statistical analysis to account for group-wise heteroscedasticity in the residuals of 
the regression models (Froot 1989; Williams 2000).

4  Results

Table  2 summarises the results of panel regressions of bank risk on the overall 
ESG score as a measure for banks’ total CSR. Models 1–3 show the results for the 
z-score as a measure for default risk, while Models 4–6 illustrate the results for RD 
as a measure for portfolio risk. Models 1 and 4 depict univariate regression results, 
without any control variables. The coefficient in Model 1 is positive and statisti-
cally significant at the 1% level. This indicates that the ESG score in the previous 
year increases the z-score and therefore lowers the default risk of the bank. Model 2 
includes additional bank-specific control variables, while Model 3 includes country-
specific control variables as well. Both coefficients remain positive and highly sta-
tistically significant, supporting the result that the ESG score increases the z-score, 
thereby reducing banks’ default risk. Concerning the economical relevance, we 
interpret that an increase of the ESG score by one unit is associated with a 0.62 
higher z-score. The coefficients in Models 4–6 for the effect on RD are all negative 
and statistically significant. This indicates that CSR reduces the RD (i.e., the portfo-
lio risk of a bank). Model 4 for the univariate results implies significance at the 1% 
level. The results remain negative and statistically significant if bank-specific con-
trol variables are included (Model 5) and if country-specific variables are included 
(Model 6). An increase of one unit of the ESG score is associated with a decrease 
of the RD of 0.16 percentage points. Taken together, the results indicate that banks’ 
CSR activities on aggregate reduce the default and portfolio risk. Overall, the results 
are in line with risk management theory and provide empirical evidence for our first 
hypothesis.

In Hypothesis 2, we examine the interaction of the various CSR components with 
bank risk. Tables 3, 4 and 5 provide the multivariate regression results for each of 
the three pillars of the total ESG score. For the environmental pillar (Table 3), we 
find highly statistically significant effects in the univariate Model 1 and Model 4. 
These results are robust to bank-specific controls (Model 2 and Model 5) and coun-
try-specific controls (Model 3 and Model 6) at the 1% level. Consequently, the envi-
ronmental pillar has a risk-reducing effect on bank risk, as measured by both risk 
indicators. This is in line with Hypothesis 2.

Table 4 illustrates that for the social pillar of the ESG score, the results are not 
as unanimous as for the environmental pillar. Instead, the results depend on the 
bank risk proxies. As for the environmental pillar, we find highly significant coeffi-
cients in Models 1–3 for the social pillar on the z-score that approximates the banks’ 
default risk. For the coefficients for RD in Models 4–6 approximating portfolio risk, 
however, we cannot find statistical significance, even though the direction of the 
coefficients is in line with expectation.

Table 5 provides the results for the governance pillar of the ESG score. Again, 
we find highly significant coefficients in Models 1–3 for the governance pillar of the 
ESG score, while for the RD, we only find statistical significance in the univariate 
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Model 4. The results in Models 5–6, including bank-specific and country-specific 
control variables, show no statistical significance.

So far, we found that the risk-reducing effect differs between the pillars. In 
general, all pillars reduce default risk measured by the z-score. In addition, the 
environmental pillar also affects the portfolio risk with statistical significance. 
Taken together, the environmental pillar shows the strongest effects in magnitude 
and significance and is the only pillar with clear and unequivocal effects. How-
ever, the identification of single risk drivers within the three pillars is not possible 
at this stage, thus we explore the risk-reducing effects of the ten sub-components 
of the total ESG score in the following step. Considering the different weights of 
the ten sub-components, this procedure contributes to the validity of our results 

Table 3  Multivariate robust FE regressions of risk on the environmental score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG environmental pillar score (EnvPillar) and bank and country specific control variables. The 
independent variables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) sig-
nificance level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.EnvPillar 0.5589*** 0.5415*** 0.4393*** − 0.1359*** − 0.1296*** − 0.1436***
(0.07) (0.07) (0.08) (0.04) (0.04) (0.04)

L.logFTE 0.8016 2.5585 − 3.5049 − 2.7782
(4.23) (4.13) (5.29) (5.43)

L.LR − 0.0000*** − 0.0000*** 0.0000 0.0000**
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.1412 0.1150 0.2854** 0.2880**
(0.16) (0.16) (0.12) (0.12)

L.DepRatio 0.3986*** 0.2990*** − 0.1142 − 0.1204
(0.11) (0.11) (0.13) (0.13)

L.ROE − 0.0010*** − 0.0006** − 0.0000 0.0000
(0.00) (0.00) (0.00) (0.00)

L.Inflation − 0.0440 0.0220
(0.35) (0.10)

L.GDPGrowth
Cap

1.2126*** 0.3633*
(0.36) (0.19)

L.GDPCap 0.0016 0.0001
(0.00) (0.00)

Constant 18.7935*** − 22.5995 − 88.3094* 69.2300*** 91.9350 83.2806
(3.52) (41.21) (47.69) (1.94) (58.49) (59.38)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0402 0.0451 0.0622 0.0088 0.0138 0.0153
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and leads to a profound understanding of the effects of the three pillars. The find-
ings for multivariate regressions are depicted in Table 6.

