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ABSTRACT

This study investigates the impact of Environmental, Social, and Governance (ESG) initiatives on corporate default risk, utilizing

a panel dataset of non-financial firms across 20 European countries from 2008 to 2022. While previous research has predom-

inantly explored the relationship between ESG practices and firm value, the link between ESG dimensions and corporate risk

remains underexamined. Using the Generalized Method of Moments (GMM) approach, our findings reveal a statistically signifi-

cant negative relationship between ESG initiatives and default risk, particularly in industries with low environmental impact. We

also uncover a novel non-linear relationship between financial transparency, a key component of governance, and default risk,

where moderate levels of transparency minimize insolvency risk. The study provides new empirical insights, highlighting the

importance of ESG initiatives in corporate risk management, particularly in enhancing access to capital and fostering long-term

financial stability. Additionally, the research carries key policy implications for regulators, investors, and corporate managers,

emphasizing the importance of robust sustainability frameworks and transparent governance practices.

JEL Classification: G32, M14

1 | Introduction

In today's global landscape, marked by challenges such as en-
vironmental sustainability and social responsibility, business
as usual is no longer viable. Companies must adopt responsi-
ble management practices (Khan 2022; Vivel-Buaa et al. 2024).
This responsibility extends beyond sustainability initiatives to
include the effective management of corporate risks, which is
essential for ensuring long-term firm success and continuity
(Agnese et al. 2023; Capelli et al. 2021).

While significant research has explored how ESG
(Environmental, Social, and Governance) initiatives affect firm

© 2025 ERP Environment and John Wiley & Sons Ltd.

value (Plumlee et al. 2015; Sharma and Song 2018), the link be-
tween ESG efforts and corporate default risk remains underex-
amined, as strongly supported by the recent meta-analysis of
Singhania and Gupta (2024). Despite not being directly tied to
financial outcomes, ESG dimensions are increasingly influen-
tial in business management and investment decisions (Agnese
et al. 2023). According to legitimacy theory, ESG disclosures can
enhance a company’s public image, thereby increasing its value
and potentially lowering perceived risk (Cheng et al. 2014; El
Ghoul et al. 2011).

A key aspect of this value-creation process is the relationship
between ESG initiatives and corporate default risk, which
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directly impacts the cost of capital (Bansal and Clelland 2004).
As corporate risk is a crucial determinant of the cost of cap-
ital, understanding how ESG efforts mitigate default risk is
essential (Vivel-Bua et al. 2024). This study focuses specifi-
cally on default risk, rather than other forms of risk, due to its
relevance in waves of corporate defaults and its broader impli-
cations for national economic growth and financial stability—
key concerns for policymakers and economists (Maquieira
et al. 2024).

This study examines the impact of ESG initiatives on corpo-
rate risk, using data from European companies in 20 coun-
tries between 2008 and 2022. Responding to calls for further
research (Khan 2022; Li et al. 2022), it offers several contri-
butions. First, it broadens the scope of existing literature.
Unlike prior studies such as Li et al. (2022) and Pistolesi
and Teti (2024), which focus on single-country analyses,
this study adopts a multi-country approach tailored to the
European context. Similarly, earlier studies like Peir6-Signes
and Segarra-Oiia (2013) for the US or Korinth and Lueg (2022)
for Germany, have largely been restricted to single-country
analyses. Even studies focused on the Eurozone, such as
Sassen et al. (2016), have often failed to contextualize their
research hypotheses or to account for critical features of the
European regulatory system. These limitations restrict the
ability of researchers to establish unidirectional hypotheses
and to control for cross-country variations—gaps this study
aims to address. Moreover, governments worldwide are in-
creasingly addressing environmental challenges, with the
European Union at the forefront through initiatives like the
Corporate Sustainability Reporting Directive (Directive (EU)
2024/1760), which mandates companies to disclose their en-
vironmental, social, and governance impacts (Oberthiir and
Dupont 2021; Tao et al. 2022). This makes the European insti-
tutional context particularly suitable for a study of this nature,
as the availability of information and the EU's prioritization
of ESG issues enable practical policy implications to be drawn
and implemented more effectively than in regions where ESG
matters receive less emphasis.

Second, this study employs the Generalized Method of
Moments (GMM) for panel data, incorporating tests for non-
linear and non-monotonic relationships that previous stud-
ies (e.g., Li et al. (2022); Pistolesi and Teti (2024); Vivel-Bua
et al. (2024)) have overlooked. Third, it addresses the issue
of omitted variables found in prior research (Maquieira
et al. 2024) by applying a three-way fixed-effects model (indi-
vidual, time, and country) and rigorously controlling for gov-
ernance factors.

Fourth, unlike previous literature in the European context
(e.g., Sassen et al. 2016) that focuses on the total, systematic,
and idiosyncratic risk, this study specifically examines the re-
lationship between ESG investment and default risk, a more
direct measure of financial stability. Default risk, reflecting
a firm's ability to meet financial obligations, is of particu-
lar practical importance to creditors and lenders and carries
more immediate implications than other risk types (Capelli
et al. 2021; Maquieira et al. 2024). Moreover, default risk is
both more measurable and consequential in terms of finan-
cial stability than total, systematic, or idiosyncratic risks; in

cases of bankruptcy, the repercussions extend beyond the
corporate sector to the labor market and broader economy
(Loffler 2004). Hence, this study pays attention to a more rele-
vant and contingent source of risk.

Fifth, while previous studies (e.g., Di Tommaso and
Thornton (2020); Li et al. (2022); Maquieira et al. (2024); Nirino
et al. (2022); Pistolesi and Teti (2024), among others) have
demonstrated that the governance pillar of the ESG index typ-
ically has a weak or statistically insignificant impact on risk,
weak governance practices can also obscure financial reporting,
leading to inaccurate risk assessments and a higher likelihood
of corporate default. To address this paradox, this study delves
deeper into the governance pillar's impact on default risk. By in-
corporating transparency and earnings quality into the analysis,
the study offers a more detailed evaluation of the governance
pillar score—an approach that has not yet been explored in the
literature.

Finally, this study aligns with global priorities by addressing
select United Nations Sustainable Development Goals (SDGs).
Specifically, it contributes to SDG 8 on decent work and eco-
nomic growth by showing how ESG practices mitigate default
risk, thereby promoting sustainable economic growth. Similarly,
SDG 9 on industry, innovation, and infrastructure is addressed
by analyzing how various industries interact with ESG princi-
ples to manage risk, highlighting the importance of sustainable
operations. Furthermore, this study supports SDG 13 on climate
action by showing how low-impact environmental industries
can leverage ESG for risk management, while SDG 16 on peace,
justice, and strong institutions is addressed through a focus on
governance and accountability, underlining their role in stabi-
lizing financial markets.

Our findings provide compelling evidence of a negative rela-
tionship between ESG initiatives and firm risk, both statis-
tically and economically. This effect is particularly strong in
industries with low environmental impact, where ESG in-
vestments more effectively reduce risk. In contrast, in high-
impact industries, the relationship between ESG scores and
default risk is more complex, with limited evidence of risk
mitigation. These results suggest that industry-specific fac-
tors significantly influence the effectiveness of ESG practices.
Additionally, our findings address specification errors com-
monly observed in the literature regarding the governance pil-
lar by incorporating financial transparency metrics into the
analysis. The results reveal that both insufficient and excessive
transparency can elevate insolvency risk—either by obscuring
critical risks or by exposing too much sensitive information,
which may provoke overreactions from investors and credi-
tors. Different from previous studies (Sassen et al. 2016), ours
considers the particularities of the European zone. We do so
by controlling for country-level variables related to the regu-
latory framework and governance structures. Consequently,
this research contributes new empirical insights and has im-
portant implications for corporate risk management and stra-
tegic decision-making.

The rest of the paper is structured as follows: Section 2 exposes
the theoretical framework and the hypotheses of the study,
Section 3 describes the data and methodology, Section 4 presents
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the empirical results, and the final section discusses the conclu-
sions and implications of this study.

2 | Theoretical Framework and Research
Hypotheses

The study of corporate risk continues to be a critical area within
corporate finance, with a particular focus on corporate default
risk. Investigating default risk is essential for ensuring financial
stability, guiding investment decisions, and preventing systemic
crises. It helps investors assess potential losses and enables firms
to mitigate insolvency risks (Altman 1968; Boubaker et al. 2020).
Moreover, understanding default risk is crucial for informing
regulatory frameworks and shaping economic policies.

Sassen et al. (2016) also focus on the European context, but
their study examines how corporate social performance influ-
ences a company's total risk, systematic risk, and idiosyncratic
risk. In their analysis, total risk is measured by the firm's stock
volatility, defined as the annualized standard deviation of daily
returns over the previous 12months. Systematic risk, on the
other hand, reflects the company's sensitivity to changes in
market returns, capturing the portion of risk explained by the
stock's responsiveness to market movements (Nirino et al. 2022;
Sharpe 1972). Lastly, idiosyncratic risk is driven by firm-specific
factors and represents residual risk that cannot be accounted for
by fluctuations in the overall market portfolio (Abu-Ghunmi
et al. 2015). Examining the determinants of corporate default
risk is important for several reasons. First, it identifies key fac-
tors that increase or reduce the likelihood of financial distress,
allowing companies to take proactive steps in managing these
risks. Second, it provides investors, creditors, and regulators
with tools to assess the financial health of firms, essential for
investment decisions and credit ratings. Finally, it offers insights
into broader economic conditions. For example, elevated default
risks can signal weaknesses in specific sectors or the economy
as a whole, which can guide policymakers in designing preven-
tive measures.

The financial literature identifies performance ratios as critical
determinants of corporate default risk, offering insights into
a company's proximity to insolvency. Classic models such as
those of Altman (1968); Altman et al. (2013), Ohlson (1980), and
Zmijewski (1984) remain foundational in corporate financial
management. However, beyond these traditional factors, both
internal and external elements influence default risk. Among
external factors driven by the regulatory framework, envi-
ronmental, social, and governance (ESG) considerations have
emerged as equally important in recent years.

2.1 | ESG and Default Risk

Companies that adopt ESG practices tend to implement stronger
risk management frameworks. Environmental initiatives, such
as reducing emissions or increasing energy efficiency, lower ex-
posure to regulatory penalties and litigation, thereby reducing
financial uncertainty (Busch and Lewandowski 2018). In the
social domain, policies promoting employee welfare, diversity,
and equity improve organizational climate and productivity,

strengthening operational stability (Turban and Greening 1997).
Additionally, strong corporate governance fosters more trans-
parent and responsible decision-making, mitigating risks of
fraud or strategic errors that could lead to bankruptcy (Gompers
et al. 2003).

Firms with high ESG ratings are often perceived as less risky
by investors. Financial markets tend to reward these firms with
better financing terms—such as lower interest rates or broader
access to capital—because they are considered better equipped
to face future challenges (Bansal and DesJardine 2014). This
reduces financial burdens and, by extension, the risk of insol-
vency (Cheng et al. 2014). Legitimacy theory (Suchman 1995)
supports this perspective, suggesting that companies embrac-
ing ESG practices align more closely with societal expectations,
strengthening their institutional legitimacy. This enhanced le-
gitimacy not only mitigates operational and reputational risks
but also fosters trust among investors and lenders, significantly
lowering default risk (Deegan 2002). Furthermore, ESG initia-
tives strengthen relationships with key stakeholders, such as
customers, employees, and regulators, which are essential to
maintaining operational stability. Companies that engage in so-
cially responsible and environmentally sustainable practices are
more likely to earn public trust and customer loyalty, reducing
the risks associated with reputational damage or consumer boy-
cotts. Moreover, companies that focus on employee well-being
and good governance tend to attract and retain top talent, re-
ducing turnover and fostering a productive work environment.

Beyond their perceived lower risk, firms with strong ESG per-
formance often benefit from tangible financial advantages, such
as lower borrowing costs and preferential terms from capital
providers (Goss and Roberts 2011). This is especially important
as many investors, particularly those with a focus on sustainable
and responsible investing (SRI), now prioritize companies that
demonstrate sound ESG practices. As a result, these companies
enjoy improved liquidity and greater financial flexibility, mak-
ing it easier for them to weather financial downturns and reduce
their default risk by maintaining access to capital when needed.
Additionally, firms with strong ESG credentials are more likely
to receive governmental or community support during periods
of financial distress, potentially helping them avoid bankruptcy
(Flammer 2015).

While some literature suggests a positive relationship between
ESG activities and a company's default risk (Korinth and
Lueg 2022), we do not expect this to hold true in the European
context. Research shows that country-level characteristics,
such as institutional frameworks (e.g., political, labor, and cul-
tural systems), significantly influence a company's ESG prac-
tices and risk exposure (Baldini et al. 2018). Another key factor
is the regulatory framework and its enforcement. Unlike the
developed markets such as the US (Vivel-Bua et al. 2024) or
developing economies like China (He et al. 2022), Europe has
a more robust regulatory regime for sustainability practices,
such as the 2014 Directive 2014/95/EU, which mandates non-
financial reporting (La Torre et al. 2018). Camilleri (2015)
reviews the EU's regulatory principles for environmental,
social, and governance disclosures, detailing various tools
for financial and non-financial reporting, including the Non-
Financial Reporting Directive (NFRD). Hence, the theoretical
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arguments as well as this directive that enhances transpar-
ency, informs investors, and mitigates market instability,
lead to the intuition that ESG initiatives enhance risk man-
agement, access to financing, and stakeholder relationships,
which significantly reduce a company's default risk, which
supports our first hypothesis:

H1. Better ESG performance significantly reduces a company's
default risk.

