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Abstract

By analyzing 19715 firm—year observations from 2640 companies across 38 OECD member
economies between 2002 and 2023, this study examines the effect of climate risk exposure on
firm default risk. Our findings suggest that firms with higher climate risk exposure, as measured
by physical risk and transition risk indicators, are more likely to default. We then explore how
financial constraints influence this relationship and find that innovation mitigates the impact of
climate risk on default risk. However, firms should prioritize green innovation instead of
increasing overall research and development (R&D) investment. Moreover, the relationship
between climate risk exposure and default risk varies depending on financial constraints, indus-
try climate sensitivity, and regulatory stringency. Overall, our study provides practical insights
for managers, policymakers, and investors, underscoring the importance of integrating climate
risk into firm assessments, investment strategies, and green technology transitions.
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Climate Risk Exposure and Firm Default Risk

1. Introduction

Climate change and global warming have attracted growing academic and policy
attention in recent years. Scholars and policymakers now recognize the direct and
indirect effects of climate change on ecosystems, biodiversity, and agriculture, as
well as its growing influence on investment decisions and business development
(Krueger et al. 2020). As extreme weather events escalate, high technology advances,
and pressure mounts to transition to a net-zero economy, businesses across indus-
tries face growing challenges, including stricter regulations, limited financing
options, operational disruptions, and shifts in the global supply chain (Pham
et al. 2019; Zhou et al. 2020).

Climate risk exposure is a key driver affecting firm value and environmental,
social, and governance (ESG) performance (Liu et al. 2025), corporate green inno-
vation (Tian et al. 2024), corporate debt maturity (Goodell et al. 2025), market val-
uation (Berkman et al. 2024), cost of equity (Cepni et al. 2024), and dividend
policy (Ongsakul et al. 2024). Krueger et al. (2020) categorized research on climate
risks into two main approaches: carbon footprint and stranded asset risk. In addi-
tion, Capasso et al. (2020) demonstrated that firms with poor environmental per-
formance, as measured by carbon emissions and carbon intensity, face higher credit
risk. This finding strongly suggests that financial markets actively consider firms’
climate strategies when evaluating creditworthiness and lending decisions. More-
over, the positive association between carbon emissions and firm default risk is
more pronounced for companies operating in high carbon-emitting industries
(Kabir et al. 2021).

Other researchers have analyzed how exogenous factors, such as sea-level risk
and flood risk, threaten asset value (Baldauf et al. 2020). Studies emphasize the
importance of evaluating the multifaceted effects of climate risks using diverse
external sources, rather than relying solely on internal control assessments (Giglio
et al. 2021). This perspective defines climate risk in two main streams: physical and
transition risk. While physical risk refers to the likelihood of asset damage and sup-
ply chain disruptions, transition risk encompasses the regulatory and technological
challenges involved in the shift to a low-carbon economy (Bua et al. 2024).

In this study, we adopt three indices to measure climate risk exposure: overall
climate risk, physical risk, and transition risk. These externally sourced indicators
reflect a company’s vulnerability to the broader impacts of climate change (Sautner
et al. 2023). Most prior studies used carbon footprints to assess climate risk expo-
sure (Capasso et al. 2020; Kabir et al. 2021), but few have examined how externally
sourced climate risk indicators relate to business activities. Our study addresses this
gap by using physical and transition risk indices to evaluate climate risk exposure.

We define default risk as the probability that a company will fail to meet its
financial obligations. To assess this, we use distance-to-default (DTD) measures,
where a higher DTD indicates a lower probability of default and greater financial
stability. Research on the effect of climate risk on default risk offers valuable
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insights for reducing financial uncertainty and developing effective risk mitigation
strategies. Markets increasingly factor environmental performance into credit evalu-
ations and lending decisions. As a result, firms with higher ESG ratings tend to
experience a reduction in default risk (Li et al. 2022).

Wang et al. (2024) demonstrate that firms in high-carbon-emitting industries
experience significant declines in default risk following the implementation of car-
bon regulations, primarily due to enhanced legal compliance, strategic green trans-
formation, and reduced financial leverage. In addition, Meles et al. (2023) find a
negative association between green innovation and default risk, indicating that
eco-innovation investment can effectively lower the probability of default. Despite
the significance of default risk in financial risk management, research examining its
relationship with climate risk exposure remains limited.

Our study fills this gap by exploring how climate risk exposure affects firm-level
default risk. We analyze 2640 companies across 38 OECD member countries from
2002 to 2023. These countries span multiple continents and account for approxi-
mately 50% of the global gross domestic product (GDP). Although OECD members
share common goals, they include mature economies (e.g. in Europe) and emerging
economies that are especially vulnerable to climate impacts. This diversity enables
us to conduct a comprehensive analysis of climate-related financial risks, contribut-
ing to the climate finance literature.

Our findings provide several important insights. First, results from baseline
regression confirm that firms with greater climate risk exposure tend to face higher
default risk. Second, we consider the moderating effect of innovation and find that
it mitigates the positive relationship between climate risk exposure and default risk.
However, our findings suggest that firms should prioritize green innovation over
general increases in R&D spending to avoid debt burdens and high costs. Third, the
risk-magnification effects of climate risk exposure are more significant for firms
with high financial constraints, greater sensitivity to climate change, and those oper-
ating in countries with stricter environmental policies. Finally, our results remain
robust after addressing endogeneity using a two-stage least squares regression. Over-
all, these results underscore the integral role of climate risk exposure in a firm’s risk
management. We recommend that firms adopt green technologies to lower default
risk in the face of climate change, regulatory tightening, and rising stakeholder
expectations.