The environmental pillar consists of the sub-components Emissions, Envi-
ronmental Innovation, and Resource Use. The Emissions score reflects a bank’s 
self-commitment to emissions reduction, while Environmental Innovation reflects 
a bank’s capacity to develop and support eco-friendly products and processes, 
thereby reducing ecological costs for its customers. In the case of banks, this can 
be the integration of ecological factors into their lending practice (e.g. the Equa-
tor Principles) that leads to lower credit risk, which explains the risk reduction 
(credit risk channel). Lastly, Resource Use measures the efficiency of a firm’s 
resource usage. Given the significances, all three sub-components show a risk-
reducing effect, considering the default and portfolio risk. The results are also in 

Table 4  Multivariate robust FE regressions of risk on the social score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG social pillar score (SocPillar) and bank and country specific control variables. The inde-
pendent variables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) signifi-
cance level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.SocPillar 0.5181*** 0.4579*** 0.2958*** − 0.0549 − 0.0342 − 0.0441
(0.08) (0.08) (0.09) (0.04) (0.05) (0.05)

L.logFTE 4.1909 6.2426 − 5.3885 − 4.7190
(4.48) (4.43) (5.37) (5.53)

L.LR − 0.0000*** − 0.0000*** 0.0000 0.0000**
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.1876 0.1566 0.2643** 0.2680**
(0.16) (0.17) (0.12) (0.12)

L.DepRatio 0.3390*** 0.2475** − 0.1040 − 0.1070
(0.11) (0.12) (0.13) (0.13)

L.ROE − 0.0009*** − 0.0005** − 0.0001 0.0000
(0.00) (0.00) (0.00) (0.00)

L.Inflation − 0.2096 0.0802
(0.35) (0.11)

L.GDPGrowth
Cap

1.1619*** 0.3823**
(0.36) (0.19)

L.GDPCap 0.0018* − 0.0000
(0.00) (0.00)

Constant 21.2068*** − 48.0482 − 119.3424** 64.8943*** 104.8033* 99.2207*
(3.81) (43.38) (50.89) (1.87) (58.73) (59.85)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0236 0.0278 0.0480 0.0006 0.0073 0.0079
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line with risk management theory, and the three variables can be interpreted as 
indicators of managerial sophistication to reduce operative costs and contribute to 
higher and more stable income. They are also related to lower operational trans-
formation risk and reputation risk. In this way, the sub-components of the envi-
ronmental pillar reflect aspects of a forward-looking risk management approach. 
This also confirms our major finding that the environmental pillar as a whole has 
a risk-reducing effect on bank risk.

The sub-components Community, Human Rights, Product Responsibility, and 
Workforce are part of the social pillar. The Community score is a proxy of com-
panies’ ethical behavior and involvement with the society. However, we find no 
significance in any model, which means that the sub-component does not affect 
bank risk. Instead, we find high statistical significance for Human Rights in all six 

Table 5  Multivariate robust FE regressions of risk on the governance score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG governance pillar score (GovPillar) and bank and country specific control variables. The 
independent variables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) sig-
nificance level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.GovPillar 0.2886*** 0.2710*** 0.2264*** − 0.0727* − 0.0474 − 0.0502
(0.06) (0.06) (0.06) (0.04) (0.05) (0.05)

L.logFTE 8.9838* 8.8121** − 5.4582 − 4.9101
(4.57) (4.40) (5.15) (5.30)

L.LR − 0.0000*** − 0.0000** 0.0000 0.0000**
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.2188 0.1741 0.2614** 0.2638**
(0.16) (0.17) (0.12) (0.12)

L.DepRatio 0.3234*** 0.2268* − 0.0936 − 0.0959
(0.11) (0.12) (0.14) (0.14)

L.ROE − 0.0007*** − 0.0004** − 0.0001 − 0.0000
(0.00) (0.00) (0.00) (0.00)

L.Inflation − 0.2330 0.0768
(0.36) (0.11)

L.GDPGrowth
Cap

1.2033*** 0.3689**
(0.36) (0.19)

L.GDPCap 0.0019* − 0.0000
(0.00) (0.00)

Constant 32.8002*** − 83.2546* − 141.8616*** 65.7275*** 105.5128* 100.7562*
(3.14) (45.56) (48.49) (2.00) (57.35) (58.12)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0098 0.0203 0.0476 0.0021 0.0079 0.0084
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models. Human Rights, therefore, reduces both default risk as well as portfolio 
risk, and reflects the compliance with human rights and labour protection require-
ments. By renouncing the financing of, for example, the arms industry or companies 
with doubtful working standards (e.g. child labour in mines), banks, in particular, 
can contribute to the worldwide compliance with human rights. Otherwise, dis-
regard potentially causes lawsuits constituting operational risk and severe reputa-
tional damage. The interaction is in line with risk management theory. Moreover, 
Product Responsibility is determined by product quality control programs, a high-
quality complaint management service, and the protection of sensitive customer 

Table 6  Multivariate robust FE regressions of risk measures on the ten ESG sub-components

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions of risk on the ten different sub-components of the ESG score. Column (1) and (4) provide univari-
ate results. The regression coefficients in column (2) and (5) account for bank specific control variables. 
Those in column (3) and (6) account for bank and country specific controls. The table shows only the 
coefficients of the variables of interest. Those of the control variables are not depicted. The independent 
variables are 1 year lagged. Significance is denoted at the 10% (*), 5% (**), and 1% (***) significance 
level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.Env. Innovation 0.3282*** 0.3296*** 0.2310*** − 0.1302*** − 0.1315*** − 0.1465***
(0.06) (0.06) (0.06) (0.04) (0.05) (0.05)