2.2 | ESG and Default Risk: Why Does
the Industrial Sector Matter?

Companies with strong ESG performance typically attract more
investment and experience lower financial risk, as investors in-
creasingly prioritize sustainability (Alareeni and Hamdan 2020;
Giese et al. 2019). However, the impact of ESG on bankruptcy
risk varies across sectors due to differing environmental and op-
erational challenges (Boubaker et al. 2020).

The primary, secondary, and tertiary sectors face different reg-
ulatory and market pressures that influence the effectiveness of
ESG initiatives. For example, the primary sector, which deals
with stricter environmental regulations and higher operational
costs, often experiences greater financial strain due to these
factors (Clarkson et al. 2015). In contrast, the tertiary sector
benefits from growing consumer demand for sustainable busi-
ness practices, making ESG initiatives more effective in im-
proving financial stability (Bansal and DesJardine 2014; Hawn
et al. 2018). Since the tertiary sector is less burdened by direct
environmental challenges, ESG efforts in this sector primarily
focus on social and governance improvements, leading to en-
hanced market perception, regulatory compliance, and finan-
cial resilience (Atz et al. 2023).

These findings consistently indicate that default risk is sub-
stantially more mitigated in companies operating in less envi-
ronmentally aggressive industries. Li et al. (2022) suggest that
ESG activities have less impact in extractive and manufacturing
industries compared to service industries, likely due to heavier
regulatory pressure. Consequently, firms seeking access to cap-
ital should increasingly consider investors' growing focus on
ESG practices when making strategic decisions. So, the tertiary
sector activities are less resource-intensive and produce fewer
direct environmental externalities compared to those in the pri-
mary and secondary sectors. This implies that investments in
environmental sustainability generate relatively higher reputa-
tional returns and incur lower costs of implementation (Croci
and Petmezas 2015). Additionally, institutional investors and
sustainability-oriented funds tend to overweight tertiary firms
with solid ESG credentials, as these firms offer more predictable
returns, lower regulatory risk, and fewer negative externalities
(Giese et al. 2019). Finally, firms in the tertiary sector depend
more heavily on intangible assets—such as brand equity, rep-
utation, and consumer trust—which are particularly sensi-
tive to perceptions of ethical and sustainable conduct (Eccles
et al. 2014; Hawn et al. 2018).

In the tertiary sector, ESG initiatives often include gover-
nance reforms that directly address agency issues, improving

managerial accountability and reducing the risk of financial
mismanagement (Eccles et al. 2014). Governance mechanisms,
such as enhanced board oversight and shareholder engagement,
are particularly effective in the tertiary sector, where the focus
on social and governance dimensions aligns better with share-
holder interests. However, these mechanisms are less impact-
ful in the primary sector, where environmental risks dominate.
Agency theory supports the argument that ESG initiatives,
particularly in governance, are more effective in reducing
bankruptcy risk in the tertiary sector, as they align managerial
actions with the long-term interests of shareholders.

Additionally, legitimacy theory helps explain how ESG per-
formance impacts financial stability across sectors. In the pri-
mary sector, where environmental risks are more pronounced,
companies that adopt robust environmental practices gain so-
cietal approval, enhancing their reputation and attracting in-
vestment despite the higher regulatory and operational costs
(Deegan 2002). In the secondary sector, which faces both en-
vironmental and social scrutiny, integrating ESG initiatives—
particularly in reducing carbon emissions and improving labor
conditions—helps mitigate financial risks by aligning with
regulatory requirements and consumer expectations (Clarkson
et al. 2015). The tertiary sector reaps the greatest benefits from
ESG initiatives, as legitimacy gained through improved gover-
nance and social responsibility strengthens stakeholder trust,
leading to better access to capital and increased financial re-
silience (Cheng et al. 2014). Across all sectors, companies per-
ceived as socially and environmentally responsible are more
likely to receive stakeholder support during crises, reducing the
risk of financial distress (Godfrey et al. 2009). This leads to the
idea that the impact of ESG initiatives on reducing corporate
bankruptcy risk varies across industrial sectors, with a more
significant effect in the tertiary sector (less polluting) compared
to the primary sector (more polluting), due to greater regulatory
and market pressures in environmentally high-impact indus-
tries. This idea supports our second hypothesis:

H2. The impact of ESG performance on reducing corporate
bankruptcy risk varies across industrial sectors, with a more sig-
nificant effect in the tertiary sector (less polluting) compared to
the primary sector (more polluting).

2.3 | ESG and Default Risk. Are All Pillars at
the Same Level in Europe?

Firms that prioritize ESG practices are better equipped to miti-
gate environmental risks, such as regulatory penalties for emis-
sions violations, which could otherwise lead to severe financial
losses (Clarkson et al. 2015). Similarly, effective governance
reduces the chances of fraud or managerial mismanagement,
issues that can severely damage a company's reputation and
investor confidence, ultimately increasing the risk of default
(Giese et al. 2019). By integrating ESG into their risk manage-
ment strategies, companies are better positioned to avoid oper-
ational disruptions and financial pitfalls, significantly lowering
the probability of default.

Studying ESG practices in European firms is crucial due to the
distinct regulatory frameworks that shape sustainability efforts
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across the region. European Union regulations, such as the
European Green Deal® and the Sustainable Finance Disclosure
Regulation (SFDR)?, mandate ESG reporting and target setting,
making ESG integration a legal requirement rather than a vol-
untary initiative (European Commission 2019). In contrast, US
firms operate in a more fragmented regulatory environment,
where ESG reporting remains largely voluntary and guided by
frameworks such as the Global Reporting Initiative (GRI) and
the Sustainability Accounting Standards Board (SASB) (Eccles
et al. 2020). The stricter regulatory pressure in Europe compels
companies to engage more deeply with sustainability initiatives,
offering valuable insights into how compliance influences fi-
nancial and operational outcomes.

Investor expectations are another key factor distinguishing
European firms from their US counterparts. European insti-
tutional investors, guided by the EU taxonomy for sustainable
activities, increasingly require companies to meet high ESG
standards, and many investment funds are now centered around
sustainability criteria (Clark et al. 2015). In contrast, responsible
investing in US markets has grown but remains less pervasive.
The stronger emphasis on ESG by European investors pushes
companies to align with long-term sustainability goals, improv-
ing access to financing as firms that excel in ESG often enjoy
lower borrowing costs and greater access to capital (Goss and
Roberts 2011).

Regarding ESG scores, European firms generally outperform US
companies in the environmental and social pillars. However, the
governance pillar tends to be stronger in US firms, as noted by
Peird-Signes and Segarra-Ofia (2013) and Kaiser (2020). From
the scope of this study, the governance pillar requires separate
analysis, as it has shown a more limited direct impact on default
risk compared to the environmental and social pillars, partic-
ularly in areas such as transparency (Gompers et al. 2003) and
earnings quality (Garcia Lara et al. 2016). Indeed, as argued by
Nirino et al. (2022), most efforts analyzing company risk focus
on the social and environmental perspectives of corporate social
responsibility. Along these lines, John et al. (2008) and Nirino
et al. (2022) suggest that governance mechanisms can align the
interests of managers and shareholders by amplifying the posi-
tive effect of corporate social responsibility outcomes, resulting
in greater shareholder loyalty and lower risk. Our study tests
this hypothesis.

From an agency theory perspective, ESG initiatives are key to
aligning the interests of managers and shareholders, which can
significantly reduce default risk. Without strong governance
structures in place and without transparent disclosure of finan-
cial reports, managers (agents) may pursue short-term gains at
the expense of long-term financial health, which increases risks
for shareholders (principals). ESG initiatives, especially those
focused on governance, introduce mechanisms like greater
transparency, board oversight, and stakeholder engagement,
which help align managerial decision-making with the firm's
long-term sustainability goals (Hill and Jones 1992; Jensen and
Meckling 1976). This alignment reduces agency problems, en-
suring that managers prioritize actions that mitigate risk and
improve the company's financial resilience, thereby lowering
the chances of default. By fostering stronger governance prac-
tices that promote financial transparency and earnings quality,

ESG initiatives safeguard companies against financial misman-
agement and unethical behavior, further reducing the likelihood
of financial distress and default risk.

While governance mechanisms like board composition and ex-
ecutive oversight are critical for long-term firm stability, their
influence on default risk is often indirect and slower to mani-
fest. Several studies have shown that the governance pillar of
the ESG index has a weak or statistically insignificant impact
on default risk (e.g., Di Tommaso and Thornton (2020); Li
et al. (2022); Maquieira et al. (2024); Pistolesi and Teti (2024),
among others). However, aspects of governance, such as finan-
cial transparency and high earnings quality, remain crucial.
These governance practices reduce information asymmetry,
helping stakeholders assess a firm's true financial health. As a
result, as stated by Bhojraj and Sengupta (2003), they enhance
investor confidence, improve access to capital, and mitigate
bankruptcy risk. Conversely, weak governance practices can
obscure financial reporting, leading to inaccurate assessments
of risk and increasing the likelihood of default. Therefore, the
governance pillar, particularly through its influence on trans-
parency and earnings quality, warrants separate examination to
understand its nuanced role in reducing default risk. This leads
to the idea that greater transparency and higher earnings qual-
ity, as key components of the governance pillar of ESG, reduce
a firm's default risk by providing clearer financial information,
improving investor confidence, and enabling more accurate as-
sessments of a company's financial stability and risk exposure.

While most prior studies have assumed a linear and nega-
tive relationship between governance quality—particularly
financial transparency—and default risk, both theoretical
arguments and our empirical findings suggest that this re-
lationship may be non-linear. At low levels of transparency,
poor disclosure and weak financial reporting hinder inves-
tors’ ability to assess firm performance and risk exposure.
This information asymmetry elevates perceived risk, in-
creases the cost of capital, and weakens the firm's ability to
access external financing (Bushman et al. 2004; Diamond
and Verrecchia 1991). As transparency improves, investors
are better able to evaluate firm fundamentals, which re-
duces uncertainty, strengthens investor confidence, and fa-
cilitates access to credit markets under more favorable terms
(Bharath et al. 2008; Sengupta 1998). In this intermediate
zone, transparency plays a critical risk-mitigating role by
improving governance, reducing agency costs, and enhanc-
ing market discipline. However, at very high levels of trans-
parency, the relationship may reverse. Excessive disclosure
may reveal strategic vulnerabilities or invite scrutiny that in-
creases regulatory pressure or stakeholder activism (Leuz and
Wysocki 2016). Moreover, full transparency may limit mana-
gerial discretion in responding to crises or adapting strategies
in competitive environments, thus constraining operational
flexibility (Verrecchia 2001). In such cases, firms may become
risk-averse in value-creating activities (e.g., innovation or in-
vestment in intangible assets), potentially harming long-term
performance and increasing exposure to financial stress. This
dynamic can result in an inverted governance effect, where
the costs of overexposure outweigh the benefits of transpar-
ency (Hermalin and Weisbach 2012). Consequently, there may
be an optimal level of transparency that minimizes insolvency
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risk. This perspective aligns with recent governance theories
recognizing the potential costs of over-disclosure and, as we
hypothesized, there is a U-shaped relationship between trans-
parency and default risk.

All these ideas support our third hypothesis:

H3. The is a non-linear, U-shaped relationship between finan-
cial transparency and default risk.

3 | Data, Variables, and Methodology

Our sample includes 3476 firm-year observations from 333 non-
financial companies across 20 European countries, covering the
period from 2008 to 2022. This provides an average of 10.44 con-
tinuous observations per company. The sample includes firms
listed in their respective national market indices of the most
traded and liquid companies. Specifically, it features companies
from Austria (ATX), Belgium (BE20), Czech Republic (PX50),
Denmark (OMX Copenhagen 20), Finland (OMX Helsinki 25),
France (CAC40), Germany (DAX30), Hungary (BUX), Iceland
(ICEX), Ireland (ISEQ20), Italy (IT40), Luxembourg (LUXX),
Netherlands (NL25), Norway (OMX Oslo 20), Portugal (PSI),
Slovenia (SBITOP), Spain (IBEX35), Sweden (OMX Stockholm
30), Switzerland (SMI), and the United Kingdom (FTSE100).
Financial firms (SIC 6000-6999) were excluded due to their
regulated status and the distinct nature of their financial state-
ments, which are often incompatible with those of non-financial
firms. Additionally, companies in technical bankruptcy or those
with missing information for relevant variables were excluded
(Saona and San Martin 2016).

The data were sourced from LSEG Workspace, which provides
both financial and market-based information as well as multi-
ple ESG scores for each company-year observation used in our
analysis. We also employed country-level contextual variables
such as the Worldwide Governance Indicators (Kaufmann
et al. 2011) from the World Bank,? the Index of Economic
Freedom,* the country Gross National Product as well as a vari-
able that identifies crises periods as country-level drivers of cor-
porate default risk.