Our study makes three contributions to the literature. First, we expand research
on climate finance and ESG issues by incorporating external-level climate factors.
These external factors, such as extreme weather events, technological shifts, and reg-
ulatory risks, are beyond the control of individual firms, yet they directly expose
firms to significant risks. ESG ratings and carbon emissions are not sufficient to
address these climate-related risks. Thus, firms are encouraged to consider climate
risk exposure when reassessing their value chain and to enact strategic adaptations
in response to these challenges. Second, we address prior limitations by analyzing a
large dataset that spans five continents, thereby improving the generalizability of
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our findings and capturing institutional and regulatory variation. Previous studies
have primarily focused on single-country datasets, such as those from the United
States (Safiullah et al. 2024), Korea (Park et al. 2023), Europe (Abdesslem
et al. 2025), and China (Li et al. 2024). A country’s policy, regulatory, and institu-
tional characteristics significantly impact firm performance, and these effects vary
between state-oriented economies (e.g. China) and market-driven economies (e.g.
Europe and the United States). Our study overcomes these limitations of
single-country research by separating the influence of policy stringency from
country-specific factors. Our findings remain valid across varying levels of regula-
tory and institutional environments, making them more robust and relevant for
policymakers and investors globally. Third, we advance understanding of the deter-
minants of firm-level default risk by focusing on the role of climate risk exposure.
Firms facing climate risk exposure are compelled to innovate in order to mitigate
these risks. Our research provides valuable evidence that eco-innovation plays a
vital mediating role in reducing firm default risk. Thus, firms are encouraged to
pursue more strategic green investment decisions and a more sustainable use of
their capital resources.

The remainder of this paper is organized as follows. Section 2 provides an over-
view of the relevant literature and formulates the research hypotheses. Section 3
describes the methodology employed in this study. Section 4 presents the empirical
results. Section 5 concludes with a summary of key findings and a discussion of
their implications.

2. Literature Review and Hypothesis Development

Climate risk exposure reflects how external factors influence a firm, indicating the
firm’s vulnerability to the severe and unpredictable impacts of climate change.
Direct physical risks have led to stranded assets, supply chain disruptions, and oper-
ational bottlenecks (Bua et al. 2024). Huang et al. (2018) highlight that firms
operating in geographic areas prone to recurrent and severe natural disasters (e.g.
floods, earthquakes, droughts) tend to experience significant earnings uncertainty
and reduced financial stability. As a result, firms adopt more conservative strategies
to manage climate-related risks, such as reducing dividend payouts, relying more
on long-term debt, and increasing cash holdings (Huang et al. 2018; Dang
et al. 2023).

A substantial body of literature examines the relationship between climate risk
exposure and firm performance. Liu et al. (2025) demonstrate that climate risk con-
cerns significantly improve the ESG performance of Chinese companies between
2010 and 2021. Their findings suggest that firms have adjusted their governance
and strategies in response to climate risk, underscoring the need to integrate climate
considerations into corporate decision-making and investment planning. Berkman
et al. (2024) report that climate-related risks negatively affect firm market value, as
indicated by disclosures in 10-K filings. Investors typically interpret climate-related
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news through the lens of a firm’s climate risk exposure, resulting in more pro-
nounced negative returns for firms with higher exposure.

The rise in social awareness has encouraged firms to pay greater attention to
environmental concerns. Carbon emissions are widely used to measure a company’s
environmental impact, including both direct and indirect emissions. This indicator
is straightforward for stakeholders to use when formulating appropriate strategies.
For instance, managers use this measure for internal management to enhance oper-
ational efficiency, while policymakers leverage it for regulatory monitoring and
enforcement (e.g. carbon pricing mechanisms and emissions trading schemes). As
an alternative measure, ESG ratings are calculated using various sources, including
financial statements, corporate disclosures, news and media, and stakeholder feed-
back. Numerous empirical studies have provided evidence of a positive relationship
between ESG ratings and firm default risk and a negative relationship between car-
bon emissions and firm default risk (Kabir et al. 2021; Li et al. 2022; Li and
Hu 2025).

While both carbon emissions and ESG scores are backward-looking metrics
based on historical data, climate risk exposure is a forward-looking metric that
assesses a firm’s vulnerability stemming from physical and transition risks caused by
climate change. Our study employs the firm-level climate risk measure proposed
by Sautner et al. (2023), which is a highly effective indicator for understanding
future challenges and opportunities. This measure is an influential determinant of a
firm’s default risk, especially in the context of unexpected weather events, the rise
of advanced technologies, and stricter regulatory requirements. For example, a com-
pany with good sustainability and environmental practices may operate in an area
highly vulnerable to climate change. In this manner, ESG scores and carbon emis-
sions data fail to capture the threat of stranded assets, whereas a firm-level physical
risk metric effectively addresses this issue.

Some studies provide evidence that climate risk reduces a firm’s leverage ratios
and long-term debt issuance (Ginglinger and Moreau 2023; Goodell et al. 2025),
suggesting that firms lower their capital demand in response to increased uncer-
tainty, heightened perceived risk, investor pressure, and continuous strategic shifts.
Huang et al. (2018) show that climate risk alters financing policies, with greater
emphasis on liquidity through increased cash holdings and reduced cash dividends.
Severe weather events can cause liquidity shocks (e.g. cash flow volatility and illi-
quidity); therefore, firms located in high climate risk areas are more likely to rely
on long-term borrowing to mitigate short-term illiquidity concerns and financial
constraints. This indicates that firms proactively adjust their financial decisions to
hedge against climate risk and ensure resilience and long-term survival. In addition,
climate change exposure has a positive relationship with the cost of equity financ-
ing, and the effect of climate risk is amplified for firms with greater financial con-
straints and a higher likelihood of default, as investors demand a larger premium to
compensate for the increased risks (Cepni et al. 2024).
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Some evidence shows that firms’ climate resilience and environmental perfor-
mance vary significantly across different sectors. For instance, the computer hard-
ware and consumer goods industries lead in environmental performance, whereas
the aircraft, natural gas, and petroleum sectors perform poorly in this domain (Bor-
ghesi et al. 2014). High-emitting sectors are more susceptible to transition risks,
which increase operating costs and erode profitability. Environmental regulations
further reduce investment efficiency and increase financing costs for firms in
carbon-intensive industries (Arian and Sands 2024; Ren et al. 2024). Consequently,
banks and institutional investors might demand a risk premium when lending to
these sectors, thereby increasing credit risk and the likelihood of default. Therefore,
to support risk management, it is crucial to examine how climate risk exposure
influences default risk, particularly in industries highly sensitive to climate change.
Following instrumental stakeholder theory, firms with a strong environmental ori-
entation, evidenced by lower climate risk exposure, are more likely to maintain
good relationships with key stakeholders. When companies align their practices with
societal and environmental expectations, they build trust and credibility with stake-
holders (Choi et al. 2022). This alignment can enhance financial performance and
reduce the firm’s risk of default (Park et al. 2023; Safiullah et al. 2024). In contrast,
firms labeled as “environmentally unsustainable” are more likely to suffer brand
damage and face financial constraints, which can subsequently reduce their compet-
itiveness and performance. Accordingly, we propose the following hypothesis:

Hypothesis 1. Firms facing greater climate risk are more likely to experience higher
default risk.