L.Emissions 0.4007*** 0.3618*** 0.2880*** − 0.0839*** − 0.0733** − 0.0800**
(0.05) (0.05) (0.06) (0.03) (0.03) (0.03)

L.Resource Use 0.4639*** 0.4279*** 0.3644*** − 0.0816*** − 0.0688** − 0.0726***
(0.06) (0.06) (0.07) (0.02) (0.03) (0.03)

L.Community 0.0808 0.0322 − 0.0391 − 0.0202 − 0.0131 − 0.0157
(0.05) (0.06) (0.05) (0.03) (0.03) (0.03)

L.Human Rights 0.3037*** 0.2674*** 0.1602*** − 0.1269*** − 0.1165*** − 0.1227***
(0.05) (0.06) (0.06) (0.02) (0.03) (0.03)

L.Product Respon. 0.1749*** 0.1294** 0.0385 0.0360 0.0509** 0.0510*
(0.06) (0.06) (0.06) (0.02) (0.03) (0.03)

L.Workforce 0.3435*** 0.3182*** 0.2486*** − 0.0396 − 0.0310 − 0.0374
(0.05) (0.05) (0.06) (0.03) (0.04) (0.04)

L.CSR-strategy 0.2440*** 0.1742*** 0.0890* − 0.0624** − 0.0482* − 0.0557**
(0.05) (0.05) (0.05) (0.02) (0.03) (0.03)

L.Management 0.1859*** 0.1853*** 0.1615*** − 0.0307 − 0.0164 − 0.0178
(0.04) (0.04) (0.04) (0.02) (0.03) (0.03)

L.Shareholders 0.0150 0.0096 0.0116 − 0.0423* − 0.0326 − 0.0031
(0.04) (0.05) (0.05) (0.02) (0.03) (0.03)

Bank controls No Yes Yes No Yes Yes
Country controls No No Yes No No Yes
N 3949 3200 3117 2904 2674 2635



413

1 3

Corporate social responsibility and bank risk  

data. However, we find conflicting results for this sub-component. The Workforce 
score only affects the z-score with high statistical significance. This underlines the 
value of good working conditions as well as ongoing employee qualification train-
ing. Nonetheless, it has no significance for RD. Notably, except for Human Rights, 
the sub-components of the social pillar do not statistically influence banks’ portfolio 
risk. A reason for this could be the operationalization of the single sub-components 
by several indicators, which have no or only little influence on banks’ RWA. For 
instance, most of the considered indicators do not influence the lending practice, 
thus the credit risk channel remains ineffective. Altogether, we find a strong depend-
ence on the specific sub-components considered in the social pillar, even though we 
do not find any contradicting and significant effects. The inconclusive results for 
the Workforce score determine the effect of the aggregate social score. Workforce 
accounts for 16 of 35.5 percentage points, while the unambiguously significant sub-
component Human Rights accounts for only 4.5 percentage points.

The governance pillar consists of the sub-components for CSR-strategy, 
Management, and Shareholders. The CSR-strategy score measures the extent 
to which a bank communicates its consideration of social and environmental 
aspects in its decision-making processes and is the only sub-component within 
the governance pillar that has statistical significance in all six models. This result 
provides two implications: first, to the extent that talk corresponds with action, 
the effect can be interpreted as an active approach to managing risk, consider-
ing also environmental and social risks in day-to-day business. Second, through 
CSR reporting, which is part of the CSR-strategy, information asymmetries will 
be further reduced and risks mitigated. This finding is in line with the literature 
(Cui et al. 2018). For the sub-component Management, we observe high statisti-
cal significance for the z-score. However, we cannot find any statistical signifi-
cance for the RD. The Management score measures the extent to which banks’ 
corporate governance follows best practices. Our results indicate that such com-
pliance affects default risk significantly but not portfolio risk. This indicates that 
good management practices reduce vulnerability to misconduct, which exposes 
the bank to additional default risk, but is not necessarily reflected in its RWAs. 
Moreover, the Shareholders score does not have statistical significance concern-
ing the effects on the z-score. Also, it has no statistical significance on RD in 
Models 5–6, and only in the univariate Model 4 do we observe a low signifi-
cance at the 10% level. This sub-component identifies the degree of fair treat-
ment and protection of shareholders by the bank, including anti-takeover action. 
In particular, anti-takeover actions can serve as an intuitive explanation that this 
sub-component does not have a clear risk-reducing effect. Considering extreme 
actions like so-called ‘poison pills’ explains how such action can indeed lead to 
an increase in portfolio risk as well as default risk. In conclusion, we find mixed 
results for the sub-components of the governance pillar. The aggregate effect of 
the governance pillar is, however, dominated by the Management score, which 
accounts for 19 of 30.5 percentage points. In this way, the Management score 
explains why the effect of the aggregate governance score is not unambiguously 
risk reducing.
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5  Robustness

In order to test the robustness of the results provided above, we perform a battery of 
additional tests. First, we re-estimate our aforementioned results by substituting all 
the variables of interest by the same variables with a 2-year lag, respectively with-
out any time lag. This should ensure that the effects measured do not depend on 
the specific time lag considered. Table 7 provides the results for the ESG score and 
its three pillars. As illustrated, the results do not significantly change, and the ESG 
score remains highly significant for the z-score. For the RD, the ESG score has an 
even higher significance considering a 2-year lag, and the significance for the ESG 
score without a time lag is slightly lower. The environmental pillar remains signifi-
cant in all models, independent of the time lag considered. The social pillar remains 