Unlike Sassen et al. (2016), our study focuses on the relationship
between ESG investments and a company's default risk, which
we argue is a more critical focus than total, systematic, or idio-
syncratic risk for several reasons. First, default risk reflects a
firm's ability to meet its debt obligations, making it a more direct
measure of financial stability than stock volatility (total risk) or
market sensitivity (systematic risk). While total risk captures
price fluctuations and systematic risk reflects broader market
trends, default risk signals whether a company is at risk of fail-
ure—an ultimate concern for creditors, investors, and other
stakeholders. ESG factors' influence on default risk is closely
tied to the firm's solvency, which is crucial for long-term sustain-
ability. Second, from a practical perspective, for creditors and
lenders, default risk is the most immediate concern, as it deter-
mines the likelihood of a company defaulting on its debt. This is
crucial for banks, bondholders, and credit rating agencies, who
are more concerned about whether a firm can meet its obliga-
tions than with daily fluctuations in stock prices (total risk) or

market-related movements (systematic risk). Since ESG factors
often influence long-term financial stability—through better
governance, environmental risk management, or social reputa-
tion—they are particularly relevant to default risk analysis more
than idiosyncratic risk, as also suggested by Sassen et al. (2016),
that is unique to a company as it is not shared by other firms and
is not influenced by broad market conditions. And finally, from
an empirical perspective, default risk is far more tangible and
measurable in terms of a company's ability to survive financial
challenges than the study of total, systematic, or idiosyncratic
sources of risk. In the event of bankruptcy or default, the con-
sequences are significant not only for the firm but also for the
corporate sector, labor market, and broader economy. Therefore,
this study focuses on a company's default risk, which we believe
is a more crucial measure in understanding long-term financial
sustainability.

The default risk corresponds to the dependent variable
measured with the Altman (1968)'s Z-score, defined as
ZScore = 1.2WK + 1.4RE + 0.6MKBV + 0.999SALES + 3.3EBIT
where WK is the company's working capital over total assets,
RE is the retained earnings over total assets, MKBV is the mar-
ket value of equity over the book value of total liabilities, SALES
corresponds to the company's sales as a share of total assets, and
EBIT is the earnings before interest and taxes over total assets.
To align the Zscore with increasing default risk, we multiplied
it by —1, so higher values indicate greater default risk. This met-
ric is widely recognized for its predictive accuracy in assessing
bankruptcy risk or financial distress (Abinzano et al. 2020;
Altman et al. 2017) and has been employed in prior studies in
specific countries like with US or Spanish firms (Habermann
and Fischer 2023; Vivel-Bua et al. 2018) as well as in multi-
country analysis focused on the European context (Aggarwal
and Aung 2009; Tahmid et al. 2024; Vivel-Bua et al. 2024).
Additionally, according to the recent study by Abinzano
etal.(2023), Altman's Z-score providescomparableresultstothose
obtained with market-based metrics such as the Black-Scholes-
Merton model, but with the advantage of less data availability
constraints. For robustness purpose, we followed the O-Score as
second accounting-based model for measuring the output vari-
able proposed by Ohlson (1980). This variable is measured as
OScore= —1.32—-0.407SIZE+6.03TLTA —1.43WCTA +0.0757CLCA
—2.370NITA —1.830FUTL +0.285INTWO — 1.720ENEG — 0.521CHIN
where SIZE is the log of the ratio of total assets to the Gross
National Product price-level index. The index assumes a base
value of 100 for 2007; TLTA is total liabilities over total assets;
WCTA measures the working capital as a share of total assets;
CLCA are the current liabilities divided by current assets; NITA
is the net income over total assets; FUTL is the cash flows from
operations over total liabilities; INTWO is a dummy variable that
takes value one if net income was negative for the last 2years
and zero otherwise; OENEG also take value one if total liabil-
ities are greater than total assets or zero otherwise; CHIN is
(NI, = NI,_,) / (|NI,| + |NI,_,|), where NI is net income.

The independent variables related to our first hypothesis is
the overall ESG score (ESGINDEX) along with the individual
scores for environmental (ESGEnv),® social (ESGSoc),® and gov-
ernance (ESGGov) pillars.” The overall ESG score (ESGINDEX)
consists of an equally weighted average of the three pillar
scores. These scores range from 0 to 1, with higher values
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indicating greater sustainability. The data are obtained from
LSEG Workspace, consistent with prior studies in the
Eurozone (Vivel-Bua et al. 2024) and the US (Habermann and
Fischer 2023). To test our second hypothesis, we classified
companies by industry, first by environmental impact (high
vs. low) and second by sector (primary, secondary, tertiary)
following Patten (2002) and Saona and Muro (2023). High-
impact or sensitive sectors include basic materials, energy, in-
dustrials, and utilities, while low-impact non-sensitive sectors
include consumer cyclicals, non-cyclicals, healthcare, tech-
nology, and telecommunications. The primary sector com-
prises basic materials, energy, and industrials; the secondary
sector includes consumer cyclicals, non-cyclicals, and utili-
ties; and the tertiary sector comprises healthcare, technology,
and telecommunications.

For the third hypothesis, we used three alternative earnings
quality measures based on the StarMine financial transpar-
ency algorithm, available via LSEG Workspace. StarMine de-
fines earnings quality as the reliability and persistence of past
earnings, with high-quality earnings accurately reflecting
past performance and predicting future performance (Cline
et al. 2021; Saona, Muro, et al. 2024). StarMine states that
poor earnings quality indicates the likelihood of deteriorating
fundamentals, low financial transparency, and low financial
reporting quality. We considered three measures of earnings
quality based on earnings restatement (EQER) which takes
value 1 if the company restated its financial statements, and
0 otherwise; country rank (EQCR) in which a security is com-
pared to all other securities trading in the same region; and
cash flows (EQCF). These two last metrics of earnings quality
range from 0 to 1, with values increasing as earnings quality
and informativeness improve.

We included several control variables commonly used in the de-
fault risk literature, such as firm value (FV) proxied by Tobin's
Q, calculated as the sum of the firm's market capitalization and
total liabilities divided by total assets (Barlett and Partnoy 2020;
Perfect and Wiles 1994).8 As Tobin's Q is typically skewed, we
use its logarithmic transformation (LnFV) in our regression
models. Firm size (Size) is measured as the natural log of the
firm's total assets, while leverage (Lev) is captured as the ratio
of total debt to total assets. Capital expenditure (CAPEX) is cal-
culated as the percentage changes in gross property, plant, and
equipment (Choi and Park 2022). We also include ownership
structure (OWN1), which reflects the concentration of owner-
ship by the largest shareholder, as a corporate governance con-
trol (Saona et al. 2020).

Following Saona, San-Martin, et al. (2024), to account
for country-level influences, we include the Worldwide
Governance Indicator (WGI), the country's Economic
Freedom Index (ECONFREE), the Gross National Product
price-level index (GNP) with base value of 100 for 2007, and
a dummy variable to control for time fixed effects like crises
periods (Crisis) such as the 2007-8 financial recession and
the COVID19 pandemics. WGI ranges from approximately
—2.5 (weak) to 2.5 (strong), and captures institutional dimen-
sions like rule of law, regulatory quality, and corruption con-
trol (Kaufmann et al. 2011). ECONFREE, sourced from the
Heritage Foundation, reflects a country's economic freedom

across dimensions such as trade, investment, and financial
freedom, and is scaled from 0 to 100.

To examine the non-linear relationship between CAPEX as well
as the various measures of earnings quality and the default risk,
we included the quadratic term of CAPEX, EQCR, and EQCEF,
along with interaction terms between the ESG scores and the
sector classifications.

We employed the Generalized Method of Moments system es-
timator (GMM-SE), as developed by Blundell and Bond (1998),
which enhances the Arellano and Bond (1991) estimator.
GMM-SE, with adjusted standard errors to account for poten-
tial heteroskedasticity, is particularly well-suited to addressing
issues such as unobserved firm-specific heterogeneity, en-
dogeneity of explanatory variables, and omitted variable bias
(Windmeijer 2005). While Adams (2016) suggests using instru-
mental variables or quasi-experimental techniques to handle
endogeneity issues with variables that are not strictly exoge-
nous—such as various corporate social performance metrics
associated with ESG scores or corporate governance metrics
like financial transparency (measured through earnings qual-
ity)—the primary challenge with these techniques is identify-
ing valid instruments. These instruments must be sufficiently
correlated with the endogenous independent variables but un-
correlated with both the dependent variable and the error term
(Antonakis et al. 2021). This challenge is further compounded
by the unverifiable assumption that the instruments and the
endogenous regressors are uncorrelated with the error term
(Antonakis et al. 2021). Nevertheless, as supported by Barros
et al. (2020), our chosen econometric technique, based on the
GMMS-SE for panel data, is appropriate as it effectively ad-
dresses all sources of endogeneity by removing unobserved het-
erogeneity and using lags of the independent variables, which
are uncorrelated with the error term, as instruments. In their
empirical comparison of multiple regression methods, Barros
et al. (2020) found that the estimated parameters of GMM-based
models were much closer to the true values when compared to
other panel data methods. Similar conclusions were reached
by Kiviet et al. (2017) and Antonakis et al. (2021), and the ap-
proach was empirically applied by Saona, Muro, et al. (2024).

Hence, the baseline model will take the following form:
ZScore;,. = fo+p,ESG;. + f,LnFV,,.+ f;Size;,.

+ B, Levy, + fsCAPEX,. + fcOWNI,,
+$,EQye + By WGI, + B, ECONFREE,, + f,GNP,,

15 20
+ fyCrisis; + Z B YEAR; .+ Z Country,; +¢;
gq=1 h=1

@®

As mentioned above, the dependent variable is ZScore for the com-
pany i, in the period t and country c. The independent variables are
defined earlier, and as outlined in Equation (1), the models include
time and country fixed effects, in addition to individual fixed ef-
fects, as well as the stochastic error term, ;.

For robustness checks, results are also replicated with Arellano
and Bond's (1991) difference GMM estimator (GMM-Diff)
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which allows estimations of models with the lagged depen-
dent variable to capture dynamics and persistence in the
data. The major advantages of this technique are that by first-
differencing the data, the estimator removes time-invariant
individual effects that could bias the results if left in the
model; alike the GMM-SE, by using lagged values of the en-
dogenous variables as instruments, this approach helps to deal
with simultaneity, measurement error, and omitted variable
bias in panel data settings; additionally, this method is partic-
ularly suitable for micro-panel structures with a large number
of cross sections and a relatively small number of time periods.
Validity of instruments is tested with the suitable Sargan and
Hansen tests.

4 | Results
4.1 | Descriptive Statistics

Table 1 presents the primary panel data statistics for the vari-
ables used in the empirical analysis. To reduce the impact of
outliers and mitigate the risk of biased results, variables were
winsorized at the 1% or 2% level where appropriate. The re-
sults indicate that only a small proportion of companies are
exposed to high default risk, as measured by the ZScore.” The
average ESG index (ESGINDEX) is 0.666, which reflects a rel-
atively strong performance in terms of sustainability, particu-
larly when compared to firms in other major economies, such
as the US (Pistolesi and Teti 2024), and emerging markets
like China (Li et al. 2022). This value is also similar to the
ESGINDEX average of 0.6131 reported by Sassen et al. (2016)
for European companies. Among the three ESG pillars, the
governance score has the lowest average of 0.618, with a max-
imum value of 0.983.

Regarding the other independent variables, the typical firm
finances its assets with approximately 26.2% debt (Lev).
Additionally, the gross fixed assets of these firms grow at an av-
erage annual rate of 4.7% (CAPEX). In terms of ownership struc-
ture (OWN1), around 18.9% of a firm's outstanding shares are
held by the largest shareholder. This concentration of ownership
is considerably lower than that observed in emerging markets
(Chu et al. 2015; Saona et al. 2018), where corporate governance
deficiencies and shareholder power concentration are more
pronounced.

Consistent with these observations, the transparency measures
in the sample are relatively high. The earnings quality metrics
based on country rank (EQCR) and cash flows (EQCF) have
median values of 0.568 and 0.660, respectively, reflecting a gen-
eral adherence to financial transparency and quality reporting.
As noted by La Torre et al. (2018), financial and non-financial
reporting regulations have been strongly promoted in the
European Union to improve the comparability of information
and enhance corporate accountability. Our findings, therefore,
reflect the success of these policies in promoting informative fi-
nancial statements.

In addition to firm-level variables, we account for country-
specific factors such as economic risks, cultural differences,
and institutional frameworks. The Economic Freedom Index

(ECONFREE) is used to capture the degree of business, trade,
and investment freedom among the sampled firms, indicating
a relatively high level of economic freedom. The Worldwide
Governance Indicator (WGI) is also included to reflect the in-
stitutional quality of the country. The mean WGI value in our
sample is consistent with previous studies of European firms
(Saona and Muro 2023), which is notably higher than what is
typically observed in firms operating in developing economies
(Saona, San-Martin, et al. 2024).

Table 2 further examines the potential for multicollinearity,
which could bias the results. Using the rule of thumb that a
correlation above 0.6 indicates potential issues, we find no sig-
nificant evidence of multicollinearity. The highest observed
correlation is between firm size (Size) and the ESGINDEX (0.6),
which, while relatively high, is addressed in the regression anal-
ysis by employing multiple alternative metrics for ESG ratings,
supporting the robustness of the findings as discussed later.
Additionally, we calculated the variance inflation factor (VIF)
to formally test for multicollinearity. A VIF greater than 10 is
typically a signal of this econometric problem. However, in our
data the highest VIF was 4.33, suggesting that multicollinearity
should not affect our findings.!°

4.2 | Impact of ESG Scores on Default Risk

Table 3 tests our first hypothesis, which posits a negative im-
pact of ESG ratings on default risk. The table incorporates
various metrics for ESG ratings, alongside multiple firm- and
country-level control variables. Given that firm-specific char-
acteristics (e.g., state of incorporation, organizational culture,
managerial conservatism), time-specific factors (e.g., political
or economic events) as well as country-specific features (e.g.,
cultural differences) may influence both ESG scores and de-
fault risk, we employed a three-way fixed-effects model. This
includes firm-fixed effects to account for time-invariant firm
characteristics, time-fixed effects to control for time-dependent
trends, and country-fixed effects, thereby mitigating potential
biases arising from firm-, time, or country-specific heteroge-
neity. In addition, firm-level as well as country-level control
variables enter the models.