Grounded in the resource-based view, firms rely on internal resources and capa-
bilities to enhance performance and gain a competitive edge. The emergence of
severe climate-related risks poses a significant threat to corporate resource alloca-
tion, thereby affecting strategic decision-making and financial outcomes. When
firms face high climate risk exposure, they tend to develop greater operational flexi-
bility and strengthen governance, which ultimately leads to better financial decisions
and investment outcomes (Phan et al. 2022).

The financial markets respond to firms’ environmental actions by penalizing or
rewarding them accordingly (Faccini et al. 2023; Zhang 2022). In response, firms
strategically invest in renewable energy technologies to mitigate regulatory compli-
ance burdens and meet the expectations of investors. Tian et al. (2024) demonstrate
a positive relationship between climate risk exposure and corporate green innova-
tion, particularly in high-tech and state-owned firms. Similarly, Moscona and Sas-
try (2023) underscore that agricultural innovations tailored to extreme temperature
conditions can significantly reduce local economic damage.

High-tech firms are presumed to face low climate risk exposure due to the
nature of their business operations in the context of global warming, severe weather
events, and stricter policies. Indeed, environmental policy stringency may impose
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additional costs (i.e. carbon taxes) on environmentally unfriendly emitters; however,
climate change also presents opportunities for these companies to transition to eco-
innovations, such as renewable energy and electric vehicles (Sautner et al., 2023a).
Cohen (2020) demonstrates that some of the largest carbon emitters, such as elec-
tricity, oil, and gas firms, are concurrently pioneering green technologies. While
firms within an industry are exposed to similar regulatory risks, their opportunities
differ significantly depending on how they integrate renewable energy and net-zero
transitions into their strategic business models (Pickl 2019).

Green innovation refers to capital investments in innovative solutions and envi-
ronmentally friendly technologies. However, when firms encounter financing con-
straints, limited access to capital prevents them from pursuing green R&D activities
(Zhang et al. 2023). While green innovation poses substantial upfront costs, it offers
a strategic opportunity for firms to achieve sustainable development and mitigate
the impacts of climate-related risks (Xu et al. 2024). Indeed, investment in green
technologies is subject to considerable uncertainty, as outcomes may result in either
gains or losses depending on success or failure. Acemoglu et al. (2023) argue that
shale gas has lower emissions than other fossil fuels; therefore, these firms have
fewer incentives for long-term investment in emission-reducing technologies. How-
ever, shale gas fracking negatively impacts the climate due to emission leakage.
Moreover, Sautner et al. (2023) demonstrate that investors are willing to pay a pre-
mium for firms with high regulatory risk that possess upside potential through
green innovation activities. We use green innovation scores, which capture
firm-level efforts to develop environmentally beneficial products or processes, to
examine the moderating effect of green innovation in mitigating firm default risk.

Prior studies show that firms experiencing higher levels of climate risk exposure
tend to invest more in R&D and innovation projects (Khanra et al. 2022). By
adopting new technologies, companies can improve resource efficiency, strengthen
competitiveness, and capitalize on emerging market opportunities (Li et al. 2023;
Zhang et al. 2023). These efforts enable firms to reduce their carbon footprint,
comply with environmental regulations, and strengthen their market position. Based
on this analysis, we propose the following hypothesis:

Hypothesis 2. Innovation mitigates the impact of climate risk on firms” default risk.

3. Methodology

3.1. Sample

We construct an international firm-level panel dataset comprising publicly listed
companies headquartered in OECD countries from 2002 to 2023. The sample
period begins in 2002 to ensure the availability of environmental innovation data.
We exclude firms in the financial sector (SIC codes 6000-6999) due to their unique
capital structures, regulatory requirements, and accounting practices, which may
systematically bias credit risk measurement.
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We obtain the primary dependent variable, DTD, from the NUS Credit
Research Initiative (http://d.nuscri.org), which provides a forward-looking,
market-based measure of corporate credit risk based on structural credit risk
modeling. We derive the key independent variables, firm-level exposures to climate
change risks, from Sautner et al. (2023), who use natural language processing to
analyze earnings call transcripts and generate firm-specific scores for overall climate
risk, physical risk, and transition risk. These measures allow for granular and
time-varying assessments of climate-related exposure at the firm level.

We collect financial statement data, including firm-level controls, from LSEG,
and retrieve country-level macroeconomic indicators, including GDP growth, con-
sumer price index (CPI) inflation, urbanization rate, and forest area, from the
World Bank’s World Development Indicators. After merging all datasets and win-
sorizing at the 1% level to reduce the influence of outliers, we obtain a balanced
panel of diverse non-financial industries that is suitable for panel data analysis.