Table 7  Multivariate robust FE regressions of risk on CSR

Robustness tests for different time lags. The table shows the coefficients and standard errors (in parenthe-
sis) of multivariate robust FE regressions of risk on the ESG score, respectively its three pillars. Column 
(1) and (4) provide univariate results. The regression coefficients in column (2) and (5) account for bank 
specific control variables, in column (3) and (6) account for bank and country specific controls. The first 
panel provides results for variables of interest without time lag. The second panel provides results for 
variables of interest with a 2 years time lag. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) 
significance level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

Without lag
  ESG score 0.7169*** 0.6900*** 0.5526*** − 0.1211*** − 0.0838 − 0.1020*

(0.09) (0.10) (0.11) (0.04) (0.06) (0.06)
  EnvPillar 0.5274*** 0.5015*** 0.4175*** − 0.1100*** − 0.1224*** − 0.1341***

(0.07) (0.07) (0.08) (0.03) (0.03) (0.03)
  SocPillar 0.4465*** 0.3495*** 0.2013** − 0.0685* − 0.0695 − 0.0813*

(0.07) (0.08) (0.09) (0.04) (0.05) (0.05)
  GovPillar 0.2366*** 0.2235*** 0.1798*** − 0.0242 − 0.0089 − 0.0092

(0.06) (0.06) (0.06) (0.03) (0.04) (0.04)
2 years lagged
  L2.ESG score 0.7421*** 0.6945*** 0.5589*** − 0.1700*** − 0.1359** − 0.1544***

(0.09) (0.09) (0.10) (0.05) (0.06) (0.06)
  L2.EnvPillar 0.5214*** 0.4962*** 0.4041*** − 0.1292*** − 0.1082*** − 0.1180***

(0.07) (0.07) (0.07) (0.04) (0.04) (0.04)
  L2.SocPillar 0.4971*** 0.4472*** 0.3208*** − 0.0817* − 0.0576 − 0.0661

(0.08) (0.08) (0.09) (0.05) (0.04) (0.04)
  L2.GovPillar 0.2217*** 0.2067*** 0.1588** − 0.0705*** − 0.0402 − 0.0388

(0.07) (0.07) (0.07) (0.03) (0.03) (0.03)
Bank controls No Yes Yes No Yes Yes
Country controls No No Yes No No Yes
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highly significant for the z-score. For the RD, the social pillar has no significance 
considering 1-year lagged variables, yet it is surprisingly weakly significant at the 
10% level in two of three models if the variables are considered without time lag. 
The governance pillar remains highly significant for the z-score, although for RD it 
remains insignificant, except for the univariate model.

Second, we apply different levels of winsorisation to the data. We use winsorisa-
tion at 5th and the 95th%-percentage levels to account for a broader definition of 
outliers. Alternatively, we abandon winsorisation and use the original data. These 
alternative procedures have no material effects on the coefficients of the variables of 
interest. As Tables 12, 13, 14 and 15 in the Appendix show, however, the explana-
tory power of the models is higher considering a winsorisation at the 5th and the 
95th% percentile levels. Some control variables gain additional significance as well.

Third, for the regression models performed throughout the study, we used panel 
OLS regression models with bank and time FEs following the Hausman test. How-
ever, the results hold as well if a maximum likelihood estimation model or a random 
effects estimation model is applied. In the latter case, we also consider the inclu-
sion of additional time-invariate, country-specific control variables like those used 
by Laeven and Levine (2009): an index of the shareholder rights by Porta et  al. 
(1998), a dummy variable that captures if the country has deposit insurance (from 
Laeven et al. (2008)), and an index of regulatory oversight of bank capital as well 
as an index of regulatory restrictions on the activities of banks, both from Barth 
et  al. (2008). Their inclusion does not materially affect the regression models or 
the effects of our variables of interest—the ESG scores. As another alternative, we 
specify our regression models with country-FEs instead of bank-FEs. The results are 
similar to those of our baseline models (Tables 2, 3, 4 and 5).

Fourth, we consider additional country-specific control variables in our base-
line models with bank-FEs. In this way, we investigate country specifics and further 
eliminate potential omitted variable bias. A prerequisite for the inclusion of addi-
tional country controls is a certain degree of variance over time, otherwise, they are 
already absorbed and controlled by the bank-FEs. Following Wu and Shen (2013), 
we enhance our FE models shown in Tables 2, 3, 4 and 5 by corruption and banking 
market concentration. We measure corruption as the perceived corruption provided 
by Transparency International’s Corruption Perception Index. We capture banking 
market concentration as the share of the assets of the three largest banks per coun-
try in the countries’ total amounts of banking assets (Bikker and Haaf 2002). Both 
variables increase the explanatory power of the regression models. While banking 
market concentration has no significant effects on the risk measures, corruption sig-
nificantly increases portfolio risk. That means that the higher the corruption in a 
country, the higher the share of RWAs on the balance sheet. The effects of the ESG 
scores or the remaining variables in the regression models are, however, not materi-
ally affected by the addition of corruption and banking market concentration. The 
results that are not depicted here are available upon request.