The findings indicate a consistent and statistically significant
negative relationship between various ESG rating metrics and
default risk. This suggests that as European companies invest
in ESG activities, their default risk decreases, likely due to mit-
igating climate-related risks, improving brand equity, or at-
tracting capital from ESG-focused or impact investors, which,
in turn, enhances operational efficiency. For instance, by
looking at the first model, the estimated coefficient of ESGEnv
is —1.943 (p-value=0.000) and statistically significant. This
magnitude indicates that an increase in a firm's environmen-
tal performance by one standard deviation (0.216) is associated
with a relative decrease in the default risk (ZScore) by 3.02%
in relation to the mean risk (13.881). Similarly, if the overall
corporate social performance index is considered (ESGINDEX)
as exhibited in the last model of Table 3, we observe that the
estimated coefficient of —0.388 (p-value =0.008) implies that
an increase in the variable by one standard deviation (0.165) is
linked with a decrease of the default risk of 0.461% in relation
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TABLE1 | Descriptive statistics.

Variable Mean Std. dev. Min Max
ZScore Overall —13.881 12.583 —75.687 -1.926
Between 12.828 —70.130 —2.524
Within 5.719 —54.595 20.176
OScore Overall —5.672 1.158 —9.726 —2.089
Between 1.084 —8.638 -3.117
Within 0.563 -8.599 -2.910
ESGEnv Overall 0.666 0.216 0.000 0.986
Between 0.214 0.000 0.972
Within 0.100 —0.145 1.091
ESGSoc Overall 0.697 0.194 0.016 0.985
Between 0.177 0.064 0.960
Within 0.111 —0.042 1.115
ESGGov Overall 0.618 0.212 0.035 0.983
Between 0.176 0.153 0.939
Within 0.130 0.111 1.141
ESGINDEX Overall 0.660 0.166 0.032 0.955
Between 0.158 0.074 0.913
Within 0.087 —0.025 1.011
LnFV Overall 0.141 0.552 -1.166 2.021
Between 0.520 -0.874 2.021
Within 0.252 —1.063 1.186
Size Overall 23.198 1.344 18.189 26.994
Between 1.457 18.189 26.531
Within 0.315 21.103 25.468
Lev Overall 0.262 0.134 0.000 0.867
Between 0.132 0.000 0.867
Within 0.063 0.004 0.780
CAPEX Overall 0.047 0.034 0.000 0.217
Between 0.031 0.000 0.186
Within 0.017 —0.042 0.201
OWN1 Overall 0.189 0.175 0.000 0.980
Between 0.173 0.013 0.785
Within 0.049 —0.360 0.641
ECONFREE Overall 73.034 5.144 58.800 84.200
Between 4.798 61.449 81.692
Within 1.519 67.784 77477
(Continues)
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TABLE1 | (Continued)

Variable Mean Std. dev. Min Max
WGI Overall 0.784 0.061 0.590 0.873
Between 0.062 0.593 0.868
Within 0.011 0.752 0.827
EQER Overall 0.013 0.114 0.000 1.000
Between 0.028 0.000 0.167
Within 0.110 —0.153 0.947
EQCR Overall 0.568 0.260 0.010 1.000
Between 0.186 0.010 1.000
Within 0.205 -0.115 1.177
EQCF Overall 0.660 0.190 0.050 1.000
Between 0.161 0.050 1.000
Within 0.124 —0.016 1.193
GNP Overall 104.955 12.128 80.807 160.407
Between 10.200 87.380 140.781
Within 6.399 76.012 160.662
Crisis Overall 0.139 0.346 0.000 1.000
Between 0.167 0.000 1.000
Within 0.339 —0.527 1.062

Note: The table shows panel data statistics for the variables used in the model, including the mean, the overall, between and within standard deviations, minimum and
maximum values. Section 3 of the study describes the variables. N=3479, n=333, and T =10.44.

to the mean risk. Collectively, the models support the hypoth-
esis that ESG activities have a risk-mitigating effect on default
risk, keeping all the other factors constant. Several arguments
support this.

First, ESG investments provide downside protection by foster-
ing stronger customer loyalty and higher brand equity, leading
to increased sales and market share. Second, credit markets are
increasingly sensitive to corporate ESG efforts, which encour-
age companies to disclose more non-financial information,
thus reducing information asymmetry and making their stocks
more attractive to investors. These factors ultimately reduce de-
fault risk.

Among the control variables, an increase in firm market value
(LnFV) is negatively associated with default risk, indicating that
as firm value rises, companies become more established in capital
markets, which exerts downward pressure on financial distress.
Conversely, firm size (Size), measured as the log of total assets,
is positively associated with default risk (ZScore), suggesting
that larger firms may leverage their size and reputation to take
on higher levels of risk. Additionally, higher levels of debt (Lev)
are positively associated with increased default risk. This finding
aligns with Cathcart et al. (2020), particularly due to the magni-
tude of the estimated parameter. For example, in the first model,
the estimated coefficient for Lev is 36.517 (p-value =0.000), indi-
cating that an increase in this variable equivalent to one standard
deviation (0.133) is associated with a 35.03% increase in default risk
(ZScore) relative to the mean risk (13.881). This finding supports

Traczynski (2017), who argued that financial leverage and market
return volatility are the only two risk factors that consistently ex-
plain default risk across all industry sectors.

We also examined the non-linear relationship between capital
expenditure (CAPEX) and default risk, a relationship commonly
discussed in corporate finance theory in general, but barely
considered in corporate distress in particular. At lower levels of
CAPEX, firms may underinvest, leading to inefficiencies, out-
dated technologies, and an inability to compete, thus increasing
insolvency risk (ZScore) (Jensen 1986). However, as supported
by Richardson (2006), at high levels of capital expenditure,
overinvestment—driven by managerial overconfidence or poor
capital allocation—may occur, increasing financial leverage, li-
quidity constraints, and ultimately default risk. This supports
the hypothesis of a U-shaped relationship between CAPEX and
ZScore, where moderate levels of investment optimize a firm's
productivity and competitiveness (Fazzari et al. 1988), ceteris
paribus.

Our results confirm these arguments, as evidenced by the neg-
ative and statistically significant coefficients for CAPEX, and
the positive and significant coefficients for CAPEX2!M In all
four estimations in Table 3, the level of CAPEX that minimizes
default risk was calculated by taking the first derivative of the
polynomial regression function and setting it equal to zero.
These minimum values, referred to as the Extrema Point in the
regression table below CAPEX? support the U-shaped relation-
ship. For example, in the first column, default risk is minimized
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TABLE 3 | Main results.

Variables ZScore ZScore ZScore ZScore
ESGEnv —1.943%**
(—4.064)
ESGSoc —0.195**
(—0.394)
ESGGov —0.405%*
(=2.007)
ESGINDEX —0.388%**
(—2.459)
LnFV —17.852%#* —16.824%** —16.826%*** —17.415%**
(-65.567) (—44.408) (—45.743) (—46.089)
Size 0.327%** 0.345%* 0.574%** 0.384%**
(2.805) (2.040) (3.262) (2.129)
Lev 36.517%*** 32.996%** 35.674%** 34.753%**
(36.359) (23.023) (22.988) (23.287)
CAPEX —22.488** —75.357%%* —54,517%*%* —59.689%**
(-2.474) (—5.658) (—3.848) (-4.193)
CAPEX? 149.733%#* 394.539%#* 354.633%** 359.727%**
(3.053) (5.178) (4.357) (4.461)
Extrema Point 0.0751 0.0955 0.0769 0.0830
Lind-Mehlum 2.47 4.45 3.85 4.19
p-value 0.007 0.000 0.000 0.000
OWN1 —1.235 —2.861%* —2.380* —2.676™*
(-1.505) (-2.392) (-1.924) (-2.208)
ECONFREE —0.044%%* —0.049** —0.083%** —0.059%#*
(—3.238) (—2.488) (—4.127) (—3.048)
WGI 19.542%** 18.055%** 21.023%** 19.511%**
(13.309) (8.099) (9.473) (9.084)
GNP —0.050%** —0.040%** —0.040%** —0.039%#*
(—14.265) (—8.216) (—7.474) (=7.617)
Crisis 0.906%** 0.754%+* 0.780%*** 0.793%**
(15.858) (10.253) (10.294) (10.516)
Constant —29.566%** —23.393%#* —29.398%** —29.858%**
(—4.922) (—3.429) (-3.990) (—4.043)
Observations 3476 3476 3476 3476
Cross-sections 333 333 333 333
Country Dummy YES YES YES YES
Year Dummy YES YES YES YES
Instruments 160 124 124 124
(Continues)
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TABLE 3 | (Continued)

Variables ZScore ZScore ZScore ZScore
Avrg. Obs. per Group 10.44 10.44 10.44 10.44
AR(1) —2.544 —2.680 —2.647 —2.647
p-value 0.010 0.006 0.008 0.004
AR(Q2) —2.918 —-2.713 -2.770 —2.847
p-value 0.301 0.207 0.155 0.108
Hansen 237.0 192.7 188.5 195.0
F-test 574.9 246.0 248.7 276.3

Note: The table displays the results to test the first research hypothesis. The results considered ZScore as the dependent variable, and sustainability measured through
ESGEnv, ESGSoc, ESGGov, and ESGINDEX. Section 3 of the study describes the variables. Below the coefficients, the table reports the standard errors robust to
heteroskedasticity following the method proposed by Windmeijer (2005). Nonlinearity of CAPEX is assessed with the Lind-Mehlum test that provides the exact test

of the presence of a U shaped (or inverse U shaped) relationship on an interval. Although not reported in the table, the option based on Fieller (1954) was used to find
the interval for the extreme point. Arellano-Bond AR(1) and AR(2) is an autocorrelation test of first and second order, respectively, using residuals in differences,
asymptotically distributes as an N(0.1) and under the null hypothesis of no autocorrelation. Although AR(1) is expected in first differences, it does not invalidate the
results. Instruments refer to the number of instruments used in the system GMM. Hansen test is a test of overidentifying restrictions or whether the instruments, as a
group, appear exogenous, asymptotically distributed as a X? and robust to heteroskedasticity. Endogenous variables were instrumentalized with up to 3years lagged
according to Jara-Bertin et al. (2008), and the number of instruments were kept blow the number of cross-sections as suggested by Roodman (2009). F test contrasts the

joint nullity of the estimated parameters. *p <0.05; **p <0.01; ***p <0.001.

when capital expenditure is approximately 7.51% of total assets,
and as confirmed by the Lind-Mehlum test, there is evidence
to reject the null hypothesis and support the existence of a U-
shaped relationship between CAPEX and ZScore. Although not
reported in the table, following Saona, Muro, et al. (2024), the
95% Fieller (1954) confidence interval for the Extrema Point was
estimated and it ranges from 3.68% to 9.63%, providing further
robustness to our findings. The average Extrema Point across
Table 3, at which bankruptcy risk is minimized, corresponds to
a capital expenditure of 8.26% of total assets.

In addition to controlling for investment decisions via
CAPEX, we also considered corporate governance through own-
ership structure (OWN1), specifically focusing on monitoring.
Risk-ownership concentration relationship is particularly rel-
evant, as shareholders may have incentives to take on higher
risk. As Jensen and Meckling (1976) suggest, the separation
between shareholders and managers can increase information
asymmetry, leading to a divergence in incentives and higher de-
fault risk. Similarly, Shleifer and Vishny (1986) argue that con-
centrated ownership improves firm performance by enhancing
monitoring and alleviating the free-rider problem in takeovers.
Our findings align with these governance arguments, as the
estimated coefficients for OWN1 are negative and statistically
significant in three out of the four regressions shown in Table 3.

Additionally, country-level control variables were included to
account for institutional factors such as governance quality
(WGI) and the degree of economic freedom (ECONFREE). The
WGI variable is positive and statistically significant. While this
might seem counterintuitive, companies operating in countries
with stronger governance frameworks, such as those in the EU,
may face heightened scrutiny from regulators and markets. This
increased oversight could lead to greater transparency, making
potential default risks more apparent. Similarly, companies in
highly integrated markets may be more exposed to global finan-
cial volatility, which can positively affect default risk, as argued
by Bekaert et al. (2014). Djankov et al. (2002) also discuss how
high compliance costs and regulatory burdens can make firms

more vulnerable to financial distress, reducing their distance
to default. These arguments highlight the external influence
of European institutional frameworks on a firm's risk profile.
However, in well-governed environments, regulatory quality
and strong rule of law may also incentivize firms to engage
in riskier activities in pursuit of short-term gains (Laeven and
Levine 2009).

In contrast to WGI, the ECONFREE variable, which reflects
a country's economic freedom, is negatively and statistically
significant in relation to default risk. This suggests that when
a country promotes business and trade freedom, supported
by the rule of law and property rights, corporate default risk
decreases. According to Kilc1 (2019), economic freedom is as-
sociated with the development of capital markets and finan-
cial stability, which reduces default risk. Greater economic
liberty allows companies to access advanced financial prod-
ucts and manage risks more effectively. Empirically, Chen and
Huang (2009) found that economic freedom is correlated with
lower stock market volatility, further stabilizing firms and re-
ducing corporate defaults.

Finally, the growth of the Gross National Product (GNP) and a
dummy variable that controls for crises periods (Crisis) were in-
troduced in the models. As also observed in previous literature,
the default risk is counter cyclical as lower risk is observed in pe-
riods of economic expansion, but such risk increased during the
crises like the financial recession of 2007-8 and the COVID19
pandemic of 2020.