3.2. Variables Measurement

3.2.1. Dependent Variables.

The dependent variable is the distance to default (DTD), obtained directly from the
NUS Credit Research Initiative. DTD is a forward-looking, standardized measure of
corporate default risk derived from the Merton (1974) structural credit risk model.
The model treats equity as a call option on the firm’s assets, with default occurring
when the asset value falls below a threshold at debt maturity. Formally, if V,
denotes the firm’s asset value at time #, L the default point (typically proxied by
short-term debt plus half of long-term debt), u the expected asset return, o the asset
volatility, and T the debt horizon, then asset dynamics follow a geometric Brownian
motion:

dV,=uV,dt + oV,dB,,

where B, denotes the standard Brownian motion. The probability of default at hori-
zon T is given by:

Pr(Vy < L)=N(—DTD);
with the distance to default defined as:

in() + (= 302) (70

DTDt = \/T—t
o —

In practice, CRI estimates DTD using observable market inputs. The asset value
(V) and volatility (o) are inferred iteratively from equity market capitalization,
equity volatility, and book liabilities, consistent with the option-based framework.
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Within-firm variation in DTD is primarily driven by three factors. First, leverage

dynamics play a crucial role: an increase in debt obligations raises the default point
and thereby reduces the distance to default. Second, equity volatility matters signifi-
cantly, as higher fluctuations in earnings or market prices increase asset risk and
lower DTD. Third, changes in market capitalization directly affect the estimated
asset value, which in turn shifts the distance to default. Together, these components
explain substantial variation in DTD over time, even after accounting for firm fixed
effects, reinforcing its value as a forward-looking proxy for corporate credit risk.
3.2.2. Independent Variables: Climate Risk Exposure.
We obtain firm-level climate risk exposures from Sautner et al. (2023). Using a nat-
ural language processing approach, they analyze earnings conference call transcripts
to identify firm-year references to climate-related topics and generate standardized
measures for overall climate risk (ClimateRisk), physical risk (PhysicalRisk), reflect-
ing exposure to extreme weather, natural disasters, or asset damage, and transition
risk (TransitionRisk), capturing exposure to regulatory changes, carbon pricing, or
technological shifts. Conference call transcripts are segmented into scripted remarks
and Q&A interactions, with the latter further separated into investor questions and
management responses. The baseline measure aggregates across all sections to cap-
ture comprehensive firm-level exposure. As a robustness check, we also analyze
measures derived separately from scripted remarks and Q&A sessions, and the
results are qualitatively consistent.

3.3. Empirical Models

Our analysis proceeds with two empirical models. The baseline specification exam-
ines the direct effect of climate risk on corporate default risk (Kabir et al. 2021),
expressed as follows:

DefaultRisk; , = a + f3, ClimateRisk;, + yControls;; + 6; + 0; + €;, (1)

In this model, DefaultRisk;, represents the DTD of firm i in year ¢, while Clima-
teRisk; . captures the firm’s exposure to climate risk over the same period. The vec-
tor Controls;, includes firm- and country-level control variables. We include firm
fixed effects (§;) and year fixed effects (6,) to account for unobserved heterogeneity
and common temporal shocks, respectively. The error term ¢;, captures idiosyn-
cratic disturbances.

We include control variables to capture firm characteristics and macroeconomic
conditions that may influence default risk. We expect firm size, measured as the
logarithm of total assets, to correlate positively with DTD, as larger firms generally
benefit from economies of scale, diversification, and easier access to capital. We also
expect profitability, measured by return on assets (ROA), to correlate positively
with DTD, reflecting greater financial resilience. We predict that leverage (total debt
over total assets) will exert a negative influence on DTD, as higher indebtedness
increases the probability of financial distress. Capital expenditures (CapEx/ total

578 © 2025 The Author(s). Asia-Pacific Journal of Financial Studies published by John Wiley & Sons Australia, Ltd
on behalf of Korean Securities Association.

85Ue0| SUOULLOD BAIRRID 3|edl[dde ayy Aq pauAob e sajone O ‘8sN JO SejnJ 10} AXeiq1 8UIIUO AB] 1A UO (SUOIIPUOD-PUR-SWLB) LD A 1M AReJq]1jBu|Uo//:Sd1Y) SUORIPUOD PUe SWB | 84} 88S *[6202/TT /2] uo Ariqiauliuo A8|im ‘noss *AiseAiun Buy-Bunyo Ag 02002 SHe/TTTT'0T/I0p/woo A8 |mArelq 1 puljuo//sdny wol papeojumoq ‘G ‘G20z ‘9STITOE



Climate Risk Exposure and Firm Default Risk

assets) may reflect long-term growth potential but can also introduce financial risk
if heavily debt-financed; thus, their expected effect on DTD is theoretically ambigu-
ous. We also anticipate a positive influence of the market-to-book (MB) ratio,
which captures growth opportunities and market valuation, on DTD. Similarly,
sales growth (measured as a year-over-year percentage change) reflects improving
operational performance and should have a favorable impact on DTD.

At the macro level, we predict that GDP growth will enhance corporate solvency
and reduce default risk, resulting in a positive association with DTD. In contrast,
inflation (as measured by the CPI) may erode purchasing power and distort real
asset values and earnings, potentially leading to a negative relationship with DTD.

To test Hypothesis 2, we extend the baseline model to include innovation and
its interaction with climate risk:

DefaultRisk;, = a + 3, ClimateRisk;; + f3,Innovation;,
+p;ClimateRisk x Innovation;; + yControls;s + 8; + 6; + €, (2)

To assess the moderating role of innovation, we employ two complementary
indicators. First, we calculate R&D intensity as R&D expenditures divided by total
assets (R&D /TA). This input-based indicator reflects a firm’s commitment to inno-
vation. Firms with higher R&D intensity are typically more agile in responding to
technological and regulatory shifts, including those related to climate change. We
hypothesize that R&D-intensive firms are better positioned to mitigate the adverse
impact of climate risk, thereby exhibiting higher DTD.

Second, we incorporate an output-based measure of green innovation, the Envi-
ronmental Innovation Score (ENI), sourced from LSEG’s sustainability database.
This score captures firm-level efforts to develop environmentally beneficial products
or processes. We create a dummy variable (dumENI) that equals “1” if a firm’s ENI
score exceeds the sample median in a given year. We expect firms with high envi-
ronmental innovation (dumENI=1) to exhibit greater resilience to climate transi-
tion risks, as reflected in higher DTD.