Fifth, we further investigate whether the effects depend on invariate differences 
between the banks considered. In this way, we run our FE regression models sepa-
rately for different sub-samples of our full sample. Our original sample was global, 
but following Demirgüç-Kunt and Levine (1999), we analyse sub-samples of banks 



416 F. Neitzert, M. Petras 

1 3

from bank- versus market-based economies. Furthermore, we investigate whether a 
sub-sample of civil law countries yields different results compared with common 
law countries, motivated by the results of Miralles-Quirós et  al. (2019). In both 
cases, we do not find elementary differences. These results are also available upon 
request.

Sixth, we perform specific robustness checks for the measurement of the z-score. 
In particular, we calculate the z-score using standard deviations of ROA for rolling 
windows of ten instead of only 5 years. Even though 5 years is a widely appreciated 
window, 10 years should yield more reliable inputs. The results are robust to such an 
alternative calculation as well.

Table 8  Multivariate robust FE regressions of the two channels of the z-score on the ESG score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the different sub-components of the z-score, i.e. the risk-weighted 
ROA and the risk-weighted CAR. The independent variables are the ESG score and bank and country 
specific control variables. The independent variables are 1  year lagged. Significance is denoted at the 
10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance level. Data is winsorised at the 1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score z-score z-score z-score

(ROA) (ROA) (ROA) (CAR) (CAR) (CAR)

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.ESG score 0.0866*** 0.0888*** 0.0744*** 0.7193*** 0.6860*** 0.5431***
(0.01) (0.01) (0.02) (0.08) (0.08) (0.09)

L.logFTE − 0.0743 0.1626 0.2593 2.1525
(0.77) (0.78) (3.53) (3.46)

L.LR − 0.0000*** − 0.0000* − 0.0000*** − 0.0000***
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.0207 0.0176 0.1224 0.1013
(0.02) (0.02) (0.13) (0.14)

L.DepRatio 0.0397** 0.0283 0.3004*** 0.2234**
(0.02) (0.02) (0.09) (0.09)

L.ROE − 0.0001*** − 0.0000 − 0.0009*** − 0.0006**
(0.00) (0.00) (0.00) (0.00)

L.Inflation − 0.0217 − 0.0056
(0.05) (0.31)

L.GDPGrowth
Cap

0.2431*** 1.0090***
(0.05) (0.31)

L.GDPCap 0.0002 0.0014
(0.00) (0.00)

Constant 2.6238*** − 0.6165 − 7.884 3.7116 − 24.2422 − 83.4566**
(0.70) (6.95) (7.57) (4.13) (33.98) (40.96)

N 3949 3200 3117 3953 3203 3120
R2
adj

0.0231 0.0283 0.0427 0.0432 0.0466 0.0626
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Table 9  Multivariate robust FE regressions of the two channels of the z-score on the pillars and sub-
components of the ESG score

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the different sub-components of the z-score, i.e. the risk-weighted 
ROA and the risk-weighted CAR. The independent variables are the ESG score, its three pillars, and ten 
sub-components. Control variables are not depicted. Column (1) and (4) provide univariate results. The 
regression coefficients in column (2) and (5) account for bank specific control variables. Those in column 
(3) and (6) account for bank and country specific controls. The independent variables are 1 year lagged. 
Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance level. Data is winsorised at the 
1st and the 99th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score z-score z-score z-score

(ROA) (ROA) (ROA) (CAR) (CAR) (CAR)

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.EnvPillar 0.0629*** 0.0649*** 0.0555*** 0.4958*** 0.4766*** 0.3837***
(0.01) (0.01) (0.01) (0.06) (0.06) (0.07)

L.SocPillar 0.0530*** 0.0517*** 0.0356*** 0.4654*** 0.4061*** 0.2602***
(0.01) (0.01) (0.01) (0.07) (0.07) (0.08)

L.GovPillar 0.0300*** 0.0286*** 0.0247*** 0.2581*** 0.2420*** 0.2016***
(0.01) (0.01) (0.01) (0.05) (0.06) (0.05)

L.Env. Innovation 0.0379*** 0.0405*** 0.0309*** 0.2900*** 0.2894*** 0.2000***
(0.01) (0.01) (0.01) (0.05) (0.06) (0.06)

L.Emissions 0.0460*** 0.0441*** 0.0370*** 0.3544*** 0.3177*** 0.2511***
(0.01) (0.01) (0.01) (0.04) (0.05) (0.05)

L.Resource Use 0.0500*** 0.0495*** 0.0437*** 0.4138*** 0.3782*** 0.3205***
(0.01) (0.01) (0.01) (0.05) (0.05) (0.06)

L.Community 0.0009 − 0.0037 − 0.0114 0.0798* 0.0360 − 0.0275
(0.01) (0.01) (0.01) (0.04) (0.05) (0.05)

L.Human Rights 0.0347*** 0.0343*** 0.0240*** 0.2690*** 0.2332*** 0.1361***
(0.01) (0.01) (0.01) (0.05) (0.05) (0.05)

L.Product Respon. 0.0182** 0.0164** 0.0064 0.1564*** 0.1129* 0.0320
(0.01) (0.01) (0.01) (0.05) (0.06) (0.05)

L.Workforce 0.0371*** 0.0374*** 0.0310*** 0.3069*** 0.2809*** 0.2176***
(0.01) (0.01) (0.01) (0.04) (0.05) (0.05)

L.CSR-strategy 0.0303*** 0.0248*** 0.0167** 0.2127*** 0.1495*** 0.0723*
(0.01) (0.01) (0.01) (0.04) (0.04) (0.04)