4.3 | Heterogeneity by Industry Sector

As noted by Pistolesi and Teti (2024), a company's environ-
mental commitment and systematic risk are inherently tied to
the industry sector in which it operates. This section addresses
our second hypothesis, which examines the heterogeneous
impact of ESG ratings on default risk across different indus-
try sectors. First, we analyzed this by generating interaction
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variables between industry sectors with a high environmental
impact (High) and the various ESG scores, as well as for in-
dustry sectors with low environmental impact (Low). Second,
we generated interaction variables between dummies identi-
fying the primary, secondary, and tertiary sectors and the ESG
scores. The results for the first set of interaction variables are
presented in Panel A of Table 4, and the findings for the sec-
ond set are shown in Panel B.

In Panel A, we explore the effect of ESG activities on default risk
in high-impact (environmentally sensitive) industries compared
to low-impact industries. In the first column, companies in low
environmental impact industries (such as consumer cyclicals,
non-cyclicals, healthcare, technology, and telecommunications)
exhibit an estimated coefficient for the environmental score
(ESGEnv) of —0.988 (p-value =0.085). This suggests that a one
standard deviation increase in the environmental score (0.215)
is associated with a 1.53% reduction in default risk relative to
the average risk. However, for companies in high environmental
impact industries (such as basic materials, energy, industrials,
and utilities), where the variable High equals 1, the coefficient
(—0.375) is statistically insignificant (p-value =0.352). This co-
efficient represents the addition of the estimated parameters of
ESGEnv and the interaction term High « ESGEnv, with a linear
combination t-test confirming no significant effect in these
high-impact industries. The effect is associated with a reduc-
tion of 0.58% on the average default risk for this group of high
environmental-impact companies.

In the second column of Table 4, similar results emerge, though
with stronger statistical significance. For companies in high-
impact sectors, the social score (ESGSoc) reduces default risk,
with a coefficient of —1.027, reflecting the combined effect of
ESGSoc and High «ESGSoc. A Wald-type test confirmed the
robustness of this finding, rejecting the null hypothesis that
B = Bescsoc + PrscsoctHigh+Esasoc = 0 (p-value =0.0822). However,
for companies in low environmental impact industries or also
denominated low environmentally sensitive industries, the
reduction in default risk is even more pronounced, with a co-
efficient of —2.855 (p-value=0.001) as the social pillar of the
non-financial performance improves. This indicates that com-
panies in low environmental impact industries experience a
greater reduction in default risk from improved social scores
compared to those in environmentally sensitive sectors.

The governance score (ESGGov) yields similar results. In
high-impact industries, firms reduce their default risk as their
governance scores improve, with a coefficient of —1.261 (p-
value =0.054) for ESGGov + High  ESGGov. However, no sta-
tistically significant results were found for governance scores
in low-impact industries (when High = 0). In contrast, when
considering the overall ESG score (ESGINDEX), companies in
low-impact industries show a reduction in default risk with an
estimated coefficient of —1.754 (p-value =0.090) as their ESG
scores increase, as seen in the fourth column. The estimated
coefficient of —1.754 for ESGINDEX suggests that a one stan-
dard deviation increase in the index is associated with a 2.09%
reduction in default risk. For companies operating in high en-
vironmental impact industries, the size of the estimated coeffi-
cient is —1.325 revealing a relatively lower risk mitigation effect
as the ESG index improves in comparison to companies in low
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FIGURE1 | Histogram and optimization of ZScore with respect to EQCR and EQCF variables. The figure shows the optimization of ZScore based
on the linear predictions of Models 8 and 12 of Table 5, and the embedded histograms of variables EQCR and EQCF shown in Panels A and B, respec-
tively. The corresponding Extrema Points as well as the 95% confidence level Fieller intervals are also shown.

environmental impact industries. Consequently, our findings Following Saona and Muro (2023), Panel B of Table 4 analyzes
reveal an asymmetrical effect of non-financial performance on the industry heterogeneity across primary, secondary, and ter-
default risk. Companies operating in low environmental impact tiary sectors. A key finding is presented in the fifth column:
industries reduce more risk as ESG improves than companies for companies in the primary, extractive sector, default risk in-
operating in high environmental industries. creases as the environmental score improves, with a coefficient
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TABLE 6 | Robustness: Main results.

Variables OScore OScore OScore OScore
ESGEnv —0.002%**
(-13.091)
ESGSoc 0.001
(1.015)
ESGGov 0.000
(0.800)
ESGINDEX —0.001***
(—3.151)
LnFV —0.004*** —0.004%** —0.003%** —0.005%**
(—80.898) (-13.330) (=7.059) (-31.412)
Size 0.002%** 0.002%** 0.002%** 0.003%**
(36.436) (9.523) (6.501) (18.292)
Lev 0.038%*** 0.036%** 0.036%*** 0.0347#%*
(89.880) (22.896) (15.668) (34.604)
CAPEX —0.045%%* —0.046%** —0.040* —0.058***
(-14.985) (-3.157) (-1.869) (—6.669)
CAPEX? 0.032%* 0.119 0.033 0.018
(2.202) (1.282) (0.234) (0.384)
Extrema Point 0.720 —0.195 —-0.616 —-1.590
Lind-Mehlum — — — —
p-value
OWN1 —0.012%#* —0.009%** —0.011%** —0.013%**
(—47.694) (—6.204) (—4.997) (-17.183)
ECONFREE —0.000%** —0.000 —0.000* —0.000%*
(-13.507) (-0.521) (-1.885) (-2.348)
WGI 0.008*** 0.006™* 0.006 0.012%**
(14.541) (2.024) (1.591) (6.821)
GNP 0.000*** 0.000%** 0.000%** 0.000***
(59.006) (11.497) (5.209) (25.268)
Crisis 0.002%** 0.0071%*** 0.001%** 0.0027%**
(48.811) (7.065) (2.641) (22.400)
Constant 0.058%*** 0.041%** 0.040%** 0.065%**
(37.111) (7.197) (5.435) (16.955)
Observations 3560 3560 3560 3560
Cross-sections 340 340 340 340
Country Dummy YES YES YES YES
Year Dummy YES YES YES YES
Instruments 331 216 167 260
(Continues)
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TABLE 6 | (Continued)

Variables OScore OScore OScore OScore
Avrg. Obs. per Group 10.47 10.47 10.47 10.47
AR() —3.938 —3.928 —3.899 -3.972
p-value 0.000 0.000 0.000 0.430
AR(Q2) —-0.671 —0.821 —-0.756 —0.789
p-value 0.502 0.411 0.450 0.701
Hansen 297.9 228 174.4 269.7
F-test 9277 114.9 46.15 639.4

Note: The table displays the robustness results to test the first research hypothesis. The results considered OScore as the dependent variable, and sustainability
measured through ESGEnv, ESGSoc, ESGGov, and ESGINDEX. Section 3 of the study describes the variables. Below the coefficients, the table reports the standard
errors robust to heteroskedasticity following the method proposed by Windmeijer (2005). Nonlinearity of CAPEX is assessed with the Lind-Mehlum test that provides
the exact test of the presence of a U shaped (or inverse U shaped) relationship on an interval. Although not reported in the table, the option based on Fieller (1954)

was used to find the interval for the extreme point. Arellano-Bond AR(1) and AR(2) is an autocorrelation test of first and second order, respectively, using residuals

in differences, asymptotically distributes as an N(0.1) and under the null hypothesis of no autocorrelation. Although AR(1) is expected in first differences, it does not
invalidate the results. Instruments refer to the number of instruments used in the system GMM. Hansen test is a test of overidentifying restrictions or whether the
instruments, as a group, appear exogenous, asymptotically distributed as a X2 and robust to heteroskedasticity. Endogenous variables were instrumentalized with up
to 3years lagged according to Jara-Bertin et al. (2008), and the number of instruments were kept blow the number of cross-sections as suggested by Roodman (2009). F
test contrasts the joint nullity of the estimated parameters. *p <0.05; **p <0.01; ***p <0.001.

of 3.240 (p-value =0.001) for ESGEnv. However, in the second-
ary (manufacturing) sector, improved environmental scores
lead to a lower increase in default risk, with a coefficient of
0.913, calculated as the sum of the parameters for ESGEnv and
Secondary = ESGEnv. The most significant reduction in default
risk is seen in the tertiary (service-focused) sector, with a co-
efficient of —0.152 (p-value=0.025), calculated as the sum of
ESGEnv and Tertiary « ESGEnv. A linear combination test re-
jected the null hypothesis that the impact of environmental
scores on default risk is the same across these three sectors, in-
dicating a gradient of risk mitigation from the primary to the
tertiary sector.

Comparable patterns are observed in the sixth column for the
social score (ESGSoc). While companies in the primary sector
reveal that improved social scores lead to increased default
risk, secondary sector companies experience some reduction
in risk, though the effect is much stronger in the tertiary sec-
tor. When considering governance scores (ESGGov) or the
aggregate score (ESGINDEX) as tabulated in the seventh and
eighth columns of the table, the effects are statistically signif-
icant across all the three industry sectors and systematically
in a gradient way, from an increase in the default risk in the
primary sector as the score improves, to a reduction in the risk
for the tertiary sector focused on services. Table 4 also shows
that the control variables yield results consistent with those
observed in Table 3.

4.4 | Default Risk and Earnings Quality

The last part of our empirical analysis explores the role of
financial statement transparency as a driver of insolvency
risk. This specific focus on corporate governance aims to
address specification errors often observed in the literature.
Previous studies have shown that governance scores as pre-
dictors of default risk typically yield non-significant or weak
explanatory power (e.g., Di Tommaso and Thornton (2020); Li
et al. (2022); Maquieira et al. (2024); Pistolesi and Teti (2024);

Sassen et al. (2016); among others). Additionally, in their sur-
vey of economic literature, Hermalin and Weisbach (2003)
suggest that a firm's governance structure is endogenously
determined. To overcome these limitations, we use finan-
cial reporting transparency as a corporate governance met-
ric, in addition to the ownership structure (OWN1) variable
to better capture the corporate governance aspects that de-
termine the insolvency risk, alongside the governance score
(ESGGov). Financial transparency is assessed using several
earnings quality measures developed by StarMine and avail-
able through LSEG Workspace. Given that all these gover-
nance variables are theoretically endogenous, the econometric
method employed in this study addresses this issue by gener-
ating instruments using lagged values.

The results are presented in Table 5. The first transparency vari-
able is the earnings restatement dummy (EQER). The adverse
consequences of earnings restatement have been supported
in the previous empirical studies (Desai et al. 2006; Ettredge
et al. 2012). The table demonstrates that companies required to
restate their financial statements due to a lack of transparency
exhibit higher default risk than those that did not, as seen across
the first four regressions. Additionally, as previously discussed,
the social (ESGSoc) and governance (ESGGov) scores, as well as
the overall ESG index (ESGINDEX), continue to have a negative
impact on a company's default risk.

Next, we analyze the earnings quality country rank (EQCR) and
its squared term to examine the non-linear relationship with de-
fault risk. The literature suggests that both low and excessively
high levels of financial transparency can increase default risk,
while moderate levels can mitigate it. At relatively low levels of
transparency, improvements in the quality of financial report-
ing and earnings reduce information asymmetries and mitigate
corporate risk (Bhattacharya et al. 2013). From a corporate gov-
ernance perspective, poor financial transparency can conceal
risks, such as the opportunistic manipulation of statements
or the overstatement of earnings, which misleads investors
(Dechow et al. 1996). Conversely, as Beck and Casu (2016), the
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TABLE 7 | Robustness: Main results for heterogeneity by industry sector.

Panel A

Panel B

Variables OScore

OScore

OScore OScore

OScore

OScore

OScore

OScore

ESGEnv —0.001***
(-3.513)
High * ESGEnv 0.001***
(4.473)

ESGEnv +High *
ESGEnv

-0.000

t-test (-2.055)
Secondary * ESGEnv

Tertiary * ESGEnv

ESGSoc

High * ESGSoc

ESGSoc+High *
ESGSoc

t-test

Secondary * ESGSoc

Tertiary * ESGSoc

ESGGov

High * ESGGov

ESGGov + High *
ESGGov

t-test
Secondary * ESGGov
Tertiary * ESGGov

ESGINDEX

High *ESGINDEX

—0.100%*
(~0.029)
0.001
(0.472)
-0.090%

(-1.627)

—0.072*
(—1.744)
0.005**
(2.402)
-0.067*

(~-1.107)

—0.000
(~1.164)
0.000
(0.191)

—0.003%**
(-9.587)

—0.054%%*
(—9.185)
—0.080*
(—3.084)

0.003%**
(6.025)

—0.077**
(~3.039)
~0.102*
(~2.461)

0.0027**
(2.571)

—0.041%*
(—2.983)
—0.102*
(~3.390)

0.000
(0.521)

(Continues)
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TABLE 7 | (Continued)