3.4. Heterogeneity Analysis

To examine the differential effects of climate risk on corporate default risk, we con-
duct a heterogeneity analysis across three important dimensions: financial con-
straints, industry-level climate sensitivity, and environmental policy stringency at
the country level. First, to assess the role of financial constraints, we classify firms
into high- and low-constraint groups based on the widely used Whited—-Wu (WW)
index. We calculate the WW index at the firm—year level and split the sample at the
median. We categorize firms with WW scores above the median as highly finan-
cially constrained, while those with scores below the median are less constrained.
We expect climate risk to exert a stronger negative effect on DTD for firms facing
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greater financial constraints due to their limited capacity to absorb shocks or invest
in adaptive strategies.

Second, we investigate cross-industry variation in climate risk exposure. We des-
ignate industries more sensitive to physical and transition climate risks, such as
agriculture, forestry, and fishing (SIC codes 01-09), mining (10-14), construction
(15-17), and manufacturing (20-39), as climate-sensitive sectors. Firms in these
industries are more likely to face direct operational disruptions from climate events
or regulatory transitions. We expect the negative relationship between climate risk
and DTD to be more pronounced among climate-sensitive firms, given their greater
vulnerability and exposure to climate-related risks.

Third, we examine heterogeneity based on the stringency of environmental poli-
cies in the firm’s country of operation. We use the OECD Environmental Policy
Stringency Index, a country-level measure of climate policy rigor. We classify coun-
tries with index values above the median as having highly stringent policies, while
those with scores below the median have less stringent policies. We expect firms
operating in more stringent policy environments to be more adaptive or better gov-
erned, potentially mitigating the negative impact of climate risk on DTD. Con-
versely, in less stringent environments, climate risks are more likely to translate into
elevated credit risk due to weaker preparedness or enforcement.

3.5. Endogeneity Problem

The relationship between climate risk exposure and firm default risk may be subject
to endogeneity, potentially biasing coefficient estimates and weakening causal infer-
ence. A key concern is reverse causality, which may arise if financially distressed
firms disproportionately locate in areas with specific climate risk profiles or reduce
their investments in mitigating climate risk. For example, firms facing financial con-
straints may emit more carbon or adopt less environmentally sustainable practices
due to limited resources to address environmental challenges (Li and Hu 2025).
Another concern is omitted variable bias, which could occur if unobserved firm- or
country-level characteristics influence climate risk exposure and the likelihood of
default. Institutional quality, regulatory stringency, or broader macro-financial con-
ditions may simultaneously affect a firm’s vulnerability to climate risk and its
creditworthiness.

To address these endogeneity concerns, we employ a two-stage least squares
instrumental variable approach. We utilize two country-level instrumental variables:
Urban, representing the share of population in urban areas, and Forest, denoting
the percentage of total land area covered by forests (Dong et al. 2024). These vari-
ables are theoretically relevant and empirically grounded instruments for climate
risk exposure. Higher levels of urbanization drive industrial activity, boost energy
consumption, expand transport infrastructure, and intensify urban heat island
effects, all of which heighten exposure to physical climate risks (Sun et al. 2024).
Conversely, countries with greater forest coverage have lower climate risk exposure
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due to enhanced natural resilience, including stronger carbon sequestration capacity
and protection from extreme weather events.

Importantly, while these instruments shape the aggregate climate risk profile of
a country, they are unlikely to exert any direct effect on firm-level default probabili-
ties through other economic channels. Their influence on corporate credit risk
operates primarily through climate-related physical and transition risks, rather than
through alternative macroeconomic or policy factors. In this sense, the instruments
satisfy the exclusion restriction by affecting default risk only via their impact on cli-
mate exposure.

We use standard diagnostics to assess instrument strength and validity. We eval-
uate instrument relevance using the Kleibergen—Paap rk Wald F-statistic; values
above the critical threshold indicate strong instruments. When we use multiple
instruments, we test overidentification validity with the Hansen J-test. By applying
this 2SLS strategy, we enhance the credibility of our causal estimates and reduce
bias from reverse causality or omitted variables when examining the effect of cli-
mate risk exposure on firm default risk within the OECD context.

4. Results

4.1. Descriptive Statistics
Table 1 presents a summary of descriptive statistics, including the mean, standard
deviation, minimum, and maximum values of default risk measures, climate risk

Table 1 Descriptive statistics

This table presents the summary statistics of distance-to-default (DTD), Climate Risk, Physical Risk,
Transition Risk, and other control variables used in this study. Appendix A defines all variables.

Variables Obs Mean  SD Min Max Skewness  Kurtosis
DTD 19715 5.043 2.957 —0.329 14.168 0.761 3.481
ClimateRisk 19715 0.006 0.016 0.000 0.096 3.688 17.628
PhysicalRisk 19715 0.001 0.005 0.000 0.038 5.385 33.558
TransitionRisk 19715 0.031 0.070 0.000 0.417 3.629 17.157
Size 19715 7.982 1.798 3.270 11.724 —0.282 2.767
ROA 19715 0.037 0.062 —0.255 0.220 —1.238 9.634
Lev 19715 0.181 0.150 0.000 0.652 0.812 3.281
CapEx 19715 0.036 0.040 0.000 0.202 1.820 6.769
MB 19715 2.677 3.110 —1.802 20.329 3.250 16.297
GSales 19715 0.094 0.297 —0.642 1.685 2.164 12.608
GGDP 19715 1.769 3.020 —11.167 14.52 —1.285 7.168
CPI 19715 3.115 5.244 —10.613 96.036 10.088 157.492
RD/TA 19715 0.013 0.037 0.000 0.227 3.723 17.841
dumENI 19715 0.432 0.495 0.000 1.000 0.276 1.076
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measures, and other control variables. DTD exhibits substantial variation, ranging
from a minimum value of —0.329 to a maximum value of 14.168, with a mean of
5.043 and a standard deviation of 2.957. For climate exposure risk measures (Cli-
mate risk, Physical risk, and Transition risk), the minimum value is 0.000 for each,
while the maximum values are 0.096, 0.038, and 0.417, respectively. The mean
values of Leverage, ROA, and Sales Growth are 18.1%, 3.7%, and 9.4%, respectively.
Descriptive statistics show that the average firm size is 7.982, whereas the average
market-to-book ratio is 2.677. The mean values of Capital Intensity and R&D Inten-
sity are 0.036 and 0.013, respectively. On average, countries exhibit GDP growth of
1.769% and a CPI of 3.115%.