L.Management 0.0202*** 0.0205*** 0.0184*** 0.1653*** 0.1644*** 0.1430***
(0.01) (0.01) (0.01) (0.04) (0.04) (0.04)

L.Shareholders − 0.0025 − 0.0037 − 0.0031 0.0176 0.0134 0.0145
(0.01) (0.01) (0.01) (0.04) (0.05) (0.04)

Bank controls No Yes Yes No Yes Yes
Country controls No No Yes No No Yes
N 3949 3200 3117 3953 3203 3120



418 F. Neitzert, M. Petras 

1 3

Seventh, analogous to Schulte and Winkler (2019), we separate the z-score into 
changes associated with ROA and changes associated with the CAR. Such a decom-
position yields a measure of the z-score that relates only the ROA to the standard 
deviation of ROA. This can be interpreted as a risk-adjusted ROA.

On the other hand, the decomposition yields a z-score measure relating only the 
CAR to the standard deviation of ROA. This can be interpreted as a risk-adjusted 
CAR.

Table 8 illustrates the results for the separate regressions of the risk-adjusted ROA 
on the overall ESG score in Model 1–3 and for the risk-adjusted CAR in Model 4–6. 
The effect of the ESG score remains significant in all models. This implies that CSR 
affects bank default risk through both channels. Table 9 provides the coefficients of 
regressions of the risk-adjusted ROA in Model 1–3, respectively of the risk-adjusted 
CAR in Model 4–6, on the three pillars of the ESG score and its ten sub-compo-
nents. Control variables are not depicted.

6  Conclusions

CSR has gained a lot of attention in recent years. Our study examines the rela-
tionship between CSR activities and bank risk. We contribute to the literature in 
the following ways: whereas the majority of studies explore the effects of CSR 
on firm risk for non-financial companies, our focus is specifically on banks. For 
this purpose, we use a data set of 582 banks worldwide, covering the period from 
2002 to 2018. In order to address the bank specifics, we analyse the CSR effect 
on both default risk and portfolio risk. Namely, we use the z-score as a proxy for 
default risk and RD to measure portfolio risk. We examine the effect of CSR on 
bank risk at an aggregate CSR level, both individually for the three CSR pillars 
as well as for the pillars’ ten sub-components. Our first hypothesis addresses the 
impact of overall CSR on banks’ default risk and portfolio risk. We find strongly 
significant risk-reducing effects for both risk measures. The breakdown of the 
default risk measure z-score into individual components indicates that CSR 
has a positive association with both risk-adjusted ROA and risk-adjusted CAR. 
On this basis, our second research question analyses the isolated effects of the 
environmental, social, and governance pillars on a bank’s risk. In contrast to the 

(4)z-scoreROA
i,t

=
ROAi,t

�(ROAi,t)

(5)z-scoreCAR
i,t

=
CARi,t

�(ROAi,t)
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overall results, the analysis of the individual pillars presents a slightly different 
picture. The risk-reducing effect of the environmental pillar still applies to both 
risk measures, yet for the social and governance pillars, there is only a statisti-
cally significant risk-reducing effect on default risk, but not on portfolio risk. In 
order to understand the reasons for these results, we conducted an analysis of 
the pillars’ sub-components. The observed effects of all the sub-components of 
the environmental pillar are consistent with previous results. Thereby, it appears 
that all sub-components of this pillar (Emissions, Environmental Innovation, 
Resource Use) have a strongly significant impact on z-score and RD. This 
implies that the environmental pillar and its sub-components determine the risk 
reduction. Considering the social pillar and the governance pillar, we do not find 
unambiguous results. Only the sub-components Human Rights and CSR-strategy 
have unequivocally risk-reducing effects on both risk measures. To conclude, our 
empirical analysis supports our second hypothesis entirely concerning the envi-
ronmental pillar, whereas only for specific sub-components of the social and the 
governance pillar, and so it can be unambiguously inferred that they reduce both 
bank risk measures. This means, as an implication for the risk management of 
banks, that integrating ESG factors into day-to-day business and lending activi-
ties reduces default and portfolio risk.

Our results have relevant theoretical and practical implications. From a scientific 
and analytical point of view, we contribute additional insights on influencing fac-
tors of banks’ default and portfolio risk. From the bank management perspective, 
we provide an additional rationale to consider environmental aspects in particular. 
The association with lower bank risk should serve as encouragement and additional 
argument in internal decision-making processes. Because of the identified associ-
ation, it is in the bank’s own interest to improve its environmental CSR. From a 
regulator’s and law maker’s perspective, our results support attempts to foster CSR-
compliant behavior.

We are aware of the limitations of our study. Certainly, one issue is the unbal-
anced panel structure. In addition, the unique use of the Thomson Reuters database 
carries the inherent risk of selection bias. Moreover, it could be interesting to use 
additional risk measures to enhance the validity of the results. However, due to a 
lack of data availability (e.g. Credit Default Swap spreads or non-performing loans), 
this is not feasible. Also, we are aware that we are not in a position to draw final con-
clusions about the suitability of a ‘Green Supporting Factor’, because we only have 
evidence on the relationship between environmental engagement and risk, but not on 
the average risk weight of a ‘green’ investment.