Panel A Panel B
Variables OScore OScore OScore OScore OScore OScore OScore OScore
ESGINDEX + High * -0.000
ESGINDEX
t-test (-1.257)
Secondary * —0.041**
ESGINDEX
(-3.586)
Tertiary * —0.123**
ESGINDEX
(-3.459)
LnFV —0.005***  —0.004***  —0.002***  —0.005***  —0.004***  —0.005%**  —0.004***  —0.004***
(-85.480) (-12.700)  (—6.065)  (—59.881)  (-74.374)  (-32.850) (-14.849)  (~13.319)
Size 0.003%** 0.002%** 0.002%** 0.0027%** —0.003**  —0.002***  —0.002***  —0.002%**
(39.841) (9.148) (5.855) (30.173)  (=30.941)  (-17.969)  (-10.151)  (~10.813)
Lev 0.038%** 0.035%** 0.035%** 0.038%*** 0.0397%** 0.034%*** 0.032%** 0.036%**
(168.329)  (22.503) (15.336) (91.090)  (106.034)  (36.980) (20.067) (22.655)
CAPEX —0.060%**  —0.045%** —0.038* —0.088%** 0.040%*** 0.069%+* 0.065%** 0.065%**
(=22.935)  (=3.070) (-1.718)  (-17.111)  (11.269) (7.558) (4.284) (4.298)
CAPEX? 0.0717%** 0.123 0.054 0.251%#* -0.027 0.013 —0.042 —0.082
(5.211) (1.328) (0.383) (9.937) (—1.538) (0.251) (=0.494)  (=0.943)
Extrema Point 0.424 0.183 0.349 0.175 0.738 -2.664 0.774 0.398
Lind-Mehlum — — — 3.40 — — — —
p-value — — — 0.384 — — — —
OWN1 —0.013*%**  —0.009***  —0.013***  —0.010***  —0.011***  —0.012***  —0.012***  —0.010%**
(-43.060)  (—5.985) (=5.679)  (=26.902)  (=39.675) (-15.310)  (-8.117)  (—6.795)
ECONFREE —0.000%** —0.000 —0.000* —0.000***  —0.000***  —0.000%*** —0.000 —0.000
(-13.357)  (-0.563)  (-1.928)  (=6.280)  (=9.210) (-2.870)  (-0.864)  (—0.969)
WGI 0.011%#* 0.006™* 0.007* 0.009%** 0.006™** 0.01 1% 0.012%** 0.008***
(30.221) (2.044) (1.876) (8.449) (12.109) (6.965) (4.236) (2.615)
GNP 0.000%** 0.000%** 0.000%** 0.000%*** 0.000%** 0.000%** 0.000%** 0.000%**
(75.118) (11.170) (5.013) (63.820) (54.190) (27.788) (9.128) (9.666)
Crisis 0.002%#* 0.0017%*** 0.001%** 0.002%** 0.002%#* 0.0027%** 0.0027%** 0.0071%**
(45.944) (7.307) (2.742) (31.216) (41.101) (21.290) (8.295) (7.100)
Constant 0.064%+* 0.040%** 0.039%** 0.056%** 0.059%** 0.059%%* 0.051%#* 0.049%#*
(36.505) (7.138) (5.096) (29.784) (29.915) (16.169) (9.090) (9.449)
Observations 3560 3560 3560 3560 3560 3560 3560 3560
Cross-sections 340 340 340 340 340 340 340 340
Country Dummy YES YES YES YES YES YES YES YES
Year Dummy YES YES YES YES YES YES YES YES
(Continues)
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TABLE 7 | (Continued)

Panel A Panel B

Variables OScore OScore OScore OScore OScore OScore OScore OScore
Instruments 343 216 167 298 331 260 216 216
Avrg. Obs. per Group 10.47 10.47 10.47 10.47 10.47 10.47 10.47 10.47
AR(1) —3.944 -3.930 —3.899 —3.942 —3.928 -3.971 —-3.950 —3.918
p-value 0.000 0.412 0.434 0.000 0.000 0.398 0.000 0.449
AR(2) —0.683 —-0.821 —0.782 —-0.676 —0.661 —0.846 —-0.831 —0.758
p-value 0.495 0.355 0.198 0.499 0.508 0.717 0.406 0.892
Hansen 304.2 229.1 170.5 301.5 298.3 269.8 234.1 230
F-test 309.66 96.03 35.70 3186 6209 547.6 86.38 97.23

Note: The table displays the robustness results to test the second research hypothesis. Results in Panel A are used to assess the heterogeneous effect of ESG

scores on listed firms in industry sectors separated by high (basic materials, energy, industrials, and utilities) and low (consumer cyclicals and non-cyclicals,
healthcare, technology, and telecommunication services) environmental impact. Results in Panel B are used to assess the heterogenous effect of ESG scores on

listed firms in industry sectors classified in primary (basic materials, energy, and industrials), secondary (consumer cyclicals and non-cyclicals, and utilities), and
tertiary (healthcare, technology, and telecommunication services). The results considered OScore as the dependent variable, and sustainability measured through
ESGEnv, ESGSoc, ESGGov, and ESGINDEX. Section 3 of the study describes the variables. Below the coefficients, the table reports the standard errors robust to
heteroskedasticity following the method proposed by Windmeijer (2005). The suitable t test of linear combination of coefficients was used to test the significance of
the interacted variables. Nonlinearity of CAPEX is assessed with the Lind-Mehlum test that provides the exact test of the presence of a U shaped (or inverse U shaped)
relationship on an interval. Although not reported in the table, the option based on Fieller (1954) was used to find the interval for the extreme point. The nonlinearity
of CAPEX is trivially rejected in all models except the fourth one as the extremum is outside the interval of the variable. Arellano-Bond AR(1) and AR(2) is an
autocorrelation test of first and second order, respectively, using residuals in differences, asymptotically distributes as an N(0.1) and under the null hypothesis of no
autocorrelation. Although AR(1) is expected in first differences, it does not invalidate the results. Instruments refer to the number of instruments used in the system
GMM. Hansen test is a test of overidentifying restrictions or whether the instruments, as a group, appear exogenous, asymptotically distributed as a X2 and robust to
heteroskedasticity. Endogenous variables were instrumentalized with up to 3years lagged according to Jara-Bertin et al. (2008), and the number of instruments were
kept blow the number of cross-sections as suggested by Roodman (2009). F test contrasts the joint nullity of the estimated parameters. *p <0.05; **p <0.01; ***p <0.001.

financial recession of 2007-08 prompted the European Union
to revise its corporate governance regulations, introducing
additional disclosure requirements and enhancing Codes of
Good Governance (CGGs). As noted by Impink et al. (2022), the
gradual expansion of regulation-induced disclosures in annual
reports has led to unintended consequences such as informa-
tion overload, which increases risk factors. Similarly, excessive
transparency can elevate default risk by disclosing too much
sensitive information, potentially triggering overreactions from
investors and creditors and exposing the company to unneces-
sary risks (Peasnell et al. 2005). As Sloan (1996) observed, stock
prices often reflect naive expectations about fundamental valu-
ation attributes such as earnings, even when a firm's fundamen-
tals are not significantly different from those of more opaque
firms (Verrecchia 2001). Such overreactions can increase mar-
ket volatility.

At the intersection of these arguments, moderate levels of finan-
cial disclosure provide investors and fund suppliers with suffi-
cient information for informed decision-making. Based on this,
we hypothesized a U-shaped relationship between the quality of
financial statements and a company's default risk.

This hypothesis is strongly supported by the results in Table 5.
In three out of four regressions, the EQCR variable exhibits a U-
shaped relationship with default risk, as does the EQCF variable
in all the models. For example, when considering the general
models that account for the overall ESG score (ESGINDEX)-such
as Models 8 and 12 in the table-, it is observed that corporate de-
fault risk is minimized when EQCR is 0.487, and when EQCEF is
0.574, respectively. Graphically, these critical points are shown
in Figure 1, Panels A and B, respectively, with Fieller (1954)

confidence intervals also displayed. As shown in the histo-
grams, the estimated optimization levels fall below the actual
mean values of these variables, as detailed in Table 1. This sug-
gests that companies have room to further reduce their default
risk by properly balancing their financial transparency and dis-
closure policies.

The remaining results in Table 5 are qualitatively similar to
those observed in previous tables, adding further robustness to
our overall findings.

4.5 | Robustness Analysis

This section serves to verify the reliability of our main find-
ings by conducting a robustness analysis. The analysis is
carried out in two stages. In the first stage, we replace the
(Altman 1968) Z-Score with the Ohlson (1980) O-Score as
the dependent variable. Both are accounting-based measures
of a firm's default risk and exhibit a strong positive correla-
tion (0.513), indicating they aim to capture the same under-
lying risk. These results are presented in TableS 6-8. In the
second stage, we change the estimation technique from the
system GMM estimator (Blundell and Bond 1998) to the first-
difference GMM estimator (Arellano and Bond 1991). The
main advantage of the first-difference GMM is its ability to
handle lagged dependent variables, thus capturing dynamic
and persistent effects in the data. These results are reported
in Tables A1-A3.

When using the O-Score as the dependent variable (OScore), the
results remain largely consistent with the main findings. Table 6

Corporate Social Responsibility and Environmental Management, 2026

153

85UB0]7 SUOWIWIOD BA a1 3(cealdde aup Ag pauseno ae Ss[oie YO ‘SN JO s3I 10} A%iqiT 8UIIUO AB|IAN UO (SUOIPUOD-PUR-SLLBIALICD" A3 | 1M ARe1q 1 BUUO//SANY) SUORIPUOD PUe SWLB | 81 88S *[9202/T0/50] U0 ArIqI8UlUO AB]IM ‘ SNid AISIBAIUN SIN0T US - BUOES 0]0ed AQ Z/T0L"S9/200T 0T/I0P/LLI00" A | 1M AR1q 1 BUl|UO//SANY WO1) papeojumod ‘T ‘9202 ‘996ESEST



15353966, 2026, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/csr.70172 by Paolo Saona - Saint Louis University Pius, Wiley Online Library on [05/01/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))
#0070 #0070 ##100°0 #0070 ##xC00°0 #0070 #0070 ##+C00°0 #+x100°0 ##x100°0 ##+[00°0 #+C00°0 ozIS
(915°L-) (L8T6-) (8szs—)  (618°€1—)  (886'0T-)  (L160T—)  (90L'6—)  (L€8'€T—)  (T0S9T-)  (SLS¥I-)  (€6T'€T-)  (2€9°67-)
##¢€00°0~  544€00°0— 4442000~  454€00°0—  4sxb000— 4557000~  554€00°0— 4445000~  44+700°0—  ££4€00°0—  44x€00°0—  sxxb000— AdUT
0000 0000 0000 0000 anfea-d
I€°9 6£°8 IS°01 89°GI WN[YSIIA-PUT'T
c0L0 £89°0 ¥99°0 €290 JuIod ewWaIN Xy
(82T'6) (0ZH'T1) (SLY'ET) (96t°027)
#0700 w2L¥0°0 #2850°0 ##25S0°0 10041
(csT11-)  (I8€€1-)  (9sy'S1—)  (L1L€T-)
w6:650°0—  5x5¥90°0—  5449L0°0—  44+5L0°0— 1004
0000 0000 0000 0000 anrea-d
640 ar’s z€9 89°€I WN[YIN-PUIrT
L8570 8150 £95°0 £95°0 jurod ewRIXy
(s6£°9) (69L°5) (068°9) (6SS°ST)
#+x910°0 #+2ST0°0 ++810°0 #x610°0 24004
(s£8'9-)  (8979-) (ogeL—)  (0LT'LT-)
##4810°0—  44+LT0°0—  4%x0T0°0—  44+CT0'0— 4004
(Tz9'8) (Ly0'6) (SsL6) (80T°ST)
##x€00°0 ##x£00°0 ##x£00°0 ##x£00°0 ¥a04d
(r9£70-) (912°0-) (110°0-)
100°0— 0000~ 0000~ XAANIOSH
(969°1) (101°0-) (evT°0)
+100°0 000°0— 0000 A0DDSH
(128'1-) (10S'1-) (9veT)
100°0— 100°0— #1000~ 20S9SH
(6L9°5-) (120°5-) (ov1z-)
#++£00°0— #++£00°0— #1000~ AUFOSH
2109S0 2109S0 310250 9109S0 210950 2109S0 9109S0 310250 9109S0 310950 310950 310250 S9[qeLIRA
‘Kyrenb sGurures £q A3rouaSo1919y 10§ S)NSAI UTRIA :SSAUISNOY | S ATAV.L