Table 2 presents the results of the correlation analysis. The results indicate that
among the climate risk variables, Climate Risk and Transition Risk are significantly
negatively correlated with DTD. This finding provides preliminary support for the
hypothesis that climate risk may increase firms’ default risk by reducing their dis-
tance to default. These correlations motivate further investigation into the negative
relationship between climate risk and DTD. We also observe a positive correlation
between Transition Risk and Physical Risk, suggesting that firms struggling to update
their technology or adapt to environmental regulations tend to face greater opera-
tional and supply chain disruptions.

Among the control variables, Size, ROA, the market-to-book ratio, and GDP
growth rate are significantly negatively correlated with default risk, while Leverage
and the consumer price index are significantly positively correlated. These signifi-
cant associations between default risk and other control variables underscore the
importance of accounting for these variables in our regression models. We also note
that the signs of correlations between control variables and climate risk measures—
Physical Risk and Transition Risk—are consistent, indicating similar directional
effects for both types of climate risk. For instance, larger firms tend to exhibit
higher exposures to physical and transition risks. Finally, the low correlation coeffi-
cients among control variables (e.g. the highest is 0.374 between DTD and the
market-to-book ratio) suggest that multicollinearity does not pose a serious concern
when these variables are included simultaneously in the model.

4.2. Empirical Results

Table 3 presents the results of the baseline analysis. Columns (1), (2), and (3) pre-
sent the individual effects of each climate exposure measure on DTD. The estimate
in Column (1) indicates that a one-point increase in climate risk is associated with
a 3.124-point increase in default risk, which is statistically significant at the 1%
level. Similarly, Column (2) shows that a one-point increase in Physical Risk raises
default risk by 6.473 points, while Column (3) indicates that a one-point increase
in Transition Risk is associated with a 2.140-point increase in default risk. Both vari-
ables are statistically significant at the 5% level. Overall, the baseline regression
results support our hypothesis that there is a positive relationship between climate
exposure risk and default risk. These findings support the view that investors in
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Table 3 Climate change risk increases firm default risk

Appendix A defines all variables. Robust t-statistics in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

DTD
Variables (1) (2) (3)
ClimateRisk —3.124 (=2.917)*%**
PhysicalRisk —6.473 (—2.133)**
TransitionRisk —2.140 (—6.153)***
Size 1.195 (35.288)*** 1.192 (35.228)*** 1.206 (35.564)***
ROA 5.605 (11.095)*** 5.615 (11.111)*** 5.541 (10.985)***
Lev —4.013 (—17.809)*** —4.012 (—17.802)*** —4.019 (—17.852)***
CapEx 2.998 (4.437)%** 3.056 (4.521)*** 2.742 (4.040)***
MB 0.097 (9.819)*** 0.098 (9.829)*** 0.097 (9.733)***
GSales —0.595 (—10.662)*** —0.594 (—10.647)*** —0.592 (—10.642)***
GGDP 15.214 (36.991)*** 15.195 (36.964)*** 15.285 (37.258)***
CPI —11.324 (—22.092)*** —11.422 (—22.348)*** —10.906 (—21.082)***
Constant —4.243 (—15.737)*** —4.234 (—15.702)*** —4.281 (—15.871)***
Obs 19715 19715 19715
Adj. R 0.433 0.432 0.433
Firm, Year FE Yes Yes Yes

financial markets price firms’ vulnerability to climate change when evaluating their
creditworthiness.

The estimated coefficients for the control variables are consistent with the exist-
ing literature. All variables are statistically significant at the 1% level. The positive
coefficients of firm size and ROA support the prevailing view that larger and more
profitable firms face lower default risk. As expected, the negative coefficient of
Leverage in the DTD model confirms that highly leveraged firms face greater default
risk than less leveraged firms. Capital expenditure and the market-to-book ratio
show a positive association with DTD.

Importantly, the decline in DTD associated with higher climate risk exposure
can be understood through three channels embedded in the structural model of
default. First, climate shocks can reduce firm asset values, for example, by lowering
the market valuation of carbon-intensive or physically vulnerable assets, which
brings the firm closer to its default point (Campiglio et al. 2023). Second, height-
ened climate exposure can increase credit spreads and financing costs, effectively
raising the default threshold and compressing the distance to default (Trinh et al.
2024). Third, consistent with Xu et al. (2024), firms facing transition pressures may
pursue riskier investment strategies, which raise asset volatility and further reduce
DTD. These mechanisms explain why climate risk exposure systematically translates
into higher default probabilities, reinforcing the robustness of our baseline findings.

584 © 2025 The Author(s). Asia-Pacific Journal of Financial Studies published by John Wiley & Sons Australia, Ltd
on behalf of Korean Securities Association.

85Ue0| SUOULLOD BAIRRID 3|edl[dde ayy Aq pauAob e sajone O ‘8sN JO SejnJ 10} AXeiq1 8UIIUO AB] 1A UO (SUOIIPUOD-PUR-SWLB) LD A 1M AReJq]1jBu|Uo//:Sd1Y) SUORIPUOD PUe SWB | 84} 88S *[6202/TT /2] uo Ariqiauliuo A8|im ‘noss *AiseAiun Buy-Bunyo Ag 02002 SHe/TTTT'0T/I0p/woo A8 |mArelq 1 puljuo//sdny wol papeojumoq ‘G ‘G20z ‘9STITOE



Climate Risk Exposure and Firm Default Risk

4.3. The Moderate Effect of Innovation

Table 4 highlights the moderating role of R&D intensity in the relationship between
climate risk and default risk. The negative coefficient of Re&D Intensity with respect
to DTD indicates that firms with higher R&D intensity are more likely to default.
All coefficients of RD/TA in Columns (1), (2), and (3) are statistically significant at
the 1% level. While R&D expenditure is crucial for fostering long-term innovation
and maintaining market competitiveness, aggressive investment in R&D, especially
by firms in emerging economies, can lead to a heavy debt burden and increased
financial pressure, making firms more vulnerable in the short term. Column (1)
indicates that the interaction term ClimateRisk X RD/TA is positive and statistically
significant, suggesting that R&D expenditure may mitigate the effect of climate risk
on firm default risk. In addition, the positive interaction terms for
PhysicalRisk X RD/TA and TransitionRisk X RD/TA are 2.078 and 0.290, respectively,
and both are statistically significant at the 5% level.