The following aspects could be interesting for further investigation. First, the 
validity of our results could be verified by using other risk measures, in par-
ticular market-based measures. Likewise, it might be useful to decompose the 
risk measure RD into single risk types (credit, market, and operational risk) to 
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examine the impact of the ESG pillars and the sub-components on these differ-
ent types of risk. In the same way, natural disasters like Fukushima or Hurricane 
Sandy could be used as a reference for natural experiments to investigate the 
relationship and test our results. These would, also, provide evidence on the per-
ceived risk of market participants. Second, it is highly relevant to examine the 
interaction of CSR and bank risk with respect to widely known CSR motives, 
namely strategic, altruistic, and greenwashing. Third, it would be a promising 
undertaking to perform a detailed analysis of banks’ asset structures. In this way, 
we could further analyse the effect on the RD. Fourth, our study provides first 
exploratory insights into relevant determinates of the effects of CSR on bank 
risk. Further research should focus on the specific cause-effect relations between 
bank risk and the sub-components.

Appendix

See Fig. 2 and Tables 10, 11, 12, 13, 14 and 15.

Fig. 2  The graph above provides information on the regional origin of the banks. Depicted are the abso-
lute numbers of banks per continent. The total number of banks with available ESG scores in the sample 
is 582
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Table 10  Description of variables

The table gives short descriptions of the variables used in this study. Panel A comprises the risk meas-
ures, Panel B comprises the ESG data, Panel C comprises the bank specific control variables, and Panel 
D comprises the country specific control variables

Variable Description

Panel A
  z-score Measure of default risk. It is calculated as the sum of ROA and CAR over the 

5 year standard deviation of ROA
  RD Measure of portfolio risk. It is calculated as risk-weighted assets over total assets 

and measures the risk on the balance sheet
Panel B
  ESG score Measure of the overall corporate social responsibility. It is calculated as weighted 

average of the Environmental score, Social score, and Governance score
  Environmental score Measure of company’s environmental performance that indicates the impact on 

natural systems
  Social score Measure of company’s social performance about the confidence with employees, 

customers and society
  Governance score Measure of company’s governance practice that indicates the systems and 

processes installed to guarantee that the management acts in the interests of 
stakeholders

  Emissions Measures company’s emission efficiency in the context of its business activities
  Env. Innovation Reflects company’s commitment to sustainability e.g. by offering an innovative 

sustainable product portfolio
  Resource Use Reflects company’s eco-efficiency in terms of materials, energy or water
  Community Reflects company’s social responsibility activities and it’s business ethics commit-

ment
  Human Rights Reflects compliance with human rights conventions by the company
  Product Responsibility Reflects the quality and reliability of the offered products
  Workforce Reflects on the one hand the working conditions in the company and on the other 

the offered development opportunities
  CSR-strategy Reflects company’s the adoption, application, and reporting of the CSR-strategy
  Management Reflects management’s compliance within the corporate governance guidelines
  Shareholders Reflects the handling of shareholders and the prevention of takeovers

Panel C
  logFTE Company size is approximated by the natural logarithm of full-time employees
  LR Capital structure is considered as the ratio of total liabilities over total equity, i.e. 

the leverage ratio
  LoanRatio Business model indicator which measures the loan exposures as total gross loans 

over total assets
  DepRatio Business model indicators which measures the deposits exposures as total deposits 

over total assets
  ROE Return on equity measures profitability. It is calculated as net income before taxes 

over total equity
Panel D
  Inflation Rate of price change in the whole economy. Measured by annual growth rate of 

GDP implicit deflator. Source: Worldbank
  GDPCap Gross domestic product divided by midyear population. Source: Worldbank

  GDPGrowth
Cap

Annual growth rate of GDP per capita. Source: Worldbank
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Table 11  Correlation metrics

The table shows pairwise correlation coefficients of the risk measures, the ESG score, and its pillars

z-score RD ESG score EnvPillar SocPillar GovPillar

z-score 1.00
RD − 0.01 1.00
ESG score − 0.11 − 0.29 1.00
EnvPillar − 0.13 − 0.33 0.88 1.00
SocPillar − 0.12 − 0.23 0.88 0.72 1.00
GovPillar − 0.03 − 0.14 0.72 0.42 0.44 1.00

Table 12  Robustness: Winsorisation level (Multivariate robust FE regressions of risk on the ESG score)

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG score and bank and country specific control variables. The independent variables are 1 year 
lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance level. Data is win-
sorised at the 5th and the 95th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.ESG score 1.2470*** 0.9437*** 0.7554*** − 0.3249*** − 0.1711** − 0.1977**
(0.12) (0.13) (0.15) (0.10) (0.08) (0.08)

L.logFTE − 13.3226* − 10.5866 14.1429 15.5211
(7.81) (7.79) (10.95) (10.82)

L.LR 0.0000 0.0000* 0.0000 0.0000
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.2007 0.1580 − 0.2862* − 0.2791*
(0.18) (0.21) (0.17) (0.15)

L.DepRatio 1.5239*** 1.3797*** − 0.6572*** − 0.6790***
(0.25) (0.25) (0.13) (0.13)

L.ROE 0.2869** 0.2178** 0.1798 0.1603
(0.13) (0.10) (0.14) (0.13)

L.Inflation 0.9130 0.5084*
(0.57) (0.27)

L.GDPGrowth
Cap

2.4507*** 0.4935*
(0.52) (0.29)

L.GDPCap 0.0034** 0.0004
(0.00) (0.00)