Corporate Social Responsibility and Environmental Management, 2026

154



15353966, 2026, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/csr.70172 by Paolo Saona - Saint Louis University Pius, Wiley Online Library on [05/01/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

i
(senunuo))
L0T LOT L0T 89¢C L0T LOT LOT 89¢C 881 88T 88T vve SjuSWINIISU]
SHA SHA SHA SHA SHA SHA SHA SHA SHA SHA SHA SHXA Awrwm(q 1edx
SHA SHX SHA SHA SHA SHX SHA SHA SHX SHA SHA SHXA fwwng Anuno)
65€ 65€ 6£€ 6£¢ 6£€ 65€ 6£€ 6£€ geg 153 153 153 SUO[}O3S-SS0ID)
e (4243 4243 (4243 Tove (4143 (45143 (4143 sogg sogg sogeg soge SUO[JBAISSqQ
(698°01) (Lszen (810°01) (6¥6'9T) (665°8) (€1€°0D) (L19°L) (850°ST) (€98°9) (88€°9) LyTs) (tzeen
#05850°0 #7900 44xTSO'0  ##4€90°0 4420500 £4xLS0°0  sxIP00  454€S0°0  4440£0°0  444€€0°0  sxsbT00  4x4TF00 ueISUOD
(£06°€) (929°1%) (L£99) (162D (¥1€°9) (TtLe) (096°9) (sLszD) (596'6) (8¢t'6) (rzeon) (esTLn)
#+1000 4441000 44x1000 444000 4441000  44xT00°0 4541000 444000  454€00°0  #4x€000  444€00°0  44x€00°0 SISLID
(€80°8) (1v2'8) (s8T'8) (LS6'LT) (566'9) (08%'8) (LstL) (S8L791) (88L0) (¢ore) (Tese) (81€°01)
#0000 540000 4550000 40000 4540000 40000  45+0000 540000 4450000 4440000  44+0000 %0000 dND
(1Ls'1) (662°7) (s (€6€) rSs+0) (68€°0) (69L°0) (s9¢) (Ls 1) (ott€) (zs6'1) (tLe's)
¥00°0 #+900°0 +500°0 ##x800°0 2000 ++800°0 £00°0 #4x800°0 ¥00°0 #4+800°0 +500°0 451 10°0 IOM
(crre-) Lyee) @rsS1-) (1s¢1-) (656'1-) (6S8°1-) (2og'1-) (8L5°0-) (8s2°0-) (#60°0) (T1€°0) (9st'D)
#000'0— 40000~ 000°0— 000°0— +000°0— +000°0— 000°0— 000°0— 000°0— 0000 0000 0000 HAYANODH
(826'%—) (zses-) (TLee-) (168°-) (9L£'9-) (990°2-) (sL8'v—)  (00S'6-) (sLs¢-) (61L¢-) (Losz-)  (S19'9-) 2
#44L000~ 4548000~ 4445000~ 4545000~  #440T0°0~  44+CT00— 4448000~ 4546000~  £445000— 4449000~  44€00°0— 445000~ INMO M
820°0 99t°0 — — 6410 — — — — — — S€0°0 anea-d W
16T 600 — — S0°0 — — — — — — z8'T WNYIN-PUIT m
zL0°0 €100 120°0— 00£°6— 90z°0 98570 11’0 zs0'0- £€8°F £210- SL00- IS0 U104 BWANXH g
(ozoz-)  (sv'0o-)  (€08°0-)  (¥10°0-) (€890-)  (68T0-)  (#9T°0-) (6LL°0) (6£0°0-) (L08°0) (¥6L°0) (z60€-) m
#6170~ 150°0— 780°0— 100°0— ¥80°0— €£0°0— 620°0— 0S0°0 ¥00°0— 080°0 180°0 #4x881°0— XAV M
(¢16°) (£80°0) (80z0-)  (C19T-) (€LLm (S1I7'1D) (610°T) (115°0) (1s50) (z9e'D) (98£°0) (0ST'S) E
#CE0°0 100°0 £00°0— L10°0~ +F€0°0 $20°0 810°0 S00°0 #+LE0'0 020°0 T10°0 #2£610°0 XAdVD uw
(8L€°12) (1s¢°61) (1£9°'12) (5T0'1E) (€¥0°07) (#00°81) (00L6T) (966°€€) (T18'10) (sTLen) (1TT'17) (8+T°5¢9) m
#04850°0  5x+P€0°0  444850°0  4x4€€0°0  444850°0  #4P€00 4549500 5x49£0°0  44x0£0°0 544000 4446T0°0  441€0°0 AT ,m
(rL1'8) (L2L6) (croL) (rzszn (80L°6) (LLO'TT) (€1¢°89) (L09°L1) (991°2) (€19L) (Trt9) (cLo+T) m
CROAING) CROAING) CROAING) CROAING) CROAING) CROAING) 9J103S0 9J103S0 CROAING) CROAING) CROAING) CROAING) S9[qeLIeA m
(ponupuo)) | S HTAVL M



OScore
10.15
—3.947
0.000
—0.434
0.664
211.9
111

OScore
10.15
—4.007
0.649
—0.456
0.614
213.8
104.1

OScore
10.15
—-4.077
0.000
-0.373
0.709
201.5
109.1

OScore
10.15
—4.106
0.656
—0.446
0.403
253.5
286.4

OScore
10.21
—3.893
0.874
—0.159
0.499
206.9
91.03

0.813
106.7

10.21
-3.900

OScore
0.000
-0.236
205.4

OScore
10.21
—3.911
0.000
—0.165
0.869
197.2
86.09

10.21
-3.972
0.000
-0.137
0.891
261.4
264.5

OScore

OScore
9.925
—3.449
0.001
—0.440
0.660
199.5
202.1

OScore
9.925
-3.441
0.644
—0.462
0.601
190.6
187.8

OScore
9.925
—3.437
0.001
—0.457
0.648
199
493.2

OScore
9.925
—3.460
0.001
—0.416
0.678
251.1
480.6

(Continued)

Group
Hansen

Avrg. Obs. per
ARQ1)

Variables
p-value
AR(2)
p-value
F-test

Note: The table displays the robustness results to test the third research hypothesis. The results considered OScore as the dependent variable, and sustainability measured through ESGEnv, ESGSoc, ESGGov, and ESGINDEX.
Section 3 of the study describes the variables. Below the coefficients, the table reports the standard errors robust to heteroskedasticity following the method proposed by Windmeijer (2005). The suitable t test of linear combination

of coefficients was used to test the significance of the interacted variables. Nonlinearity of EQCR, EQCF, and CAPEX is assessed with the Lind-Mehlum test that provides the exact test of the presence of a U shaped (or inverse U
according to Jara-Bertin et al. (2008), and the number of instruments were kept blow the number of cross-sections as suggested by Roodman (2009). F test contrasts the joint nullity of the estimated parameters. *p <0.05; **p <0.01;

overidentifying restrictions or whether the instruments, as a group, appear exogenous, asymptotically distributed as a X2 and robust to heteroskedasticity. Endogenous variables were instrumentalized with up to 3years lagged
#5540 < 0.001.

as the extremum is outside the interval of the variable. Arellano-Bond AR(1) and AR(2) is an autocorrelation test of first and second order, respectively, using residuals in differences, asymptotically distributes as an N(0.1) and
under the null hypothesis of no autocorrelation. Although AR(1) is expected in first differences, it does not invalidate the results. Instruments refer to the number of instruments used in the system GMM. Hansen test is a test of

shaped) relationship on an interval. Although not reported in the table, the option based on Fieller (1954) was used to find the interval for the extreme point. The nonlinearity of CAPEX is trivially rejected in almost all models

TABLE 8

confirms our first hypothesis that both ESGEnv and ESGINDEX
retain negative and statistically significant coefficients, suggest-
ing that better ESG performance is associated with reduced de-
fault risk.

Table 7 further supports our second hypothesis by accounting for
industry effects. Firms in low environmental impact industries
benefit more from ESG improvements than those in high-impact
sectors when it comes to risk mitigation. Moreover, when indus-
tries are categorized as primary, secondary, and tertiary, we ob-
serve a gradient effect as concluded in the main findings. It means
that while companies in the primary sector show some risk reduc-
tion with higher environmental and governance scores, the effect
is stronger in the secondary sector and strongest in the tertiary sec-
tor. These patterns also hold when using the ESGINDEX variable.

Table 8 replicates the findings from Table 5, again showing
that improved ESG scores are generally associated with re-
duced default risk, though some models show weaker sta-
tistical significance. Importantly, these results continue to
support our first hypothesis. The third hypothesis, regarding
the governance score, also finds further backing, where the
findings indicated that companies required to restate finan-
cial reports (EQER) show increased default risk, and a U-
shaped relationship emerges between financial transparency
and the O-Score, reinforcing the non-linear dynamics posited
in our third hypothesis (e.g., see variables EQCR and EQCF
and their squared terms, as well as the estimated extrema
points for further details).

Regarding control variables, the results are mostly consis-
tent with the main analysis. However, capital expenditure
(CAPEX) does not appear to significantly explain insolvency
risk in any of the models from Tables 6-8. This does not un-
dermine our primary conclusions. Additionally, while Gross
National Product (GNP) shows a positive and statistically sig-
nificant coefficient (unlike the negative one in the main re-
sults), its economic effect remains negligible due to the small
magnitude of the estimated parameters (<0.000). As GNP is
merely a control variable, this change does not affect the ro-
bustness of our key findings.

The second part of the robustness checks, reported in Tables A1-
A3, mirrors the main analysis (Tables 3-5) but uses the first-
difference GMM estimator. These models include a lagged
dependent variable (ZScore,_; ), which is positive and statis-
tically significant across all models, indicating persistence in
default risk. The results in these tables again confirm support
for all three hypotheses. Control variables behave similarly to
those in the main analysis, further affirming the robustness and
consistency of our key results, even under alternative variable
definitions and estimation techniques.

5 | Conclusions

This study aimed to assess the impact of ESG (Environmental,
Social, and Governance) initiatives on corporate risk, specifi-
cally focusing on default risk, using data from European firms
across 20 countries from 2008 to 2022. Through this multi-
country analysis, we have extended the existing literature by
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addressing gaps related to the relationship between ESG activi-
ties and default risk, offering valuable insights into both statis-
tical and economic relationships. We consider this field to be
insufficiently explored. Most studies on this topic have focused
on single-country analyses, limiting the generalizability of their
findings (Korinth and Lueg 2022; Li et al. 2022; Peir6-Signes
and Segarra-Ofia 2013; Pistolesi and Teti 2024). Additionally,
existing multi-country studies, in our view, present economet-
ric limitations that compromise the robustness of their results
(Maquieira et al. 2024; Sassen et al. 2016; Vivel-Bua et al. 2024).
We see it as essential to move beyond these previous studies, and
in our research, we have contextualized the hypotheses in light
of the current European framework, aiming to align theoretical
arguments with actionable implications.

First, our results demonstrate a strong, negative relationship be-
tween ESG initiatives and corporate default risk, suggesting that
companies investing in sustainability tend to experience reduced
financial uncertainty. For the sample of EU companies used in
this study, these results are robust to different specifications, in-
cluding year, country, and firm fixed effects; industry sector het-
erogeneity, econometric techniques, alternative specifications
for the dependent variables, as well as corporate transparency
control. This effect is particularly pronounced in low environ-
mental impact industries, where investments in environmental,
social, and governance practices are more effective in mitigat-
ing risk. In high-impact industries, also called environmentally
sensitive industries, such as energy, industrials, and basic ma-
terials, the relationship between ESG scores and default risk is
more complex, with limited evidence of risk mitigation. These
results suggest that industry-specific factors play a crucial role in
determining the effectiveness of ESG practices, highlighting the
need for more nuanced strategies when assessing ESG impacts
across different sectors.

Second, our analysis reveals a non-linear relationship between
financial transparency and default risk. Moderate levels of fi-
nancial transparency, as measured by earnings quality metrics,
are most effective in minimizing default risk. Both insuffi-
cient and excessive transparency can increase the risk of insol-
vency—either by concealing critical risks or by exposing too
much sensitive information to the market, leading to overreac-
tions from investors and creditors. This finding has significant
implications for corporate governance practices, suggesting that
firms should carefully calibrate their financial disclosure strat-
egies to achieve an optimal balance between transparency and
confidentiality.

Third, these findings offer several implications for various
stakeholders. For investors, particularly those focused on ESG
criteria, the results provide evidence that aligning with ESG
principles can serve as a risk-mitigation tool, especially in less
environmentally aggressive industries. Investors should, how-
ever, be mindful of the industry context when evaluating ESG
scores as indicators of financial stability. For policymakers, the
study stresses the importance of promoting ESG disclosure stan-
dards that are tailored to different sectors, as a one-size-fits-all
approach may not be effective in reducing corporate risk across
the board. Moreover, regulators should consider the nuanced
role of financial transparency in corporate governance, ensur-
ing that disclosure requirements strike the right balance to avoid

the adverse effects of both opacity and excessive transparency.
In this respect, European regulatory policies, such as the EU
Non-Financial Reporting Directive (NFRD), serve as crucial
tools in ensuring that firms disclose relevant ESG information,
fostering investor confidence and market stability. Extending
and refining these regulations can further reduce corporate
risk, particularly in high-impact sectors. For credit markets, the
results suggest that ESG factors should be integrated into credit
risk assessments, particularly for companies in sectors where
ESG activities are shown to significantly reduce insolvency risk.
For managers and board members, the findings reveal that a
company's ESG activities must be aligned with the overarch-
ing firm strategy toward risk management. This requires ESG
objectives to be fully integrated into operations like capital in-
vestments, corporate governance like reporting and control, and
financing, like capital structure decisions. This study shows evi-
dence that all these factors together correlate with the likelihood
of bankruptcy.

Despite its contributions, this study has limitations that offer
avenues for future research. For example, a specific research
avenue could involve analyzing the interaction between ESG
activities and other risk factors, such as innovation capacity or
geopolitical risk, to provide a more holistic understanding of cor-
porate risk management. Additionally, our analysis is restricted
to non-financial firms in Europe, which may limit the general-
izability of our findings to other regions or financial industries.
Further analyses focused on the banking industry might shed
light on this underexplored field.

In summary, this study enhances our understanding of the re-
lationship between ESG practices across European companies
of various non-financial sectors, financial transparency, and de-
fault risk. By doing so, it offers valuable insights for investors,
policymakers, and credit markets, and lays the groundwork for
future research on the evolving role of sustainability in corpo-
rate finance.
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Endnotes

! For more information visit https://climate-pact.europa.eu/index_en.
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https://doi.org/10.13039/501100011033
https://climate-pact.europa.eu/index_en

2 Regulation (EU) 2019/2088 of the European Parliament and of the
Council of 27 November 2019.

3 https://databank.worldbank.org/source/worldwide-governance-
indicators.

4 https://www.heritage.org/index/.

> It measures a company's impact on living and non-living natural sys-
tems, including the air, land and water, as well as complete ecosys-
tems. It reflects how well a company uses best management practices
to avoid environmental risks and capitalize on environmental oppor-
tunities to general long term shareholder value.

6 It measures a company's capacity to generate trust and loyalty with
its workforce, customers and society, through its use of best manage-
ment practices. It is a reflection of the company's reputation and the
health of its license to operate, which are key factors in determining
its ability to generate long term shareholder value.

71t measures a company's system and processes, which ensure that its
board members and executives act in the best interest of its long-term
shareholders. It reflects a company's capacity, through its use of best
management practices, to direct and control its rights and responsi-
bilities through the creation of incentives, as well as checks and bal-
ances in order to general long-term shareholder value.