Table 5 presents the moderating role of green innovation in the relationship
between climate exposure risk and firm default risk. We focus on the role of R&D
expenditure specifically targeted at reducing environmental impact and improving
environmental protection. The positive coefficient for green innovation in the DTD
model indicates that green innovation is effective in reducing firm default risk.
Thus, the interaction terms ClimateRisk X dumENI in Column (1), PhysicalRisk X

Table 4 The role of R&D expenditure

Appendix A defines all variables. Robust -statistics in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

DTD
Variables (1) (2) (3)
RD/TA —0.206 (—4.580)*** —0.183 (—4.234)*%* —0.169 (—3.609)***
ClimateRisk —4.700 (—3.291)***
ClimateRisk X RD/TA 2.968 (1.673)*
PhysicalRisk —5.149 (—2.238)**

PhysicalRisk x RDITA
TransitionRisk

TransitionRisk X RD/TA

2.078 (2.387)**

—1.912 (—4.492)***
0.290 (2.637)***

Size 1.213 (35.835)*** 1.210 (35.759)*** 1.223 (36.059)***
ROA 5.498 (10.902)*** 5.503 (10.905)*** 5.435 (10.788)***

Lev —4.009 (—17.810)*** —4.008 (—17.794)*** —4.014 (—17.831)***
CapEx 2.860 (4.228)*** 2.898 (4.282)7** 2.588 (3.805)***

MB 0.096 (9.685)*** 0.096 (9.701)*** 0.095 (9.617)***
GSales —0.612 (—10.917)*** —0.609 (—10.871)*** —0.607 (—10.842)***
GGDP 15.225 (37.111)** 15.218 (37.109)*** 15.313 (37.390)***
CPI —11.356 (—22.062)*** —11.467 (—22.339)** —10.967 (—21.090)***
Constant —4.287 (—15.936)*** —4.284 (—15.923)*** —4.332 (—16.082)***
Obs 19715 19715 19715

Adj. R? 0.633 0.633 0.633

Firm, Year FE Yes Yes Yes
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Table 5 The role of green innovation

Appendix A defines all variables. Robust t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

DTD
Variables (1) (2) (3)
dumENI 5.591 (3.822)*** 7.854 (13.932)*** 5.183 (3.505)***
ClimateRisk —3.079 (—2.754)***
ClimateRisk X dumENI 10.735 (2.225)**
PhysicalRisk —6.855 (—2.080)**

PhysicalRisk X dumENI
TransitionRisk

10.548 (2.089)**

—2.394 (—6.492)***

TransitionRisk X dumENI 33.717 (2.823)%**
Size 1.207 (35.506)*** 0.367 (31.946)*** 1.216 (35.724)*%*
ROA 5.820 (11.510)*** 13.149 (37.123)*** 5.779 (11.444)***
Lev —3.976 (—17.681)*** —0.776 (—6.179)*** —3.981 (—17.717)*%*
CapEx 2.891 (4.282)*** 1.136 (2.508)** 2.624 (3.870)%**

MB 0.095 (9.640)*** 0.182 (23.481)*** 0.094 (9.553)***
GSales —0.594 (—10.662)*** —0.600 (—9.149)*** —0.591 (—10.631)***
GGDP 15.199 (36.965)*** 14.928 (29.303)*** 15.266 (37.236)%**
CPI —11.357 (—22.164)*** —10.082 (—15.764)*** —10.918 (—21.104)***
Constant —4.416 (—16.147)*** 1.232 (12.689)*** —4.434 (—16.200)***
Obs 19 326 19714 19326

Adj. R? 0.633 0.633 0.634

Firm, Year FE Yes Yes Yes

dumENI in Column (2), and TransitionRisk X dumENI in Column (3) are all posi-
tive and statistically significant.

4.4. Heterogeneity Analysis

In this section, we investigate whether specific firm-, industry-, and country-level
characteristics, such as financial constraints, climate sensitivity, and regulatory strin-
gency, mediate the relationship between climate exposure risk and firm default risk.
While our firm-level climate risk measures capture time-varying perceptions and
discussions of climate-related threats derived from earnings calls, the cross-sectional
factors represent structural or contextual characteristics that may amplify or miti-
gate the transmission of these risks into default probabilities. Thus, they comple-
ment rather than duplicate the climate risk indicators.

Table 6 reports results by financial constraints, proxied by the WW index. We
find that all climate risk measurement variables are negatively and statistically sig-
nificantly associated with DTD across Columns (1) to (6) at the 5% level. All results
are consistent with our baseline regression findings in Table 3. The regression coef-
ficients of climate risk measures for firms with high financial constraints are
approximately twice as large as those for firms with low financial constraints. These
findings indicate that firms with higher financial constraints tend to struggle with
meeting their financial obligations and experience greater volatility in future cash
flows, thereby increasing their susceptibility to default risk.
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Table 7 examines whether industry-level climate sensitivity mediates the rela-
tionship between climate risk and firm default risk. The results show that firms in
highly climate-sensitive industries face significantly higher default risk than those
in less climate-sensitive industries. For example, the interaction term Climate
risk X High climate-sensitive in Column (1) has a coefficient of —12.242, which is
substantially lower than the coefficient of Climate risk X Low climate-sensitive in Col-
umn (4) (—2.793). Notably, Capital Intensity is negatively associated with DTD in
highly climate-sensitive sectors but shows a positive association with less climate-
sensitive industries. These findings suggest that firms operating in climate-sensitive
sectors (e.g. agriculture, forestry, fishing, mining, construction, and manufacturing)
should prioritize green R&D investment, particularly in renewable energy and circu-
lar economy initiatives.