Constant − 6.5554 − 6.1129 − 135.8365* 101.7768*** 36.8341 12.04271
(6.19) (67.25) (75.47) (5.49) (95.11) (94.01)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.03863 0.1217 0.1485 0.01910 0.1321 0.1381
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Table 13  Robustness: Winsorisation level (Multivariate robust FE regressions of risk on the environmen-
tal score)

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG environment pillar score and bank and country specific control variables. The independent 
variables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance 
level. Data is winsorised at the 5th and the 95th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.EnvPillar 0.8414*** 0.6674*** 0.5480*** − 0.2973*** − 0.2166*** − 0.2390***
(0.09) (0.09) (0.10) (0.07) (0.05) (0.05)

L.logFTE − 13.1616* − 10.8003 15.5576 16.9864
(7.61) (7.58) (11.00) (10.90)

L.LR 0.0000 0.0000 0.0000 0.0000
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.1798 0.1303 − 0.2520 − 0.2475
(0.18) (0.21) (0.17) (0.15)

L.DepRatio 1.5579*** 1.4059*** − 0.6669*** − 0.6930***
(0.25) (0.25) (0.13) (0.13)

L.ROE 0.2916** 0.2241** 0.1648 0.14435
(0.13) (0.10) (0.14) (0.12)

L.Inflation 0.8935 0.45077*
(0.58) (0.26)

L.GDPGrowth
Cap

2.3539*** 0.5154*
(0.53) (0.29)

L.GDPCap 0.0035** 0.0005
(0.00) (0.00)

Constant 13.8755*** 5.1654 − 126.9003* 100.534*** 25.1409 − 2.3088
(4.61) (66.73) (74.30) (3.67) (95.61) (94.68)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0356 0.1220 0.1498 0.0326 0.1418 0.1486
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Table 14  Robustness: Winsorisation level (Multivariate robust FE regressions of risk on the social score)

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG social pillar score and bank and country specific control variables. The independent vari-
ables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance level. 
Data is winsorised at the 5th and the 95th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.SocPillar 0.8381*** 0.5875*** 0.4035*** − 0.1452* − 0.0340 − 0.0504
(0.10) (0.11) (0.12) (0.08) (0.06) (0.06)

L.logFTE − 10.0831 − 7.3860 12.7165 13.9480
(8.00) (7.96) (10.93) (10.78)

L.LR 0.0000 0.0000 0.0000 0.0000
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.2696 0.2013 − 0.3070* − 0.2920*
(0.19) (0.22) (0.17) (0.15)

L.DepRatio 1.5414*** 1.3856*** − 0.6658*** − 0.6853***
(0.25) (0.25) (0.13) (0.13)

L.ROE 0.2699** 0.2023** 0.1861 0.1663
(0.12) (0.09) (0.15) (0.14)

L.Inflation 0.6410 0.5933**
(0.56) (0.27)

L.GDPGrowth
Cap

2.3818*** 0.5064*
(0.53) (0.29)

L.GDPCap 0.0037** 0.0002
(0.00) (0.00)

Constant 14.5633*** − 22.9463 − 160.6256** 92.3738*** 44.9294 24.7033
(4.93) (69.05) (77.25) (4.20) (94.87) (93.62)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0242 0.1113 0.1408 0.0047 0.1281 0.1333
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Table 15  Robustness: Winsorisation level (Multivariate robust FE regressions of risk on the governance 
score)

The table shows the coefficients and standard errors (in parenthesis) of multivariate robust FE regres-
sions. The dependent variables are the bank risk measures z-score and RD. The independent variables 
are the ESG governance pillar score and bank and country specific control variables. The independent 
variables are 1 year lagged. Significance is denoted at the 10% ( ∗ ), 5% ( ∗∗ ), and 1% ( ∗∗∗ ) significance 
level. Data is winsorised at the 5th and the 95th percentile

(1) (2) (3) (4) (5) (6)
z-score z-score z-score RD RD RD

Coef./se Coef./se Coef./se Coef./se Coef./se Coef./se

L.GovPillar 0.4429*** 0.2986*** 0.2331*** − 0.0948 − 0.0046 − 0.0067
(0.08) (0.08) (0.08) (0.07) (0.06) (0.07)

L.logFTE − 3.8763 − 3.5309 12.2327 13.3483
(8.01) (7.85) (10.83) (10.70)

L.LR 0.0000 0.0000 0.0000 0.0000
(0.00) (0.00) (0.00) (0.00)

L.LoanRatio 0.3397* 0.2430 − 0.3129* − 0.2971*
(0.19) (0.22) (0.17) (0.15)

L.DepRatio 1.5292*** 1.3678*** − 0.6648*** − 0.6828***
(0.25) (0.25) (0.13) (0.13)

L.ROE 0.2328** 0.1768** 0.1885 0.1694
(0.10) (0.08) (0.15) (0.14)

L.Inflation 0.5368 0.6159**
(0.57) (0.27)

L.GDPGrowth
Cap

2.4503*** 0.4994*
(0.54) (0.29)

L.GDPCap 0.0039** 0.0002
(0.00) (0.00)

Constant 34.5381*** − 67.3896 − 192.8314*** 89.5592*** 47.7339 29.0979
(4.20) (70.68) (74.38) (3.72) (94.54) (93.01)

N 3949 3200 3117 2904 2674 2635
R2
adj

0.0090 0.1040 0.1384 0.0027 .1278047 0.1328
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