8 Tobin's Q is a concept borrowed from macroeconomics, originally
introduced by economist James Tobin, and is defined as the market
value of a firm's assets divided by their replacement cost. However,
since this variable is typically unobservable to outsiders, it is common
practice in finance and law literature to rely on proxy variables. In
this study, the proxy used defines the denominator of the metric as
the book value of total assets. Saona (2014) applies a metric that in-
corporates both a proxy for the replacement value of total assets and
the traditional metric using the book value of total assets, finding a
correlation coefficient of 0.95 between the two. Similarly, Perfect and
Wiles (1994) report a cosrrelation coefficient of 0.96 between the two
variables. Therefore, despite the criticisms in the literature regarding
the use of a proxy for Tobin's Q (Barlett and Partnoy 2020) as a mea-
sure of firm value, we believe that the proxy is highly correlated with
the original metric and is appropriate as an independent variable in
our estimations.

9 Recall that in order to run ZScore variable from low to high scores as
default risk increases, the variable was multiplied by —1, as by origi-
nal construction, its interpretation was in the other direction.

10 For saving space, the VIF test for multicollinearity was not reported.

11 Although we state that the U-shaped relationship is observed due to
the negative and statistically significant coefficient of CAPEX and
in the positive and significant coefficients of CAPEX?, in addition
to finding the extremum point within the rage of the CAPEX vari-
able is just a weak criterion to justify the U shape. According to Lind
and Mehlum (2010), this criterion is neither sufficient nor necessary.
Indeed, the authors state that the significance of the quadratic vari-
able alone is always a necessary condition in the test. Consequently,
we use the Lind-Mehlum test to contrast the corresponding hypothe-
sis of non-monotonic relationship between CAPEX and ZScore.
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Appendix A
TABLE A1 | Main results.
Variables ZScore ZScore ZScore ZScore
ZScore, 0.038%#* 0.029%* 0.034%** 0.035%**
(91.623) (40.499) (50.288) (50.440)
ESGEnv —0.447%+*
(-13.224)
ESGSoc —1.236%**
(-32.531)
ESGGov —0.212%%*
(—6.843)
ESGINDEX —1.114%**
(-21.379)
LnFV —16.891*** —16.790%** —17.048%** —16.901***
(~919.480) (-837.182) (-985.520) (~1039.513)
Size 0.881%** 0.881%#* 0.996%** 0.870***
(-27.248) (=70.617) (-48.505) (—43.497)
Lev 36.292%** 36.858%** 36.824%** 36.492%**
(341.243) (247.907) (518.372) (376.283)
CAPEX —4.419%** —0.872 —-0.257 —0.768
(=5.730) (-1.338) (-0.383) (-1.421)
CAPEX? 43.157*** 26.465%** 24.713%** 25.028%**
(11.162) (7.082) (7.611) (7.432)
Extrema Point 0.051 0.016 0.005 0.015
Lind-Mehlum 5.720 1.330 0.370 1.410
p-value 0.000 0.092 0.355 0.080
OWN1 —2.142%** —1.622%%* —2.159%** —1.749%**
(-20.967) (-15.802) (—25.766) (-22.306)
ECONFREE —0.026%** —0.033%** —0.028%** —0.030%**
(-12.602) (-14.088) (—14.088) (-11.162)
WGI 12.968*** 7.933%** 11.845%** 10.143%**
(52.450) (33.291) (44.530) (30.281)
GNP —0.005%** —0.007*** —0.006*** —0.004***
(~14.209) (~10.066) (-11.825) (-8.714)
Crisis 0.591%** 0.600*** 0.596%*** 0.571%**
(=51.834) (-49.443) (=70.128) (~134.183)
Constant —6.724%%* —2.058*** —3.467*%** —4.404%**
(=7.494) (=7.784) (=7.457) (—6.624)
Observations 2716 2716 2716 2716
Cross-sections 304 304 304 304
(Continues)
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TABLE A1 | (Continued)

Variables ZScore ZScore ZScore ZScore
Country Dummy YES YES YES YES
Year Dummy YES YES YES YES
Instruments 343 343 343 343
Avrg. Obs. per Group 8.934 8.934 8.934 8.934
AR() —2.853** —2.785%* —2.829%** —2.829%**
AR(2) -1.663 -1.772 —-1.750 —1.748
Sargan 291.2 293.4 295.6 296.8
Wald 3770%** 8521%** 3540%** 5030%**

Note: The table displays the robustness results to test the first research hypothesis. The results considered ZScore as the dependent variable, and sustainability
measured through ESGEnv, ESGSoc, ESGGov, and ESGINDEX. Section 3 of the study describes the variables. Below the coefficients, the table reports the standard
errors robust to heteroskedasticity following the method proposed by Windmeijer (2005). Nonlinearity of CAPEX is assessed with the Lind-Mehlum test that provides
the exact test of the presence of a U shaped (or inverse U shaped) relationship on an interval. Although not reported in the table, the option based on Fieller (1954)
was used to find the interval for the extreme point. Arellano-Bond AR(1) and AR(2) is an autocorrelation test of first and second order, respectively, using residuals
in differences, asymptotically distributes as an N(0.1) and under the null hypothesis of no autocorrelation. Although AR(1) is expected in first differences, it does not
invalidate the results. Instruments refer to the number of instruments used in the first-difference GMM estimator. Sargan test is a test of overidentifying restrictions
or whether the instruments, as a group, appear exogenous, asymptotically distributed as a X? and robust to heteroskedasticity. The null hypothesis is that the
overidentifying restrictions are valid. Endogenous variables were instrumentalized with up to 3years lagged according to Jara-Bertin et al. (2008), and the number of
instruments were kept blow the number of cross-sections as suggested by Roodman (2009). Wald test contrasts the joint nullity of the estimated parameters. *p <0.05;
**p <0.01; ***p <0.001.
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TABLE A2 | Main results for heterogeneity by industry sector.

Panel A Panel B

Variables ZScore ZScore ZScore ZScore ZScore ZScore ZScore ZScore

ZScore, 0.041%** 0.031%** 0.035%** 0.037%** 0.039%** 0.028*** 0.035%** 0.035%**
(77.568) (35.974) (52.156) (49.300) (63.253) (61.342) (47.293) (43.794)
ESGEnv —1.703%** 0.145%*
(~17.484) (2.017)
High * ESGEnv 2.303%**
(16.513)
ESGEnv +High * ESGEnv 0.600
t-test (0.780)
Secondary * ESGEnv —0.922%**
(-6.987)
Tertiary * ESGEnv —1.714%**
(=7.725)
ESGSoc —2.969%** —0.400%***
(—39.592) (-7.513)
High * ESGSoc 3.137%**
(22.984)
ESGSoc+ High * ESGSoc 0.168*
t-test (2.320)
Secondary * ESGSoc —0.358%***
(-3.876)
Tertiary * ESGSoc —4.413%**
(-27.802)
ESGGov —0.197%** —0.536%**
(—6.045) (-14.114)
High * ESGGov 0.034***
(23.150)
ESGGov + High * ESGGov —-0.157*
t-test (-1.540)
Secondary * ESGGov —0.236%**
(-3.169)
Tertiary * ESGGov —1.008***
(~23.089)
ESGINDEX —2.045%** —0.637%**
(~27.356) (-7.182)
High *ESGINDEX 1.893%**
(16.046)

ESGINDEX +High * —0.152*
ESGINDEX

t-test (-1.407)

Secondary * ESGINDEX —0.500%**
(-3.187)

Tertiary * ESGINDEX —1.476%+*
(=10.028)

(Continues)
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TABLE A2 | (Continued)

Panel A Panel B
Variables ZScore ZScore ZScore ZScore ZScore ZScore ZScore ZScore
LnFV —16.899%** —16.805%** —17.004*** —16.913*** —16.915%** —16.807*** —17.006*** —16.902%**
(=5.976) (-7.881) (~6.809) (~1.574) (-533.621)  (=1200.695)  (—552.369)  (—677.863)
Size 0.827%** 0.817*** 0.989%*** 0.8527%** —0.849%** —0.822%** —0.991%** —0.853%**
(28.757) (30.772) (67.201) (38.687) (-27.229) (-58.109) (~42.700) (-30.238)
Lev 36.306%** 36.920%** 36.786*** 36.482%** 36.334%** 36.787*** 36.835%** 36.462%**
(346.833) (266.209) (354.424) (339.994) (295.555) (266.583) (442.711) (347.436)
CAPEX —5.087*** —0.883 —0.476 -0.955 —4.828%** -1.237 0.264 —2.112%
(-4.752) (~1.300) (=0.791) (-1.584) (=5.845) (-1.437) (0.376) (~1.933)
CAPEX? 46.752%%* 26.549%F* 25.712%%* 26.371%** 45.139%** 26.8827%** 21.696%** 32.138%**
(8.709) (7.283) (8.530) (7.421) (10.875) (6.080) (5.758) (5.337)
Extrema Point 0.054 0.017 0.009 0.018 0.535 0.023 -0.006 0.033
Lind-Mehlum 4.75 1.29 0.78 1.57 5.84 1.43 — 1.93
p-value 0.000 0.099 0.218 0.058 0.000 0.076 — 0.027
OWN1 —2.293%** —1.701%** —2.216%** —1.833%** —2.206%** —1.647%** —2.100*** —1.888***
(~17.931) (~17.391) (=23.762) (~17.205) (~17.399) (~20.389) (-22.218) (~11.998)
ECONFREE —0.026%** —0.040%** —0.027%** —0.032%** —0.023%** —0.039%** —0.024*** —0.033%**
(-9.631) (~18.076) (-11.908) (-9.191) (-11.338) (~16.460) (-9.882) (-10.750)
WGI 12.807*** 7.953*** 11.869*** 10.195%** 13.194%** 7.566%** 12.116%** 10.165%**
(46.714) (28.831) (33.402) (38.435) (66.957) (25.519) (37.363) (34.976)
GNP —0.004*** —0.007*** —0.006*** —0.005%** —0.004*** —0.006*** —0.006*** —0.004***
(~10.308) (~12.143) (~13.511) (=7.700) (~10.831) (~14.246) (~11.250) (~6.966)
Crisis 0.590%** 0.597%** 0.590%** 0.576%** 0.590%** 0.589%** 0.591#** 0.579%***
(60.968) (71.675) (77.342) (94.435) (43.307) (63.868) (74.500) (63.426)
Constant —7.822%%* —2.870*** —3.696%** —4.672%** —7.880%** —2.678*** —4.073%** —4.571%**
(~12.054) (~5.309) (-9.463) (-8.024) (-9.827) (-6.271) (-7.018) (—5.899)
Observations 2716 2716 2716 2716 2716 2716 2716 2716
Cross-sections 304 304 304 304 304 304 304 304
Country Dummy YES YES YES YES NO NO NO NO
Year Dummy YES YES YES YES YES YES YES YES
Instruments 344 344 344 344 345 345 345 345
Avrg. Obs. per Group 8.934 8.934 8.934 8.934 8.934 8.934 8.934 8.934
AR(1) —2.864 —2.769 —2.838 —2.834 —2.853 —2.764 —2.831 -2.834
AR(2) —1.638%* —1.711%** —1.763%* —1.692%** —1.647%** —1.771%* —1.754** —1.716**
Sargan 292.9 295.5 295.2 296.1 292.5 294.2 292 295.2
Wald 48266*** 2470%** 1230%** 2770** 1209%** 5307*** 5743%%* 6270%**

Note: The table displays the robustness results to test the second research hypothesis. Results in Panel A are used to assess the heterogeneous effect of ESG

scores on listed firms in industry sectors separated by high (basic materials, energy, industrials, and utilities) and low (consumer cyclicals and non-cyclicals,
healthcare, technology, and telecommunication services) environmental impact. Results in Panel B are used to assess the heterogenous effect of ESG scores on

listed firms in industry sectors classified in primary (basic materials, energy, and industrials), secondary (consumer cyclicals and non-cyclicals, and utilities), and
tertiary (healthcare, technology, and telecommunication services). The results considered ZScore as the dependent variable, and sustainability measured through
ESGEnv, ESGSoc, ESGGov, and ESGINDEX. Section 3 of the study describes the variables. Below the coefficients, the table reports the standard errors robust to
heteroskedasticity following the method proposed by Windmeijer (2005). The suitable t test of linear combination of coefficients was used to test the significance of
the interacted variables. Nonlinearity of CAPEX is assessed with the Lind-Mehlum test that provides the exact test of the presence of a U shaped (or inverse U shaped)
relationship on an interval. Although not reported in the table, the option based on Fieller (1954) was used to find the interval for the extreme point. The nonlinearity
of CAPEX is trivially rejected in the seventh model as the extremum is outside the interval of the variable. Arellano-Bond AR(1) and AR(2) is an autocorrelation test
of first and second order, respectively, using residuals in differences, asymptotically distributes as an N(0.1) and under the null hypothesis of no autocorrelation.
Although AR(1) is expected in first differences, it does not invalidate the results. Instruments refer to the number of instruments used in the first-difference GMM
estimator. Sargan test is a test of overidentifying restrictions or whether the instruments, as a group, appear exogenous, asymptotically distributed as a X2 and robust
to heteroskedasticity. The null hypothesis is that the overidentifying restrictions are valid. Endogenous variables were instrumentalized with up to 3years lagged
according to Jara-Bertin et al. (2008), and the number of instruments were kept blow the number of cross-sections as suggested by Roodman (2009). Wald test contrasts
the joint nullity of the estimated parameters. *p <0.05; **p <0.01; ***p <0.001.
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