Finally, Table 8 compares firms across regulatory environments using the OECD
Environmental Policy Stringency Index. This index, compiled annually by the
OECD, reflects the rigor of environmental regulations and enforcement mechanisms
across member countries. Importantly, because the index is updated each year, it
captures both cross-country differences and within-country changes in regulatory
stringency over time. To operationalize this measure, we classify countries into
high- and low-stringency groups relative to the annual median EPS value, thereby
ensuring that our analysis reflects both structural and dynamic variation in policy
environments.

Table 8 compares the strength of the negative relationship between climate risk
and default risk across varying levels of regulatory stringency. Firms operating in
economies with less stringent environmental regulations exhibit a higher likelihood
of default. This implies that such firms may experience weaker institutional enforce-
ment and fewer incentives to adopt environmental practices, resulting in greater
financial vulnerability and operational disruptions under climate change uncer-
tainty. For instance, the coefficient of the interaction term Transition risk X Less
Stringent Policies in Column (6) is —3.332, which is approximately three times
larger than the coefficient in Column (3) for Transition risk X Highly Stringent Poli-
cies (—1.242). This suggests that weak policy enforcement and limited incentives to
adopt environmental practices exacerbate the credit consequences of climate expo-
sure, whereas stringent policy environments may induce earlier adaptation and
thereby dampen risk transmission. Notably, the policy index reflects country-level
regulatory context rather than disclosure intensity, ensuring that it captures an
institutional dimension distinct from the firm-specific risk measures.

4.5. Endogeneity Test

We employ a two-stage least squares regression to address potential endogeneity
issues. We construct two instrumental variables: Urban, which denotes the percent-
age of the population living in urban areas, and Forest, which represents the per-
centage of total land area under forest cover. Table 9 shows that, in the first-stage
regression, the instrumental variable Urban is significantly and positively associated
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with all three climate risk measures, indicating its relevance. While Forest is signifi-
cantly negatively associated with Climate risk and Transition risk, it is significantly
positively associated with Physical risk. Forests play a key role in supporting ecosys-
tems and biodiversity, helping to mitigate climate-related risks. However, they are
also interlinked with climate change, which increases companies’ exposure to opera-
tional risks and infrastructure disruptions. In the second-stage least squares regres-
sion, the coefficients for Climate risk, Physical risk, and Transition risk in Columns
(1), (2), and (3) are all negative and statistically significant at the 5% level. Thus,
the results from the two-stage least squares regression reinforce the baseline
findings.

5. Conclusion

This study presents evidence of a relationship between climate exposure risk and
firm default risk by analyzing a large international dataset covering 38 OECD
economies from 2002 to 2023. The results indicate that firms with higher levels
of climate exposure risk are more likely to face greater default risk. We further
examine whether innovation moderates this relationship and find that R&D
spending and green innovation can help reduce default risk. However, firms
should prioritize the efficiency of their innovation investments rather than
increasing R&D expenditure. Excessive R&D intensity may lead to short-term
financial burdens and increased financing costs, thereby increasing the likelihood
of default.

We also account for firm-level characteristics, such as financial constraints and
climate sensitivity, as well as country-level characteristics, including the stringency
of environmental regulations. Our study reveals that financial markets have increas-
ingly integrated climate risk exposure into credit assessments and investment
decisions.

These findings have several practical implications for managers, investors, and
policymakers. First, firms should adjust financial strategies to reduce the impact of
climate risk exposure on a firm’s default risk, for example, by reducing leverage to
prevent financial distress. Additionally, companies should implement appropriate
environmental strategies before launching new investments.

Second, we show that the negative effects of climate risk exposure vary by
industry and country characteristics. Investors should scrutinize their investment
decisions in climate-sensitive sectors and countries with weak environmental policy
enforcement, as firms in these contexts tend to have higher levels of default risks.

Third, our findings provide policymakers and corporate managers with valuable
insights into how climate risk influences default risk. These insights can help iden-
tify key factors that drive investment attractiveness and competitiveness, such as
promoting regulatory transparency, reducing information asymmetry, and ensuring
compliance with Scope 1, Scope 2, and Scope 3 emissions standards.

592 © 2025 The Author(s). Asia-Pacific Journal of Financial Studies published by John Wiley & Sons Australia, Ltd
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The lack of Scope 3 emissions data—critical for understanding a firm’s
upstream and downstream value chains—Ilimits the completeness of transition risk
assessment. Existing climate risk metrics often focus on backward-looking indicators
(such as historical carbon emissions) or forward-looking estimates (such as uncer-
tainties related to the transition to a low-carbon economy). Future research could
develop a new proxy that integrates both perspectives to provide a more compre-
hensive view of a firm’s overall climate risk exposure.

In addition, future studies could expand innovation metrics by including the
number of patents, the green patent ratio, and the total economic value of pollution
prevention patents to gain a holistic view of “going green” efforts.

Data Availability Statement
The data that support the findings of this study are available from the correspond-
ing author upon reasonable request.
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Appendix A
Variable measurement

Variables Measurement

CapEx Capital expenditures / Total assets

ClimateRisk Firm-level climate risk exposure overall, Sautner et al. (2023)

CPI Consumer price index (Inflation rate, annual %)

DTD Distance to default—NUS Credit Research Initiative http://d.nuscri.org
dumENI Dummy = 1 if firm environmental innovation scores higher than the median
Forest Forest area (% of total land area)

GGDP GDP growth rate (Country-level annual % change)

GSales Growth in sales (Year-over-Year % change)

Lev Leverage (Total debt/ Total assets)

MB Market-to-book ratio (Market capitalization / Book value of equity)

PhysicalRisk Firm-level climate risk exposure that captures physical shocks related to
climate change, Sautner et al. (2023)

RD/TA R&D intensity (R&D expenditure / Total assets)
ROA Return on assets (Net income / Total assets)
Size Natural logarithms of total assets

TransitionRisk Firm-level climate risk exposure that captures regulatory shocks related to
climate change, Sautner et al. (2023)
Urban Urbanization rate (% of population living in urban areas)
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